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THE ROLE OF DIFFERENTIAL THERMAL 
ANALYSIS IN MINERALOGY AND GEOLOGICAL

PROSPECTING
By

M . F ö l d v á r i -V o g l *

HUNGARIAN STATE GEOLOGICAL INSTITUTE, BUDAPEST

In  th is  w ork  th e  a u th o r has th e  in te n tio n  to  g iv ing  a n  in tro d u c tio n  for th e  a p p lic a t io n  
o f  d . t. a. in  m in era lo g y  an d  geology a n d , on  th e  o th e r  h a n d , she sum s up th e  resu lts o f H u n g a r ia n  
in v estig a to rs .

In  P a r t  I th e  a u th o r deals w ith  th e  th eo re tic a l bases o f th e  m eth o d , th en  she fo llow s u p  
by th e  d esc rip tio n  o f d. t .  a. sets. She also describes th e  a p p ara tu ses  constructed  b y  h e rs e lf  
a n d  her co llabora to rs.

The second p a r t  o f th e  w ork, w hich  is th e  m ost am ple  one, trea ts  d. t .  a . o f  se v e ra l 
m inerals. M inerals a re  tre a te d  in  sy s tem atica l o rd e r. In  co n n ection  w ith  various ty p es o f  th e rm o 
gram s, th e  a u th o r  calls a tte n tio n  to  possib le anom alies. H er ow n experiences are d e m o n s tra te d  
b y  exam ples g iv en  o f H u n g arian  occurrences.

The la s t p a r t  o f th e  p ap er deals w ith  o th e r  p ra c tic a l ap p lica tio n s o f d . t .  a.
The a u th o r  has in serted  a g rea t n u m b er o f  th erm o g ram s in  o rd e r to fa c ilita te  th e  id e n t i 

fica tio n  o f m in e ra ls  for geologists.
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P reface

In  the course o f  th e  la s t  decades, d iffe re n tia l therm al analysis becam e more 
a n d  m ore general, a n d  a t  present it m ay  b e  considered as one o f the  usual 
m e th o d s for m a te ria l te s tin g . The general u se  o f  th is  m ethod is due to  the  fact 
th a t ,  on one h an d  i t  fu rn ish es  inform ation on  th e  m ateria l in  a re la tiv e ly  short 
tim e  —  m oreover, th is  in fo rm ation  being v e ry  valuab le  and  h a rd ly  a tta in ab le  
b y  a n y  other m eth o d  —  an d , on the o th e r h a n d  simple investige tions can be 
c a rr ie d  out by  sim p ler in stru m en ts , by in ex p en siv e , possibly even hom e-m ade 
a p p a ra tu se s , co n seq u en tly  d. t. a. e x am in a tio n s  do not encoun ter financial 
d ifficu lties.

The advan tages o f  d. t .  a. a t firs t a p p e a re d  in  connection w ith  th e  in v es ti
g a tio n  of clay m inera ls  w hich  are hard ly  d e te rm in ab le  otherw ise. A t p resen t 
d. t .  a. has becom e w idely  applied in m any  d isc ip lines, e. g. to follow chem ical 
processes, bu t it is u sed  as m icrocalorim eter fo r  th e  d e te rm ina tion  of reaction  
h e a ts  or com bustion h e a ts  to o . D. t. a. as a m e th o d  for m ateria l te s tin g , has 
also tak en  a very im p o r ta n t  p a r t in m ineralogy an d  geology. In  com plex geological
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or m ineralogical-petro logical in v estiga tion  of m a te ria ls  d. t .  a. is u su a lly  e m 
ployed am ong the  used m ethods o f exam ination , b u t  som e m inera log ica l-petro lo 
gical problem s m ay often  be decided by  apply ing  d iffe ren tia l therm al analy sis  
in  itself, and  some m inerals are  determ inable  w ith  ab so lu te  ce rta in ty  in  m an y  
cases.

As on the  basis o f ce rta in  new  theoretical considera tions we have in tro d u ced  
an  a p p a ra tu s  furn ish ing  m ore ex ac t d a ta  th a n  those  so fa r used, a c ritica l sy s te 
m atiza tio n  and  revision of th e  d a ta  given in v a rio u s special papers seem ed  to  
be desirable b y  m eans of th is  ap p ara tu s .

Since d. t. a. o f la te  y ea rs  has begun to  be m ore and  more c u rre n t in  
H u n g a ry  in  the  fields o f m inera logy , petrology, a n d  even , recently  in  p e tro leu m  
geology an d  coal p e tro g rap h y , we th o u g h t of ren d erin g  a service b y  sum m ariz in g  
all th a t  can  fac ilita te  th e  w ork  o f specialists, c a rry in g  ou t d ifferen tia l th e rm a l 
analysis, an d  of those u tiliz in g  an d  evaluating  th e  re su lts  o f d. t .  a. In  o rd e r to  
fac ilita te  th e  work o f ou r colleagues, we have t re a te d  a n um ber of th e rm o g ram s 
com piled on one h an d  from  th e  curves which we fo u n d  in special l i te ra tu re  
referring  here to , an d  on th e  o th e r hand  o b ta in ed  from  th e  m ateria ls  o f th is  
co u n try . The exam ina tions o f H ungarian  m a te ria ls  pub lished  in th e  p resen t 
paper have  been carried  o u t p a r t ly  a t  the H u n g a ria n  S ta te  Geological I n s t i tu te ,  
p a r tly  a t  th e  P e tro g rap h ica l an d  G eochem ical D e p a rtm e n t of th e  R o land  
E ö tvös U niversity .

Miss V. K oblencz assisted  us in the system atization  of the therm ogram s.
The specification  o f th e  d . t .  a. ap p a ra tu se s  has been w orked  o u t b y  

Mr. B. K liburszky .
W e hope th a t  b y  th is  p ap er we will fu r th e r  ad v an ce  th e  sp read in g  o f 

our m eth o d  and , perhaps, we m ay  suggest new ideas concerning its  ap p lica tio n  
in  new  fields.

W e owe m an y  th a n k s  to  Professor E . Szadeczky-K ardoss, m em b er o f  
th e  H u n g arian  A cadem y o f Sciences, who suggested  th e  w riting  of th is  p ap e r, 
su p p o rted  us in our w ork, an d  m ade its  p u b lica tio n  possible.

H istory  o f differential th e rm a l analysis

D ifferential th e rm a l analysis was first app lied  a t  the  end o f th e  la s t 
c e n tu ry  in the dom ain  o f  m e ta llu rg y , b u t a t  a b o u t th e  same tim e , in  1887, 
L e  Chatelier h ad  begun to  ap p ly  th is  m ethod for th e  d e te rm in a tio n  o f m in era ls , 
especially  clay  m inerals. T h e  in ic ia live  of L e  Chatelier , how ever, cou ld  no t 
becom e w ide-spread for decades, for u n til 1942 b u t  a few researchers ap p 
lied it  in  our discipline. E . g. abou t the  n in e teen -tw en ties  K urnakov  an d  
his school applied th e rm a l analysis to  solve a n u m b e r of m inera log ica l-petro - 
g raph iea l problem s, an d  th e y  com puted  la ttic e  energies from  the d a ta  o f  th e rm a l
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a n a ly se s  too. Orcel a n d  h is  collaborators h a d  also ob ta ined  im p o r ta n t results 
in  ap p ly ing  d. t .  a. to  m in era lo g y , in th e  th ir t ie s  of th is  c en tu ry . A w ide applic
a t io n  o f d. t .  a. m ay  be  reck o n ed  w ith  since th e  pub lica tion  o f  severa l works 
b y  N orton, in ab o u t 1940. T he growing in te re s t  in th is  m eth o d , is to  be a t t r i 
b u te d  to  the fac t, t h a t  th e  in te rn a l s tru c tu re  o f clay  m inerals becam e more 
a n d  m ore accu ra tely  k n o w n  a t  the sam e p e rio d , consequently  a ll m ethods in 
co n n ec tio n  w ith c lay  m in e ra l exam ination  began  to  develop. S im ilarly , the 
in v es tig a tio n s  of Grim a n d  H endricks h a d  been  published  a b o u t 1940, then 
in  1945, Speil tre a te d  th e  th eo ry  of th e  physica l processes o f  o u r m ethod, 
w h ile  K err and K ulp developed  this th e o ry  b y  some m od ifica tions.

Because of th e  r a p id  spreading o f th is  m ethod , we sh o u ld  enum erate  
m a n y  more researchers w ho have o b ta in ed  som e im p o rtan t re su lts  b y  the 
a p p lic a tio n  of d. t .  a ., b u t  th is  enum eration  w o u ld  lead to unnecessary  lengthiness 
h e re . In fo rm ations will be g iv en  in connection w ith  several de ta iled  investiga tions, 
o r  in  the  b ib liography com piled  at th e  en d  o f  th is  paper, for tho se  who are 
in te re s te d  in fu rth e r d a ta .

In  H ungary , d. t. a . h a d  f irs t been ap p lied  in 1950, for th e  investiga tion  
o f  c la y  m inerals an d  b a u x ite s , a t the  C hem ical D ep artm en t o f  th e  H ungarian  
S ta te  Geological I n s t i tu te .  S h o rtly  afte rw ard s investiga tions b y  d . t .  a. have 
b e e n  in troduced  a t  th e  H e a v y  Chemical I n d u s t r y  R esearch I n s t i tu te  o f  Veszp
ré m  a n d  in the M inera log ica l-P etrog raph ica l D e p a rtm e n t of the  R o la n d  Eötvös 
U n iv e rs ity . At p resen t, d . t .  a . equipm ents are  a lread y  in o p era tio n  in some 15 
sc ie n tif ic , industria l, a n d  u n iv e rs ity  research  in s titu te s .

In  p articu la r, we h a v e  to  m ention th e  a c tiv ity  of the  D e p a rtm e n t of 
G e n e ra l and A naly tica l C h em is try  of th e  P o ly tech n ica l U n iv e rsity  o f B udapest.
D . t .  a . was applied  here  f irs t  for the s t ru c tu ra l  investiga tion  o f analy tica l 
p re c ip ita te s , then it w as com pleted by  th e rm o g rav im etric  m easurem ents, 
f in a l ly  a new branch  o f  inv estig a tio n  has been  estab lished  b y  in troducing  
d iffe re n tia l th e rm o g ra v im e try  [32, 33, 34].

M. FÖLDVÄRI-VOGL

I. G E N E R A L  P A R T

F undam enta l p rincip les of d iffe ren tia l therm al analysis

In  principle, d. t .  a . is based upon observ in g  or ra th e r m easu rin g  the 
h e a t  w h ich  is p roduced  o r  absorbed, resp ec tiv e ly , w hen, d u rin g  h ea tin g  or 
co o lin g , th e  substance e x a m in e d  is subjected to  physical or chem ical a lte ra tions 
c o n se q u e n t upon changes in  th e  h ea t con ten t. In  all types of d. t .  a. equ ipm ents 
w h ic h  a re  at present in  u se , th e  observation  o f  th e  hea t p roduced  or absorbed 
is p ra c tic a lly  in  acco rdance  w ith  the  so lu tion  in itia te d  by  R obert A usten 
a n d  developed by H ouldsw ortii and Co bb . E ssen tia lly , it consists in heating
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or cooling an  in e rt substance  u n d e r the sam e th e rm a l conditions an d  sim ul
taneously  w ith  th e  substance  exam ined . A lum inium  oxide is m ostly  used as 
an  in e r t substance , b u t  in  m an y  cases a fte r p rev ious annealing  th e  sam ple 
itse lf  m ay be em ployed. T he ad v an tag e  of the  la t te r  is, th a t th e  th e rm a l con
d u c tiv ity  o f th e  substances p laced  in  bo th  holes is m ore sim ilar th a n  in case 
o f a substance  of a to ta lly  d ifferen t k ind  in  th e  o th e r  hole, b u t th e  annealed  
substance  itse lf  can n o t be  used  as an  in ert, if  a rev ers ib le  th e rm al process 
also takes place in  th e  sam ple.

The difference in  tem p e ra tu re  betw een th e  sam ple an d  th e  in e r t substance  
is m easured  b y  m eans o f d ifferen tia l therm ocouples. T he d ifferen tia l th e rm o 
couple ind ica tes tem p era tu re  differences w hen h ea t-p ro d u c in g  or h ea t-abso rb ing  
processes are  tak in g  place in  th e  sam ple. The ra te  o f tem p era tu re  difference

Fig■ 1

is a function  of th e  h ea t produced  or absorbed. W e o b ta in  the  d. t. a. curve 
by  record ing  th e  c u rren t g enera ted  by  the d iffe ren tia l therm ocouple  or, when 
such record ing  is n o t possible, b y  noting  th e  deflec tions o f th e  galvanom eter 
sw itched on th e  c ircu it o f th e  differential therm ocoup le , an d  p lo ttin g  th em  as 
a function  of ac tu a l te m p e ra tu re . C onsequently , th e  shape of th e  therm ogram  
is horizon ta l w here th e re  is no a ltera tion  in  th e  substance , and  deflections, 
th e  so-called th e rm al peaks are  to  be seen in  th e  curve w here a lte ra tio n s  con
sequent to  changes in  h e a t co n ten t are ta k in g  p lace. C onventionally , d. t .  a. 
curves are  d raw n in such a w ay, th a t  the peaks m ark in g  h ea t absorb ing , endo- 
th e rm al processes should  ap p ear below, w hile th e  peaks rep resen ting  exo
th e rm a l processes above th e  base line.

As th e  th erm o g ram  o f a m ineral, chem ical com pound , inorganic  or organic 
substance  is ch a rac te ris tic  to  th e  substance in  qu estio n , i t  enables us in  recogniz
ing th e  presence o f th a t  substance. The d e ta ils  o f th e  d e te rm in a tio n  will be 
exposed in  connection  w ith  th e  description o f d . t .  a. curves of several m inerals.

In  fig . 1 a ty p ica l therm ogram  is p resen ted , w ith  one endo therm al and 
one exo th erm al peak . O n section  AB no a lte ra tio n  tak es  place in  th e  substance, 
В signifies th e  s ta r tin g  p o in t o f the  en do therm al process, D the end of the  endo-
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th e r m a l  process. On sec tio n  D E  there again  is no process accom pan ied  w ith  
c h a n g e  in  the hea t c o n te n t , u n til  the  b eg inn ing  of th e  ex o th e rm al process.

A s the m agnitude o f  th e  peaks of the  th erm o g ram s is a fu n c tio n  of the 
h e a t  produced or a b so rb ed  in  th e  course of th e  process, fu r th e r  conclusions 
m a y  b e  drawn from th e  c u rv e , in  add ition  to  th e  id en tifica tio n  o f th e  substance, 
g e n e ra lly  based on th e  te m p e ra tu re  of the  peaks. On one h an d , we can  conclude 
th e  m ag n itu d e  of h ea t o f  d issocia tion , hea t o f d eh y d ra tio n , h e a t o f a lte ra tion  
o f  a  substance , and, on th e  o th e r  hand , to  th e  q u a n tity  o f a su b stan ce  presen t 
in  u n k n o w n  concentration .

Theory of the th e rm a l processes of d ifferen tia l th e rm al analysis

T h e  effort of a p p ly in g  d . t. a. for q u a n tita tiv e  d e te rm in a tio n s  too  and, 
in  a d d itio n , the increasing d e m a n d  on accuracy o f these d e te rm in a tio n s  necessi
t a t e d  a m ore thorough s tu d y  o f  th e  hea t process ta k in g  place d u rin g  th e  investi
g a tio n s . The first theory  w as estab lished  by  Speil  in  1945 [158] ; som e years 
la te r  i t  w as developed a n d  p a r tly  m odified b y  K err an d  K ulp [81]. The 
a im  o f  th e  Speil— K err— K uL P -theory  is to  e s tab lish  a re la tio n , expressible 
b y  re d u c e d  equations in o rd e r  to  give the changes in  hea t co n ten t o f  the sub 
s ta n c e  exposed to th e rm al a lte ra tio n  and  of th e  in e r t substance , a t  every  po in t 
o f  th e  therm ogram . D u rin g  th e  developm ent of a th e rm al peak , th e  value of 
th e  co m p le te  reaction h e a t m a y  be expressed b y  th e  following in teg ra l

M ( \ H )  =  g - k \ ' A T d t
a

w h ere  M  signifies the m ass o f  th e  reaction  substance , к  its specific h e a t con
ductiv ity", g  a geom etrical c o n s ta n t, A H  the  specific change in  h e a t con ten t, 
a n d  A T  dt  the  change of te m p e ra tu re  in  function  o f tim e  (t), d u rin g  th e  process, 
m e a su re d  in  the middle o f th e  sam ple. The lim its o f in teg ra tio n  m a rk  th e  s ta r t 
in g  p o in t  an d  the end of th e  p eak .

N a tu ra lly , this re la tio n  is b u t  app rox im ative , an d  m any  accessory  factors, 
as e. g. th e  tem perature g ra d ie n t tak in g  place in  th e  sam ple, are  n o t tak en  
in to  considera tion . I t  is, h o w ev er, very  useful as a f irs t ap p ro x im atio n , and 
for t h a t  v e ry  reason, th e  m o s t w idely accepted  re la tion .

In  th e  theoretical c o n sid e ra tio n s  of M a r j o r i e  J .  Y o l d  [168], th e  th e rm al 
process ta k in g  place in  th e  su b s ta n c e  is calcu lated  w ith  a reg a rd  fo r m any 
m ore accesso ry  factors ; th is  considera tion  comes closer to  rea lity , b u t  because 
o f th e  less sim pler form of its  m a th e m a tic a l form ulae i t  is no t genera lly  accepted . 
Y o l d  h a s  com puted the v e lo c ity  o f h ea t capac ity  in  the  sam ple an d  th e  in e rt 
su b s ta n c e , besides taking in to  consid era tio n  the  loss caused by  th e  h e a t e rad ia ted  
in  th e  en v iro n m en t. In  case o f  th e rm a lly  active sam ples, th e  au th o r h as  tak en
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in to  account, as a sep a ra te  add itiv e  m em ber, th e  h e a t produced or abso rbed  
b y  the a lte ra tion  ta k in g  place in  the  sam ple. H er f in a l re su lt has been a d iffe ren 
tia l equation  w hich, b y  ta k in g  in to  consideration  all accessory facto rs, gives 
us the  possibility  o f num erica lly  calculating  th e  change of heat con ten t ta k in g  
place in the  sam ple.

A scries of papers have  been published la s t y e a r  on the kinetics o f  th e rm a l 
d eh y d ra tio n  of clays b y  Murray and  W hite [119]. A ch ap te r of these p u b lica 
tions describes the k in e tics  o f th e  d. t .  a. process.

The k inetica l fo rm u la tio n  of the  processes h a s  led the au th o rs  to  th e  
conclusion th a t  d. t. a. an d  d. t. g. (d ifferen tial th e rm a l g rav im etry ) curves 
m ay theore tica lly  be ap p ro x im ated  by  g raph ica l in teg ra tio n  of th e  re la tio n s 
referring  to  iso th erm al p a r tia l  processes. T he cu rv es calculated  in  th is  w ay  
and  the  real curves w ere concordan t. F u rth e r , th e  effect o f changes o f th e  p a ra 
m eters on the  shape o f d. t .  a. and d. t. g. cu rves has also been in te rp re te d .

All these theo ries give m athem atica l fo rm u la tio n s of the th e rm a l p ro 
cesses, b u t th ey  do n o t p resen t any  ad eq u a te  basis  for the constru c tio n  o f 
d. t .  a. ap p ara tu ses . Such a basis is, how ever, n ecessary  because co n trad ic tio n s 
am ong therm ogram s p roduced  by  d ifferent d. t .  a . appara tu ses are v e ry  often  
to  be observed ; th a t  can  be a ttr ib u ted  n o t on ly  to  certa in  differences o f th e  
sam ples (e. g. d ifferences in  degree of crysta lliza tion  and  p u rity , genetical d iffe r
ences etc.) b u t to  d iscrepancies of principle am o n g  the  apparatuses.

I t  is obvious th a t  conco rdan t resu lts are  n o t to  be expected, ex cep t from  
such app ara tu ses  co n stru c ted  on the  basis o f  u n ifo rm  principles. T he a u th o r  
o f the  presen t p ap e r and  h e r collaborators h av e  tr ie d  to  determ ine th e  gu id ing  
principles of co n stru c tio n  o f  a d. t .  a. a p p a ra tu s . F irs t of all, th e y  tr ie d  to  
follow the processes w hich took  place in th e  sam p le  and  in the in e rt su b stan ce  
d u ring  heating . In  o rd er to  give a clear idea o f  th e ir  considerations, th e y  chose 
the  graphical m ethod  o f rep resen ta tion  [44].

The tra in  o f th o u g h t used is briefly  the  following. Let us im ag in e  tw o 
holes of iden tical d im ensions, sym m etrically  p laced  in th e  nickel sam ple ho lder 
block, the sam ple is p laced in one of them , th e  in e r t  substance in th e  o th e r, 
the  density  o f b o th  b e in g  as uniform  as possible. A fte r  having placed the  sam ple 
holder block in th e  fu rn ace , and  heating  th e  fu rn ace  a t uniform  speed, le t us 
consider ívhat h ea t processes are tak ing  p lace in  th e  holes.

I f  the rise  o f te m p e ra tu re  in the  sam ple ho ld er block itself is rep resen ted  
in  a coord inate sy stem , as a function  of tim e , we o b ta in  a steep s tra ig h t line, 
m arked  by  X  in fig . 2.

The rise in  te m p e ra tu re  of the  in ert su b s ta n c e  placed in the  hole is re p re 
sen ted  by a s tra ig h t line paralle l to  the s tra ig h t X ,  in  its stead  le t us consider 
th e  s tra ig h t X  itself. N a tu ra lly , heating  does n o t tak e  place in re a lity  along 
s tra ig h t lines b u t along sections of expo n en tia l curves following each o th er, 
and it is only in f irs t  approx im ation  th a t th e y  can  be draw n as s tra ig h t.
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N ow , let us consider th e  change in tem p era tu re  of the th e rm a lly  active 
su b s ta n c e . U ntil p o in t A ,  i. e. u n til no change takes place in  th e  substance , 
th e  te m p e ra tu re  of th e  sam ple  w ill rise p ara lle l w ith the  s tra ig h t X .  W hen 
p o in t  A  is reached, su p p osing  th a t  a h ea t-ab so rb in g  process is s ta r t in g  in  the 
su b s ta n c e , the rise in  te m p e ra tu re  does n o t continue, because th e  process 
con su m es th e  hea t reach in g  th e  substance . C onsequently , if  we m easu red  the 
te m p e ra tu re  in  the  su b stan ce  itself, th e  rise  o f tem p era tu re  w ould  s to p  from 
p o in t A  on. In  fig. 2 th is  s ta te  is rep resen ted  b y  the  horizontal s tr a ig h t  A B .  
N a tu ra lly , it is again an ap p ro x im atio n , for, in  reality , the a lte ra tio n  o f the

F ‘S- 2

su b s ta n c e  is com pleted in  th e  sm aller pa rtic le s  sooner than  in  th e  la rg e r ones 
a c c o rd in g ly  in  the case o f heterogeneous p a rtic le  sizes the  process becom es 
lo n g er. I f  we represen t th a t  g raph ically , in  m o st cases we rea lly  o b ta in  the 
ob liq u e  s tra ig h t A B ,  to  be seen in fig . 3, in s te a d  of the h o rizon ta l line A B .  
A fte r  h a v in g  reached th e  p o in t В  or B'  re spec tive ly , i. e. w hen th e  liea t-abso rb - 
ing  p rocess does not an y  lo n g er consum e th e  h e a t reaching it, th e  h e a t energy 
is u sed  to  h ea t the su b stan ce  w hich rem ain ed  below  the  rise of te m p e ra tu re , 
to  th e  h ig h es t tem p era tu re  m eanw hile a tta in e d  in  th e  block. P o in t C rep resen ts 
th e  te m p e ra tu re  a t w hich th e  sam ple a t ta in s  th e  tem p era tu re  o f th e  b lock : 
if  no fu r th e r  change tak es  p lace , the  rise in te m p e ra tu re  of the sam ple w ill again 
be p a ra lle l to  the s tra ig h t X .

O n th e  basis o f th e  g rap h ica l rep re sen ta tio n  of therm al processes, the  
a u th o r  a n d  her co llabora to rs have  come to th e  conclusion th a t ,  c o n tra ry  to  
g en era l use, it  was m ore serv iceable  to  m easure  th e  actual te m p e ra tu re  du ring  
a th e rm a l process in  th e  sam p le  itself, th a n  in  th e  in e rt substance. T h is  solution 
w as ap p lied  to the co n stru c tio n  of th e ir  a p p a ra tu s  ; it  will a t leng th  be  tre a te d  
in  co n n ec tio n  w ith th e  specifica tion  of th e  ap p ara tu ses . The m easu rem en t 
o f te m p e ra tu re  in the  sam ple  itse lf  is ju s tif ied  in  m an y  respects. N am ely , tak in g
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in to  consideration  th e  so lu tions so fa r applied , w hen  th e  tem p era tu re  is m easured  
in  the  in e r t substance , th e  tem p e ra tu re  of the p eak  o f  the therm ogram  (po in t B, 
in fig . 2) will no t be m easured  as 7 \  —  w hich is th e  real tem p era tu re  —  b u t 
as T,nax ti  to  be seen in th e  figure. E . g. B arshad  [6] has acknow ledged th e  
im p o rtan ce  of contro lling  th e  tem p era tu re  o f  th e  process in  th e  decom posing 
su b stan ce  itself, therefore  he pvit in  the hole, below  and  above th e  sam ple 
in v estiga ted , tw o substances of d ifferen t and  know n tem p era tu re  of a lte ra tio n , 
th u s re s tric tin g  the real tem p e ra tu re  of a lte ra tio n  of the sam ple in v es tig a ted  
betw een tw o defin ite  lim its. A ccording to  lite ra tu re , only the  th erm o g ram s
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of Soviet au tho rs refer to  hav ing  m easured  th e  tem p e ra tu re  in th e  sam ple itse lf 
b u t, as fa r  as we know , th ey  have n o t m o tiv a ted  th e ir  w orking m eth o d . I t  is 
in s tru c tiv e  to  com pare tw o d. t .  a. records ta k e n  from  the sam e m inera l, b u t 
accord ing  to  the tw o wrays in  m easurem ent (fig . 4).

B o th  th erm o g ram s o f th is  figu re  have been  recorded from  dolom ite , the  
le ft-h an d  curve has been published  in  the  p a p e r b y  I,. G. B erg, th e  r ig h t-h an d  
one in  th e  p ap er by  R. A. R owland and C. W . B eck [12, 141]. T he f ir s t  endo- 
th e rm al peak  of these d. t .  a. curves is derived  from  th e  decom position o f  m ag 
nesium  carb o n a te , th e  second from  th a t  o f calcium  carbonate . N a tu ra lly , the  
m ag n itudes o f th e  peaks o f th e  curves are  n o t to  be com pared, because th e  
in v estiga tions have been  carried  o u t b y  m eans o f tAvo app ara tu ses  o f  unknow  n 
sen sitiv ity . In  th e  fig u re  o f  B erg, th e  second curve ru n n in g  steep ly  above 
the  d. t .  a. curve, derives from  a cu rren t reco rd ing  o f th e  rise in te m p e ra tu re , 
pho to g rap h ed  s im ultaneously  w ith  th e  d. t .  a. curve. I t  appears th a t  the  rise 
in  tem p era tu re  has really  been m easured  in th e  sam ple itself, for sm aller failu res 
are  to  be seen in the  con tinuous rise  of te m p e ra tu re  a t th e  very  places o f  the  
g re a t endo therm al peaks. An en la rgem en t o f  th e  la tte r  curvre w ould  a t  fact 
rep resen t the sam e as th e  curve O A B ' C X  o f fig . 3 in ou r th eo re tica l con
sidera tion . The dolom ite curve o f B eck has been draw n by  th e  usual m ethod .
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T h e  m axim al te m p e ra tu re  o f th e  peaks, if  i t  is m easured in th e  sam ple 
itse lf, g ives a little  low er v a lu e  th a n  the  te m p e ra tu re  m easured in  th e  in e rt 
su b s ta n c e . The d irect e x p lan a tio n  o f  th is fac t m ay  be read  in  fig . 3, fo r it  is 
o b v io u s  th a t  Tj <  T max. A ccord ing  to  o u r experience, th e  dev ia tion  is abo u t 
2 0 °C, a n d  we have to  m en tion  in  advance, th a t  in  our therm ogram s o f H u n g a rian  
m a te r ia ls , th e  m axim al p eak  tem p era tu res  are , a t  abou t the  sam e ra te , lower 
th a n  th o se  published in  th e  l i te ra tu re , b u t in  ou r opinion th is  lower v alue  comes 
closer to  th e  real te m p e ra tu re  of a lte ra tio n . All these a rg u m en ta tio n s refer 
to  e n d o th e rm a l peaks, w hile exo th erm al p eak s are a little  sh ifted  to  h igher 
te m p e ra tu re s , on the basis o f  sim ilar considerations.

Kaolinite Haltoi/site

F ig . 5. E n do therm al peaks o f  k ao lin itc  and  h a llo y site  d ilu ted  by a lu m in iu m  oxide

T h e re  are some fu r th e r  ad v an tag es o f m easu ring  th e  tem p era tu re  in  the 
sam p le  itse lf. E verybody d ea ling  w ith  d. t .  a. m ay  observe th a t,  in  th e  th e rm o 
g ra m , th e  m axim um  te m p e ra tu re s  of th e  peaks ap p ear as a fu n c tio n  o f  the  
a m o u n t o f  active substance p re sen t. The low er th e  concen tra tion  o f th e  active 
su b s ta n c e  presen t, the  low er w ill th e  p eak  m ax im um  be. L. A. D e a n  [27] 
s tu d ie d  e. g. the  change o f th e  endo therm al p eak  of kaolin ite  and  halloysite , 
b e tw e e n  550— 600°C, in  fu n c tio n  of the  co n cen tra tio n . As it  is to  be seen in 
fig . 5, th e  d. t .  a. curves o f th e  sam ples co n ta in in g  10%  and  60%  o f kao lin ite , 
show  45°C departu re  be tw een th e  m axim a o f en d o th erm al peaks.

T h e  in te rp re ta tio n  o f th is  phenom enon m ay  be illu stra ted  b y  figs. 2 
a n d  3. I n  fig . 3, the len g th  o f  th e  s tra ig h t A B ’’ depends on th e  a m o u n t of 
a c tiv e  sub stan ce . Let th e  p o in t B 2’ signify th e  p eak  m axim um  o f a th e rm al 
p rocess belong ing  to  a la rg e r a m o u n t of substance . I f  we m easure the  te m p e ra tu re  
in  th e  in e r t  substance, it  is obv ious, th a t  in  th e  f ir s t  case T  m axx will be observed 
as th e  tem p e ra tu re  of peak  m ax im u m , T  m a x 2 being  observed in  th e  second 
case. C onversely, if  te m p e ra tu re  is m easured  in  th e  sam ple itse lf (fig . 2), we 
sh o u ld  id ea lly  obtain  T y as p e a k  tem p era tu re  in b o th  cases, irrespective  o f  the 
a m o u n t o f  substance, in  re a lity  (fig. 3) there  is b u t  little  d ep artu re  betw een  the 
tw o  p e a k  tem pera tu res , th is  difference being  rep resen ted  by  the  d is tan ce  A  T2.
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O ur theore tica l considerations have been ju s tif ie d  by ex p e rim en ta l d a ta . 
Since we have been m easuring  tem p era tu re  in  th e  sam ple itself, we observed  
th a t  in s tead  of p eak -tem p e ia tu re  differences o f 40— 50°C deriv ing from  d iscre
pancies in  concen tra tion , th e  peaks were only  sh ifted  from 10 to  15°C.

I t  is qu ite  n a tu ra l th a t  the  au th o r and  h e r collaborators are  aw are  o f a 
g rea t n u m b er of defects o f th e  considerations above described, for th ey  b u t  follow 
th e  ou tlines of th e  hea t processes tak in g  place in  th e  hole, and do n o t tak e  in to  
acco u n t, e. g., o f th e  p ropaga tion  o f h ea t in  th e  sam ple or in the  in e r t su b stance . 
H ow ever, if  we took the  accessory factors in to  consideration , th e  g rap h ica l 
rep re sen ta tio n  of the process w ould no t be clear anym ore.

T he theore tica l considerations tre a te d  h ith e rto  referred to  th e  in te r 
p re ta tio n  o f h ea t processes tak in g  place in  th e  substance . I t  is, how ever, ab so lu 
te ly  necessary  to  know  all fu r th e r  factors w hich p lay  any  p a r t in th e  fo rm atio n  
o f th e  d. t .  a. curve. One of th e  im p o rta n t fac to rs which m ust be d e a lt w ith , 
is th e  partic le  size of the substance  to  be in v estig a ted .

All investiga to rs dealing w ith  d ifferen tia l th e rm al analysis can  observe 
th a t  th e  partic le  size of th e  sam ple has an  effect on th e  shape o f th e  th e rm a l 
peaks, an d , in som e cases, i t  m ay even m odify  th e  tem p era tu re  of p eak  m ax im u m .
E . g. J .  L. K ulp and  A. F . T rites observed th e  tem p era tu re  of th e  e n d o th e rm a l 
peak  m axim um  m arking  th e  a lte ra tio n  of g o e th ite , while changing th e  partic le  
sizes. T h e ir resu lts were sum m ed up  in  follow ing tab le  [98] :

P a r t ic le  s ize P e a k  I e iu p e ra t i i r e

Coarser th a n  50 m eshes 

50 to 80 m eshes 

80 to 100 m eshes . . .  . 

100 to 120 m eshes . . .

120 to 200 m eshes ___

F inest pow der ................

405 °C 

405 °C 

400 °C 

400 °C 

395 °C 

390 °C

In  som e ex trem e cases, the  increase of pow dering  can su b s ta n tia lly  change 
the  th e rm o g ram , in  such cases, hotvever, the  change is caused b y  th e  b re a k 
dow n o f th e  c ry sta l la ttice . W e shall re tu rn  to  th is  phenom enon, in connection  
w ith  th e  th e rm al analysis of dolom ites.

In  clearing  up th e  m echanism  of th e rm a l processes th is  m ak es i t  also 
possible to  theore tica lly  explain  th e  effect o f p a rtic le  sizes on th e  fo rm atio n  
o f th e  peaks. I t  is obvious th a t  du ring  th e  a lte ra tio n  of a sub stan ce , sm aller 
partic les a re  a lte ra ted  sooner th a n  the  la rger ones, for tim e is req u ired  for the  
p ro p ag a tio n  of a lte ra tio n  in to  th e  in te rio r o f  the  particle, especially  w hen, 
sim ilarly , tim e  is required  for th e  d ep a rtu re  o f th e  decom position p ro d u c ts
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(v a p o u r , carbon dioxide, e tc .). C onsequently, i f  v e ry  fine  particles are p resen t, 
th e  b eg in n in g  of decom position  (point A ,  in  fig . 3) takes place a little  sooner. 
I f  th e  p artic le  size o f th e  sam ple  were ideally  hom ogeneous, all partic les w ould, 
in  p rin c ip le , decom pose sim ultaneously , n a tu ra lly , leaving aside th e  fac t th a t 
tim e  is also required  fo r th e  p ropagation  o f h e a t  in  the substance, from  the  
w alls o f  th e  hole in to  th e  m idd le  of the hole. I. e., generalizing th is  s ta te m e n t, 
in  case o f  hom ogeneous p a rtic le  size, the  decom position  would tak e  place along 
th e  s tr a ig h t  A B  of fig . 2. T h is  would ap p ear in  th e  d. t .  a. curve itse lf  in  the  
fo rm  o f  narrow , p o in ted  peaks. On the  c o n tra ry , th e  m ore heterogeneous the  
p a r tic le  size of th e  sam ple, th e  more are th e  p eak s  stre tched . G raph ica lly , the  
m ore  heterogeneous th e  p a rtic le  size of th e  sam p le , th e  more steep will th e  
s tra ig h t  A B ’’ be in  fig . 3.

Sum m ing  up ou r considerations, we m ay  p o in t out th a t the  in itia l te m 
p e ra tu re  o f decom position  is determ ined  b y  th e  decom position te m p e ra tu re  
o f th e  f in e s t particle p re sen t in the sam ple, an d , on the  o ther h an d , th e  d is tr i
b u tio n  o f  partic le  sizes h as  an  effect on th e  fo rm  o f th e  peaks in  such a w ay, 
th a t  th e  m ore heterogeneous th e  particle size o f  th e  sam ple, th e  b ro ad e r (and 
a t  th e  sam e tim e, p la iner) should  the th e rm a l p e a k  be stre tched . N a tu ra lly , 
th e  d e fo rm ation  of the  p eak  has, in princip le , no effect on the e x te n t o f the 
p e a k  a rea .

A  fu rth e r  fac to r a ffec tin g  the shape o f th e  therm ogram , is the  m a te ria l 
o f th e  sam ple holder b lock. E . g. in the case o f a sam ple holder block m ade of a 
m a te r ia l  o f lower h ea t cap ac ity , the  block ab so rbes less of the h ea t p roduced  
d u r in g  exo therm al processes, consequently  in  su ch  a case the  ex o th e rm al peak  
will be  h igher. Inside th e  b lock , however, th e  fo rm atio n  of th e rm al s ta b ility  
can  be  m ore assured b y  a block m ade o f a m a te r ia l of h igher h ea t c ap ac ity . 
O n th is  basis, a fte r due ex am in a tio n  of these  d iffe ren t advantages, th e re  ex ists a 
d ifference  of opinion am ong  th e  investiga to rs, concern ing  th is p rob lem . E . g. 
a cco rd in g  to  Gruver an d  h is collaborators, sam p le  holders of low h e a t c ap ac ity  
a n d  h ig h  h ea t co n d u c tiv ity  a re  more ad v an tag eo u s , they  therefore  used a 
p la t in u m  crucible as sam ple  holder. On th e  c o n tra ry , some o th e r researchers 
a c c e n tu a te  the ad v an tag es  o f th e  sam ple ho lders o f  h igh hea t capac ity  and  low 
h ea t co n d u c tiv ity , an d  em ploy  ceram ic sam ple  holders.

T h e  m agn itude  o f th e  th e rm a l peak is co n sid e rab ly  affected, u n d er iden tica l 
s e n s it iv ity  of the  in s tru m e n ts , by  the  hea t c a p a c ity  o f  the  applied therm ocoup le  
too . I t  is obvious, th a t  th e  decrease o f h e a t cap ac ity  of the  therm ocoup le  
increases the  m ag n itu d e  o f  th e  peak and , a t  th e  sam e tim e, the  sen s itiv ity  of 
d e te rm in a tio n . All these  fac to rs  will be d ea lt w ith  in  detail, in connection  w ith 
th e  d esc rip tio n  of the  d iffe ren t types o f a p p a ra tu se s .

In  case of th e rm a l processes producing som e k ind of gaseous p ro d u c ts , 
it  is th erm o d y n am ica lly  p robab le  th a t the  process and , a t the  sam e tim e , th e  
sh ap e  o f  th e  therm al p eak  w ill be considerably a ffec ted  by  the  ra te  o f th e  p a rtia l
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pressure o f the  gaseous p ro d u c ts  exerted  on the  decom posing sub stan ce . The 
effect o f gas pressure on th e rm a l decom position has been s tu d ied  b y  R . A. 
Rowland and  D. R. Lew is [143]. A p a rt o f th e ir  experim ents concerns the  
decom position of carbonates. T hey  have observed  the  changes ap p earin g  in 
the  tem p era tu re  —  and  often  in  the shape —  of th e rm al peaks, ta k in g  place 
e ith e r in the  a ir or in  an  a tm osphere  of C 0 2. T h e ir  re su lts  are g raph ica lly  re 
p resen ted  in fig. 6. The effect o f C 0 2 on the  changes o f peak  tem p e ra tu re  is 
d irec tly  readable. In  th e  a ir, the  decom position o f siderite  is im m ed ia te ly  
followed b y  the  exo therm al peak  m ark ing  th e  o x id a tio n  o f b iva len t iro n , w hich 
n a tu ra lly , does no t occur in the  atm osphere of C 0 2. The p a rticu la r  b eh av io u r

o f dolom ite to  be seen in  fig . 6 (the tem p era tu re  o f th e  f irs t peak  decreases 
in  th e  atm osphere of C 0 2) w ill be tre a te d  a p a rt, in  th e  ch ap te r dealing  w ith  
th e  therm ogram s of several substances ; th is phenom enon is a p a r t  o f the 
observations concerning th e  pecu liar decom position o f  dolom ite.

I t  has a lready  been observed , in  connection w ith  th e  curves o f R owland 
an d  Lew is, th a t  th e  shape o f som e peaks m ay considerab ly  change a n d  even 
d isap p ear, if  th e  in v estig a tio n  is no t perform ed in a ir , b u t  in an in e rt a tm osphere . 
T his s ta tem en t concerns every  k ind  of com bustion  an d , in general, ox idation  
processes. N atu ra lly , Avhen the  investigations are  be ing  carried  ou t in  vacuum , 
th e  peaks change considerably . In  th is  case, every  process invo lv ing  loss of 
steam  or gas is considerab ly  accelerated , in consequence of im m ed ia te  going 
o u t o f th e  p roduct o rig inated  : th is  appears in the  therm ogram s in th e  form  of 
narrow , pointed peaks.

The effect of the  d en sity  o f the sam ple on th e  shape o f th e rm al peaks is 
due to  sim ilar causes of princip le . N am ely, if  the  pow der o f the  sam ple is loosely 
placed in  th e  hole, the gaseous products o rig inated  d u rin g  decom position  will 
m ore easily  escape ; on th e  co n tra ry , if  the sam ple is very  condensed in  th e  
hole, th e  rem ain ing  gaseous products will re ta rd , by  th e ir  p ressu re, fu rth e r
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decom position . C o nsequen tly , in  th e  case o f loose density  we o b ta in  narrow er 
fo rm s  o f peak th a n  th o se  o b ta in ed  from  substances condensed in  th e  hole. 
F ro m  th is  phenom enon, we m a y  draw  the conclusion, for th e  purpose o f practice, 
t h a t  in  order to a ssu re  rep ro d u c tib ility , th e  pow der o f the sam ple should be 
co n d en sed  in the hole as eq u a lly  as possible.

T he shape and  p o s itio n  o f the  therm al peaks are  affected b y  th e  velocitv  
o f  h e a tin g  too. O ur e x p e rim e n ts  referring h e re to  will be tre a te d  in  detail in 
co n n ec tio n  with the  d a ta  concern ing  one o f o u r appara tuses.

W e do not tre a t h e re  th e  effects of th e  presence o f an o th e r m in era l, which 
m a y  d is tu rb  the fo rm a tio n  o f  th e  therm al peak . T he o th e r m ineral m ay  d istu rb  
th e  fo rm ation  of a peak  b y  a lte r in g , under th e  effect o f h ea t, in  th e  sam e dom ain 
o f  tem p era tu re  and th u s  th e  peaks overlap p a r tia lly  or en tire ly , b u t it  is also 
possib le  th a t the p resence o f  som e substance should  affect th e  fo rm atio n  of the 
th e rm a l  peak for reaso n s know n or unknow n h ith e rto , w ith o u t tak in g  p a rt 
in  th e  alteration. W e sh a ll re tu rn  from tim e to  tim e  to  th is phenom enon, when 
d . t .  a. curves of severa l m inera ls  will be tre a te d .

A fter having d ra w n  th e  conclusions concern ing  th e  th e rm a l process 
a n d  in  full knowledge o f  th e  fac to rs affecting th e  fo rm ation  of peaks, it  becom es 
o b v io u s  th a t the in itia l te m p e ra tu re  of th e rm al peaks (point B , in  fig . 1) will 
b e  m o re  characteristic  to  th e  substance th e rm a lly  a lte red  th a n  th e  tem p era tu re  
o f  th e  peak m axim um . S ince th e  la tte r  d a tu m  is, how ever, m ore freq u en t in  the 
l i te ra tu re , we more f re q u e n tly  m ark  peak te m p e ra tu res  in th e  descrip tion  of 
th e rm a l  peaks of severa l m inera ls , bu t in itia l te m p e ra tu re  can be read  in  the 
f ig u re .

F rom  the foregoing a rg u m en ta tio n  it  ap p ears , th a t  m any  accessory factors 
m u s t  be taken in to  c o n s id e ra tio n  in the course o f d. t. a. investig a tio n s and 
w h e n  evaluating th e  th e rm o g ra m , if  we w an t to  ob ta in  reliable re su lts . This 
m u s t be in an increased degree applied, if  we have th e  in ten tio n  o f carry ing  
o u t  q u an tita tiv e  d e te rm in a tio n s  on the basis o f  d. t .  a. curves.

basic p rinc ip les o f quan tita tive  d. t. a . determ inations

From  the re la tio n s e stab lished  by  Sp e il -K err and  K ulp (see p. 8) 
i t  re su lts  th a t, du ring  a th e rm a l process, th e  change in  q u a n ti ty  o f h ea t is 
p ro p o rtio n a l to the a rea  inc luded  by the peak . Since in case o f th e  sam e sub 
s ta n c e  th e  change in  te m p e ra tu re  m easured in  th e  course of th e  th e rm a l process 
is in  d irec t proportion  to  th e  am ount of th e  su b stan ce  p resen t, i t  follows th a t  
th e  p e a k  area m ust be co n sid ered  as the m easu re  o f th e  q u a n tity  o f th e  m ineral 
p re se n t. However, i t  m u s t be  again  em phasized th a t  n o t every  th e rm a l process 
w ill b e  serviceable for q u a n ti ta t iv e  d e te rm ina tions, b u t only those processes w hich 
a re  unequivocally c h a ra c te r is tic  to  the s tru c tu re  of th e  m ineral in question.



Some investiga to rs consider the  len g th  o f th e  a ltitu d e  o f p eak  am p litu d e  
as b e ing  p roportiona l to  th e  q u a n tity . In  an  ideal case, it  w ould re a lly  give 
a co rrec t re su lt, b u t th e  perfec t constancy  o f all experim en ta l co n d itio n s woidd 
be req u ired  for th a t  purpose, w hich is u n a tta in a b le  in  every case, ev en  w ith  
the u tm o s t care. Thus a sm all d ep a rtu re  in  th e  velocity  of heating  o r in  partic le  
size m ay  cause some changes in  th e  peak  a ltitu d e , b u t  the  ex ten t o f  th e  peak  
area  is less affected  by  these  facto rs.

I t  is obvious th a t  th e rm a l peaks o b ta in ed  b y  m eans of d iffe ren t se ts  can 
n o t be com pared  for the  purpose o f  q u a n tita tiv e  de te rm ina tion , b ecau se  the  
m agn itu d e  o f th e  peak  considerab ly  depends on the d a ta  o f th e  a p p a ra tu s  
an d  on th e  sensitiv ity  o f th e  in s tru m en ts . C onsequently , th e  a p p a ra tu s  m ust 
be ca lib ra ted  for every  q u a n tita tiv e  d e te rm in a tio n , i. e. the  sizes o f  p e a k  areas 
belonging to  know n am oun ts o f  substance  m u st be determ ined . M oreover, 
in m an y  cases, th e  calib ra tion  has to  b ea r o u t th e  ra te  of hea t co rresp o n d in g  
to  a p eak  area , m easured b y  th e  eq u ip m en t in  question .

Before tre a tin g  ca lib ra tion , we have  to  p a rticu la rly  em phasize th e  sc ru 
pulous care w hich is necessary  for q u a n tita tiv e  determ inations. A ll fac to rs 
affecting  th e  shape of th e  p eak  m u st be ta k e n  in to  consideration . W e have 
to  ta k e  care o f th e  constancy  o f h ea tin g  velocity . T he pow dered sam p les  are 
to  be  w eighed carefully, and  w hen we are filling  th em  in  the  hole, we m u s t be 
carefid  th a t  th e ir density  shovdd rem ain  uniform . I t  is requ ired  th a t  th e  p u lv e riz a 
tio n  shoidd  alw ays be carried  ou t in  th e  sam e fineness. We m ust p a y  a t te n tio n  
to  th e  th e rm a l sym m etry  o f the  equ ipm en t. T he ju n c tio n s  of th e  therm o co u p les  
are to  be  p laced  in  the  very  m iddle o f  th e  holes, th e  sam ple holder b lo ck  in  th e  
th e rm a l sy m m etry  axis o f th e  fu rnace. In  case o f m easurem ents o f  th e  sam e 
k ind , id en tica l conditions are  requ ired  for th e  escape of vapours o r gases 
produced  d u rin g  th e  process.

T he possib ilities of q u a n tita tiv e  d . t .  a. investiga tions have re c e n tly  been 
discussed in  d e ta il by  Van  der  Marel [118].

T h e  generally  used ca lib ra tion  o f th e  eq u ip m en t for q u an tita tiv e  d e te rm in 
ation  is ca rried  ou t in  such a w ay, th a t  we p rep are  a series of a rtif ic ia l m ix tu re s  
of v a ry in g  percen tage of the  m inera l to  be de te rm in ed  and  of some th e rm a lly  
in e rt sub stan ce , th en  a fte r h av in g  d e te rm in ed  th e  peak  areas co rresp o n d in g  
to  d iffe ren t percentages o f com position , the  unknow n percentage of th e  m in e ra l 
in question  becom es determ inab le  b y  in te rp o la tio n , b y  m eans of th e  o b ta in e d  
values. F o r th e  purpose of th e  p rep a ra tio n  o f  the series of m ix tu res , we use 
a very  pu re  or pu rified  n a tu ra l occurrence o f the  m ineral, or we p re p a re  i t  
a rtific ia lly .

T here  are  considerable d ifferences o f opinion am ong the  in v e s tig a to rs  
concern ing  th e  accuracy of q u a n tita tiv e  d e te rm in a tio n s. T h a t is q u ite  n a tu ra l ,  
for i t  depends on th e  substance itse lf  an d , on th e  o th e r hand , on th e  se n s it iv ity  
and  re liab ility  o f th e  eq u ip m en t, fu rth erm o re  on th e  possible effect o f  o th e r
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m in era ls  which are u su a lly  presen t. In  the  b e s t o f  cases, the re la tive  erro r of 
d e te rm in a tio n  does n o t exceed  1 to  2%  b u t, g en era lly , it  is 5%  or even m ore. 
In  case of the d e te rm in a tio n  o f  a mineral o f a v e ry  sm all am ount, th e  inaccuracy  
o f  q u a n tita tiv e  d e te rm in a tio n  will be very  h ig h , even if  the  h igh  sen sitiv ity  
o f  th e  in strum en ts p e rm its  the iden tification  o f  th e  m ineral.

A nother m ethod  o f  calib ra tion  of the in s tru m e n ts  consists of de te rm in in g  
th e  re la tion  of the h e a t p ro d u ced  or absorbed d u r in g  the  therm al process to  the 
p e a k  area. Such m e a su re m e n ts  were carried o u t b y  I . B arshad [6]. H e d ep arted  
from  substances of kn o w n  fusion heat. In s tead  o f  p lan im etering  th e  peak areas, 
he  c u t ou t the p a p e r a long  th e  outlines o f th e  p e a k  and  then  w eighed th e  slip 
o f  p a p e r of the p eak  a re a  b y  an analytical b a la n c e . The resu lt w as a n u m b er 
g iv in g  the  relation b e tw een  th e  heat and th e  w e ig h t o f  the  slip of p ap e r encircled

b y  th e  peak. A fter h a v in g  found  out th a t, su p p o sin g  the  paper to  be of un iform  
th ickness, this w eigh ing  m eth o d  gave accu ra te  re su lts , he tried  o u t th e  p ra c tic 
a b ility  of the  m e th o d  on  som e processes p ro d u c in g  know n changes in  h ea t, 
a n d  he has ob ta ined  d a ta  in  accordance. F u r th e r  he proposed th a t  — tak in g  
also in to  consideration  th e  differences of h ea t p rocesses — the ca lib ra tio n  should 
be based  on the d e h y d ra tio n  of gypsum  (CaSO 42 H 20 ) in  th e  case o f w ate r 
abso rb in g  processes, a n d  on the heat a b so rb ed  d u rin g  the  decom position  of 
A g N 0 3 and  CaCOg in  th e  case of decom position  processes. This m e th o d  m ay 
be  good to  draw  a com q ariso n  between d a ta  o f  two different ap p ara tu ses .

Y et, q u a n tita tiv e  d . t .  a. investigations ev en  perform ed w ith  th e  u tm o st 
care , encounter som e fu r th e r  difficulties. O ne source of error has its o rig in  in 
th e  m easuring of th e  p e a k  area, for, m any tim e s , th e  base line o f th e  p eak  area 
is  n o t well definable, as in  m any cases th e  b ase  line m ark ing  repose a fte r  a 
p e a k  does no t re tu rn  to  th e  original position , b u t  i t  continues below  or above 
th e  orig inal base line (see fig. 7).

This phenom enon  m a y  be explained b y  th e  fact th a t,  a fte r th e  th e rm a l 
process, e. g. in  th e  case o f  dehydration , th e  su b stan ce  loses its  o rig inal c ry sta l 
m odification  and, th e re u p o n , changes are ta k in g  place in  its h ea t co n d u c tiv ity . 
N ow  th e  question is ra ise d  o f  the sta rting  base  lin e  to  be tak en  in to  consideration  
in  m easuring  the  p e a k  a rea . L. G. Berg [13] h a s  d ea lt w ith  th is  p rob lem  and
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he proposed  the following g raph ica l solution : he drew  a norm al from  the
peak  m axim um  in the h o rizo n ta l direction (fig. 7), th en  connected  th e  p o in t 
of in te rsec tion  d  w ith  c an d  e, i. e. w ith  the s ta r tin g  p o in t an d  end o f the  peak. 
According to  his so lution, we proceed  righ tly  b y  considering  as peak  a rea  th e  
area lim ited  by  the curve cge a n d  stra igh ts cd an d  de.

A nother d ifficu lty  o f q u a n tita tiv e  dete rm in a tio n s occurs w hen in  a su b 
stance  consisting  of m ultip le  co n stitu en ts  there are  tw o com ponents, th e  th e rm a l 
processes o f w hich take  p lace a t  abou t the sam e te m p e ra tu re , i. e. th e ir  peaks 
are p a r tly  or en tire ly  o verlapp ing . L. G. B erg solved the m easu rin g  o f  th e  
area  of n o t perfectly  d is tin c t peaks b y  a graphical m e th o d , sim ilar to  th e  p reced 
ing one, as i t  is to  be seen in  fig . 8.

The a u th o r and  her co llaborato rs tried  to  su rm o u n t the d ifficu lties o f  
q u a n tita tiv e  de te rm ina tion . I f  we graphically  rep resen t th e  therm al processes, 
as i t  is exposed in the  theo re tica l p a r t  of th is p ap er in  figs. 2 and  3, tw o su b 
sequent and  no t perfectly  d is tin c t therm al processes m ay  be rep resen ted  in 
such a w ay, as to  be seen in  fig . 9.

The peaks of the  tw o processes d istinc tly  ap p ea r if  th e  fina l te m p e ra tu re  
of one process (T 2) is lower th a n  th e  in itia l tem p era tu re  o f th e  following process 
(T 3). Conversely, if  T2 is h ig h er th a n  T3, a p a rtia l overlap p in g  takes p lace, as 
is to  be seen in  the figure. Since it  follows from th e  theo re tica l consid era tio n s 
th a t  b o th  the m axim um  and th e  en d  of the peak depend  on th e  q u a n tity  o f  th e  
substance  in  question, co nsequen tly  —  by  reducing th e  am o u n t of the su b stan ce  
in v estig a ted  —  we often succeed in  reducing  the te m p e ra tu re  T 2 to  such a degree , 
th a t  i t  should  becom e lower th a n  T3, and thus the  tw o  peaks ap p ear d is tin c tly . 
I f  the  peaks are  so close to  each o th e r th a t this p rocedure is no m ore serv iceab le , 
th e  a u th o r and  her co llaborators are  em ploying th e  follow ing m ethod  for th e  
solu tion  o f the problem  [44] : L e t us place th e  su b s ta n c e  of m ultip le  com 
ponen ts to  be investiga ted , in  one of the holes o f th e  sam ple ho lder b lock , 
while we in te rm ix  in the  o th e r hole, no t only the  in e r t  sub stan ce , b u t also th e  
com ponen t d istu rb ing  the d e te rm in a tio n . After som e experim en ta l a t te m p ts ,  
we m ay  succeed in in te rm ix in g  in  th e  in ert substance , ab o u t the  sam e a m o u n t 
o f  d is tu rb in g  com ponents as th a t  presen t in the sam ple ; in such a case, in co n 
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se q u e n c e  of the opposed h e a t  processes, th e  p e a k  o f th e  d is tu rb in g  com ponent 
d is a p p e a rs  from the th e rm o g ra m . B y m eans o f th is  m ethod , th e  p eak  of the  
o th e r  com ponent becom es m easurab le , and , i f  necessary , th e  a m o u n t of the 
d is tu rb in g  com ponent can  also  be given in  connection  w ith  th is  procedure.

L e t us show an e x a m p le  for the ap p lica tio n  of th is  m e th o d . In  case of 
b a u x i te  investigations, i t  f re q u e n tly  happens th a t ,  betw een  500 an d  600° C, 
th e  endo therm al peaks o f  bo eh m ite  and k ao lin ite  do no t a p p ea r d istinc tly , 
th e r e  a re  b u t 20 to  30° C o f  departu re  b e tw een  th e  tw o. E . g. i f  we have in  
v ie w  th e  determ ination  o f  th e  am ount o f b o eh m ite , th e  d is tu rb in g  peak  of 
k a o lin i te  m ust be e lim in a te d  from  the th e rm o g ram . In  th is  case, kaolinite 
m u s t  be  in term ixed in  th e  in e r t  substance, possib ly  as m uch as th e  kaolinite 
c o n te n t  o f the sam ple to  b e  investiga ted . T h e  am o u n t o f k ao lin ite  p resen t is
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d e te rm in a b le  by a c rude  ap p ro x im atio n  in  an  in fo rm ative  reco rd , i f  we know 
th e  percentage of a rea  co rrespond ing  to  th e  k ao lin ite  peak , w ith  reference to  
o u r  ap p ara tu s . The d e te rm in a tio n  is not d is tu rb e d  b y  in te rm ix in g  a little  more 
k a o lin i te  in  the in e rt su b s ta n c e  th a n  th a t  p re se n t in  th e  sam ple, fo r in  th is  case, 
a  sm a ll “ exotherm al”  p e a k  appears a t th e  sam e place, in s te a d  o f th e  usual 
e n d o th e rm a l peak of k a o lin ite , b y  which th e  ev a lu a tio n  will n o t be  d isturbed. 
T h is  procedure can be  seen  in  the  th e rm al cu rves of fig. 10 w here th e  small 
e x o th e rm a l peak in  p lace o f  th e  kaolinite p eak , m ark s  th a t  a l i ttle  m ore kaolinite 
h a s  b een  used for c o m p e n sa tio n  th an  th e  a m o u n t p resen t in  th e  sam ple.

T his com pensating m e th o d  is serviceable even in  th e  case o f perfectly 
o v e rla p p in g  peaks. In  su c h  a  case it  is possible to  e lim inate  b y  com pensation 
th o se  com ponents, th e  p resen ce  and am o u n t o f  w hich have been  determ ined  
a p a r t ,  b y  means of o th e r  m ethods.

T his m ethod (b rie fly  com pensating  m ethod) has also been  em ployed by 
th e  a u th o r  and her c o lla b o ra to rs  in  order to  increase  th e  accu racy  o f  th e  q u an 
t i t a t i v e  m ethod. The p ro c e d u re  is the follow ing : The am o u n t o f th e  m ineral 
c o m p o n e n t investigated  is d e te rm in ed  by  p lan im e te rin g  th e  p eak  a rea , b y  m eans 
o f  a  previous in fo rm ative  re c o rd  in  the u su a l w ay , an d  w ith  th e  u su a l accuracy. 
A fte rw ard s we p repare  a n  artific ia l m ix tu re  con ta in ing  th e  p redeterm ined



THE ROLE OF DIFFERENTIAL THERMAL ANALYSIS IN MINERALOGY 21

a m o u n t o f th e  com ponent in  question . T his m ix tu re  is placed in  p lace  o f  th e  
in e r t substance . Now tve c a rry  o u t th e  record  anew , using  the  h igh  se n s itiv ity  
of th e  galvanom eter. I f  a deflec tion  appears in  th e  place o f the p eak  in  qu estio n , 
th a t  w ill be the  m easure  o f  d ep a rtu re  ex isting  betw een  th e  tw o p ercen tag es 
o f com position  and, a t  th e  sam e tim e , i t  in  fac t rep resen ts the e rro r o f  th e  f ir s t  
d e te rm in a tio n . B y m easu ring  th e  area  o f th is  deflection  we m ay re c tify  th e  f ir s t  
crude re su lt. We have succeeded in  considerab ly  increasing  the accu racy  o f  th e  
d e te rm in a tio n  by  th a t  m eth o d .

In  m an y  cases, th e  com pensating  m ethod  h as  proved ad v an tag eo u s  so 
fa r as id en tica l substances w ere p laced in  b o th  holes, th e ir  h ea t c o n d u c tiv ity  
was chan g in g  in  connection  w ith  th e  th e rm a l process in  the  sam e, a n d , th u s , 
a f te r  th e  peak , the base line cam e closer to  its  o rig inal position .

A special application  o f th e  com pensating  m ethod  becomes possible w hen  
a g rad u a l change of th e  m in era l com position  should  be followed in  successions 
o f geological s tra ta . I f  sam ples o f tw o successive s tra ta  are p laced in  th e  tw o 
holes, th e  therm ogram  gives d irec tly  th e  change o f m ineral co m ponen ts, in  
com form ity  w ith  th e  succession o f  s tra ta .

H ow ever, q u a n tita tiv e  d. t .  a. in v estig a tio n s are no t alw ays re liab le , 
even i f  one takes all fac to rs  in to  consideration , fo r there  are som e in te rn a l 
fac to rs w hich are no t e lim inab le . These in te rn a l fac to rs o rig inate  e ith e r  from  
differences existing  in  th e  in te rn a l s tru c tu re  of th e  substance or, as i t  o ften  
occurs, th e  th e rm al process is affected  b y  som e accessory su b stan ce  w hich  
in  itse lf  is n o t subject to  a n y  th e rm a l a lte ra tio n . Such cases will be p o in te d  o u t 
la te r.

D. t. a . appara tu ses

No uniform  ty p e  o f  a p p a ra tu s  has y e t been developed for th e  p u rp o se  
o f  d iffe ren tia l therm al analysis . Several in v estig a to rs  or groups c o n s tru c t th e ir  
respective equ ipm ent accord ing  to  th e ir  special a im s, in  accordance w ith  th e ir  
p rincip les. Since there  is no un ifo rm  ty p e  of ap p a ra tu s , i t  often  h ap p en s  th a t  
one f in d s  in  th e  lite ra tu re  d ep a rtu re s  concern ing  th e  m agn itude, a n d  even  th e  
tem p e ra tu re  o f the  peaks o f  th e rm o g ram s o f the  sam e substance, i f  th e  in v e s ti
ga tion  has been carrietl o u t b y  tw o d iffe ren t equ ipm ents.

T he f i r s t  investiga tions o f Le Chatelier  w ere n o t y e t p erfo rm ed  b y  th e  
d iffe ren tia l m ethod  la te r  developed. H e hea ted  in  a furnace u n ifo rm ly  a n d  
rap id ly  th e  substance in v es tig a ted  and , m eanw hile, m easured  th e  rise  o f  te m 
p e ra tu re  in  the  substance  b y  p la tin u m -p la tin u m  rhod ium  th e rm o co u p les . 
He p h o to g rap h ed  the  lig h t beam  re flec ted  from  th e  m irro r of a g a lv a n o m e te r  
connected  w ith  the therm ocoup le  a t  in te rv a ls  o f  2 sec. Supposing th a t  th e  
h ea tin g  o f th e  furnace is in  fa c t un ifo rm , th e  lig h t signals p h o to g rap h ed  a t  
in te rv a ls  o f 2 sec will be e q u id is ta n t. On th e  o th e r h an d , if  the  h e a tin g  o f  th e
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su b stan ce  is re ta rd ed  b y  a heat-absorb ing  process, the in tervals  becom e shorter, 
w hile th e y  becom e w id er i f  the  substance is ra p id ly  heating  in  consequence 
o f  a heat-p roducing  process.

The connection principle of differential thermocouples was first applied 
b y  R obert A usten , for th e  investigation o f m etals and metal alloys.

In  1913, Le Ch atelier  again p resen ted  a t  a session of the  F rench  A cadem y, 
in  P a ris , a paper b y  R . W allach, dealing  w ith  the th e rm al in v estiga tion  of  
c lays. H ere we a lread y  see th e  therm ogram s w hich  have since th en  becom e 
u su a l : th a t  fact in d ica te s  th a t  the  p rincip le  o f  rea liza tio n  of the  inv estig a tio n  
h as  a lready  been s im ila r to  the  actual one, b u t th e  shape of the  curves how ever 
show s th a t  the  m e th o d  w as still unaccom plished  [169].

U p -to-date d. t .  a . investiga tions are  b a sed  on a solution em ployed  in  
1923 by  H ouldsworth a n d  Cobb [75]. In  th is  w ay , one has to  h ea t a su b 
s tan ce  w hich does no t a lte r  on therm al effect, u n d e r  the sam e conditions and  
s im ultaneously  w ith  th e  sam ple in v estig a ted  ; th e  change of tem p e ra tu re  
o f  the sam ple in v e s tig a te d  is to  be m easured  in  re la tio n  to  th is com para tive  
sam ple , and  no t to  th e  te m p e ra tu re  of the  fu rn ace , as was the procedure of form er 
in v estig a to rs .

T his principle d e te rm in es  the m ost im p o r ta n t  p arts  of the ap p a ra tu s , 
re q u ire d  for ca rry in g  o u t ou r m ethod, th e re  a re  only  a few changes in tin- 
ex ecu tion  of ce rta in  d e ta ils .

F irs t of all, a fu rn ace  is required  for a d. t .  a. ap p ara tu s , for th e  purpose 
o f  h e a tin g  the sam ple. F u r th e r  essential p a r ts  o f th e  ap p ara tu s  are th e  following : 
a sam ple holder in w h ich  we place the sam ple  in v estig a ted  and  th e  s ta n d a rd  
su b stan ce , a therm ocoup le  for m easuring the  te m p e ra tu re  or the  difference in  
te m p e ra tu re s , resp ec tiv e ly , w ith  the in s tru m e n ts  belonging to  th em . In  m ost 
cases, the  in s tru m e n t is com pleted  by a reco rd in g  equ ipm en t w hich is, how ever, 
to  be considered as an  accessory p art.

Let us take  th e  p a r ts  of the d. t. a. a p p a ra tu s  one bv one an d  exam ine 
xvhat k inds of so lu tion  w ere found serviceable b y  various au thors anti analyse 
the argum ents su p p o rtin g  one or the o th e r o f  the solutions.

Furnace. The fu rn aces  which are o f vario u s ty p es, serve for h ea tin g  th e  
sam ple  in vestiga ted  acco rd ing  to the concep tions o f various au th o rs . From  
th e  sim plest ty p e  o f c rucib le  furnace to  s ilite -ro d  high-pow er furnaces, all 
tv p e s  were em ployed. As re la tive ly  concordan t th e rm o g ram s have been  ob tained  
b v  m eans of fu rnaces o f  d iffe ren t pow er and co n stru c tio n , it has been proved 
th a t  th e  construction  o f  th e  furnace was n o t a decisive factor, w hen some con
sidera tions of p rincip le  h a d  been fulfilled. O ne o f  th e  m ost im p o rta n t req u ire 
m en ts  seems to  be th a t  th e  d is trib u tio n  of te m p e ra tu re  should be un iform  
in th e  furnace, i. e. th e  tem p era tu re  g rad ien ts  ta k in g  place along the axis o f 
the  furnace should be id en tica l. Several in v es tig a to rs  tried  to  fulfil th is  require- 
in en t by  increasing th e  h e a t capacity  an d , a t th e  sam e tim e, the pow er of th e
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fu rnace. There is no do u b t th a t  th e  u n ifo rm ity  o f  tem p era tu re  d is tr ib u tio n  
was insured  in th is  w ay , b u t it la te r  appeared , th a t  the furnace w as h ea tin g  
slower and  the tim e -p a tte rn  con tro l o f rise in te m p e ra tu re  becam e d ifficu lt. 
As a resu lt, in o rd e r to  facilitate  tim e -p a tte rn  co n tro l, d irect rad ia tio n  h ea ting  
bodies were em ployed , consisting e ith e r  of re s is tan ce  h ea te r  (m axim um  h ea tin g  
cap ac ity  about 1100°C) or silite rods (m axim um  h e a tin g  capacity  ab o u t 1500° C).

As for th e  position ing  of th e  furnace, v e rtic a l furnaces h av in g  m any  
ad v an tag es of co n stru c tio n  were th e  m ost fre q u e n tly  used by  the in v estig a to rs . 
In  such a furnace, i t  is m uch sim pler to  affix  th e  sam ple  holder, since, because 
of th e  vertical a rran g em en t, the p a r ts  serving for th e  fasten ing  are n o t exposed 
to  la te ra l load a n d , a t  the  sam e tim e , the  concen tric  or vertical m echanical 
load  of the h ea te r is m ore favourable . On the  o th e r  h an d , convection cu rren ts  
in  a d isadvan tageous w ay affecting  the th e rm al sym m etries requ ired  in  th e  
in te rio r  o f the fu rn ace , take  place m ore freely in a vertica l furnace. T h a t is 
perhaps less freq u en t in  horizontal furnaces b u t, a t  h igh tem p era tu res , la te ra l 
loads in  an u n favourab le  w ay affect th e  rep ro d u c ib ility  o f identical a rran g em en ts .

I f  d. t. a. in v estiga tions are  perform ed in  a v acuum , vertica l fu rnaces 
are , n a tu ra lly , r a th e r  m ore in use, for the fu rn ace  and  the  sam ple ho lder are 
placed under som e k in d  of a bell-shaped cap.

The developm ent of the ap p ara tu ses  tre n d s  tow ards furnaces o f a m uch 
low er power, because th e  au thors m ake efforts to  in su re  uniform  te m p e ra tu re  
d is trib u tio n  by o th e r  solutions o f  construction . T h e  100 W fu rnace applied  
by  th e  au thor an d  h e r co llaborators a t th e  H u n g a ria n  Geological In s ti tu te , 
in th e ir “ rap id”  d . t .  a. a p p a ra tu s  which will la te r  be described, is sm aller 
th a n  an y  furnace re fe rrin g  hereto  published in th e  lite ra tu re .

As for the m a te ria l of ho t-w ire , the “ K a n th a l A ” has proved to  be very  
su itab le  ; p ractical experiences concerning its  th ickness are th e  follow ing. 
As the life of ho t-w ire  depends on  th e  w a tt- lo ad ab ility  of its surface, w hich 
in tu rn  decreases ra p id ly  w ith the tem p era tu re  o f th e  ho t-w ire , it seems adv isab le  
to  app ly  th ick  ho t-w ire . I t  follows th a t  it  is to  th e  ad v an tag e  of th e  longev ity  
o f  th e  furnace, if  th e  pow er required  is ob ta ined  b y  low  voltage and  high am perage , 
i. e. if  relatively  th ic k  hot-w ire is chosen. The c u rre n t required  for h ea tin g  up 
is o b ta ined , in th is  case, by  m eans o f a tran sfo rm er supp ly ing  10 to  20 V, w hich 
in  tu rn  is controlled b y  a to rro ide  (variac) tra n sfo rm e r, if  m anual co n tro l is 
em ployed, b u t i t  is advisable to  do so w ith  tim e -p a tte rn  controllers too.

Temperature controllers. E v e ry  in v es tig a to r em phasizes th a t  un iform  
an d  reproducible h e a tin g  is a v e ry  im p o rta n t fa c to r  o f d. t. a., especially  if  
q u a n tita tiv e  d e te rm in a tio n s  are also carried o u t. In  o rder to  a tta in  uniform  
h ea tin g  of the fu rn aces , various contro llers have  been  applied.

The m ost sim ple  kind of contro l is m anual tim in g , by  m eans of a variab le  
resisto r or to rro ide (variac) tran sfo rm er in serted  in  th e  heating  c ircu it. The 
rig h t ad ju stm en t o f  th e  variable resisto r or tra n s fo rm e r can a t an y  tim e  be
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c o n tro lle d  by  an am pero -m eter. The sam e v a riab le  resistance can  b e  changed 
b y  m e a n s  of a clockwork, d riv e n  b y  a un ifo rm  speed m otor.

T h is  control, how ever, does no t e lim ina te  inequalities o rig in a tin g  from 
line  v o lta g e  varia tion  w hich , in  th e  loaded m ain s o f g rea t in s titu te s , m a y  come 
to  10 o r  even 20% . As th e  change of pow er in p u t is p roportional to  th e  square 
o f  v o lta g e  change, these oscilla tions m ay  have  a d isadvan tageous effect on the 
u n ifo rm ity  of heating .

S im ple and re la tiv e ly  reliab le contro l is fu rn ished  by  th e  contro llers 
e q u ip p e d  w ith  a drop b ra c k e t an d  dials, w hich fu nc tion  quite well a t  low  pow er. 
On th e  o th e r hand, an  u n p le a sa n t p ro p erty  o f these  controllers m u st be tak en  
in to  consideration . N am ely , i t  often  happens th a t  —  in  consequence o f  the  
■wrong position ing  of con tro l therm ocouples —  th e  contro l eq u ip m en t w hich is 
o n ly  ab le  to  switch th e  pow er in  and  ou t, is disposed to sw itch in  a n d  o u t a t 
c e r ta in  in tervals , w ith o u t in  fac t contro lling  th e  tem p era tu re .

E lec tron ica l t im e -p a tte rn  controllers fu n c tion ing  b y  b ack -co n tro l or 
d e lay , a re  more accu ra te  a n d  reliable th a n  th e  above-m entioned  solutions. 
T h e ir  opera tion , how ever, genera lly  requ ires special spare p a r ts  a n d  skilled, 
p e rm a n e n t handling personnel. These e lectron ical tim e -p a tte rn  con tro llers do 
n o t o n ly  h ea t the sam ple, accord ing  to  a pre-estab lished  p ro g ram m e, b u t 
th e y  a re  also suitable fo r cooling in  th e  sam e w ay, w hich in  m a n y  cases is a 
co n sid erab le  advantage in  d. t .  a. investiga tions.

Sam ple  holders. In  th e  course of d. t .  a. in v estiga tions the sam ple is placed 
e i th e r  in  th e  holes of solid sam ple  holder b locks, or in  crucib le-shaped holders, 
o r in  th e  m etallic tubes encirc ling  the  ju n c tio n s  o f th e  therm ocouple. A ccording 
to  v a r io u s  authors, th e  sam ple  holders do n o t v a ry  only  in  shape, b u t  in  m a te 
r ia l to o .

T h e  choice of shape a n d  m a te ria l for th e  sam ple holder has a considerable 
e ffec t o n  th e  shape of th e  th e rm o g ram , as has been po in ted  ou t in  o u r th eo re tica l 
co n sid era tio n s.

A s for the m a te ria l o f sam ple ho lder b locks, th e y  are m ade o f  m etallic  
o r in su la tin g  m aterial. I t  is obvious th a t  in  m eta llic  sam ple ho lders th e  d is tr i
b u tio n  o f  tem pera tu re  is m ore  un iform , b u t en d o th c rm al peaks are  m ore plain 
th a n  in  case of sam ple ho lders m ade of in su la tin g  m ateria l. C oncern ing  the  
p ro b lem  w hether the  m e ta llic  m ateria l o f th e  sam ple holder shou ld  consist 
o f  th e  u su a l all-nickel or o f  h e a t-re s is ta n t chrom e-nickel steel, ou r experiences 
h a v e  show n, th a t chrom e-nickel steel of h igh hea t-resistance  proved  to  be m ore 
h e a t- re s is ta n t  th an  th a t  o f th e  all-riickel one. In  o u r practice, a sam ple  holder 
b lock  m ad e  of such a m a te r ia l  endured  m ore th a n  1000 heatings, w ith o u t any  
ch an g e  in  dimension.

Grtjver [65] em ployed a platinum  sample holder, the heat conductivity  
o f w hich  was even higher than  that of the generally used nickel or chrome- 
nickel steel sample holders.
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C eram ic sam ple ho lders have in d u b itab le  ad v an tag es, b u t one o f  th e ir  
g rea te s t d isadvan tages is th a t  e. g. th e y  a re  a tta c k e d  by  h igh ly  a lka line  sam ples; 
a n o th e r d isadvan tage  is th a t  th ey  c rack  a fte r  a ce rta in  am o u n t o f  rep ea ted  
h ea tin g . N atu ra lly , i t  is easy  to  replace th em , b u t  freq u en t exchange o f  th e  
sam ple ho lder is d isa d v a n ta g e o u s , because th e  a d ju s tm e n t o f e v e ry  new 
one necessitates rep ea ted  ca lib ra tion  o f th e  peak  areas.

S o m e  a u t h o r s  d o  n o t  e m p l o y  s a m p l e  h o l d e r  b l o c k s ,  b u t  p l a c e  t h e  s a m p l e  

i n  c r u c i b l e s  ( e .  g .  V i t a l , 167), s o m e  o t h e r s  f o r m  t h e  s a m p l e  h o l d e r s  f r o m  t h e  

j u n c t i o n s  o f  t h e  t h e r m o c o u p l e  ( H e r o l d  a n d  P l a n j e , 73). A m o r e  f r e q u e n t  

s o l u t i o n  c o n s i s t s  i n  e n c i r c l i n g  t h e  j u n c t i o n s  o f  t h e  t h e r m o c o u p l e  b y  a  m e t a l l i c  

t u b e  a n d  t h e r e  p l a c i n g  t h e  s a m p l e  t o  b e  i n v e s t i g a t e d  a n d  t h e  s t a n d a r d  s u b 

s t a n c e .

Fig. 11. Sam ple h o lder block m ade o f  h e a t-re s is ta n t chrom e-n ickel steel

I f  a sam ple ho lder block is used, tw o, th ree , four an d  in  case o f  para lle l 
d e te rm in a tio n s , even m ore holes are em ployed  for th e  sam ple a n d  th e  in e r t 
substance . As for th e  p lac ing  of th e  holes, i t  m u st again  be ta k e n  in to  con
sidera tion , th a t  one h as  to  insure th e  th e rm a l sy m m etry  betw een th e  sam ple 
an d  th e  in e rt substance to  be com pared, i. e. d u rin g  h ea tin g  th e ir  te m p e ra tu re  
m ay  no t be different, on ly  w here a lte ra tio n  takes place in  th e  sam ple. I n  accor
dance to  th e  experiences o f th e  a u th o r an d  h er co llaborators, th e rm a l sy m 
m e try  is m ost easily in su red  b y  ap p ly ing  tw o holes.

F ig . 11 shows th e  scale draw ing  o f a chrom e-nickel steel b lock , w hich  by  
th e  experience of th e  a u th o r  and  h er co llaborato rs is well p roved .

Thermocouples. T herm ocouples a re  generally  used for m easu rin g  the  
ac tu a l tem p era tu re  of th e  fu rnace a t  all tim es an d  th e  d ep a rtu re  o f te m p e ra tu re  
betw een  the sam ple in v estig a ted  an d  th e  s ta n d a rd  in e r t sub stan ce . As for 
th e  m a te ria l of therm ocouples, one can  fin d  in  th e  lite ra tu re  d ea ling  w ith  
d . t .  a. exam ples for th e  app lica tion  for various k inds of therm ocoup les. A pp li
ca tion  o f therm ocouples m ade of non -p la tin u m  m eta ls  is m ain ly  ad v isab le  for 
re la tiv e ly  higher sen s itiv ity . E . g. le t u s  consider, ta k in g  th e  usual am o u n ts  
o f  sam ple (0,2 to 0,5 g), a t  th e  endo therm al peak  o f kaolin ite  n o t m ore th a n  10
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to  15° C difference o f te m p e ra tu re  takes place be tw een  th e  sam ple an d  th e  in e r t 
su b s ta n c e . This difference o f  tem p era tu re  p roduces in  a p la tin u m -p la tin u m  
rh o d iu m  therm ocouple a 100 fi  V range ten sio n . H igh ly  sensitive m easuring  
in s tru m e n ts  are req u ired  fo r th e  observation  o f  such  a re la tive ly  low voltage. 
C o nsequen tly , m any  in v e s tig a to rs  prefer to  em ploy  therm ocouples m ade of 
n o n -p la tin u m  m etals as e. g. chrom el (alum el o r iron) C onstantán  th erm o 
co u p le , th e  voltage of w hich am o u n ts  to  abou t th e  q u in tu p le  of th a t  o f p la tin u m , 
a n d  th u s  perm its th e  use o f  sim pler m easuring  in s tru m en ts .

Therm ocouples m ad e  o f  non-p latinum  m e ta l, how ever, have a consider
ab le  defect, nam ely  th e y  a re  a ttacked  b y  m a n y  sam ples, th e reu p o n  th ey  
b eco m e im pure, and  th e ir  v o ltag e  is very  sen sitiv e  to  im purities. T he fau lt 
is in c reased  even m ore b y  th e  fac t, th a t on ly  one ju n c tio n  o f th e  d ifferen tia l 
therm ocoup le  is placed in  th e  sam ple, the  o th e r be ing  in th e  in e rt substance , 
th u s  th e  im purities ta k in g  p lace  a t one of th e  ju n c tio n s  cause asy m m etry , and  
pile  u p  the defect. A n o th e r d isadvan tage  o f th e  therm ocouples m ade o f non 
p la t in u m  m etal consists o f  p ercep tib le  corrosion a t  ab o u t 1000°C. T ak in g  all 
th o s e  fac ts  in to  co n sid era tio n , in  spite of th e ir  low er sen sitiv ity , app lica tion  of 
p la tin u m -p la tin u m  rh o d iu m  therm ocouples seem s to  be m ore advan tag eo u s.

T h e  m ost ad v an ta g e o u s  directives for th e  th ickness o f therm ocoup le  
w ires  a rc  also given b y  ex p erien ce . From  th e  p o in t o f view  of rep ro d u c ib ility  
it is  im p o rta n t th a t the ju n c tio n s  of the therm ocoup les should alw ays be placed 
in  th e  sam e p a r t of th e  ho le  o f  the  sam ple ho lder. T his requ irem en t could be 
e a s ie r  fulfilled by I h ick  therm ocouple  w ire w hich  is m ore rigid and  stab le . 
T h ic k  therm ocouples, h o w ever, have on the one h an d  h igh th e rm a l capacity , 
w h e re b y  sensitiv ity  is d ec reased  and , on the o th e r  h a n d , because o f th e  higher 
th e rm a l conductiv ity  o f  la rg e  d iam eter therm ocoup le  wires th e  th e rm a l peaks 
b eco m e plain. The 0,3 m m  d ia m e te r  therm ocoup le  w ire has proved  to be th e  
m o s t su itab le , it  fills b o th  req u irem en ts  b e tte r  th a n  any  other.

As for the p re p a ra tio n  o f  the junc tions, one m ust be careful th a t  they  
sh o u ld  no t be soldered in a flam e  of too h igh te m p e ra tu re , for th e  loss w hich 
ea s ily  arises in consequence o f  evaporation  o f  rh o d iu m , can change voltage 
v a lu e s . One has also to  be care fu l th a t adven t it ion im p urities shoidd no t get 
in to  th e  substance o f th e  therm ocouple  d u rin g  so ldering , for e. g. th e  presence 
o f  0 ,3 %  of iron im p u rity  in  p la tin u m  will cause a b o u t 4 mV (i. e. 400° C) d if
fe ren ce  a t  1000°€ (see W . Goedecke : Ü ber T herm oelem ente  und  die R epro 
d u z ie rb a rk e it ih rer D a te n . A lb erti, H anau , 1931).

T he junction  balls sh o id d  be as sm all as possible, for thereby  one m ay 
in c rea se  sensitiv ity . I t  is im p o r ta n t  th a t th e  ju n c tio n  balls b o th  placed in the  
sa m p le  and  in the  in e r t  su b stan ce  should be o f  equal size, o therw ise certa in  
d iffe rence  of voltage tak es  p lace  in  consequence o f  th e  a sym m etry . I t  is adv is
ab le  to  control b y  e x p e rim e n ts  w hether acc id en ta l differences in th e  size o f 
th e  tw o  junction  balls can  cause  any  difference in  v o ltage . The contro l is carried
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o u t in  th e  folloYving w ay  : A fter h a v in g  placed bo th  ju n c tio n s  in  the  inert 
sub stan ce , the furnace is heated , w hile the vo ltage  of the  d iffe ren tia l th e rm o 
couple is being observed b v  the fu ll sen s itiv ity  o f the  ga lvanom eter. In  case 
o f sym m etrical a d ju s tm e n t, the  g a lv an o m ete r does no t show a n y  deflection . 
I f  the galvanom eter is deflected  in a n y  d irec tion , one m ust fin d  o u t w heth er 
th is  a sy m m etry  takes place in the therm ocoup le  or in an y  o th e r p a r t  o f the  
system  (e. g. furnace). T h is problem  is easy  to  solve. I f  the  therm ocoup les are 
exchanged  and  the sense o f the deflec tion  becom es opposite th e reb y , th e  fau lt 
is to  be found in the therm ocouple. I f  the sense o f deflection  does n o t change 
b y  exchanging  the therm ocouples, th e  fau lt p robab ly  comes from  u n ila te ra l 
ra d ia tio n  of the fu rnace w hich one can  try  to  e lim inate  by  ax ial sw ivelling 
o f th e  furnace.

T here are several req u irem en ts  concern ing  th e  sy m m etry  o f  th e rm o 
couples. I f  we consider th a t  in th e  th e rm o g ram s we w an t to  observe  peaks 
corresponding  to  as sm all differences o f  tem p era tu re  as 1 to 2° C, th a t  is to 
say  th a t  even as m uch as 1 /<V a sy m m e try  should  no t be found in  th e  th e rm o 
couple. In  case of th e  therm ocouple connection  described beloYV —  w hich  Ave 
have  used for our investig a tio n s —  we are able to  com pensate sm all vo ltage 
d ifferences of the tw o therm ocouples even b y  changing , as fa r as necessary , 
in th e  bridge circuit, th e  p o ten tio m ete r com pensating  th e  in te rn a l resistance 
o f th e  tem p era tu re  m easu rin g  in s tru m e n t.

Connection o f thermocouples. As for th e  connection of therm ocoup les, 
te m p e ra tu re  d epartu res betw een th e  sam ple  and  the in e rt su bstance  a re  m ost 
usually  m easured by tw o  oppositely  co nnec ted  therm ocouples, i. e. b y  d iffe ren tia l 
therm ocouples, the ac tu a l tem p era tu re  b e in g  recen tly  m easured , m ostly  by  a 
sim ple therm ocouple su n k  in to  the in e r t sam ple which is placed in a th ird  hole. 
T h is so lu tion  is to  be seen in fig. 12.

As for reasons expounded  in th e  theo re tica l p a r t  of th is  p ap e r, we have 
considered it advisable to  m easure a c tu a l tem p era tu res  in the  sam ple  itself, 
th e  connection  of therm ocouples h as  been  carried  ou t as follows. W e have 
only  tw o junctions on th e  therm ocoup le , one of th em  is placed in  th e  sam ple, 
the o th e r in the in e rt substance . T he connection  is carried  ou t in  such  a w ay 
th a t  we should be able, a t the sam e tim e , to  m easure the ac tu a l te m p e ra tu re s  
o f the  sam ple, by  the therm ocouple p laced  in it. T his was a tta in a b le  b y  m eans 
o f the  bridge circuit w hich  is to  be seen in  fig . 13. Therm ocouple T x p laced in 
th e  sam ple investiga ted  (M )  and  therm ocoup le  T 2 placed in  th e  in e r t su b 
stance  ( / ) ,  coupled opposite ly  to each o th e r, are m easuring d ifferences o f te m 
p e ra tu re  tak in g  place betw een  the sam p le  an d  the  in e r t sub stan ce , on g a lv an o 
m eter G2. G alvanom eter Go connected w ith  therm ocouple T t is in  tu rn  m easu rin g  
the ac tu a l tem p era tu re  o f  the sam ple. The connection is m ade sy m m etrica l 
b y  in se rtin g  as m uch o h m  of resistance  in th e  two wires of therm o co u p le  T 2 
as th e  in te rn a l resistance (R ) of g a lv an o m e te r G,.
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Ladding  and S t u r m  [111] have increased the sen sitiv ity  of their apparatus 
b y  connecting several therm ocouples in series.

M easuring instrum ents. There are d iffe ren t req u irem en ts  concerning 
in s tru m e n ts  m easuring  te m p e ra tu re  on one h a n d  a n d  d ep artu res  in  te m p e r
a tu r e ,  on the o ther.

As for tem p era tu re  m easu rin g  in s tru m en ts , i t  is req u ired  th a t  th ey  should 
a c c u ra te ly  follow th e  te m p e ra tu re  of the sam ple  in v es tig a ted , therefore  i t  is 
a d v isab le  to choose f ir s t  r a te  lab o ra to ry  in s tru m e n ts  an d  n o t those of com m ercial 
q u a l i ty  and precision. M easu ring  in s tru m en ts  o f 0 ,5%  accuracy , equ ipped  
w ith  a m irror scale a re  th e  m ost su itable for th is  purpose.

F ig . 12. Scheme o f u su a l c o n n ec tio n  of 
therm ocouples

Fig. 13. B ridge  c irc u it o f therm ocouples. 
(S y stem  Földvári-V og l an d  K libu rszky , 44)

T aking  in to  co n sid e ra tio n  th a t  low v o ltag es  a re  to  be m easured, these 
in s tru m e n ts  will p o in t p rec ise ly , if  th e ir  in te rn a l re s is tan ce  is th e  m ultip le  (possib ly  
m o re  th a n  centuple) o f  th e  resistance of th e  therm ocoup les. We also have to  
ta k e  care , th a t in s tru m e n ts  shou ld  be ca lib ra ted  b y  inc lud ing  2 Q  line resistance 
in  th e ir  in ternal re s is tan ce . C onsequently, i f  we are  using  such an  ap p a ra tu s , 
as m u ch  resistance is to  be  in se rted  in  the c ircu it, as is necessary  for b ring ing  
u p  th e  resistance o f th e  therm ocouples to  2 Q .

W e have to  m en tio n  h e re , th a t  m an y  in v es tig a to rs  are keeping the  cool 
p o in ts  o f the therm ocouples in  th e rm o sta t d u rin g  d . t .  a. investigations. N a tu ra lly , 
t h a t  is r ig h t in  case o f fu lly  precise m easurem ents, b u t  a t a 1000° C tem p era tu re  
d ifference, oscillations o f  1 to  2°C do not genera lly  affect th e  resu lts o f m eas
u re m e n ts .

T he m ethod app lied  in  th e  in s titu te  o f K u r n a k o v  gives a very  agreeable 
so lu tio n  : there the te m p e ra tu re  of the  sam ple is reco rded  by  a m irro r ga lvano
m e te r , sim ultaneously  to  th e  difference in  te m p e ra tu re . H ereby  it  is no t necessary 
a n y  m ore to  m ark  th e  te m p e ra tu re  in th e  reco rd  b y  special flashes a t every  
50 o r 100° C.
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In  case of ap p ara tu ses  fu n c tio n in g  by  electronical m easuring  in s tru m e n ts , 
there  is sim ultaneous reco rd ing  o f  th e  tem p era tu re  o f th e  sam ple, a n d  o f  the 
te m p e ra tu re  difference betw een  th e  sam ple an d  th e  in e r t substance , respective ly .

F o r th e  m easu rem en t o f te m p e ra tu re  differences, i. e. co nnec ted  w ith  
th e  d ifferen tia l therm ocouple , th e  m ost sim ple w ay is to  app ly  a m irro r g a lv an o 
m eter. For th is  purpose, an  in s tru m e n t of low in te rn a l resistance is to  be  chosen, 
for th e  low er th e  in te rn a l re s is tan ce  o f th e  galvanom eter (m ost sev iceable  2 
to  50 Q ), th e  m ore sensitively  are  sm all differences in  te m p e ra tu re  observed . 
C onsequently  i t  is the  m ost su itab le  to  app ly  a m irro r ga lvanom eter o f  10 8 A 
ran g e  o f sensitiv ity  and o f  50 Q  in te rn a l resistance. A possibly v ib ra tio n less  
se ttin g  up  of th e  galvanom eter is req u ired  too. The m ost su itab le  so lu tio n  for 
reco rd ing  th e  lig h t signal, consists in  record ing  the  im age o f th e  h e a te r  f ilam en t 
in  th e  m irro r o f the  g a lv an o m ete r b y  the  condenser o f th e  p ro jec to r  lam p , 
th e  im age o f th e  ap ertu re  ta k in g  p lace in  fron t o f th e  condenser o f th e  p ro jec to r 
lam p  w hich in  tu rn  is recorded  on th e  record ch a rt b y  the  lense p laced  before 
th e  m irro r o f th e  galvanom eter.

In  case o f ga lvanom eters o f  th e  aforesaid sen sitiv ity , i t  is q u ite  su ffic ien t 
to  place th e  recorder a t  a d is tan ce  o f 50 to  100 cm  from  th e  g a lv an o m eter. 
N a tu ra lly , th e  focal d is tan ce  o f  th e  lense placed in  fro n t o f the  g a lv an o m ete r 
is to  be changed  a t  th e  sam e ra te .

T he m irro r ga lvanom eter is com pleted  b y  a sen s itiv ity  co n tro lle r, b y  
w hich, in a reproducible w ay, th e  sen s itiv ity  of the  galvanom eter is changeab le . 
A yrton-connection  of the se n s itiv ity  contro ller is advisab le  in  o rd e r to  in su re  
th e  constancy  o f a period o f  oscillation  o f the  ga lvanom eter, fu rth e rm o re , 
the  sen s itiv ity  controller m u s t be staggered , w hereby every  k in d  o f  deflec tion  
can be recorded , from  th e  sm allest q u a rtz  peak  to  th e  larg est ca lc ite  peak .

In  electronic record ing  eq u ip m en ts  (e. g. Speedom ax) all those re q u ire m e n ts  
a re  obviously  d ispensable, because o f th e  h igh  in p u t resistance  o f  e lectron ic  
se ts. E lec tron ic  recorders also h av e  th e  ad van tage  th a t ,  as reco rd ing  is no t 
ca rried  o u t on photogenic p a p e r, b u t  b y  a chart-reco rd ing  in s tru m e n t, every  
p a r tia l fea tu re  o f the  process is im m ed ia te ly  observable. A lthough  th e se  sets 
au to m atica lly , control them selves, th e  use o f such equ ipm en ts dep en d s on 
m ore conditions, th a n  th a t  o f  th e  m irro r galvanom eters.

Recording equipment. T h e  s im p lest w ay o f record ing  consists in  p ro jec tin g  
th e  s tro n g  lig h t signal re flec ted  from  th e  m irro r of th e  g a lv an o m eter to  p h o to 
sen sitiv e  p ap er, th rough  a 0,1 to  0,2 m m  ap ertu re . The pho tosensitive  p a p e r  is fixed  
to  a cy linder ro ta te d  b y  clockw ork. T he chartspeed  m u st be b ro u g h t in to  accord 
w ith  th e  len g th  o f the  th e rm a l in v estig a tio n . I t  has proved  v e ry  serv iceable  
in  p rac tice  to  place th e  w hole reco rd in g  system , i. e. th e  g a lv an o m ete r an d  th e  
record ing  cy linder in  a lig h t- t ig h t box . This procedure p e rm its  th e  ca rry in g  
o u t o f such investigations b y  d a y lig h t. In  such a case i t  is advisab le  to  d is tr ib u te  
th e  lig h t b y  a m irro r p laced a t  45° angle in  th e  w ay o f th e  lig h t, an d  to  p ro jec t
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it to  th e  opaque scale o f  th e  cover of the hox , in  o rd e r to  contro l th e  m ovem ent 
o f  l ig h t during  d e te rm in a tio n . The su itab le w id th  o f th e  p ap er is 10 to  12 cm , 
e lec trocard iog raph  c h a rts  a re  very  useful for th is  purpose.

In  electronic se ts , reco rd in g  is carried  o u t b y  a pen arm , m ostly  by  m u lti
co lo u r pencils, p e rm itt in g  sim ultaneous reco rd in g  of several paralle l de te rm i
n a tio n s .

A pparatuses co n stru c ted  by the a u th o r  an d  her co llaborators

In  our p ractice , u p  t i l l  now, two typ es o f a p p a ra tu s  have  proved  to  be 
m o s t useful. B oth  w ere co n stru c ted  by  us. O ne o f  these d. t .  a. equ ipm ents 
is co n stru c ted  on th e  b as is  o f  the  theore tica l considera tions, w hich have been 
p o in te d  ou t h ith e rto , a n d  ca n  be used a t  th e  u su a l 10°C /m inute h ea ting  ra te . 
M ore th a n  1500 in v es tig a tio n s  have been carried  o u t b y  th is ap p ara tu s . M uch 
h ig h e r  heating  ra te  can  be o b ta in ed  by the o th e r a p p a ra tu s , a ra te  of 80° C /m inute 
h a s  p roved  to  he th e  m o st su itable.

1. Apparatus w orking at 10°Clminute heating rate. Like every o ther 
d . t .  a. ap p ara tu s , th is  se t consists of th ree  m ain  p a r ts  : 1. fu rnace and  equ ip 
m e n t controlling th e  h e a tin g  cu rren t of th e  fu rn ace , 2. sam ple ho lder block 
w ith  holes for the  sam p le  in vestiga ted  an d  th e  in e r t substance , 3. th e rm o 
couples for m easuring th e  te m p e ra tu re  and te m p e ra tu re  d ep a rtu re , w ith  m easur
in g  in s tru m en ts  b e long ing  to  sam e. The se t is com pleted  b y  an  equ ipm ent 
fo r au to m a tic  p h o to g rap h ica l recording of th e  lig h t signal.

As for the c o n s tru c tio n  of the fu rnace, th e  aforesaid  v iew -points have 
b een  ta k e n  into co n sid e ra tio n . U niform  con tro lling  of th e  specified rise in 
te m p e ra tu re  is no t easily  in su red , unless fu rn ace  te m p e ra tu re  rap id ly  follows 
th e  changes of the co n tro lle r. I t  is ob tainable  b y  decreasing  th e  th e rm a l capacity  
o f  th e  furnace. For th is  p u rp o se , the heating  w ire in su la ted  by  porcelain beads 
h a v e  been w ound, c o n tra ry  to  the usual w ay, on th e  inside surface of the  ceram ic 
tu b e . T hereby  it  w as a t ta in e d  th a t  the h e a tin g  w ire ra d ia te d  d irectly  on to 
th e  sam ple holder b lock , a n d  in  no t more th a n  1 or 2 m inu tes th e  contro l of 
th e  fu rn ace  cu rren t w as follow ed by  a change o f  te m p e ra tu re  tak in g  place in 
th e  sam ple holder b lock . T h u s  we succeeded in  keeping  the  prescribed tim e- 
p a tte rn  during the w hole len g th  of hea tin g , w ith in  ab o u t 10° C of deviation . 
T h is  h ea tin g  body shape h as  a considerable a d v a n ta g e , nam ely  the tem p era tu re  
g ra d ie n t betw een h e a tin g  w ire  and  sam ple h o ld e r block is low, abou t 50 to  
60° C p er cm. This fac t im p lies  a practical a d v a n ta g e , nam ely  it  is n o t necessary 
to  o v e rh ea t the h e a tin g  w ire  in  order to  a t ta in  th e  tem p e ra tu re  requ ired  in  
th e  b lock , consequently  a longer du ra tion  o f th e  fu rnace  is insu red .

T he inside d ia m e te r  o f  th e  ceram ic tu b e  of th e  furnace used in  our investi
g a tio n s  is about 70 m m , th e  d iam ete r of our “ K a n th a l A ” hea tin g  wire 0,7 m m , 
m ax im u m  inpu t pow er 450 W. Before b eg in n in g  th e  m easurem ents, the
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fu rnace  is perpend icu la rly  covered over th e  sam ple  ho lder block, in  such a w ay 
th a t  th e  block is p laced  in  the  m iddle of th e  h e a tin g  space. U niform  h e a tin g  
o f the  fu rnace  is in su red  by  m eans of a resisto r Avhich is variab le  by a synch ronous 
clockw ork.

T he sam ple ho lder block is a cy linder m ade o f chrom ous an d  n ickelous 
h ea t re s is ta n t steel, 30 m m  in d iam eter an d  20 m m  in heigh t. The d raw in g s 
o f th e  block is to  be seen in fig. 11.

P t /P tR h  therm ocouples have been used as therm oelem ents, in a con
nec tio n  to  be seen in  fig . 13.

As for th e  position ing  an d  fasten ing  o f the b lock  and the therm ocoup les, 
Ave h av e  tak en  g rea t care of the  folloAving : on one h an d  the re q u irem en t o f 
th e rm al sy m m etry  m ust be fulfilled, on th e  o th e r  h a n d  rep roducib ility  o f  th e

J  M
sa m p le
holder

Fig. 14. P osition ing  of sam ple  holder

fasten in g  is to  be insured , fina lly  by  fasten ing  th e  sam ple holder block, one m u s t 
n o t ta k e  an y  fu r th e r  e lem ent inside th e  fu rnace  w hereby  the  therm al in e r tia  
o f the system  w ould be increased. The sam ple ho ld er is fastened  by  th e  in su la tin g  
porcelains o f therm ocouples Т г and  T2, w hich in  tu rn  are fixed o u tside  th e  
h e a tin g  space o f th e  fu rnace , p ro tec ted  ag a in st th e rm a l corrosion (see fig . 14).

B y se ttin g  the  therm ocouple porcelains in to  th e  holes of the sam ple ho lder, 
th e  position  o f th e  therm ocouples is alw ays cen tra l, w hich is ra th e r  im p o r ta n t  
for th e  rep ro d u c ib ility  o f th e  m easurem ents. T h is so lu tion  has a fu r th e r  a d v a n 
tag e , nam ely  defo rm ations tak in g  place in the sam ple holder in consequence 
o f h ea tin g  have no effect upon  the  m easu rem en t, in  consequence of th e  ro ta tio n  
sy m m etry  of th e  system .

O ur m easuring  in s tru m en ts  fill the  above exposed requ irem ents (m irro r- 
scale te m p e ra tu re  m easu ring  in s tru m en t and  m irro r  galvanom eter).

O ur record ing  equ ip m en t has been co n stru c ted  in the usual Avay. I t  is a 
cy linder d riven  b y  m otor, photosensitive p a p e r be ing  fixed  on the cy linder. 
The photosensitive  p ap er records the ligh t signal reflected  from  the  m irro r  
o f th e  ga lvanom eter.

2. Our “rap id” d. t. a. apparatus. This a p p a ra tu s  has been ex p erim en ta lly  
w orked o u t in 1955 an d  ou r firs t resu lts published [84, 45]. Since th en  a m odified
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ty p e  o f  ou r ap p ara tu s  to  c a rry  ou t serial in v es tig a tio n  has been used  fo r some 
m o n th s  a t  th e  H u n g a rian  G eological In s t i tu te . A pho tog raph  of th e  a p p a ra tu s  
is  to  b e  seen in  fig . 15 w here in fo rm ations are  also given on th e  m easu res of 
th e  co m p o n en t p a rts .

T h e  ap p ara tu s  described  in  A cta  G eologica [84] has exclusively  served 
in  p rin c ip le  to  decide, w h e th e r an y  change in  th e  shape of d. t .  a. cu rve  was 
ca u se d  b y  rap id  hea tin g . As in itia l ex p erim en ts  h av e  shown, th a t  no considerab le

M. FÖLDVÁRI-VOGL

F ig . 15. “ R a p id ”  d. t .  a. a p p a ra tu s  (during  
m easurem ent)

F ig . 16. “ R a p id ” d. t .  a. a p p a ra tu s , th e  fu r 
n ace  is lif te d  u p  from  th e  sam p le  holder 

jack s (a fte r m easuring)

c h a n g e  tak es  place in  th e  position  o f th e  cu rves, even by  decoupling h ea tin g  
v e lo c ity , and  in order to  a d a p t it  to  p rac tice , we have  reconstructed  o u r a p p a ra 
tu s .  I n  o u r paper q u o ted  above we have em ployed  a horizon tal fu rn ace  and  
th e  h e a te d  substance decom posed in  a to ta l ly  closed space. As th e  escape of 
re a c tio n  p roducts has th u s  becom e d iff icu lt, th e  shape of th e  th erm o g ram s 
b ec a m e  a  little  p la iner. A  fu r th e r  d isa d v a n ta g e  consisted in  th e  fa c t th a t  i t  
w as d ifficu lt to  e lim inate  from  th e  a p p a ra tu s  th e  substance coked in  m any  
cases, a f te r  hav ing  carried  o u t th e  in v es tig a tio n . Therefore our a p p a ra tu s  has 
b een  reco n stru c ted  in  the follow ing w ay : we have taken  a v e rtic a l furnace 
in  w h ich  un iform  d is tr ib u tio n  o f te m p e ra tu re  is in su red  by  a th ick -w alled  q u a rtz  
tu b e . T h is  q u artz  tu b e  o f 14 m m  in  caliber is in  fac t th e  inside su rface  o f the  
fu rn a c e . A  th read  o f 2 m m  p itc h  is cu t on th e  ou tside  surface o f th e  q u a r tz  tu b e , 
h o ld in g  th e  1,4 m m  th ick  “ K a n th a l A”  h e a tin g  wire. The to ta l  resistance
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of th e  heating  w ire is ca. 1 Q . T he outside o f th e  fu rnace  consists of a brass ja c k  
60 m m  long and  50 m m  in  d iam eter, which a t th e  sam e tim e  holds the  in su la ted  
cu rren t lead. B etw een th e  b rass coating  o f th e  fu rnace  and  th e  h ea ting  wire 
th ere  is an  asbestos h e a t in su la tion . The body  o f th e  fu rnace  is held b y  a clam p 
p e rm ittin g  axial sw ivelling o f th e  furnace in  o rd er to  com pensate possible

Kanthai A Q u a r t z  t u b e

therm al asym m etries. T he clam p holding the  fu rnace  is guided by  a colum n 
o f 6 m m  in d iam e te r on w hich the  furnace can be slipped u p  and  down. The 
o th e r end of the  shackle sup p o rtin g  the  fu rnace  is forked , an d  i t  is guided b y  
an o th e r 6 m m  colum n, w hich a t any  tim e perm its  th e  rep lacem en t of the  furnace 
in th e  sam e position , an d  fasten  it  there.

The sam ple ho lder consists o f tw o nickel jack s, held by  the  tw o-bore 
porcelain in su la to rs o f  th e  therm ocouples. Those porcelain  in su la to rs are 6 
m m  in  d iam eter and  fastened  outside the  h ea tin g  space o f th e  furnace. T he 
sam ple holder jack s are  m ade o f 0,3 m m  th ick  nickel p la te , 5 m m  in d iam ete r 
and 15 m m  in  h e ig h t. T he sam ple investiga ted  o f ca. 200 m g and  th e  sam e 
am o u n t of in e rt su b stan ce  are  placed in  th e  respective  jacks.

3 Acta Geologica V/1.

Fig. 17. D raw ing  o f “ ra p id ”  d . t .  a. a p p a ra tu s
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A s therm ocouple-w ire, P t /P tR h  is, here too, applied , th e  connection  of 
th e  therm ocouples is th e  sam e as in  o u r above described a p p a ra tu s .

T h e  m easuring in s tru m e n ts  m ay  be th e  sam e as in  o u r p rev ious se t, on 
c o n d itio n  th a t  quick-sw inging g a lv an o m ete r is to  be used for th e  observation  
o f  te m p e ra tu re  differences (tim e  c o n s ta n t 0,1 sec).

A s for th e  record ing  eq u ip m en t, we m u st only m en tion , th a t  th e  chart- 
sp eed  m u s t be b ro u g h t in to  accord  w ith  th e  rap id ity  o f d e te rm in a tio n , th a t
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Fig. 18. Com parison o f d . t .  a . cu rves m ade  by  “ slow”  an d  “ ra p id ”  a p p ara tu ses

1. B en to n ite , L it t le  R ock, A rkansas (by  “ low”  a p p a ra tu s )
2. B en to n ite , L it t le  R ock. A rkansas (by  “ ra p id ”  a p p a ra tu s )
3. D ick ite , O u ray , Colorado (by  “ slow”  ap p ara tu s )
4. D ick ite , O u ray , Colorado (b y  “ ra p id ”  ap p ara tu s )
5. P y ritife ro u s d o lom ite , Fenyőfő  (b y  “ slow”  a p p a ra tu s )
6. P y ritife ro u s do lo m ite , Fenyőfő  (by  “ rap id ”  a p p a ra tu s )

m e a n s  a chart-speed o f ca. 2 cm /m in u te  ; tak in g  the  m easures o f our recorder 
in to  consideration .

N a tu ra lly , a h igher ch art-sp eed  requ ires a m ore in ten se  reco rder lam p 
(ca. 5 to  6 W ).

F igs. 15, 16, and  17 show  a scale-draw ing  and  pho to g rap h s o f ou r “ ra p id ” 
a p p a ra tu s . In  one of th e  p h o to g rap h s  th e  furnace is covered over therm ocouples, 
r e a d y  for m easuring, the  o th e r  p h o to g rap h y  was ta k e n  a t  a cooling phase, 
a f te r  h av in g  rem oved th e  fu rnace  from  the  therm ocouples an d  th e  sam ple 
h o ld e r  jacks.

In  fig. 18 therm ogram s o f som e substances are show n, para lle lly  tak en  
b y  o u r  “ slow”  and “ ra p id ”  a p p a ra tu se s . As is to  be seen, th e  curves are  in  perfect
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accordance, there  is b u t  one difference, nam ely  th e  peaks o f d. t .  a. curves 
tak en  by  th e  “ ra p id ”  a p p a ra tu s  are  sh ifted  b y  20 to  30° C to w ard s higher 
tem p era tu res . N a tu ra lly , th is  fac t is no t d is tu rb in g , if  s ta n d a rd  sam ples are 
in v estig a ted  u n d e r s im ila r conditions.

H ow ever, there  is a considerable difference in  sen s itiv ity  betw een  th e  
d e te rm in a tio n s carried  o u t b y  th e  tw o ap p ara tu ses . In  sp ite  o f th e  fa c t th a t  
th e  sam e m irro r g a lv an o m ete r an d  the sam e P t /P tR h  therm ocoup les have 
been used in  b o th  sets, fu rth e rm o re  the resistance  contro lling  the  sen s itiv ity  
of th e  galvanom eter has been doubled in  the “ ra p id ”  a p p a ra tu s , nevertheless 
in  th e  case of ou r “ slow ”  a p p a ra tu s  we have o b ta in ed , b y  m easu rin g  off ca. 
0,4 to  0,5 g, peak  areas o f  as large an  extension as in  th e  case o f th e  “ ra p id ” 
ap p a ra tu s  b y  m easuring  o ff 0,10 to  0,15 g. This m eans b rie fly , th a t  th e  sen s itiv ity  
o f ou r “ ra p id ” a p p a ra tu s  is ab o u t e igh t tim es h igher. C onsequently  i t  m ust, 
again , be em phasized th a t ,  in  q u a n tita tiv e  d e te rm in a tio n s, rep ro d u c ib ility  of 
hea tin g  of th e  fu rnace is q u ite  im p o rta n t, in o rder to  o b ta in  com parab le  peak 
areas. As for the rise of sen s itiv ity , we have to  m en tio n , th a t  i t  is conspicuous 
p a rtic u la rly  in  en d o th e rm a l processes.

Sum m ing up  our experiences, we have p o in ted  ou t th a t  our “ ra p id ” 
ap p a ra tu s  was qu ite  serviceable for every  k ind  o f q u a lita tiv e  analysis a n d  even 
q u a n tita tiv e  analyses o f in fo rm ativ e  na tu re , th e  a p p a ra tu s  o f low er h ea tin g  
ra te  being  necessary  only  for investiga tions req u irin g  h igher accuracy .

I I .  SPEC IA L  PA R T

In  th is  p a r t  we have  exposed d. t .  a. curves o f several m inerals. T h ey  have  
been com piled, p a r tly  b y  ta k in g  in to  consideration  th e  lite ra tu re  re fe rrin g  here to , 
p a r tly  on the  basis o f d a ta  o b ta in ed  from  occurrences in  th is  co u n try . In  m any  
cases, we are  also m en tio n in g  curves of the m ix tu res  o f those m inera ls  w hich 
in  n a tu re  often  occur beside each o ther. In  m ost cases we have been  able to  
in te rp re t the  peaks o f th e  therm ogram s. We also p o in t o u t c ircum stances in  
certa in  cases hav in g  affect on th e  shape of the therm ogram s.

M inerals are tre a te d  in  th e  order of m ineral groups, the  respective  classes 
have been sy stem atized  accord ing  to  the order e s tab lished  b y  Szadeczky and  
app lied  b y  K och an d  Sztrókay (SzI deczky : R endszeres á sv á n y ta n , M iskolc 
1950, K och and  Sztrókay : Á sv án y tan , B udapest 1955). N a tu ra lly , we are  
tre a tin g  only those m inera l g roups, and  w ith in  th e  groups only those m inerals, 
w hich have in  fac t ch a ra c te ris tic  d. t .  a. curves, or ra th e r  th e  th e rm o g ram  
w hereof is know n.

D. t. a. curves ta k e n  b y  d ifferen t sensitiv ities an d  published  on d ifferen t 
scales b y  various au th o rs  h av e  been  redraw n on a un ifo rm  scale, w ith o u t th e re b y  
carry ing  ou t an y  su b s ta n tia l change.

3*
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1. Native elem ents

T h e  determ ination  o f  n a tiv e  elem ents by  physical and  chem ical m ethods 
is g e n e ra lly  an easy ta sk , con seq u en tly  d. t .  a. is scarcely used for th is  purpose. 
I n  p rin c ip le , it is obviously  possib le  to  apply d. t .  a. in v estig a tio n  to  th e  problem , 
i f  th e  change in s ta te  o r in v e rs io n  point o f m od ifica tio n  of a g iven elem ent 
ta k e s  place w hithin tho se  lim its  of tem p era tu re  w hich are generally  suitable 
fo r  d . t .  a. As physical c o n s ta n ts  of those e lem ents are know n an d  accessible 
to  e v e ry b o d y , anybody  can  decide on the  possib ilities of ap p lica tion  from  
case  to  case.

2. Sulfides

T here  are re la tiv e ly  s c a n ty  da ta  in  lite ra tu re  on d. t .  a. o f sulfides. 
I n  f a c t ,  pyrite  is the sole su lfid e  m ineral, the  cu rve  o f w hich is v e ry  often 
se e n , because it fre q u e n tly  occurs as im p u rity  o f clays and  of o th e r rocks 
to o . T h e  therm ogram  of p y r i te  is characterized b y  an exo therm al p eak  tak ing  
p la c e  betw een 400 and 450° C, in  consequence o f  ox idation  of th e  p y rite . The 
sh a p e  o f th a t exo th erm al p e a k  is, however, v e ry  capricious an d  changeable, 
so m e tim e s  it is even d oub le , w hich is due to  th e  partic le  size of p y rite  b u t p e r
h a p s  to  differences in  m o d ifica tio n  too. A ccording to  J .  K onta th e  oxidation  
o f  ine ln ikov ite  takes p lace a t  415° C, th a t  o f m arcasite  a t  440° C, th a t  o f well 
c ry s ta lliz e d  pyrite a t 460 to  470° C. Bond s tre n g th  betw een  Fe and  S is re la tively  
the. h ig h es t in pyrite .

I f  the  iden tifica tion  o f  som e m ineral is tro u b led  b y  th e  p eak  o f p y rite , it 
is possib le  to elim inate th is  p e a k  by  carry ing  o u t th e  d e te rm in a tio n  in  an  inert 
a tm o sp h e re . T hat is show n b y  curve No. 7 in p la te  I/a . One has to  take into 
c o n sid e ra tio n , th a t some o rg a n ic  substances can alw ays be p resen t in  th e  sample 
a n d  th e  oxidation of th a t  m a te r ia l  possibly tak es  place in  te m p e ra tu re  ranges 
s im ila r  to  those of th e  o x id a tio n  of pyrite  an d  a ffined  sulfides. A lthough the 
sh a p e  o f the curve reveals  th e  difference —  for a w ell-skilled in v estig a to r — 
b e tw e e n  the two possib ilities , nam ely  th a t th e  ox idation  of an  organic sub 
s ta n c e  generally p roduces a w ider, more spacious exotherm al p eak  th a n  th a t 
o f  p y r i te ,  the d e te rm in a tio n  is, however to  be ca rried  o u t w ith  th e  u tm o s t care.

Besides pyrite , we p re se n t a curve of sph a le rite , according to  K aufman 
a n d  D illing [78] (fig. 6 in p la te  I). Sphalerite a lte rs  a t 1020° C in to  hexagonal 
w u r tz i te ,  th a t reaction , h o w ev er, has been overlapped  b y  th e  exo th erm al peak 
re p re se n tin g  violent o x id a tio n  o f this m ineral in  th e  sam e te m p e ra tu re  range, 
as is  to  be seen in  the  f ig u re .

As has been m en tio n ed  above, the shape o f d. t. a. curves o f p y rite  — and 
g e n e ra lly  of sulfides — b ecom es qu ite  different w hen  investiga tions are perform ed 
in  a n  in e rt atm osphere, e. g. in nitrogéné. J .  E . H iller and  K . P robsthain
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carried  out a d e q u a te  m odifications in  th e  a p p a ra tu s  for sulfide in v estig a tio n s, 
or ra th e r  th ey  chose th e  p a rts  o f th e  a p p a ra tu s  in  such a way, th a t  th e  r isk  o f 
corrosion tak in g  p lace during  decom position  or fusion  of sulfides should  be as 
low as possible. T h ey  used N i/C rN i therm ocoup les 0,7 m m  in d iam ete r, an d  
in serted  a P y th ag o rean  tube  in o rd er to  p rev en t corrosion. A lthough se n s itiv ity  
was thus a little  decreased, it  p roved  to  be su ffic ien t for the ir in v es tig a tio n . 
S im ilarly , because o f  risk  of corrosion, th e  use o f  m eta llic  sam ple ho lder b locks 
is to  be avoided, in  th e ir  stead we m ay  choose ceram ic  or any  other n on -m eta llic , 
su itab le  substance .

The resu lts  o f  th e  investiga tions of H iller an d  P robsthain are p re sen ted  
in p la te  I/b .

P y rite  from  616° C on shows a large en d o th e rm a l peak a t w hich th e  d e 
com position F eS 2 —> FeS S tak es  place. T he slow endo therm al in c lin a tio n  
to  be seen above 800° C represen ts th e  sp littin g -o ff o f residual S. T he in te r 
p re ta tio n  of th e  en d o th erm al peak  to  be seen in  th e  d. t .  a. curve o f  chalco- 
p y rite  from  544° C on, is still no t reassu ring . In  th e  therm ogram  o f covelline 
an  endotherm al p eak  s ta r ts  a t 448° C, w hich rep resen ts  th e  following process: 
2 CuS ->  Cu2S -f- S. I f  heating  o f covelline is n o t perform ed by  ex lud ing  a ir , 
the  aforesaid en d o th e rm al peak is followed a t  554° C by  ano ther en d o th e rm a l 
peak , where th e  follow ing a lte ra tio n  tak es  place : Cu2S -f- 2 Cu20  —> 6 Cu -f- S 0 2. 
In  case of an tim o n ite , the peak s ta r tin g  a t 484°C  represen ts the  su b lim a tio n  
o f an tim onite . In  th e  d. t. a. cu rve  o f a rg en tite , we m ay  see a peak  s ta r t in g  
a t 173° C and m ark in g  an a lte ra tio n  in m o d ifica tion . F rom  800° C on, th e  s u b 
stance  fuses d u rin g  decom position, Avhich is rep resen ted  by an en d o th e rm a l 
peak  in  the th erm o g ram .

3. Oxides and hydroxides

In  d. t. a. cu rves of m inerals belonging to  th is  g roup , peaks m ay  be p ro 
duced by the  follow ing processes : d eh y d ra tio n  o f  hydroxides, fo rm atio n  o f
stab le  oxide a t h ig h  tem p era tu re  in  th e  oxide m inera ls  o f elem ents o f v a ry in g  
valence, a lte ra tio n s in m odification .

a) Silicon dioxide (S i0 2)

I t  is know n th a t  S i0 2 has th ree  im p o r ta n t hom otypic  m o d ifica tio n s : 
q u a r tz , tr id y m ite , an d  christobalite , all th ree  h a v in g  tw o enan tio trop ic  m o d i
fications : a  an d  ß. T he con stitu tio n a l d iag ram  o f S i0 2-m odifications in d ic a te s  
th a t  ß  quartz  is s tab le  from  o rd in a ry  te m p e ra tu re  up  to  573° C, a q u a rtz  from  
573° C to  870° C, a tr id y m ite  from 870° C to  1470° C, a christobalite  from  1470° C
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to  1713° C. For reasons o f d . t. a. tech n iq u e , on ly  the  a ltera tions ta k in g  place 
a t  573° C and  870° C are  to  be ta k e n  in to  considera tion , in  som e cases one m ay 
ta k e  in to  account th e  a lte ra tio n  of supercooled  tr id y m ite  or ch ris to b a lite  system s, 
ta k in g  p lace a t 130° C an d  betw een  180 a n d  270° C.

In  d. t. a. p rac tice , ß  q u a rtz  ->  a q u a r tz  inversion tak ing  place a t  573° C 
is th e  m ost w idely know n. T h e  process im plies h ea t absorp tion , consequen tly  
i t  is in d ic a te d  by  an  en d o th e rm al peak. T h e  inversion  heat, how ever, is re la 
tiv e ly  v e ry  low, th e  peak  a rea  is therefore v e ry  sm all. The process ta k e s  place 
v e ry  rap id ly , the presence o f  q u a rtz  be ing  in d ic a te d  by  a sm all, sh a rp  p eak  in  
th e  d . t .  a. curve a t 573° C. As th e  inversion  in  question  is a reversib le  process, 
i t  is possib le to  d e tec t th e  q u a rtz  peak , even  i f  th ere  is som e o th e r  m ineral, 
th e  p e a k  of which appears in  the sam e ra n g e  o f tem p era tu re  an d  overlaps the 
sm a ll q u a r tz  peak. N am ely , in  th a t  case we le t the  sam ple cool a fte r  hav in g  
c a rr ie d  o u t d. t .  a., an d  th e n  we reanalyse  th e  cooled off sam ple. As th e  d is tu rb 
in g  p eak s  are generally  re su lts  of irreversib le  processes, th e y  do n o t ap p ear 
a n y  m ore  during  th e  second h ea tin g , th u s  th e  second therm ogram  o n ly  shows 
th e  q u a r tz  peak.

A ccording to  th e  in v estig a tio n s of G. T . Faust [37] the p eak  in d ica tin g  
th e  in v ersio n  of q u a rtz  is in d ep en d en t o f  th e  conditions of th e  fo rm atio n  of 
q u a r tz  c ry sta l, therefore  as a process of q u ite  re liab le  tem p era tu re , it  is proposed 
b y  F a u st  for the ca lib ra tio n  of d. t .  a. se ts . H ow ever, we should m en tio n  th a t  
T u ttle  an d  K eith [165] h av e  recen tly  p o in te d  ou t, th a t  a -* ß  inversion  of 
q u a r tz  w as a function  o f fo rm atio n  te m p e ra tu re , consequently , in  ce rta in  
cases one can even fin d  as m uch as 38° C. difference betw een inversion  te m 
p e ra tu re s .

T h ere  are fa r less d a ta  on a q u a r tz —> a tr id y m ite  inversion ta k in g  place 
a t  870° C, in  the  lite ra tu re  re fe rrin g  to  d . t .  a. Faust  does no t m en tio n  th a t  peak, 
R . E . Grim and  R. A. R owland [62] in  tu r n  p o in t out th a t  th e y  w ere n o t able 
to  d e te c t it  in  th e ir  d. t .  a. cu rves. The a u th o r  o f th is  paper and  h e r co llabora to rs 
h a v e  observed  th a t  genera lly  th e  peak  of 870° C did  no t appear in  th e  q u a rtz  
c u rv e , nevertheless in  ce rta in  cases, as e. g. in  t h a t  of a rock cry sta l o f M áram aros, 
a  sm a ll endo therm al b an d  is defin ite ly  observab le  a t about 870° C.

In  p la te  I I ,  the  curve o f M áram aros ro ck  c ry s ta l is p resen ted , in  ad d itio n  
to  som e q u artz  curves ta k e n  over from  th e  lite ra tu re , fu rth erm o re  exam ples 
o f  th e  presence of a q u a rtz  peak  beside o th e r  peaks are given. In  th is  case, a 
v e ry  sm all quartz  p eak  ap p ears  in  th e  u p w a rd  ten d in g  side of k ao lin ite  peak. 
A s h a s  been  m entioned  above th is  de tec tio n  is on ly  th en  reliable, i f  th e  presence 
o f  q u a r tz  has been d e tec ted  b y  rep ea ted  h e a tin g , too.

T h ere  are no d a ta  on fu r th e r  inversions in  m odification of q u a r tz  in  the  
l i te r a tu r e  referring  to  d. t .  a.

I t  is obvious, th a t  th is  m ethod  is n o t adequa te  for th e  de tec tio n  of 
a m o rp h o u s  silicon dioxide.
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b) M anganic oxides

T he therm ogram  o f pyrolusite  (and p o lian ite ) (M n02) shows tw o endo- 
therm al peaks, th e  f irs t  h av in g  a p eak  m axim um  betw een  640 an d  670°C, the 
second one betw een 960 and 1050°C. A t th e  f irs t  p eak  M n 0 2 becom es ß  M n20 3, 
a t th e  second peak  М пПМп21И0,, (hausm annite) is form ed from  M n20 3. B oth  
processes are irreversib le.

K ulp and P erfetti [97] m ention  a rhom bic  v a rie ty  o f pyro lusite , 
nam ely  ram sdellite , the  curve o f  w hich differs from  th a t  o f p y ro lusite  b y  only 
a sm all exo therm al peak  ap p earin g  a t  abou t 500° C, th e  inversion o f th e  ram sdel
lite  in to  pyro lusite  tak es  place th e re , a fte rw ards th e  substance , and  consequen tly  
its  cu rve , are to ta lly  id en tica l w ith pyro lusite .

A ccording to  K ulp an d  P erfetti, hausm annite  Mn M n2 0 4 does not 
show  an y  process consequen t to  h ea t change up  to  1000° C. A ccording to  R ode 
[137] on th e  o th e r h an d , n a tu ra l or a h au sm an n ite  a lters  a t abou t 890 to  960°C 
in to  ß  h au sm an n ite  b y  an  irreversib le  process, th e  la t te r  a lte rin g  b y  fu rth e r 
h ea tin g  betw een  1180 to  1220°C in to  у  s im ila rly  m odification  in  th e  course 
o f an  en do therm al process, w hich th is  tim e is reversib le.

B raunite  (Mn, Si)20 3 is a com plex oxide or, according to  o th e r  au thors, 
an  oxide silicate. A ccording to  K ulp and Perfetti the th erm o g ram  o f b rau n ite  
does n o t show an y  peak  up  to  1000°C, accord ing  to  R ode the  a b ra u n ite  —> ß 
b rau n ite  inversion is m ark ed  b y  an  en d o th erm al p eak  in the  curve o f  b rau n ite  
betw een  1030 and  1100°C.

T herm ogram s o f th e  oxidic m inerals of m anganese are no t y e t suffic ien tly  
congruen t, therefore i t  seem ed to  be advisable to  investiga te  labo ra to ry -m ad e  
a rtif ic ia l m anganese m inera ls  too  [48]. In  p la te  I I I  we p resen t d . t .  a. curves 
of som e artific ia l m angan ic  oxides w hich w ere m ade b y  Gy. Grasselly  [57]. 
As is to  be seen, th e re  is only  one difference betw een  th e  curves o f a rtif ic ia l and 
n a tu ra l m anganic  oxides, n am ely  in  the case o f a rtif ic ia l sam ples th e  peaks 
ap p ear a t  a som ew hat loAver tem p era tu re . T h is is obviously due to  th e  finer 
partic le  size of th e  a rtific ia l m inera l. In  th e  cu rve  of a rtif ic ia l h au sm an n ite  
(curve 8, p la te  I I I )  a p la in  en d o th erm al peak  ap p ears  betw een 900 an d  1000°C 
w hich m ay  correspond to  th e  inversion  in to  ß  h au sm an n ite  m en tioned  by  R ode. 
The p eak  appearing  a t  ab o u t 980°C in the  d. t .  a. curve of a rtif ic ia l Mn20 3 
(called k u rn ak ite  b y  R ode) ind ica tes the  inversion  of M n20 3 in to  h au s
m an n ite .

As various m angan ic  oxides can occur in  n a tu re  beside each o th er, we 
p resen t in  tab le  IY  therm ogram s o f m ix tu res o f m angan ic  oxides, in  o rder to 
fac ilita te  evaluation  o f d. t. a. curves.
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с) M anganic oxy-hydroxide, m anganite, MnO(OH)

I n  th e  therm ogram  o f m anganite  an  en d o th e rm a l peak  appears betw een 
350 a n d  400°C, where m a n g a n ite  alters in to  M n20 3. I f  h ea ting  is con tinued , 
M n20 3 produced in the  ab ove-m en tioned  w ay a lte rs  in to  h au sm an n ite  betw een 
950 a n d  980°C (as it  has b e e n  seen) and a second endo therm al p eak  appears 
in  th e  cu rve  of m angan ite  (see curve 1, p la te  IV).

d) Iron hydroxides

Goethite, as a m o d ifica tio n  an d  lepidocrocite as ß  m odification  o f  FeO  OH 
give v e ry  sim ilar d. t. a. cu rv es . B oth  m inerals lose th e ir  hyd rox ide  rad ical 
b e tw e e n  300 and 400° C an d  a l te r  in to  Fe20 3, b u t th e y  differ in  peak te m p e ra tu re  
since  th e  p eak  of goethite a p p e a rs  betw een 370,400° C, while th a t  o f lep idocroc ite  
a t a b o u t  30 to  40° lower. T h is  difference in decom position  tem p e ra tu re  m ay  be 
in te rp re te d  by  differences in  c ry s ta l s tru c tu re  (B ragg) betw een th e  tw o  m ine
ra ls . T h e  difference in th e  b o n d  shape of H  atom  here  p lays an im p o r ta n t p a rt. 
In  g o e th ite  H appears as c a tio n  betw een О a tom s, while lepidocrocite con ta ins 
in d e p e n d e n t OH groups. T h e  la t te r  is a som ew hat less stab le  s tru c tu re , con
s e q u e n tly  its  decom position ta k e s  place m ore rap id ly . There is s till an o th e r 
d iffe ren ce  in  the th e rm o g ram s o f th e  two m inera ls, a fte r th e  respec tive  endo
th e rm a l  peaks. The curve o f  g o e th ite  re tu rn s  to  its  base line a fte r th e  p eak  and 
i t  does n o t show any fu r th e r  p eak , while in  case o f  lepidocrocite a sm all exo
th e rm a l p eak  appears over 400° C. T h a t is while th e  decom position o f goeth ite  
d ire c t ly  produces a h e m a tite , th e  resu lt of decom position  of lep idocrocite  is у 
h e m a ti te ,  w hich in tu rn  is tra n sfo rm e d , over 400° C, in to  a h e m a tite , in  the 
cou rse  o f  an  endotherm al p rocess.

V e ry  frequently , it  h a p p e n s  th a t  lepidocrocite  an d  goeth ite  in  n a tu re  
o ccu r besid e  each o ther. I n  su c h  a case, as is to  be seen in  curve 4 o f  p la te  IV, 
a w ell defined  double p eak  ap p e a rs  betw een 300 a n d  400° C. I f  th e re  is a too 
la rg e  a m o u n t of goethite , th e  developm ent of th e  sm all exo therm al peak  of 
lep id o cro c ite  can be h in d e red  b y  th e  endo therm al p eak  of goethite .

S om etim es it is d ifficu lt to  de tec t m angan ite  and  lim onite m inera ls  from 
each  o th e r . According to  o u r experience, a t the  detec tio n  o f such m inerals beside 
g o e th ite  som e difficulties a re  re a lly  to  be considered, a lthough  th e  second p eak  of 
m a n g a n ite  m ay presen t a c e r ta in  basis. H ow ever, de tec tion  is possible in  the 
p resen ce  o f  lepidocrocite, th e  p e a k s  are d is tan t enough and , as is show n b y  curve 8 
in  p la te  IV , the two peaks a p p e a r  separately  in th e  case of an a rtific ia l m ix tu re  
o f m angan ite-lep idocrocite .
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e) M agnesium  hydroxide, brucite, M g(OH)2

A t ca. 450° C, th e  th e rm o g ram  shows an  endo therm al peak  w hich is due 
to  d eh y d ra tio n  ; th e  re su lt o f  d eh y d ra tio n  is periclase (MgO). T h e  curve  of 
b ru c ite  is to be seen in  p la te  V (curves 1 and 2).

f) A lu m in iu m  hydroxides and oxy-hydroxides

Hydrargillite (gibbsite)  y  A l(O H )3. An endo therm al peak  rep resen tin g  
d eh y d ra tio n  appears a t ca. 350° C. N either th e  d a ta  referring  h e re to , nor ex 
perience are perfectly  unequ ivocal, concerning the  resu lt o f th is  d eh y d ra tio n  
o f  hyd rarg illite . A ccording to  a g rea t n u m b er of investiga to rs, e. g. B ragg, 
h y d ra rg illite  alters a t  f ir s t  in to  boehm ite, an d  th e  la tte r , in  a second s tep , in to  
y  A120 3. As a m a tte r  o f fac t, m any  h ydrarg illite  curves show a second, sm aller 
en d o th e rm al peak a tc a .  540° C w hich m ay rep resen t the  d eh y d ra tio n  o f  boehm 
ite. H ow ever, in the lite ra tu re  one can fin d  m an y  hydrarg illite  cu rves only 
show ing the  firs t peak , while th e  second peak is h a rd ly  discernible o r n o t visible 
a t  all. E . g. such a h y d ra rg illite  curve has been o b ta ined  by  th e  a u th o r  from  a 
h y d ra rg illite  sam ple o f a th e rm al source o f I s tr ia  (D alm atia) (see cu rve  3 in 
p la te  V). C onsequently, i t  is questionab le  w hy th e  boehm ite peak  does n o t ap p ear 
in  every  case, if  it  is tru e  th a t  hyd rarg illite  decom poses f irs t in to  b o eh m ite , and  
on th e  o ther hand even if  th e  second (boehm ite) peak  appears, w h e th e r it is due 
to  th e  boehm ite im p u rity  p resen t orig inally  in  th e  hyd rarg illite  sam ple . The 
sam e question  was ra ised  in  tw o H u n g arian  papers. K . Sasvári and  A. H egedűs 
[148] tem pered  n a tu ra l h y d rarg illite  a t 300° C du ring  an  h our an d  th e re a fte r  
th e y  detec ted  boehm ite in  th e  sam ple b y  X -ray  investig a tio n , a t  th e  sam e tim e  
th ey  could not observe th e  in terference ring  of y  A120 3. T hey  cam e to  th e  con
clusion, th a t  n a tu ra l h y d ra rg illite  a lte red  in to  A120 3 th rough  b o ehm ite . H ow 
ever, th e  boehm ite produced  in  th is  w ay, an d  the  am orphous A120 3 possibly 
p resen t, w ent on decom posing a fte r a fu rth e r  sm all rise in  te m p e ra tu re , con
seq u en tly  the  d. t. a. cu rve  does n o t show any  boehm ite peak  in  th e  expected  
place. L. E rdey  and F . P aulik  [33] ob ta ined  th ree  endo therm al p eak s in  the  
therm ogram  of an a rtific ia l pu re  hyd rarg illite  (curve 4 in p la te  V): a sm all 
p eak  a t  240° C, a large peak  a t  310° C, and  again  a sm all one a t  525° C, th ey  
in te rp re te d  the presence o f th e  sm all peaks b y  g radua l d e h y d ra tio n . On the  
basis o f  th e  E rdey— PAULiK-curve, how ever, it  is im probable  th a t  h y d ra rg illite  
w ould  decompose by  com pletely  a lte ring  in to  boehm ite  a fte r  350° C, w hich 
in  tu rn  goes on a ltering  a t  ca. 540° C, for the peaks of h yd rarg illite  an d  boehm ite  
are  d isp roportionate . A ccording to  D e Boer, F ortuin and  Steggerda  bo th  
h y d ra rg illite  and bay erite  can  occur in tw o d ifferen t form s [28]. H y d ra rg illite  
1 an d  bay erite  1 d irec tly  a lte r  in to  y  A120 3 a t th e  endo therm al p e a k  tak in g
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p la c e  a t  abou t 250° C, w hile  th e  dehydra tion  o f h y d ra rg illite  2 an d  b ay erite  2 
a t  a b o u t 250° C resu lts  in  a  m ix tu re  of boehm ite  a n d  у  A120 3. The problem  can 
n o t be  considered as co n c lu d ed  ; H ungarian  in v es tig a to rs  (Sasvári, Gedeon) 
a re  also continuing th e ir  in v es tig a tio n s  in  th is  m a tte r .

Sasvári and his collaborator [149] consider the problem of hydrargillite 
decom position, on the basis o f recently published considerations concerning 
its  crystal structure, as follow s.

B y  some of th e ir  ow n ex perim en ts th e y  also su p p o rt th e  observation  o f D e 
B oer  an d  his co llabo ra to rs accord ing  to  w hich  th e  process of decom position 
o f  h y d ra rg illite  and  b o e h m ite  depends on th e  p a rtic le  size o f th e  sam ples. N am ely , 
in  case o f large p a rtic le  size, th e  w ater re leased  in side  th e  partic les produces 
a h ig h  hydro therm al p ress io n , w hich lasts u n til  th e  partic les d isaggregate  on 
th e  effect of in te rn a l p re ssu re . U nder the  in flu en ce  o f such a h y d ro th e rm al 
p re ssu re , decom position ta k e s  place th rough  b o eh m ite . O n th e  o th e r h a n d , in  
case o f sm all partic le  size, b o th  bayerite  and  h y d ra rg illite , d irec tly  decom pose 
in to  th e  dehydrated  fo rm , w ith o u t any h y d ro th e rm a l effect.

H ydrarg illite  is a n  im p o r ta n t  m ineral o f m a n y  bau x ite s . As for H u n g arian  
b a u x ite s , it  is p a rtic u la rly  d o m in a n t in  those o f Iszk aszen tgyörgy  and  H aliinba 
[41]. Curves 5 and 6 o f  p la te  V have been  reco rd ed  from  b au x ite  sam ples 
o f  Iszkaszen tgyörgy  a n d  H a lim b a  respectively , th e  peaks of kao lin ite  beside 
th o se  o f  hydrarg illite  a re  to  be  observed in  each  curve .

Bayerite ß  A l(O H )3, is  a n  artific ia l a lu m in iu m  hydrox ide , its  therm ogram  
show s, according to  K a u fm a n n  and  D illing, a double  endo therm al peak , the  
f i r s t  p e a k  appearing  a t  ca. 270° C, the  second, la rg e r  th a n  the  fo rm er one a t 
a b o u t 330° C. A t a b o u t 550° C there  is only a sm all b a n d  (curve 7, p la te  Y).

Diaspore a A IO (O H ), d u rin g  heating  loses its  O H  con ten t over 500° C. 
In  its  th e rm al curve, an  en d o th e rm a l peak ta k in g  p lace betw een 530 an d  540° C 
re p re se n ts  th a t  process. T h e re  is no o ther c h a rac te ris tic  peak  in  th e  curve of 
d iasp o re  (curve 1, p la te  V I).

Beside h y d ra rg illite , b o th  diaspore an d  b o eh m ite  are v e ry  im p o rta n t 
b a u x ite  m inerals. B esides th e se  kaolin ite , an d  possib ly  also lim onite m ay  be 
p re se n t, the  detection  o f  th e  la t te r  m inerals is also possible b y  d. t .  a. Con
se q u e n tly  d. t. a. has p ro v e d  to  be a very  su itab le , ra p id  m ethod  for th e  detec tion  
o f  th e  m ost im p o rta n t b a u x ite  m inerals, ex cep t fo r h em atite , an d  i t  m ade 
q u a n ti ta t iv e  d e te rm in a tio n s  possible too. In  som e cases, how ever, evaluation  
o f  d . t .  a. curves o f b a u x ite s  is to  be carried  o u t w ith  th e  u tm o st care, for 
w ith o u t adequate ex p erien ce  one can give e rroneous de te rm in a tio n s. E . g. 
lep idocrocite  is well tra c e a b le  beside h y d rarg illite  (curve 3 in  p la te  V I) b u t in 
case o f  sim ultaneous p resen ce  of goethite an d  h y d ra rg illite  th e  peaks m ay 
d is tu rb  each o ther co n sid e rab ly . Two o ther m in era ls  d is tu rb in g  each o th e r are 
b o eh m ite  and kao lin ite , fo r  th e re  is b u t som e 20° C difference betw een  th e ir  
p eak s . A lthough doub le  p e a k s  generally show  th e  sim ultaneous presence of
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tw o m inerals (see cu rve  4 in  p la te  V I), in  case o f  q u a n tita tiv e  d e te rm in a tio n  
th e  peak  area is on ly  m easu rab le  b y  the  “ c o m p en sa tin g ”  m ethod show n above. 
T he peaks of d iaspore  an d  kao lin ite  are well d e fin ed , as is to  be seen in  cu rve  5 
o f p la te  V I. T he b a u x ite  o f N ézsa represen ted  in  p la te  V I contains d iaspore 
a n d  kaolin ite . T he d . t .  a. curve of the  clayey b a u x ite  o f  G án t, shows betw een  
300 a n d  400° C th e  p eak s o f lepidocrocite an d  h y d ra rg illite , th e rea fte r betw een  
500 a n d  600° C tho se  o f boehm ite  and  kao lin ite . F ro m  th e  d. t .  a. curve o f th e  
b a u x ite  sam ple o f  N agyném etegyháza , one m a y  conclude to  the  presence of 
h y d rarg illite , b o eh m ite  an d  kao lin ite  (curve 6 in  p la te  V I).

I t  is p robab le  th a t ,  w ith in  th e  dom ain o f p ra c tic a l investiga tions, d . t .  a. 
as a rap id  m ethod  o f in d u s tr ia l m ateria l te s tin g , w ill be generally  applied , because 
it  m ay  be rap id ly  ca rried  ou t by  relatively  sim ple m eans, and  w ith  su ffic ien t 
accu racy , even in  case o f b au x ite  m inerals an d  o f  k ao lin ite  generally  p resen t, 
in c lud ing  q u a n tita tiv e  de te rm in a tio n s. T his p ro m p te d  S. B. H endricks an d  
his co llaborators [72] to  co n stru c t a portab le  d . t .  a. ap p ara tu s  w hich  could 
he used in  th e  fie ld  o f  b au x ite  investigations, too .

4. Silicates

The ex am in a tio n  o f silicates in  petro logy  a n d  geochem istry is o f  g rea t 
im p o rtan ce , as silicate  m inera ls  p lay  a dom inan t p a r t  in  th e  e a rth ’s cru st. S ilicate 
m inerals, and  am ong  these, p rinc ipally  clay m in era ls , rep resen t one o f th e  m ost 
im p o rta n t dom ains w here d . t .  a. is applicable. As fo r clay  m ineral in v estig a tio n s, 
d. t .  a. has been g iven  an  im p o r ta n t role, as th e  ap p lica tio n  of the  usual m ethods 
for m ineralogical in v es tig a tio n  encounters som e d ifficu lties , in  consequence of 
th e  sm all partic le  size of these  m inerals. N a tu ra lly , even  am ong clay m inera ls, 
on ly  those m ay be  ta k e n  in to  consideration  for d . t .  a., w hich d u rin g  h ea tin g  
undergo  a lte ra tio n s d ep en d in g  on the m easu rab le  change in h ea t c o n ten t. 
T hus, f ir s t  o f all, one m a y  consider m inerals co n ta in in g  OH rad ica l in  th e ir  
s tru c tu re , or u n dergo ing  som e characteristic  a lte ra tio n  in  m odifica tion , a t  
c e rta in  tem p era tu res . D . t .  a. curves of m an y  silica te  m inerals, besides clay  
m inerals are know n, b u t  perh ap s i t  is the v e ry  te r r i to ry  w here the  possib ilities 
o f th is  m ethod  are  n o t a t  all exploited , and  s till m u ch  is to  be achieved.

W hen we are  dealing  w ith  d. t .  a. in v es tig a tio n s  o f silicates, we have  to  
d ev ia te  from  th e  o rd e r o f  succession estab lished  b y  Szádeczky and  em ployed  
b y  K och and Sztrókay, for tak in g  in to  co nsidera tion  th e  special im p o rtan ce  
o f c lay  m inerals, th e y  m u s t be tre a te d  ap a rt. B efore dealing  w ith  clay m inera ls  
we shall sum  up  th e  re su lts  o f d. t .  a. o b ta in ed  u p  to  now, concerning o th e r 
silicate m inerals. W e shall om it from  th is syn th esis  all investigations w hich are  
d oub tfu l, or w hich co n ta in  obviously erroneous s ta te m e n ts  in  some cases, for 
these  in v estiga tions m ay  possib ly  lead to  fu r th e r  erro rs and  con trad ic tions.
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a) Tourm alines

T h e  m ost im p o rta n t in fo rm atio n s on th e  th e rm a l behav iour o f  m inerals 
b e lo n g in g  to  th is  group are g iven  in  a paper b y  C. K urylenko [103]. O n th e  basis 
o f th e  investiga tions o f  K urylenko , a com m on property  of to u rm a lin es  of 
d iffe re n t types and  localities, consists in  losing th e ir w a te r-co n ten t a t  about 
145°C fo r the m ost p a r t ,  b u t  m ost sam ples show  tw o fu rther sm all p eak s re p re 
se n tin g  th e  escape o f re s id u a l w a te r : the  f ir s t  peak  appears b e tw een  430 and 
480°C, th e  second one a t  770°C. H ow ever, every  k ind of to u rm a lin e  seem s 
to  h a v e  a general c h a ra c te riz a tio n  b y  a la rge  endo therm al p eak  w hich  appears 
b e tw een  950 and  970°C an d  w hich is to  be a t tr ib u te d , according to  K urylenko , 
to  th e  loss of B20 3 co n ten t o f th e  tou rm aline . T he f irs t  three curves o f  p la te  Y II 
h a v e  been  recorded from  b lack  tou rm alin es , th ey  are su ffic ien tly  co nco rdan t 
cu rv es , showing ra th e r  eq u a l developm ent o f all th ree  of the  peak s re su ltin g  
fro m  d eh y d ra tio n  and  o f a h ig h  tem p e ra tu re  endo therm al peak . C urve 4 has 
been  recorded  from a sam ple  o f b lack  to u rm alin e  (of M adagascar) w h ich , accord
in g  to  th e  au thor, was n o t an  in ta c t  sam ple b u t  an  altered  one, its  peaks re su lting  
fro m  deh y d ra tio n , ap p e a r anom alously . Sam ple N o. 5 is a colourless to u rm alin e  
o f  E lb a , it  shows a d. t .  a. cu rve  w hich is v e ry  sim ilar to  the  th ree  fo rm er ones, 
e x c e p t th a t  the tw o la rg e r peaks rep resen tin g  dehydra tion  do n o t appear. 
C urve  N o. 6 rep resen ts a to u rm a lin e  of a d ra v ite  type , of h igh  Mg co n ten t, 
th is  cu rv e  is d ifferent from  th e  o thers as well as o f therm ogram  N o. 7, which 
w as reco rded  from  a ru b e llite  sam ple.

O n th e  basis o f all th e se , one m ay  p o in t o u t, th a t  ad eq u a te  c ritic ism  is 
a b so lu te ly  necessary for th e  d e te rm in a tio n  o f  to u rm alin es  by  d. t .  a ., j u s t  because 
o f  th e  g rea t v a rie ty  o f these  m inerals. On th e  o th e r h an d , d. t .  a. g ives a possi
b i l i ty  fo r fuller d e te rm in a tio n  o f  several so rts  o f tourm alines.

H ow ever, we h av e  to  re m a rk  here, th a t  i t  is questionable w h e th e r K ury 
lenko  w as rig h t in  p o in tin g  o u t th a t  a t  145°C th e  tourm alines lose m ost p a r t  
o f  th e i r  constitu tiona l w a te r . The d a ta  on th e  th e rm a l decom position  o f to u r
m alin es  are no t to  be considered  as decisive.

b) Amphiboles

A m phiboles co n ta in in g  O H , lose th e  O H  rad ica l a t d ifferen t te m p e ra tu re s  
in  fu n c tio n  of the  bond s tre n g th  of it. 'D . t . a. curves of the d iffe ren t m em bers 
o f  th e  am phibole group , m oreover, b y  q u a n tita tiv e  evaluation  o f th e  curves, 
re sp e c tiv e  degrees o f change in  h e a t co n ten t depending on d e h y d ra tio n , are 
h e re  g iven  on the  basis o f a paper by  M. W ittels [177]. P la te s  V I I I /a  and 
V I I I /b  p resen t the d. t .  a. curves o f W ittels, recorded from  d iffe ren t sorts 
o f  am phibo les. These cu rv es, and all k inds o f am phibole, are ch a rac te rized  by
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th e  fa c t th a t  th e y  lose th e ir  O H  groups b e tw een  925 and  1125°C, th e  c ry s ta l 
s tru c tu re  o f am phibole d isaggregating  a t th e  sam e tim e . In  the curves o f W ittels, 
th is  process is rep resen ted  b y  an  endo therm al p e a k  m arked  in every  case w ith  
„ y ” . W ittels has given th e  curves only over 600°C , for he observed no th e rm a l 
process in  an y  sam ple u n d e r 600°C. F u rth e r  peaks app earin g  before th a t  m ark ed  
w ith  „ у ”  rep resen t a lte ra tio n s in  m odification  in  case o f the  m em bers belong ing  
to  th e  g roup  of Mg c o n ten t, and  oxidation  o f  ferrous iron in case o f  ferrous 
sam ples.

c) Sepiolite

On th e  basis o f its s tru c tu re , sepiolite is to  be  classed am ong the am ph ibo le- 
like m inera ls b u t, to g e th e r w ith  a ttap u lg ite , th e y  are  often classed am o n g  th e  
clay m inerals s. s tr ., too . I ts  th e rm al curve was f i r s t  determ ined  by  S. Caillère 
[21], la te r  investiga to rs o b ta in ed  sim ilar cu rves. T he f irs t en d o th e rm al peak  
appears a t  ca. 150°C, rep resen tin g  the  escape o f  adso rp tive  w ater. T h is  is fol
lowed by  a second, sm aller endo therm al peak a t ca . 440°C according to  Ca illère , 
or ra th e r  u n d er 400°C, according to  o th e r au th o rs . T h is peak rep resen tin g  th e  
escape o f  O H  also causes some s tru c tu ra l changes in  th e  sepiolite. A  fu r th e r  
en d o th erm al peak  app earin g  a t 750°C shows th e  to ta l  destruction  o f th e  la ttic e , 
th is  one is im m ed ia te ly  followed, over 800°C, b y  a sharp  endo therm al peak 
rep resen tin g  th e  h ea t released a t  the  fo rm ation  o f  a new crystal phase.

A ttap u lg ite  (paligorskite) shows a d. t .  a . cu rve  very  sim ilar to  th a t  of 
sep io lite , b u t th e  f ir s t  endo therm al peak o f a tta p u lg ite  is double, th e  second, 
sm aller en d o th erm al peak  appears a t a som ew hat h igher tem p era tu re .

P la tes  IX  and  X  show  d. t . a. curves o f  sam ples of sepiolite a n d  a t t a 
pu lg ite , published  by  various au thors. In  curve N o. 3 o f p late  X , a q u a r tz  peak 
is to  be seen, a f te r  the en do therm al peak ap p ea rin g  a t  about 500°C.

d) Serpentine m inerals

A ccording to  our v iew -points it  is adv isab le  to  m ention, in th is  p a r t  of 
our paper, the  th e rm al in v estiga tion  of se rp en tin e  m inerals too, a lth o u g h  th is  
o rd er is no t qu ite  logical on the  basis of the  s tru c tu re  o f these m inerals.

The th e rm al b eh av io u r of se rpen tin ites h a s  been thoroughly  s tu d ie d  b y
S. Caillère [21]. On the  basis o f d. t .  a. cu rv es , he has divided se rp en tin e  
m inerals in to  two groups. T herm ogram s of th e  f i r s t  g roup  are ch arac terized  b y  
an  endo therm al peak  ap p earin g  a t ca. 650°C in  consequence of d eh y d ra tio n , 
th is  peak  being  followed b y  an  exo therm al peak  be tw een  750 and 825°C. Caillère 
has proposed to  nam e th is  group a an tig o rite . In  th e  therm al cu rves o f  th e  
o th e r group , the  en d o th erm al peak  does not a p p e a r, he has nam ed th is  g roup
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ß  a n tig o r ite . In  p late  X I  th re e  asbestos m in era ls  are presented , accord ing  to  
Ca il l è r e , one of these m in era ls  belonging to  th e  a an d  two to  th e  ß  an tig o rite  
g ro u p , fu r th e r  on we see d. t .  a. curves of two serp en tin ite  sam ples accord ing  
to  K au fm a n n  and  D illing  [78], th e  la t te r  ones rep resen ting  b o th  groups 
e s ta b lish e d  by  Caillère. In  curve No. 3 th e re  appears over 450°C th e  peak 
o f  b ru c ite ,  besides th a t of ch ryso tile . I t  is o f in te re s t to  m en tion  th a t  N. S. 
K u r n a k o v  and V. Y. Chernych  [101] h av e  ob ta ined  su b s ta n tia lly  qu ite  
s im ila r  th e rm a l curves o f serp en tin e  m inerals as early  as 1926. T he tw o la s t 
cu rv es  o f  p la te  X I  show H u n g a ria n  se rpen tine  occurrences.

B . N agy and  Faust [120] have recen tly  d e a lt w ith  d. t .  a. in v es tig a tio n  
o f  se rp e n tin e  m inerals too . T h e y  have p o in te d  o u t, th a t  the  se rp en tin es  con
s is te d  e ith e r  of chrysotile or o f  an tigo rite  or o f  a n a tu ra l  m ix tu re  o f  b o th . O n th e  
b as is  o f  th e ir  d. t .  a. curves, i t  becom es obvious, t h a t  th e  a an tigo rite  o f Caillère 
co rre sp o n d s  to  chrysotile , ß  an tig o rite  to  a n tig o rite .

e) M icas and mica-like minerals

Talc-group. Talc. I ts  th e rm a l curve is show n in  p late X I I  accord ing  to  
R . E .  Grim  and  R . A. R ow land [62] b u t  q u ite  sim ilar curves h av e  b een  o b 
ta in e d  b y  Orcel, N orton a n d  o ther au th o rs . A s is to  be seen in  th e  th e rm o 
g ra m , ta lc  loses its O H  group  b u t  a t  ca. 950°C. T here  is no o ther ch a ra c te ris tic  
p e a k  in  th e  curve of ta lc .

Pyrophyllite . In  case o f pyrophy llite , th e  d . t .  a. curves given b y  various 
a u th o rs  a re  not perfectly  concordan t. T h a t is p ro b ab ly  to  be ascrib ed , besides 
th e  d ifferences in sen s itiv ity  o f  the  in s tru m e n ts , chiefly  to  the u n c e rta in  d e te r
m in a tio n  o f  the  sam ples in v es tig a ted . E . g. F . H . N orton [127] observed  a t 
625° C, su ch  a plain en d o th e rm a l peak, th a t  m ak es th e  detection  of py ro p h y illite  
b y  d . t .  a. ra th e r  u n ce rta in , accord ing  to  th is  a u th o r . W . F. B radley  a n d  R . E . 
Grim  [7] have  found a d e fin ite  endo therm al p e a k  in  th e  curve of th e  p y ro p h y llite  
sam p le  th e y  investiga ted , b u t  no o ther p eak  appeared  in th e ir  cu rv e  (curve 
N o. 4 in  p la te  X II) . H ow ever, on the  basis o f d. t .  a. curves d raw n  b y  P . F . 
K e r r , I . L. K ulp, and  P . K . H amilton i t  seem s th a t  the en d o th e rm a l peak  
w hich  e n d s  a t 800° C an d  w hich  is connection  w ith  the  escape of O H , is followed 
a t  ca. 10003C b y  an  ex o th e rm al peak  rep re sen tin g  th e  form ation  o f y  a lu m in iu m  
ox id e . T h e  la tte r  is to  be seen in  curves Nos. 5 a n d  6 of p late X I I .  B o th  curves 
show  a t  575° C a q u a rtz  p eak  too . The q u a r tz  w as presented in  th e  sam ple  as 
an  im p u r ity .

M ontm orillonoide m inera ls  w hich shou ld  be trea ted  in th is  tro u p  too , 
w ill b e  classed in to  a se p a ra te  group am ong th e  clay  m inerals.

M icas. M uscovite. D. t .  a. curves p u b lish ed  by  various au th o rs  are  no t 
c o n c o rd a n t e ither in  th e  case o f  m uscovite. A ccord ing  to  R. E . Grim a n d  R . A.
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Kowland [62], th e  m uscovite  curve shows a la rg e  endo therm al peak  b e tw een  
750 and  950° C an d  u n im p o r ta n t sm all peaks a t  300 and  400° C, respective ly . 
The la tte r  peaks are  p robab ly  due to  adven tition  im p u rity , for e. g. in  th e  cu rves 
published b y  I . B arshad th e y  do no t appear a t  all.

A fter th e  tw o m uscovite therm ogram s to  be  seen in  p la te  X III ,  we p re se n t 
the  curve o f parag o n ite , closely affined  to m uscov ite , w hich is also in  accordance  
to  Barshad. T he curve is s im ila r to  the  form er ones, th e  large plain peak , Iioyv- 
ever, takes place som ew hat sooner in  the la t te r  case.

As for th e rm a l analysis o f  glauconite, th e re  a re  m any  and  m ostly  conco r
d a n t d a ta  in  th e  lite ra tu re  re fe rrin g  hereto. M. Sabatier  has investiga ted  th ree  
glauconite sam ples of various ages and localities, th e ir  therm ogram s were s im ila r  
to  each o ther. T he d. t .  a. curve o f glauconite u n fo rtu n a te ly  resem bles v e ry  m uch  
those of illite an d  o th e r hydrom ica-like m inerals, fo r th is  reason  its d e te rm in a tio n  
requires the u tm o s t care and  circum spection . T he cu rves show th ree en d o th e rm a l 
peaks, the  f irs t  appears a t a b o u t 150 to  200° C, th e  second, sm aller one a t  ca. 
600° C, the  th ird , the  sm allest peak  over 900° C. A ccording to  availab le  d a ta  
published b y  vario u s au th o rs , th e  difference b e tw een  th e  curves of g laucon ite  
an d  illite p ro b ab ly  consists, in  th e  fact th a t  th e  th ird  endotherm al p e a k  o f  
illite is im m ed ia te ly  followed b y  an  exo therm al p eak , w hich does n o t a p p e a r  
in  g lauconite curves (or a t  le a s t, if  it  appears, less d is tin c tly ). The d. t .  a. cu rv e  
o f seladonite is v e ry  sim ilar to  th a t  o f glauconite, a n d  its  de term ination  or r a th e r  
its  d istinc tion  from  g lauconite , is im possible on th is  basis.

f) Chlorite group

The papers b y  M. J. Orcel [130], N. S. K urnakov  an d  Y. V. Ciiernych  
[101] on d. t .  a. o f chlorites w ere published a t  a b o u t th e  sam e tim e. D . t .  a. 
curves of th e  m ost various k in d s  of chlorite in v e s tig a te d  b y  these au th o rs , h a v e  
no t been perfec tly  conco rdan t, nevertheless in  m o st cases there  a p p ea r tw o 
endo therm al peaks (of d eh y d ra tio n ), the f irs t one a t  ca. 650° C, the second a t  
abou t 850° C (curves 1 and  2 in  p la te  X IV ) b u t  these  peaks appear in  m a n y  
cases a t a low er tem p era tu re , a t  o ther tim es th e  second peak  alm ost co m ple te ly  
d isappears, la s tly  in  some cases exotherm al peaks ap p ear too, the la t te r  ones 
are p robab ly  due to  ox ida tio n  processes (curves 3, 4, 5 an d  6 in p la te  X IV ) . 
The chlorite cu rve  published b y  Grim and  Row land  [62] is of a quite d iffe ren t 
charac ter (see cu rv e  7). G. Sabatier  [146] has ca rried  ou t in teresting  e x p e ri
m ents, in  o rd er to  explain  th e  above-m entioned  differences. He s ta r te d  from  
th e  supposition , th a t  in  case o f  as large-sized c ry s ta ls  as those of ch lo rite , th e  
partic le  size w ith o u t dou b t p lay s a more im p o r ta n t p a r t  in the deve lopm en t 
of the th e rm o g ram , th a n  in  case o f fine-g ra ined  substances (e.g. clays). H e 
presents d. t .  a. curves o f fo u r chlorite sam ples, f i r s t  investiga ted  in th e  co a rse 
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g ra in e d  s ta te , in  the  second place we see th e  therm ogram s of th e  sam e sam ples 
a f te r  p rev io u s pow dering. T h e  in v estig a tio n s o f Sabatier are show n in  p la te  
X Y . T h is  au th o r sum s up th e  resu lts  of th e  inv estig a tio n  as follows : 1. There 
is a g re a t  difference betw een  th e  th e rm o g ram s of coarse-grained  chlorites. 
T h a t  is in  perfect accordance w ith  fo rm er observations, e.g . w ith  those of 
Or c el . 2. T here is a g rea t d ifference b e tw een  d. t .  a. curves o f ch lo rite , i f  the  
sam e  sam p le  is in v estig a ted , f irs t in  coarse-g rained  s ta te  and  th e n  pow dered. 
In  th e  case o f the  firs t tw o sam ples the  peaks are  shifted tow ards low er te m p e r
a tu re s , th e  second sam ple shows a g rea tly  w idened  peak, on th e  o th e r  h and  
sam p les  3 an d  4 d is tin c tly  show  only  one p eak  instead of tw o, w hile in  case 
o f  p o w d ered  sam ples the  ex o th e rm al peaks —  which are h a rd ly  observable 
o r ig in a lly  —  becom e s tro n g er. T he th ird  conclusion of the  a u th o r is p robab ly  
th e  m o s t im p o rta n t one in respect to  d. t .  a.: he points ou t, th a t  therm ogram s 
o f f in e -p o w d ered  sam ples are  o f th e  sam e ty p e . C onsequently th e re  is a possible 
h o p e , t h a t  th e  co n trad ic tions observed in  th e  course of th e  th e rm a l analysis 
o f  c h lo rite s  will be e lim in a ted , and th e  m eth o d  will be unequ ivocally  applied 
to  th e  detec tio n  of chlorites.

g) Verm iculites

I .  B arshad [5] has s tu d ied  in  d e ta il th e  p articu larities o f verm iculites 
a n d  he  p o in ted  out, th a t  one o f the  m ost rem ark ab le  peculiarities o f these  m ine
ra ls  co n sis ted  in reversible ca tio n -ex ch an g eab ility , which su rpassed  even  th a t 
o f  m o n tm orillon ites. In  n a tu ra l v erm icu lite  th e  exchangeable ca tio n  is Mg, 
o r p e rh a p s  Ca. These ex perim en ts are v e ry  im p o rtan t in respect to  d. t .  a., 
b e c a u se  th e y  facilita te  th e  in te rp re ta tio n  o f  d . t .  a. curves. In  th e  th e rm o g ram  
o f n a tu ra l  verm iculite  the  follow ing peaks are  to  be seen : betw een  100 and  
120° C a v e ry  sm all en d o th erm al p eak  rep re sen tin g  the  escape o f  w a te r , ab 
so rb e d  on th e  surface. This is soon followed b y  a large endo therm al p e a k  m a rk 
in g  th e  escape of n o n -co n stitu tio n a l w a te r, absorbed  betw een th e  layers. The 
m a x im u m  of th is  peak  tak es  place som ew hat u n d er 200° C. T h e re a fte r  we can 
o b se rv e  a th ird , even sm aller, en d o th erm al p e a k  betw een 250 and  300° C, m ark ing , 
like  in  th e  case of m on tm orillon ite , th e  escape of the w ater b ound  to  th e  ex
ch a n g e a b le  cation . A fu r th e r  en d o th erm al p e a k  follows a t ca. 800° C. T h is one 
re p re s e n ts  th e  escape of co n stitu tio n a l O H  rad ica ls , a t the sam e tim e  th e  s tru c tu re  
is d e s tru c te d , and  an  e n s ta ti te  s tru c tu re  is form ed at th e  ex o th e rm a l peak 
im m e d ia te ly  following on th e  en d o th e rm al peak .

O n th e  basis o f th e  in v estig a tio n s b y  B arshad , one m ay p o in t o u t how 
m u ch  th e  peaks resu lting  from  th e  escape o f  adsorbed  w ater are a ffec ted  b y  the 
q u a l i ty  o f  the  exchangeable ca tion . E .g . th e  sm all endotherm al p e a k  a t  280° C 
o n ly  ap p ea rs  in case of Mg and  Ca ca tions, in  verm iculite s a tu ra te d  w ith  Na 
th e  sm all peak  does no t tak e  place (an an a lo g y  w ith  m ontm orillon ites!), in  case



THE ROLE OF DIFFERENTIAL THERMAL ANALYSIS IN MINERALOGY 49

of verm iculites sa tu ra te d  w ith  К  an d  N H 4 all peaks rep resen ting  adsorbed  
w ater d isappear, as a p roo f th a t  th e  exchangeable ca tion  considerab ly  affects 
th e  am oun t o f w ate r abso rbed  betw een th e  lay ers . In  p la te  X V I d . t .  a. 
curves o f verm iculite  are show n, f irs t  in the n a tu ia l  s ta te , and  a fte r  p rev ious 
sa tu ra tio n  w ith  various ca tio n s respectively .

h) Feldspars

Concerning d. t .  a. o f fe ld sp ars , there  is b u t  one reference, n am ely  a paper 
b y  A. K öhler an d  P . W ie d e n  [91] pub lished  in  1954, show ing d . t .  a. 
curves of five  feldspar sam ples.

All five o f the  th e rm o g ram s d is tin c tly  show an  endo therm al peak  ap p e a r
ing  betw een 700 and 900° C. I t  is p articu la rly  d is tin c t in  th e  case o f á lh ite  (curve 
1 in  p la te  X V II) an d  o f one o f  th e  ano rth ites (curve 4). The m ost like ly  is 
th a t  th e  endo therm al peak  rep resen ts  an  inversion  from  th e  low te m p e ra tu re  
m odification  in to  th e  h igh te m p e ra tu re  m odifica tion . T h is observa tion  is su p 
po rted  b y  th e  fac t, th a t  curve 5 o f  th e  figure, recorded  from  a Jap an ese  a n o rth ite  
sam ple, does n o t show an y  sh a rp  endo therm al p eak , how ever, i t  has been  de
m o n stra ted  b y  an optical in v es tig a tio n  of the  sam e sam ple th a t  i t  o rig inally  
occurred  as a h ig h -tem p era tu re  m odification .

K öhler and  W ie d e n  h a v e  only in v es tig a ted  th e  plagioclases, b u t  th ey  
po in ted  ou t, th a t  the in v es tig a tio n  o f orlhoclases m ig h t be m uch m ore in te re s t
ing , for, as fa r  as can  he foreseen , d. t .  a. curves o f  th e  la t te r  w ould n o t only 
show the  fo rm ation  o f  the h ig h -tem p era tu re  m od ifica tion , b u t also th e  re m ix tu re  
o f p erth ites . F u rth e rm o re , th e y  would regard  th e  in v es tig a tio n  o f p o ta sh  feld
spars as im p o rta n t, for i f  one ev e r succeeded in  tra c in g , b y  m eans o f  d . t .  a., 
in  a sim ple w ay, w hether th e  p o ta sh  feldspar p resen t rep resen ts th e  lo w -tem per
a tu re  m odification  or th e  h ig h  one, an  im p o rta n t d a tu m  would be fu rn ish ed  
th e reb y  on g ran itiza tio n . T h ey  in te n d  to  con tinue th e ir  in v estiga tions in  th is  
m a tte r .

5 . Clay m inerals

As i t  has been m en tio n ed  above, the  group o f  clay  m inerals is one o f th e  
m ost im p o rta n t and , a t  th e  sam e tim e  the  m ost tho rough ly  s tu d ied  groups, 
in  respect to  d . t .  a. Since m icroscopical d e te rm in a tio n  of these m inera ls  en 
counters ce rta in  d ifficu lties because  of th e ir  fine p a rtic le  size, th e  in v estig a to rs  
o f th is  te rra in  are p a rtic u la rly  in  need of d. t .  a. in v estig a tio n s, besides X -ray  
investiga tions, and  i t  is due to  th is  fact, th a t  we h av e  th e  g rea test n u m b e r  of 
d a ta  —  w hich are a t th e  sam e tim e  th e  m ost reliab le ones —  on th is  v e ry  group .

L ite ra tu re  concern ing  d . t .  a. o f clay m inera ls, has recen tly  been enriched  
b y  two im p o rta n t m onograph ies. One is a p ap e r en titled  “ T he D ifferen tia l

4  Acta Geologica V /l.
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T h e rm a l Investiga tion  o f C lays”  b y  R. C. Mackenzie , published  in  1957 in  an 
e d itio n  of the M ineralogical Society  of L ondon, u n fo rtu n a te ly  it is unaccessible 
fo r u s . The o ther m o n o g rap h ic  work is a d escrip tion  of the  clay  m inerals of 
C zechoslovakia by  J . K onta  [90] conta in ing  a g rea t num ber o f d. t. a. curves.

W e shall tre a t clay m in era ls  in  the usual w ay , by  d iv id ing  th em  in to  three 
m a in  groups, to begin  w ith  th e  m inerals of th e  kaolin group, then  follow the 
m ontm orillonoide m inera ls , f in a lly  the illite-like m inerals.

a) M inerals o f the kaolin  group

Kaolinite, th e  m ost im p o r ta n t m em ber o f th is group, is perh ap s the  m ost 
th o ro u g h ly  investiga ted  m in e ra l in  respect to  its  th e rm a l behav iour. T he th e rm o 
g ra m  o f th is  m ineral, show s betw een  570 an d  600° C, a s trong  en d o th e rm al peak 
w h ich  is sym m etrical in  re sp ec t to  the  b isec to r d raw n from  th e  no rm al peak 
to  th e  base line. A t th is  p e a k , th e  kaolin ite  loses th e  co n stitu tio n a l O H  radicals, 
i ts  c ry s ta l s tru c tu re  b reak s  dow n. A nother p eak  appears in  the therm ogram  
b e tw e e n  950 and 1000° C, th is  is a sharp ex o th e rm al peak , rep resen tin g  the  in
v e rs io n  of the am orphous a lu m in iu m  oxide in to  у  a lum in ium  oxide. In  m inerals 
o f  o th e r  types, th is  rec ry s ta lliz a tio n  process o f a lum in ium  oxide tak es  place 
so o n er, e. g. the  ex o th e rm a l peak , m ark ing  th e  sam e process in  a lu n ite  takes 
p lace  m uch sooner, b u t  in  case of m inerals be longing  to  the  kaolin group the 
S i0 2 con ten t re ta rd s  th e  process of cry sta lliza tio n . However, th e  exo therm al 
p e a k  is no t in every case eq u a lly  sh a rp ,b u t th is  depends on the  degree o f  crysta ll
iz a tio n . On the o th e r h a n d , the  sharpness o f th e  endo therm al p eak  depends 
o n  th e  particle d is tr ib u tio n  as it  has been p o in ted  ou t, in general in connection 
w ith  th e  theoretical co n sid era tio n s tre a te d  in  p a r t  I.

In  certain  cases, th e  sh ap e  of the  d. t .  a. cu rve  o f kao lin ite  m ay  be affected 
b y  th e  im purities. R . M. Gruver , E. C. H e n r y , an d  H. H eystek  [68] in v esti
g a te d  th e  effect of iron o x ide  on the th e rm o g ram  of kao lin ite , and  th e y  pointed  
o u t ,  th a t  iron oxide d id  n o t cause any  considerable change. H ow ever, i f  kaolinite 
is m ixed  with certa in  im p u ritie s , the  m elting  p o in t o f w hich is low er than  the 
te m p e ra tu re  of th e  e x o th e rm a l peak of kao lin ite , th e  peaks, an d  p articu la rly  
th e  exotherm al peak , w ill be sm aller. In  p la te  X V II  we expose a fte r  some 
k a o lin ite  curves, th e  ch an g e  o f the  exo therm al peak  of kao lin ite  upon  the effect 
o f  N a 2C 0 3 and NaCl, on th e  basis of th e  above m en tioned  au th o rs’ experim ents.

T he therm al cu rve  o f  n ac rite  is very  s im ila r to  th a t  o f kao lin ite , there  
is b u t  one difference, n a m e ly  th e  endo therm al p eak  appears a t  ca. 60 to  70°C, 
h ig h e r  th a n  th a t  in  case o f  kaolin ite , as a p ro o f th a t  the  la ttic e  o f  nacrite  is 
so m ew h at more stab le . T h e  peak  is m uch p la in e r and  b ro ad er th a n  th a t  of 
k a o lin ite , there often  ap p e a rs  a double peak , w hich  is p ro b ab ly  due to  d ickite, 
p re se n t as an im p u rity . A ccord ing  to  our experience, th e  exo th erm al peak also
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appears a t  a som ew hat h igher tem p era tu re  th a n  th a t  of kaolinite, in th is  case, 
how ever, the  difference is insign ifican t.

In  th e  d. t .  a. curve of dickite, the  en d o th e rm al peak appears a t a still 
h igher te m p e ra tu re , a t ca. 700° C. I t  occurs m ost frequen tly  in n a tu re  to g e th e r  
w ith  n a c rite , b u t the  occurrences o f these m inera ls  are in general re la tiv e ly  
scarce. In  p la te  X IX  afte r som e therm ogram s o f n ac rite  and dickite , H u n g a r ia n  
occurrences of b o th  m inerals are shown too.

T he d. t .  a. curve of halloysite is likewise v e ry  sim ilar to th a t  o f  k ao lin ite , 
nevertheless th ey  are  well d istingu ishab le  from  each  o ther N am ely h a lloysite  
has an en d o th e rm al peak betw een 100 an d  200°C too , resulting  from  th e  loss of 
adso rbed  w ater. A fu rth e r  difference consists o f th e  fac t, th a t  the e n d o th e rm a l 
peak  o f a b o u t 600° C of halloysite  appears a t a som ew hat lower te m p e ra tu re  
(560 to  570° C) th a n  th a t  o f kaolin ite , the  shape o f  th e  peak is u sua lly  a sy m 
m etrica l, b u t  th e  ascendan t side is generally  s teep er th an  the  d escen d an t one. 
As for th e  theories concerning the  s tru c tu re  o f halloysite , the th e rm o g ra m  of 
ha lloysite  is m ostly  in  accordance w ith  th a t  o f  H endricks ; acco rd in g  to  
th is  th e o ry  th e  halloysite  contains certa in  layers, the com position w hereo f 
is iden tica l to  th a t  o f kao lin ite , and  the  w a te r-c o n ten t of halloysite ta k e s  place 
betw een  these  layers as m olecular w ater. T he halloysite  w hich h as  lo st its  
m olecular w a te r  is called m etahalloysite . T he h alloysite-m etahalloysite  a l te ra 
tion  is an  irreversib le  process.

”  Fireclay”  also belongs to  the  kaolin  g roup , on the basis o f  its  d. t .  a. 
curve, as it  rep resen ts a tran s itio n  betw een kao lin ite  and  halloysite. T h e  en d o 
th e rm al p eak  appearing  in  case o f ha lloysite  (over 100° C) is less in ten s iv e  
th an  in ’’firec lay ”  m inerals, otherw ise th e  curve is sim ilar to  th a t  o f  kao lin ite . 
In  recen t investig a tio n s it has been po in ted  o u t, th a t  the  struc tu re  o f th is  m in e ra l 
was a tra n s itio n a l one too, and  it  seems th a t  th ese  m inerals rep resen t a so rt 
o f con tinuous tra n s itio n  betw een  kao lin ite  an d  halloysite . Grimshaw , H eaten  
and  R oberts have  draw n up a very  in s tru c tiv e  ta b le  on the peaks o f  th e rm a l 
curves o f  kao lin ite , halloysite, and  “ firec lay ” , th is  table clearly show s th e  
above-m entioned  tran s itio n a l ch a rac te r [63].

T e m p e r a tu r e  o f  t h e  f i r s t T e m p e r a t u r e  o f  th e  m a in T e m p e r a t u r e  o f  t h e
e n d o th e r m a l  p e a k e n d o th e r m a l  p e a k e x o t h e r m a l  p e a k

K ao lin ite  ............................................... — cc о 980° C
H alloysite  ............................................ о 547 to 5 5 5 °C 965 to  972° C
“ F irec lay ”  m inerals ....................... 138 to 150 +  3 C 550 to 562° C 940 to  950° €

In  th e  course of d. t. a. investiga tions carried  ou t a t the H u n g a rian  S ta te  
Geological In s ti tu te  the  whole kaolin ite-“ firec lay ” -halloysite series a p p ea red  
in a v e ry  in te restin g  w ay, in  sam ples w hich cam e to  hand  from  th e  kaolin  
p rospecting  a t Szegilong (see p la te  X X ).

4*
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B elyankin  h as fo u n d  a sort of kao lin , in  th e  therm ogram  o f w hich the 
en d o th e rm a l p eak  is ab so lu te ly  iden tical to  t h a t  o f  kaolin, b u t th e  exo th erm al 
process betw een 950 a n d  1000° C is com pletely  m issing. This m inera l h as  been 
called  m o n o th erm ite  b y  Sov ie t in v estig a to rs , o n  th e  in itia tive  o f B el y a n k in . 
T h e  m o n o therm ite  is considered  as a kao lin ite  m in era l of m ixed s tru c tu re , b u t 
b y  experiences o b ta in e d  from  the th e rm o g ram  o f kao lin ite , i t  can  be  supposed, 
t h a t  m o n o therm ite  is in  fa c t a badly  c ry sta llized  kaolin  where th e  ex o th e rm al 
p eak  is m issing in  consequence of the  low deg ree  o f crystallization .

b) Montmorillonoide m inerals

T herm ogram s o f  v a rious m inerals o f th e  m ontm orillonoide g roup  show 
m a n y  iden tica l c h a rac te ris tic s . F irs t of all, each  one has an en d o th e rm al peak  
b e tw een  100 and  250° C, resu lting  from  th e  escape of adsorbed w a te r. T he 
follow ing, likewise a n  endo therm al peak  ta k e s  p lace betw een 500 an d  800° C, 
th e  respective te m p e ra tu re s  sufficiently  ch a rac te rize  each m em ber o f th e  group . 
T h e  la t te r  peak  m a rk s  a p a r tia l escape o f O H  rad ica ls  of the la ttic e . F ina lly , 
a th ird  endo therm al p e a k  a t  ca. 900° C rep re sen ts  th e  escape of all co n stitu tio n a l 
O H  rad ica ls  and  a to ta l  b reak ing  down o f th e  la ttic e . In  m ost cases, th is  p e a k  
is im m ed ia te ly  follow ed b y  an  exo therm al p e a k , a ttr ib u te d  to  th e  fo rm atio n  
o f  sp inel w hich ta k e s  p lace d irectly  a fte r th e  d estru c tio n  of th e  la ttic e . Less 
im p o r ta n t, b u t c h a ra c te r is tic  differences b e tw een  several m em bers o f  th e  
g ro u p  will he below tre a te d , in  connection w ith  th e  descrip tion  of th e ir  respective  
th e rm o g ram s.

T he th e rm al cu rv e  o f  m ontm orillon ite  w as exam ined by  m a n y  in v es ti
g a to rs . Concerning th e  f i r s t  endotherm al p eak , th e  m axim um  w hereof u sua lly  
ta k e s  place som ew hat u n d e r 200° C, m a n y  in terestin g  d a ta  h av e  been 
g iven  b y  th e  th o ro u g h  investigations b y  S. B . H endricks an d  h is col
lab o ra to rs  [71]. T h ey  h av e  po in ted  out, th a t  th e  escape of adsorbed  w a te r  was 
a reversib le  process. T he am ount of adso rbed  w a te r  depends on th e  re la tiv e  
m o is tu re  and  on th e  q u a lity  of exchangeable ca tions. Therefore, th e  shape  or 
th e  m ag n itu d e  of th e  f ir s t  peak  cannot ch a rac te rize  th e  clay m ineral in  question . 
I t  h as  been po in ted  o u t in  the  general p a r t  o f th is  paper, too, th a t  for th e  v e ry  
reasons m en tioned  above , no q u a n tita tiv e  d e te rm in a tio n  of m on tm o rillo n ite  
cou ld  he carried  o u t on th e  basis of th e  f i r s t  endo therm al peak . T he shape 
o f  th e  curve is a ffec ted , according to  experience, b y  th e  quality  of th e  exch an g e
ab le  ca tion , or r a th e r  b y  its  h y d ra ta tio n  en e rg y . P la te  X X I shows, accord ing  
to  th e  in v estiga tions o f I. B arshad, th e  ch an g e  in  th e  shape of th e  f ir s t  endo
th e rm a l peak , re la te d  to  th e  su b stitu ted  ca tio n . As is to  be seen, in  case of 
Ca, Mg, B a ions, th e  f i r s t  peak  is double o r ev en  treb le , on th e  o th e r  h a n d  the 
p eak  is sim ple an d  th e  p eak  area sm aller in  th e  case of N a, N H 4, К  ions. In  the
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case o f m ontm orillon ite  sa tu ra te d  w ith  N H 4, th e  exotherm al peaks a p p ea rin g  
a t  a b o u t 400° C —  w hich do n o t ap p ea r in  a n y  o th e r samples —  a re  p ro b ab ly  
in  connection  w ith  th e  escape o f  N H 3. In  fa c t th e  f irs t peak consists  o f  th ree  
p a r ts  : th e  p eak  appearing  a t  130° C resu lts from  th e  escape of ad so rb ed  w ater, 
th e  second one a t  165° G fro m  th a t  o f in te rla m e lla r  w ater, th e  t h i r d  a t  
220 ° C from  th a t  of the  h y d ra te  core o f th e  exchangeable ca tion .

O n th e  basis of all these, i t  is obvious to  in fe r on  the  quality  o f th e  ex ch an g e 
able ca tio n  from  th e  shape o f  th e  f irs t  peak . H u n g arian  b en to n ite s  co n ta in  
C a-m ontm orillon ite  for the  m ost p a r t ,  in  c o n tra s t  to  N a-m ontm orillon ites w hich 
are m ore freq u en t in  A m erica.

W e also have ou r own experiences on th e  change of the peaks o f  Ca- and  
N a-m ontm orillon ite . Some ex p erim en ts  w ere ca rried  ou t by  our co llab o ra to rs  
in  th e  H u n g a rian  S ta te  G eological In s t i tu te  in  o rd er to  win m o n tm o rillo n ite  
in th e  shape o f N a-m ontm orillon ite  from  b en to n ite s  by  ap p ly ing  a process 
o f colloid chem istry , in  accordance w ith  th e  m ethod  described b y  BuzÁGH 
an d  Szepesi [19]. W e have a sce rta in ed  th a t  th e y  h ad  su ffic ien tly  succeeded  
in sep a ra tin g  m ontm orillon ite  from  th e  o th e r m inera ls and  the so w on  p ro d u c t 
in  ev e ry  case gave th e  th eo re tica l m o n tm o rillo n ite  curve. In  p la te  X X I I ,  we 
p resen t, follow ing some A m erican  m o n tm o rillo n ite  curves, th e rm o g ra m s  of 
H u n g a ria n  b en to n ite  occurrences, f in a lly  th e  N a-m ontm orillon ite  w on  from  
th e  b e n to n ite  o f  Istenm ezeje.

In  th e  th e rm a l curve o f  m o n tm o rillo n ite , th e  second e n d o th e rm a l peak  
u su a lly  appears betw een 670 a n d  710° C. T h is p eak  already m ark s th e  escape 
o f  th e  O H  rad ica l o f the  la ttic e . T h is is n a tu ra lly  an  irreversible p rocess. I t  is 
n o t q u ite  clear, w hether all O H  rad ica ls  escape in  the course o f  th is  p ro 
cess, or on ly  a p a r t  thereof. A ccording to  som e investigators, th e re  is no 
m ore loss o f constitu tiona l w a te r  a t  th e  p eak  appearing a t  900° C, th is  
peak  on ly  m ark in g  th e  d es tru c tio n  o f th e  la ttic e  ; according to  o th e r  in v e s ti
ga to rs th e  O H  radicals rem ain ing  a t  700° C to ta lly  escape a t 900° C. A ccord ing  
to  a n o th e r supposition , one p eak  rep resen ts  th e  O H  radicals e scap ing  fro m  the  
o c tah ed ra l s tru c tu re , the  o th e r  one m ark in g  those escaping from  th e  te t r a 
h ed ra l s tru c tu re . In  an y  case, i t  m ay  be p o in te d  out, th a t  th e  su b s ti tu tio n s  
ta k in g  place in  th e  la ttice , re m a rk a b ly  affect th e  tem p era tu re  of th e  p e a k  a p p e a r
ing  a t  ca . 700° C. In  general, th e  A l-hydroxy l-bond  seems to  be m u ch  s tro n g er 
th a n  th e  F e-hydroxyl-bond, on th e  o th e r h a n d  th e  M g-hydroxyl-bond is even 
s tro n g er th a n  th e  A l-hydroxyl-bond. C onsequen tly , in  case of tho se  m o n tm o ril-  
lonoide m inerals in w hich A1 is su b s titu te d  b y  F e (nontronite , b c id e llite ), the  
second endo therm al peak ap p ears  a t  100 to  200° C lower th a n  in  p u re  m o n t
m orillon ite , on th e  o ther h an d  in case o f Mg su b stitu tio n s  (sapon ite , h ec to rite ) 
th is  p eak  appears a t  abou t 100° C h igher.

T he th ird  endo therm al p e a k  is also a ffec ted  by  the su b s titu tio n  tak in g  
place in  th e  la ttice  ; as the  la tt ic e  is to ta lly  d es tru c ted  here, one ca n  observe
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th e  e ffec t o f the su b s ti tu tio n s  tak in g  place in  th e  o c tah ed ra l s tru c tu re  as m uch  
a s  on those  of the te tr a h e d ra l  s truc tu re . T he v a r ie ty  of peak te m p e ra tu re s  is 
n o t p e rh ap s  so considerab le  a t  th is peak as in  th e  form er, b u t one can often 
o b se rv e  th a t  th e  m a g n itu d e  o f  th e  peak decreases w ith o u t any  reason ; in  m an y  
cases w e have even seen t h a t  the  th ird  p eak  w as h a rd ly  observable.

T h e  exo therm al p eak  follow ing upon th e  th i r d  endo therm al peak  is affected  
an ew  b y  su b stitu tio n s , n a m e ly  b y  those o f  th e  o c tahed ra l layer. In  case of 
A l-M g-substitu tion  th e  ex o th e rm al peak is sh a rp e n e d , while it m ay  com plete ly  
d is a p p e a r  upon th e  effect o f  A l-F e-substitu tion .

O n th e  basis o f  all th e  above described, d . t .  a. curves of o th e r m em bers 
o f th e  m ontm orillono ide g ro u p  are easily in te rp re te d .

In  th e  therm ogram  o f nontronite, a fte r th e  u su a l in itia l large p eak  o f a d 
so rp tio n , th e  second en d o th e rm a l peak a lread y  ap p e a rs  betw een 400 an d  500° C 
(h igh  F e su b stitu tio n ), th e  th ird  endo therm al p eak  appears a t ca. 900° C in 
th is  case as well, b u t  i t  is n o t sufficiently  c h a ra c te r is tic  and th e  ex o th e rm al 
p e a k  following th e reu p o n  is d im in ished  because o f  th e  h igh iron con ten t. In  p la te  
X X I I I ,  we p resen t, a f te r  som e m ontm orillon ite  curves, the th e rm o g ram  of 
th e  n o n tro n ite  of U zgorod  (U ngvár) which h a s  fo r  some tim e been  w rongly 
called  chloropal.

Beidellite has also b e e n  form ed from  m o n tm o rillo n ite  s tru c tu re  b y  A l-Fe 
su b s titu tio n . H ow ever, w hile in  the  case o f n o n tro n ite  the su b s titu tio n  has 
to ta lly  been accom plished, th e  substitu tio n  in  b e id e llite  took place on ly  in  half. 
In  th e  d . t .  a. curve o f  b e idellite , the second e n d o th e rm a l peak appears —  in 
acco rd an ce  w ith  o u r th e o re tic a l considerations —  som ew hat low er th a n  th e  
700° C peak of m o n tm o rillo n ite , b u t h igher th a n  th e  non tronite  peak  tak in g  
p lace  u n d e r  500° C, i.e. be tw een  550 and 600° C. R . Grim and  A. R owland 
—  th o u g h  they  do n o t d o u b t the existence o f  beidellite  as an  in d ep en d en t 
m in e ra l —  have po in ted  o u t, a fte r having m ad e  th erm o g ram s of m an y  so-called 
b e id e llite  sam ples, th a t  even  one of the sam ples co m in g  from  its o rig inal locality  
(B eidell), was a m ix tu re  o f  m inerals consisting  o f  halloysite , illite an d  m o n t
m orillon ite . S im ilar o b se rv a tio n s  were m ade in  case of five o th e r so-called 
b e id e llite  sam ples b y  Grim an d  Rowland. A s a m a tte r  of fact, it is d ifficu lt 
to  decide  th is q uestion , o n ly  on the basis o f th e rm a l curves.

Saponite. I ts  s tru c tu re  is form ed by Al-M g su b s titu tio n  in th e  o c tah ed ra l 
s tru c tu re .  The second en d o th e rm a l peak ap p ea rs  a t  abou t 800° С. Ch . K iefer  
has in te rp re te d  th e  th e rm o g ra m  of the sa p o n ite  sam ple he in v es tig a ted , as 
follow s : a t the  f irs t  p eak  o f  dehydra tion  (w ith  a p e a k  m axim um  of ca. 180° C), 
th e  m in e ra l loses a b o u t 2 3 ,8%  of its w a te r c o n te n t. The second d eh y d ra tio n  
re su lts  in  an en d o th e rm a l p eak  betw een 820 a n d  860° C. In  the  course o f th e  
la t te r  process the  loss o f  w a te r  am ounts to  4 ,6 % , corresponding to  its  c o n s titu 
tio n a l w ate r. Curve 6 in p la te  X X III  shows a sap o n ite  sam ple in v estig a ted  
by  K ie f e r ; a t abou t 650° C there ap p ears  a fu rth e r  endo therm al peak ,
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besides the above-m entioned  ones. A ccording to  th e  in te rp re ta tio n  o f  K i e f e r  

the  th ird  peak  is due to a an tig o rite . The ex o th e rm al peak of an tig o rite  is o v e r
lapped  by  th e  en d o th e rm al peak  o f sapon ite  ap p earin g  over 800° C.

Hectorite u su a lly  contains L i, besides Mg. I ts  th e rm al curve is sim ilar 
to  th a t  o f sap o n ite  (curve 7, in p la te  X X II I ) .

Sauconite is a zinciferous m ontm orillono ide m inera l. I ts  th e rm al b eh av io u r 
is described b y  C. S. R oss [139]. U p to  600° C, saucon ite  behaves in  general, 
in  the  sam e w ay as m ontm orillonoide m inerals, b u t  over 600° C the  fo rm ation  
o f new zinc silicates is accom panied by  ex o th erm al peaks.

c) Hydromicas

Illite. A lthough  illite very  freq u en tly  occurs in  n a tu re , it  is very  d ifficu lt 
to acquire pu re  illite  in order to  de term ine  its  th erm o g ram , for in m ost illite  
sam ples, e ith er o th e r  sorts o f clay m inerals occur (e. g. kaolinite) to g e th e r w ith  
illite , or i t  fo rm s a m ixed la ttic e  w ith  m ontm orillonoide m inerals.

The d. t .  a. curve of illite is less ch a rac te ris tic  th a n  th a t  of m ontm orillon ite . 
T he ch arac ter o f  th e  curve is v e ry  sim ilar to  th a t  o f the  m ontm orillonoide 
m inerals, b u t  th e  peaks are less d is tin c t, sm aller an d  less sharp . The f ir s t  endo
th e rm a l peak , likew ise resu lting  from  the  escape o f adsorbed w ater, appears 
betw een  100 an d  200° C, b u t i t  is m uch sm aller th a n  in  the case of m o n tm o ril
lon ite . The second endo therm al peak  rep resen tin g  the  escape of co n s titu tio n a l 
w a te r appears betw een  500 an d  650° C. F in a lly , a t  ca. 900° € , a th ird , sm all 
endo therm al p eak  accom panies th e  d es tru c tio n  o f  the  la ttice . In  m ost cases, 
the th ird  peak  —  sim ilarly  to  th a t  of m on tm orillon ites —  is im m ed ia te ly  
followed by  a sh a rp  exotherm al p eak  which m ay  be in te rp re ted  by  th e  fo rm atio n  
o f spinel as well, and  w hich ind ica tes th e  co n tam in a tio n  of illite b y  m o n t
m orillonite. A ccording to  R. E . Grim and  W . F . B radley [60] b o th  th e  f irs t  
and  th e  second endo therm al peaks are reversib le , for if  the  illite sam ple is 
hea ted  up to  800° C and th en  left to  stan d  fo r a long tim e, it  m ay  recover th e  
w ate r w hich h a d  escaped from  its  s tru c tu re . A fte r the  final d estru c tio n  ta k in g  
place over 800° C, i t  is no t possible any  longer to  reconstruc t th e  o rig inal 
s tru c tu re . The exo therm al peak  o f  illite and , in  a low er degree, its  en d o th e rm al 
peaks are in  m an y  cases also irreg u la r. T his fa c t ind icates th a t  th e  s tru c tu re  
o f illite is n e ith e r  regu lar nor un ifo rm  ; as a m a tte r  o f fact it  rep resen ts a m ineral 
g roup  ra th e r  th a n  an in d iv idua l m ineral.

As has been poin ted  ou t above, it o ften  happens th a t illite an d  m o n t
m orillonite are  in te rlaced . E .g . th e  clay called illite of S árospatak  accord ing  
to  lite ra tu re , ( it  comes in fac t from  F ü zé rrad v án y ) consists, according to  th e  
investiga tions o f  B radley , of facets , the core o f  w hich is illite , a lte red  on th e  
surface in to  m ontm orillon ite . I t  follows th a t  th e  chem ical analysis and  X -ray
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d ia g ra m  o f th is m ineral co rrespond  to  those o f illite, b u t its cation  exchange 
a n d , in  general, th e  colloidal superfic ia l p ro p erties  rem ind  one o f  th o se  of 
m o n tm o rillo n ite .

I n  th e  d. t .  a. curves, th e  m ixed la ttic e  is usually  recognizable. E .g . in 
cu rv e  7 o f  p late  X X IY /a  one m ay  see b o th  th e  endo therm al peak o f illite  a t  ca. 
600° C a n d  th a t  of m on tm o rillo n ite  a t ca. 700° C. T he f irs t en d o th e rm al peak  
re s u ltin g  from  the  escape o f  adso rbed  w a te r is la rg e r th a n  is usual in  case o f 
illite , b u t  sm aller th a n  th a t  o f  m ontm orillon ites.

W e can give some d a ta  on H u n g arian  occurrences of illite p ro v in g  th e ir  
g en era l spreading in  n a tu re . W e in v estig a ted  P leistocene clay  sam ples 
fro m  v a rio u s  localities o f  th e  G rea t H u n g a rian  P la in , an d  we have p o in ted  ou t, 
t h a t  th e  dom inan t clay  m in e ra l o f  these fo rm ations was alw ays illite . (See 
cu rv es  3 a n d  4 in  p late  X X IY /a ) S im ilar d a ta  have  been o b ta ined  b y  W iklander  
[174] o n  Swedish and  b y  Soveri [157] on F in n ish  Q u a te rn a ry  clays.

W e have to  m en tio n  in  th e  group o f  h yd rom icas, th e  hyd ro  m uscov ite  
o f  N ag y börzsöny , described b y  J. E rdélyi [35] Curve 1 of p la te  X X IV /b  
show s th e  therm ogram  ta k e n  from  th is  m inera l com paring i t  w ith  the  
p a ra g o n ite  sam ple of B a r s h a d  [5] m entioned  in  an o th e r passage, th e  curve 
o f  w h ich  is shown below th e  form er. A ccording to  E rdélyi, i t  corresponds 
in  all likelihood to h y d ro m u sco v ite . This is also supported  b y  th e  s im ila rity  
o f  b o th  therm ogram s.

C urve  3 of the p la te  has been  recorded from  a Ieverrierite  sam ple pub lished  
b y  K o n t a .

A ccord ing  to  E r d ély i, th e  Ieverrierite  m en tio n ed  as hy d ro m u sco v ite  by  
K o n ta , is ra th e r  to  be q u a lified  as sericite , as its  therm o g ram  is also d iffe ren t 
f ro m  th e  curve of the  hy d ro m u sco v ite  from  N agybörzsöny .

d) M ixtures o f  clay minerals

S ince i t  often happens in  n a tu re  th a t  vario u s clay m inerals occur beside 
each  o th e r  (m ixed or in te rg ro w n ), m an y  in v estig a to rs  have also s tu d ie d  th e  
th e rm a l curves of m ix tu res o f  clay  m inerals.

R . E . G r i m  [58] p rep a red  a rtific ia l m ix tu res  of som e clay m inera ls  in 
v a r io u s  proportions. In  th e  case of m ix tu res  of kao lin ite  and  illite (p la te  X X V ) 
i t  c a n  b e  observed, th a t  th e  detec tio n  of these  tw o clay m inerals beside each 
o th e r , o n  th e  sole basis o f th e  th e rm o g ram , m ay  give rise to  som e confusion. 
P o ss ib ly  th e  in itia l peak  o f illite  is m islead ing , for one m igh t infer th e  presence 
o f  ’’f ire c la y ”  from  th is  peak . T h e  second peak  of illite  and  th e  large en d o th e rm al 
p e a k  o f  kao lin ite  are overlap p in g . T hough th e  th ird  peak  of illite an d  th e  sm all 
e x o th e rm a l peak following th e re u p o n  are sep a ra te d  from  th e  large ex o th e rm al
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peak  of kaolin ite  in  these  curves, these v e ry  peaks are  n o t alw ays d is tin c t 
enough in illite.

T he de te rm in a tio n  beside each o ther o f C a-m ontm orillon ite  an d  kaolin ite  
is an  easier ta sk , because th e  ch aracteristic  peaks o f  b o th  m inerals d is tin c tly  
appear. M ixtures beside each  o th e r o f  N a-m ontm orillon ite  an d  kao lin ite  rep resen t 
an  analogous case (p la te  X X V I).

The d e te rm ina tion  ag a in  becom es more d ifficu lt Avlien illite occurs beside 
m ontm orillonite , th o u g h , as i t  is to  be seen in  p la te  X X V I, th e  illite  peak  
a t abou t 600° C, an d  th e  m ontm orillon ite  p eak  a t  ab o u t 700°C m ake the  p res
ence of bo th  m inerals beside each o ther qu ite  ev id en t.

The tw o la s t curves o f  p la te  X X V I accord ing  to  Grim show th e  sim ul
taneous presence of kao lin ite , illite, and m on tm orillon ite . In  th is  case, th e  
detec tion  of illite is p rac tica lly  im possible, for th e  f i r s t  p eak  is overlapped  b y  
th a t  o f m ontm orillon ite , th e  second one b y  th a t  o f kao lin ite . C ertain  anom alies 
o f th e  curve, how ever, call a tte n tio n  to  the possib ility  o f th e  presence o f th is  
m ineral.

e) Special clay m inerals

On plate  X X V II d . t .  a . curves of tw o allophanes are  p resen ted , according 
to  W . A. W hite [170]. C urves 1 and  2 were ta k e n  a f te r  p revious desiccation 
o f th e  sam ple a t 110° C —  d u rin g  one n igh t —  curves 3 an d  4 are th e rm o 
gram s of the sam e sam ples in  th e ir  original s ta te  o f m o istu re . As i t  can  be o b 
served , th e  o rig inally  abso rbed  m oisture  of th e  allophane sam ples is ra th e r  high. 
The sm all endo therm al peak  app earin g  over 500° C is p ro b ab ly  due to  a c o n ta 
m in a tio n  b y  som e o th e r m inera l. The exo therm al p eak  over 1000° C m arks 
th e  form ation  o f a neAV m odifica tion . A llophanes are n o t crysta lline , b u t 
am orphous clay m inerals, how ever because o f th e  ex o th e rm al peak  w hich is 
observable a t ab o u t 1000° C in  th e ir  therm ogram , th e y  are  usually  tre a te d  
am ong the  kaolin  g roup  o f m inerals.

The last curve o f p la te  X X V II was ta k e n  from  dillnite, a special clay 
m ineral. This m ineral occurs in  th e  region o f  B an sk á  B elá, Czechoslovakia, 
and  was described m ore th a n  a 100 years ago b y  H utzlemann. T his m ineral 
u p  till now was considered as a m ix tu re  consisting  for th e  m ost p a r t o f kao lin ite  
and  diaspore. J .  K onta [89 an d  90] has recen tly  p o in ted  o u t th a t  d illn ite  was 
a special clay m ineral w ith  h igh  A1.,03 con ten t. T he th e rm o g ram  of th is  m ineral 
according to  K onta is show n in  p la te  X X V II. T he curve  shows th a t  th ere  is 
p rac tica lly  no loss o f  adso rbed  w ater. This m inera l loses its  constitu tiona l 
w a te r  a t  an  unusually  h igh  tem p era tu re , betw een 700 an d  900° C, th e  m axim um  
o f its endo therm al peak  being  a t  ca. 860° C. Only ta lc  an d  m uscovite  are d eh y d ra ted  
a t  such high tem p era tu res , b u t  the  peaks of these  m inera ls  are  m uch p la in e r, 
T he therm ogram  o f p y ro p h y llite  is also of a qu ite  d iffe ren t ty p e . C onsequently .
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on th e  basis of the d. t. a. curve, K onta has been able to point out, that dillnite 
was a clay  mineral of high hygroscopicity and, on the other hand, the OH 
groups were very strongly bound in the crystal lattice.

I n  add itio n  we m en tio n  th a t  we ourselves carried  ou t a d. t. a. te s t o f 
the d illn ite  sam ple of the  H u n g a r ia n  N ational M useum , a fte r  the publication  
o f K o n t a ’s  paper and  th e  re su lts  we ob ta ined  were in  accordance w ith  his. 
W e c a n  com plete his resu lts  w ith  th e  fac t, th a t  we con tinued  th is  investiga tion  
up  to  1150° C in order to  d e te rm in e  w hether a second p eak  would ap p ea r over 
1000° C. I t  has been proved  t h a t  no fu r th e r  peak  appeared  in  th e  therm ogram  
u p  to  th e  above-m entioned te m p e ra tu re .

6. P hosphates

In  th e  course of th e  th e rm a l analysis of phosphates, processes involving 
h e a t  ch an g e  take  place a t  d e h y d ra tio n , d issociation , an d  inversion  from  one 
m o d ific a tio n  into ano ther. C onsequen tly , it  is qu ite  probable, th a t som e charac
te r is tic  peaks appear in  th e  therm ogram  of m ost phosphate  m inerals.

H . J .  Manly [117] has d e te rm in e d  d. t .  a. curves of 14 p h o sp h a te  m inerals 
an d  in te rp re te d  the peaks a p p e a rin g  in  the  curve (p late X X V III) . M ost phos
p h a te  m inera ls  (variscite , b o liv a r ite , lazu litc , w avellite, evansite , bob ierrite , 
v iv ia n ite , zepharovichite  [?]), show  an  endo therm al peak, each a t low tem p er
a tu re s  be tw een  100 and 300° C, m ark in g  the escape of c ry sta l w ate r. In  m any 
cases, a second endo therm al p e a k  appears a t a several h u n d re d  degrees higher 
te m p e ra tu re , th is one u su a lly  m ark s the  escape of co n s titu tio n a l O H . E xo
th e rm a l peaks appearing  a t  h ig h er tem p era tu res  rep resen t rec rysta llization . 
C urve  7 tak en  from  an a rtif ic ia l b erlin ite  m in e ia l (A 1P04) is p a r tic u la rly  rem ark 
ab le . T h is  curve is v e ry  s im ila r  to  th a t  of q u artz , b u t in  th is  case th e  peak 
a p p e a rs  a t  585° C, i.e. 10° h ig h e r th a n  th e  q u a rtz  peak. T his p eak  represen ts 
an  in v ersio n , nam ely th e  a  m o d ifica tion  —у ß  m odification  inversion .

T h e  ex trao rd in arily  tw is te d  peaks o f Manly’s p h o sp h a te  therm ogram s 
are  o b v io u sly  to be a ttr ib u te d  to  th e  record ing  eq u ip m en t used b y  th is au thor. 
T h e  fig u re s  show th a t the  pen  a rm  o f the recorder did no t record s tra ig h t, bu t 
a lo n g  a  c ircu lar arc.

O ne can find  only one reference concerning flu o ra p a tite  : accord ing  to
S. R . S ilverman, R. K . F u y a t , and  J . D. Weiser  [155], th e  th e rm al curve 
o f  f lu o ra p a tite  does n o t show  an y  bend in g  up to 950° C.

In  1957, a new alum inium  phosphate was described under the name 
of k in g ite  (A120 3 • A 1(0H )3P 20 5 • 9 H 20 ) by N orrisii and his collaborators 
[126]. W e present the curve o f this mineral in plate X X \III //> .
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7. Sulfates

In  th e  d . t. a. curves of an h y d ro u s su lfa te s , peaks generally a p p e a r  in 
consequence o f po lym orphous a lte ra tio n s  or possib ly  from  fusion. I n  case of 
hyd ro u s su lfa tes, dehyd ra tio n  m ay  n a tu ra lly  re su lt in  endo therm al peaks. 
Besides, som e o th e r processes, e.g. ox ida tion , change in valence, d ecom position  
etc ., can  tak e  place in  certa in  su lfate  m inera ls .

W e h av e  a sm all n um ber o f references on d . t. a. o f sulfates a t o u r d isposal, 
except for gypsum  and  a lun ite . A long-needed w ork has been ca rried  o u t in 
th is te r ra in  by A. J . Cvetkov and  E . P . Valyasiiiina  [26]. T h e ir p a p e r  of 
m ore th a n  100 pages gives an  overall view  o f th e  th e rm a l behaviour o f  su lfa tes .

In  the  th e rm a l curve of th e n a rd ite  (N a2S 0 4) one m ay observe tw o  en d o 
th e rm al processes (see p la te  X X IX ). T he f irs t  process s ta rts  a t 230° C, reaches 
its m ax im um  a t 270° C, th is is a reversib le  polym orphous a lte ra tio n . T he 
second en d o th e rm al process tak es  place a t  890° C, i t  m arks the  fusion  of 
th e n a rd ite .

T he therm ogram  of g lauberite  (N a2C a(S 04)2) sim ilarly  shows tw o  endo
th e rm al peaks. The firs t peak s ta r ts  a t 520° C, reaches its  m axim um  a t  540° C, 
th is  p eak  rep resen ts  th e  decom position of doub le  sa lt in to  C aS04 an d  N a 2S 0 4. 
A t the  second peak  (890 to 910° C) th e  su b stan ce  fuses.

T he th e rm a l curve of b a ry te  does n o t show  any  peak in  th e  cou rse  of 
hea tin g  up  to  th e  usual degree (1000°C), bu t a t  1150° C there  appears an  en d o 
th e rm al peak  resu ltin g  from  a po lym orphous a lte ra tio n  of the  b a ry te .  T his 
peak  is reversib le , it  appears in the  cooling cu rve , on the sam e te m p e ra tu re  
as th a t  o f  th e  exo therm al peak (curve 3 in  p la te  X X IX ).

T he th e rm o g ram  of anglesite (P b S 0 4) show s an  endo therm al p e a k  a t 
860° C in  consequence of a polym orphous a lte ra tio n , in  addition , a cco rd in g  to  
Cvetkov an d  his co llaborator, th ere  appears a second endo therm al p e a k  a t 
960° C, a fte r  repea ted  hea tin g  and  cooling. T h ey , however, were n o t  ab le  to  
give a reason  for the  la tte r  peak.

T h e  th e rm a l curve of anhydrite  (C aS 04), s im ilarly  to  th a t of b a ry te ,  does 
n o t show  an y  process involving change in  h e a t co n ten t up to  1000° C, b u t 
from  1190° C on, an endo therm al peak  w ith  a m axim um  of 1200° C ap p ears  
in the a n h y d rite  sam ple hea ted  over 1000° C. T h is peak results from  a p o ly 
m orphous a lte ra tio n , too (curve 5 in  p la te  X X IX ). Since the th e rm o g ra m  of 
gypsum  is d ifferen t from  th a t  o f an h y d rite  because of d eh y d ra tio n , d . t .  a. 
can be em ployed  as an easy m ethod in geological research, for th e  p u rp o se  of 
d is tin g u ish in g  gypsum  from  an h y d rite .

T he th e rm a l curve of coelestine (S rS 0 4) is v e ry  sim ilar to th a t  o f  b a ry te  ; 
a t a b o u t th e  sam e tem p era tu re , from  1145° C on , it  shows an  e n d o th e rm a l 
curve w hich is due likewise to a po lym orphous a lte ra tio n . This process is also 
reversib le (curve 6 in p late  X X IX ).
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T h e  therm al b e h a v io u r  o f the m em bers o f  a lu n ite  and ja rosite  series w ere 
th o ro u g h ly  exam ined  b y  J .  L. K ulp an d  A . H . A dler, besides th e  above 
m e n tio n e d  au thors. T h ere  is no considerable d ifference  of opinion b e tw een  th e  
re sp ec tiv e  au th o rs .

I n  th e  d. t .  a. cu rv e  o f  alunite (see cu rv es  1 and  2 in p la te  X X X ) one 
can  see tw o large e n d o th e rm a l peaks and a sm all en d o th e rm al one. The m ax im um  
o f th e  f ir s t  large e n d o th e rm a l peak takes p lace  a t  ca. 550° C. A t th is  p e a k  th e  
la tt ic e  o f  a lun ite  is d e s tru c te d  during d eh y d ra tio n . T he process o f decom position  
is th e  following :

K 2[Al3(S 0 4)2( 0 H ) e]2 ->  K 2S 0 4 • A12(S 0 4)3 +  2A1,03 +  6H 20 .

O ver 760° C, th e  recrysta llization  of a  A120 3 begins a t a sm all ex o th e rm a l 
p e a k  w hich, how ever, sh o rtly  tu rn s  in to  a la rg e  endotherm al peak , m ark in g  
a n o th e r  decom position  as follows :

K 2S 0 4 • A12(S 0 4)3 -V K 2S 0 4 +  A120 .j +  3S03.

A ccord ing  to  ce rta in  a u th o rs , the m axim um  o f th e  second peak  ta k e s  p lace  
b e tw een  810 and  850° C.

I n  consequence o f  th e  stru c tu ra l an a lo g y , th e  curve of jarosite  is very  
s im ila r  to  th a t  o f a lu n ite , th e  only difference b e tw een  bo th  these th e rm o g ra m s 
co n sis ts  in  the  values o f  th e  peak te m p e ra tu re . In  case of ja ro s ite , th e  f irs t  
en d o th e rm a l peak  ap p e a rs  a t  an  about 100° C low er tem p era tu re , i.e . a t  ca. 
460° C, as a proof t h a t  th e  Fe-O H  bond is looser th a n  the Al-OH b o n d . T h e  
p rocess o f decom position  is sim ilar to th a t  o f  a lu n ite  :

K 2[Fe3(SO4)2(O H )6]2 ^ K 2S 0 4 .F e 2(SO 4)3 +  2F e20 3 +  6H 20 .

F e 20 3 p roduced  in  th is  w ay is re c ry s ta lliz ed  as soon as th e  process o f  
decom position  is en d ed , w hile the  recry sta lliza tio n  o f  A120 3 form ed in  th e  course 
o f  decom position  o f  a lu n ite  tak es  place a t a h ig h e r  tem p era tu re . The re c ry s ta lli
za tio n  o f  h em atite  is m a rk e d  b y  a small e x o th e rm a l peak  im m ediately  fo llow ing 
on th e  f irs t en d o th e rm al peak . The second en d o th e rm a l peak of ja ro s ite  s ta r ts  
a t  700° C, th is d isso c ia tio n  takes place acco rd in g  to  the  following eq u a tio n  :

K 2S 0 4 • F e 2(S 0 4)3 -► K 2S 0 4 +  F e 30 3 +  3S03.

T h e  tem p era tu re  o f th is  decom position is also som ew hat low er th a n  in 
th e  case of a lun ite .

In  plate X X X  according to K ulp and his collaborators, we also show  
d. t .  a. curves of plum bojarosite and argentojarosite.
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The th e rm o g ram s o f hyd rous sulfates show  endo therm al p eak s in  con
sequence o f d eh y d ra tio n . T h e  position  and  shape o f  these peaks a re , how ever, 
ch a rac te ris tic  o f th e  re spec tive  m inerals (p la te  X X X I.) .

In  th e  th e rm a l cu rve  o f  gypsum  (C aS04 2 H aO) one m ay  observe betw een  
100 and 200° C a large en d o th e rm al peak, one m olecule and  a h a lf  o f  w a te r 
escapes a t  th e  f irs t  en d o th e rm a l peak , the  re s id u a l h a lf  escaping a t  th e  second 
peak . T h e rea fte r  th e  cu rve  com pletely  corresponds to  th a t  of a n h y d rite , since 
a fu r th e r  en d o th e rm al p eak  appears only over 1180° C in  consequence o f po ly 
m orphous a lte ra tio n  o f a n h y d rite .

The d e h y d ra tio n  o f melanterite (F eS 04 7 H 20 )  tak es  place in  th re e  steps, 
betw een 60 an d  320° C. In  ad d itio n , the  th e rm o g ram  of m elan te rite  is com pli
ca ted  b y  m a n y  m ore or less large endo therm al a n d  exo therm al peaks. A ccord
ing to  th e  ex p lan a tio n  g iven  b y  C v e t k o v  an d  h is  co llaborator, th e  processes 
ta k in g  place betw een  425 an d  550° C m ark  th e  a lte ra tio n  of ferrous su lfate  
in to  ferric  su lfa te  w hich m ay  be expressed b y  th e  following eq u a tio n  :

6 F e S 0 4 - >  F e2(S 0 4)3 +  2 F e20 3 +  3 S 0 2.

In  th e  course o f  th e  la s t en d o th e rm al process, be tw een  650 and  750° C, th e  ferric 
su lfa te  is to ta lly  d issocia ted  in to  F e20 3 an d  S 0 3.

In  th e  th e rm a l curve o f epsomite (M gS04 7 H 20 )  one m ay observe, betw een  
50 and 350° C, seven en d o th e rm al peaks, all o f  th e m  resu lting  from  gradua l 
deh y d ra tio n . M eanwhile v a rio u s in te rm ed ia te  h y d ra te s  are form ed. T here  is 
no peak  betw een  350 and  1000° C, b u t a fu r th e r  endo therm al process takes 
place over 1000° C. T he la t te r  process is reversib le  being  in connection  w ith  a 
po lym orphous a lte ra tio n  o f  M gS04.

The d. t .  a. cu rve  o f m irabilite  (N a2S 0 4 10H 2O) shows four en d o th e rm al 
processes ; th e  f irs t one ap p ears  betw een 30 a n d  40° C, w hen th e  false fusion 
o f sodium  su lfa te  tak es  p lace. A t 100° C th e  w a te r  evaporates, th e  residue  of 
th is  process is an h y d ro u s sodium  sulfate. T he th i r d  p eak  appearing  betw een  
230 and  240° C, is know n from  th e  curve o f th e n a rd ite , i t  is th e  re su lt o f the 
reversible po lym orphous a lte ra tio n  o f th e n a rd ite . T he fo u rth  p eak  appearing  
betw een 884 and  910° C m ark s  th e  fusion o f N a2S 0 4.

The d e h y d ra tio n  o f  chalcanthite (C uS04 5 H 20 )  tak es  place in  th re e  steps. 
Two m olecules o f w a te r  escape a t  each o f th e  f i r s t  tw o en d o th e rm al peaks 
(betw een 85 an d  95° C, 110 an d  120° C respec tive ly ), while a t the th ird  endo
th e rm al p eak  (betw een 240 an d  320° C) th e  re sid u a l m onohydra te  loses the  
la s t m olecule o f  w ater. T h e  th e rm a l curve show s, besides the  peaks m ark in g  
d eh y d ra tio n , tw o fu r th e r  endo therm al peaks o v e r 800° C. The processes are 
irreversib le , th e y  re su lt from  th e  d issociation  o f  cupric  su lfate, w hich takes 
place in  tw o steps.

In  th e  th e rm a l cu rve  of a lum in ite  (A1„(S04) (O H )4 • 7H 20 )  a double 
en do therm al p eak  m ark s g rad u a l dehydra tion  betw een  100 and  250° C. A t ca.
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840° C a sharp  exo therm al p e a k  represents th e  d issociation  of a lu m in ite  (accord
in g  to  th e  in te rp re ta tio n  o f  Cvetkov and  his collaborator) in to  A1.,03 and
A12( S 0 4)3.

T h e  la tte r  still d issoc ia tes a t  abou t 890° C in to  A120 3 and S 0 3. A n a lum in ite  
cu rv e  v e ry  sim ilar to  th a t  o f  Cvetkov is pub lished  b y  T. Gedeon in  a descrip tion  
o f  th e  a lum in ite  of G án t [50].

8. C arbonates

D . t . a. has an  im p o r ta n t  role in th e  inv estig a tio n  of ca rb o n a te s , for, 
on th e  one hand  it fu rn ish es  in fo rm ations on th e  m echanism  of decom position  
o f  c a rb o n a te s , on the  o th e r h a n d  it  gives d a ta  w hich  facilita te  a ra p id  d e te rm in a 
tio n  o f  these m inerals. C onsequen tly  there  are  a g rea t n u m b er o f  references 
co n ce rn in g  the d. t .  a. o f  carbonates.

In  th e  therm al curve o f  calcite, one single la rg e  endo therm al p eak  appears 
b e tw e e n  800 and 900° C, m a rk in g  the  d issociation  of it. J .  L. K u lp , P . K ent 
a n d  P . F. K err [94] h av e  exam ined  hotv fa r p a rtic le  sizes were affec tin g  the 
te m p e ra tu re  of the p eak  m a rk in g  dissociation , an d  th ey  po in ted  o u t, th a t 
p a r tic le  sizes affected b o th  th e  in itia l te m p e ra tu re  of the  en d o th e rm a l peak 
a n d  t h a t  of the peak m a x im u m . Peak  te m p e ra tu re s  varied , acco rd in g  to  the 
ab ove-m en tioned  au th o rs  fro m  880° C to 930° C, in  p roportion  to  th e  particle 
sizes.

I t  is problem atical, w h e th e r the  th e rm o g ram  of aragonite  is id en tica l to 
th a t  o f  calcite. I t  has been  proved  by  the  in v estig a tio n s of G. T . F aust [38], 
t h a t  besides the g rea t e n d o th e rm a l process ta k in g  place over 800° C, a fu rth er, 
sm a ll endo therm al peak , v a ry in g  betw een 387 a n d  488° C, appeared  in  th e  th e r
m al cu rv e  of aragonite. T h is  sm all endo therm al p eak  represen ts th e  m onotrop ic  
a r a g o n i te —> calcite a lte ra tio n , i. e. it  does n o t ap p ear in  th e  cooling  curve. 
A fte r  th is  a lteration  th e  c u rv e  is n a tu ra lly  id en tica l to  th a t o f ca lc ite . As the 
a lte ra t io n  heat is sm all, a su ffic ien tly  sensitive, d. t. a. a p p a ra tu s  is requ ired  
fo r re liab le  observations. H ow ever, it follows th a t  calcite and  a rag o n ite  are 
d isce rn ib le  by  m eans o f su ita b ly  sensitive a p p a ra tu s  (plate X X X II) .

C oncerning the  th e rm a l cu rve  of magnesite, th e re  are fa r too m a n y  references 
w hich  on ly  contain in s ig n if ic a n t inconsistencies. T his is obviously  due  to  the 
im p u r i ty  of the sam ples in v es tig a ted . The m ax im u m  of the  g rea t en d o th erm al 
p rocess m ark ing  the  d issoc ia tio n  of pure m agnesite  takes place b e tw een  670 
a n d  720° C. According to  K u l p , K ent and  K err [94], the effect o f th e  partic le  
size on th e  peak tem p era tu re  is less im p o rtan t th a n  in  th e  case of calcite . P .W ieden  
[170] p o in ts  out, th a t  fo llow ing the endo therm al p eak  of m ost m agnesite  sam ples, 
t h e r e  appears a small e x o th e rm a l peak a t ca. 7 0 5 °C too .A ccord ing  to  W ie d e n , 
th is  p e a k  represents th e  h e a t  of crysta lliza tion  requ ired  for the  a lte ra tio n  of
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m agnesium  oxide in to  periclase. C urve 4 of p la te  X X X II I  was taken  from  a 
m agnesite  con ta in in g  some Fe in  its  la ttice . T he presence o f  iron  is ind icated  
b y  the  exotherm al p eak  following on the  large en d o th e rm a l peak  ; the exo
th e rm al peak resu lts  from  the o x id a tio n  o f iron . T he sm all en d o th erm al peak 
app earin g  over 800° C is due to  a co n tam in a tio n  b y  calcite . T he calcite peak 
here appears sooner th a n  e. g. in  cu rv e  1, because in  case of ap p ly ing  the  usual 
m ethods for the  d e te rm in a tio n  to  sm all am o u n ts , th e  peak  tem p era tu re  is 
generally  shifted to w ard s lower te m p era tu res  (for d e ta ils  see P a r t  I).

The therm al dissociation  o f  dolomite (CaM g(C03)2) tak es  place in tw o 
steps. The f irs t s tep  consists o f th e  d issociation o f m agnesium  carbonate , th e  
second in  th a t of calcium  carb o n a te . C onsequently , tw o sh a rp  endo therm al 
peaks appear in  th e  th e rm a l curve o f  dolom ites ; a t  th e  f ir s t  p eak , a t ca. 800° C, 
M gC 03 is dissociated  an d  altered  in to  periclase, a t  th e  second one the  dissociation 
o f  C aC 03 takes place a t  abou t 910° C. I t  was q u ite  som e tim e  ago th a t  G. T . 
Faust  [36] took n o te  o f the fac t, th a t  th e  en d o th e rm a l p eak  of m agnesite  
ap p eared  some 130° C lower, th a n  th e  peak m ark in g  the d issociation  of m agne
sium  carbonate  of th e  dolom ite, th e  calcite  peak , on the  o th e r h a n d , was som ew hat 
h igher th a n  th a t  o f  calcium  ca rb o n a te  of the  dolom ite . I t  follows th a t  dolom ite 
an d  m agnesite  beside each o th e r are d iscernible or ra th e r  d e term inab le  by  
m eans of d. t. a. T h is conclusion o f Faust was also su p p o rted  in the course 
o f  our investigations carried  ou t in  th e  H u n g a rian  S ta te  G eological In s titu te  [46]. 
W e p repared  from  pure  C aC 03 an d  pure M gC 03 a series o f a r tif ic ia l m ix tures 
co n ta in in g  the above m entioned  co n stitu en ts  in  the  sam e p roportion  as th ey  
are  p resen t in th e  dolom ites in v estig a ted  in o u r L ab o ra to ry . In  every  case 
we found th a t  M gC 03 o f the  m ix tu re  was d issociated  a t  a fa r lower tem p era tu re  
th a n  th a t  o f dolom ite . Curve 6 o f p late  X X X II  was taken  from  a m ix tu re  
o f  C aC 03 and  M gC 03 corresponding  in  p roportion  to  th e  dolom ite of N yirád- 
Cserhegy, rep resen ted  in  curve 5. As is to  be seen, there  is a difference of 125° C 
betw een  the respective  f irs t p eak  tem p era tu res .

In  m any cases, how ever, th e  d issociation  o f do lom ite  produces certain  
irregu la rities w hich are  also to be tak en  in to  co nsidera tion  in  th e  evaluation  
o f  d. t .  a. results. L. G. B erg [12] a n d  recen tly  D. L. G raf [56] called a tten tio n  
to  th e  fact th a t, on th e  effect o f a lkali salts, the  f irs t peak  of dolom ite appeared 
a t  lower tem p era tu res .

Concerning th e  anom alies o f  th e rm al dissociation  o f do lom ite , system atic  
investiga tions were carried  ou t b y  M. Földvári-Vogl an d  V. K oblencz [46] 
too. T hey  exam ined th e  effect of v a rious soluble and insoluble alkali and  ea rth  
a lkali salts on the d issociation  o f  dolom ite. T hey  po in ted  o u t, th a t  as m uch 
as 0 ,1%  NaCl p e rcep tib ly  decreased th e  tem p e ra tu re  o f th e  f irs t  peak  of dolom ite. 
T h is effect shows an  upw ard  ten d en cy , if  the  co n cen tra tio n  o f  NaCl is increased, 
h u t it  touches its  m ax im um  a t 5 %  NaCl. I f  th e  degree o f co n tam in a tio n  by  
NaCl becom es h igher, th e  peak te m p e ra tu re  does no t decrease any  m ore.
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H o w e v e r, o ther sorts of a lk a li sa lt have considerably m ore effect. In  general, 
p e a k  te m p e ra tu re  decreased m o s tly  on th e  effect o f a lkali n itra te s . T he effect 
o f  th e  soluble salts o f a lka li e a r th  m eta ls  is som ew hat low er. Inso luble  salts 
d id  n o t  affect the te m p e ra tu re  o f th e  peaks of dolom ite.

F o r  th e  sake of c la rity , w e here  ta b u la te  the  p eak  te m p e ra tu re s , appearing  
on th e  effect of various sa lts . W e h av e  to  rem ark , th a t  th e  resu lts  g iven  in  the 
ta b le ,  rep resen t in  each case th e  effect of 5%  adm ixed  sa lt im p u rity . The 
e x p e r im e n ts  were carried  o u t  on  th e  sam ple from  N yirád-C serhegy , p resen ted  
in  p la te  X X X II .

S a l t  a d m ix e d  
t o  d o lo m ite

T e m p e r a t u r e  
o f  t h e  f i r s t  p e a k

S a l t  a d m ix e d  
t o  d o lo m ite

T e m p e r a tu r e  
o f  t h e  f i r s t  p e a k

P u ic  d o lo m ite 7 8 0  °C P u r e  d o lo m ite 7 8 0  °C

+  LÍC1 520 -f-K2S 0 4 740

+  NaCl 710 + R b 2S 0 4 660

+ K C 1 695 + M gC l2 710

+  RbCI 670 + C aC l2 700

+  CsCl 610 + S rC l2 650

-j-L i2C 03 690 -f-BaCi2 700

+ N a 2C 03 620 +Mgco 3 640 a n d  780
-f-K 2C 03 670 + B a C 0 3 790

-(-LiNOg 500 + M g (N 0 3)2 650

+  N a N 0 3 570 +  C a(N 03)2 600

+  KN O s 570 + S r ( N 0 3)3 540

+  R b N 0 3 575 + B a ( N 0 3)2 790

+  C sN 03 575 + M g S 0 4 620

-)-Li2S 0 4 650 +  C aS04 790

+ N a 2S 0 4 720 + B aS O 790

A s for the in te rp re ta tio n  o f th is  phenom enon, th e  a u th o r  an d  her col
la b o ra to rs  had  to  be co n ten t w ith  suppositions, w hich as y e t are  n o t proved.

Q u ite  recently, we w ere  ab le to  com plete these  in v estig a tio n s b y  some 
new  o b serva tions. On th e  one h a n d  we have po in ted  o u t th a t  th e  soluble salts 
d id  n o t  affect the d issocia tion  tem p e ra tu re  of calcite , b u t  changed  th e  d is
so c ia tio n  o f m agnesite in  th e  sam e sense as th a t of th e  dolom ites. F u r th e r  on we 
e x a m in e d  th e  effect of F e20 3 a n d  AgCl on the  d issociation  o f do lom ite . F e20 3 
d id  n o t  perceptib ly  affect th e  position  of the  do lom ite  peaks, while on th e  
e ffec t o f  10%  AgCl, the  te m p e ra tu re  of th e  firs t peak  o f dolom ite rose b y  some 
30 to  40°, consequently  we o b se rv ed  th a t  AgCl ra th e r  re ta rd e d  th e  d issociation . 
W e in te n d  to  continue th e se  in v estig a tio n s.
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We have dw elt on all these  phenom ena because  in  th e  course o f our 
investiga tions u n til now , we exam ined  dolom ites o f such  an  anom alous peak  
in  m any  cases b u t for th e  m o st p a r t  we succeeded in  w ash ing  ou t th e  troub lin g  
im p u rity  from  th e  do lom ite  sam ple. T hereafter th e  do lom ite  peaks appeared  
regu larly , consequently  th e  ev a lu a tio n  of th e  in v es tig a tio n  of the  sam ple becam e 
p rac ticab le .

H untite  (Mg3C a(C 03)2), a ra re  m ineral, was f ir s t  described  by  G .T . F aust 
[39]. In  th e  d. t .  a. curve o f  th is  m ineral, en d o th e rm al peaks appeared  a t  644 
an d  900° C. I t  is m a in ly  d istingu ishab le  from  dolom ite  b y  th e  p ropo rtio n  o f th e  
respective peak areas. N am ely , in  th e  case o f do lom ite  th e  p ro p o rtio n  o f th e  
p eak  m ark ing  th e  d issociation  of M gC03 to  th a t  m ark in g  th e  d issociation  of 
C aC 03 is abou t 3 to  5, in  case o f  h u n tite  4 to  2. A H u n g a rian  occurrence o f  h u n tite  
w as described b y  Y. K oblencz and  E . N emecz [85].

M any au tho rs h av e  d e a lt w ith  the  th e rm a l b eh av io u r of siderite [94, 
142, 79]. T hey po in ted  o u t, th a t  th e  d issociation  o f sid erite  in to  ferrous oxide 
w as an  endo therm al process th e  tem p era tu re  o f w hich  varied  w ith in  a v e ry  
wide range, 500 to  600° C. T he reason for th is  f lu c tu a tio n  is p a rtly  ascribed  to  
th e  differences in  p a rtic le  size, p a r tly  to  a p a r tia l su b s titu tio n  of Fe r ion  b y  
Mn and  Mg ions. In  th e  case of pure, m ed ium -gra ined  siderite , th e  value
o f peak  tem p era tu re  is p ro b ab ly  abou t 550° C. M ost siderite  sam ples show, 
im m ed ia te ly  a fte r th e  en d o th e rm a l peak, a large ex o th e rm al peak  rep resen tin g  
th e  ox idation  of FeO  in to  F e20 3. In  m ost cases a fu r th e r  sm aller ex o th erm al 
peak  appears following th e  large  exotherm al peak  in  th e  therm ogram s o f siderite  
sam ples. A ccording to  K u lp , K en t , and  K err  [94] th e  la t te r  p eak  resu lts  
from  th e  fact, th a t  m ag h em ite  is also form ed a t  th e  f i r s t  large exo therm al peak  
besides hem atite . A t th e  second exotherm al p eak  m aghem ite  (y ferric  oxide) 
is to ta lly  a ltered  in to  h e m a tite  (a ferric oxide).

One m ay often fin d  a step like  bend on the  descending  side of th e  e n d o th e r
m al peak  of the  th e rm o g ram s o f siderites. W e q u ite  freq u en tly  observed  th is  
phenom enon in  th e  course o f ou r investigations o f  sid e rite  sam ples from  R uda- 
b án y a , too. Y. I. K aurkovsky  [79] had exp la ined  th is  phenom enon b y  th e  
heterogeneous partic le  sizes o f siderite  sam ples show ing th e  above-m entioned  
step like bend. A fine-g ra ined  an d  a coarse-grained s tru c tu re  w as, even op tica lly  
observable, in th e  m ic ro s tru c tu re  of siderites. T he s tep like  shape of th e  curve 
is due to  the  differences betw een  dissociation te m p e ra tu re s  o f the  tw o k inds 
o f  partic le  sizes.

A nkerite  is su b s ta n tia lly  a so rt of dolom ite, w herein  Mg is for th e  m ost 
p a r t  su b stitu ted  by  ferrous ion . In  th e  therm ogram  o f an k e rite  one m ay  observe 
th ree  endotherm al peaks. As fo r th e  in te rp re ta tio n  o f th e  peaks, th ere  a re  som e 
differences of opinion am ong  various au thors. A ccord ing  to  K ulp, K e n t , and  
K err [94] the  f irs t  p eak  ap p ea rin g  betw een 650 a n d  750° C (its respective  
position depends on p a rtic le  sizes and  degree o f iro n  su b stitu tio n ) m ark s  th e

5  Acta Geologica V/l



6 6 M. FÖLDVÁRI-VOGL

escap e  o f  C 02 bound b y  th e  position  of Mg. T he h igher th e  F e + r co n ten t of 
th e  ca rb o n a te  sam ple, th e  la rg e r th e  second peak , appearing  a t  ca. 850° C, con
se q u e n tly , according to  th e  above-m entioned  au th o rs , i t  c a n n o t be b rou g h t 
in to  connection  w ith  th e  d issoc ia tion  of M gC 03, as has been suggested  b y  B eck 
[10]. T he th ird  en d o th e rm al p e a k  as well as th a t  o f dolom ite rep resen ts  th e  d is
so c ia tio n  of CaCOg. In  th e  case o f sam ples o f h ig h  iron  co n ten t, th e  oxidation  
o f  th e  ferrous ion is show n b y  an  exo therm al peak  following the  f ir s t  endo therm al 
p e a k . I t  m ay he supposed  th a t  the second endo therm al peak  m arks the  
fo rm a tio n  of a com pound  w hich  can be d eno ted  b y  th e  follow ing form ula : 
F e 20 3 • C aC 03.

T h e  therm al b eh av io u r o f manganous carbonates is t re a te d , in  de tail, in 
a p a p e r  b y  K ulp, W right, an d  H olmes [100]. In  the th e rm a l curve of pure 
rh o d o ch ro site , a sharp  en d o th e rm a l peak appears betw een 580 and  610° C, 
m a rk in g  the  dissociation o f  th e  carbonate  an d  loss of C 0 2. I f  th e  investiga tion  
is n o t  carried  ou t in  a v a c u u m , th e  en d o th erm al peak  is im m ed ia te ly  followed 
b y  a n  exotherm al one (a t a b o u t 720 to 750° C), too. The la t te r  re su lts  from  the 
o x id a tio n  of b ivalen t m an g an ese . I f  the m anganese of rhodochrosite  is pa rtia lly  
s u b s ti tu te d  by  calcium  or m agnesium , th e  su b s titu tiv e  ions increase th e  bond 
s t r e n g th  in the carb o n a te  la ttic e , and  th e  tem p era tu re  of th e  endo therm al 
p e a k  m ark ing  decom position  rises in  p ropo rtio n  to  th e  am o u n t o f  th e  respective 
Ca o r  Mg ions. C onversely, i f  th e  m anganese ions of rhodochrosite  a re  p a rtia lly  
s u b s ti tu te d  by  ferrous ions, th e  la t te r  decrease th e  bond s tre n g th , and  dim inish  
th e  p e a k  tem pera tu re  a little . O n sum m ing u p , one m ay p o in t o u t, th a t  in  case 
o f  io n  substitu tions, th e  d issocia tion  of m anganous carbonate  co n ta in in g  various 
so r ts  o f  cations is m ark ed  in  th e  curve b y  one single peak , th e  tem p e ra tu re  of 
w h ich  depends on th e  q u a lity  an d  q u a n tity  o f th e  exchangeable  ions.

O n the o ther h a n d , w hen  various carb o n a te  m inerals are  p resen t beside 
e a c h  o th e r (e. g. m ix tu re  o f  calcite  and  rhodochrosite  etc.), th e  th e rm o g ra m _ 
s e p a ra te ly  m arks the  decom position  of each m inera l, a t th e  respective  ch a rac te r
is t ic  tem pera tu res . C onsequen tly , one m ay  d e te rm in e  b y  d. t .  a ., w hether e. g. 
m an g an o u s  calcite or a m ix tu re  of calcite an d  rhodochrosite  is p resen t. In  con
n e c tio n  w ith  the in v es tig a tio n  o f th e  carb o n a te  m anganese ores o f U rk u t and  
E p lé n y  —  in the  H u n g a ria n  S ta te  Geological In s t i tu te  —  we h av e  also collected 
a lo t  o f  d a ta  on the  th e rm a l behav iou r o f ca rb o n a te  m anganese m inera ls [47]. 
W e m e t w ith some m eth o d ica l difficulties, p rinc ipally  in  d e tec tin g  siderite  and 
rh o d o ch ro site  beside each  o th e r. N am ely , th e re  is no t m ore th a n  30 to  50° C 
d iffe rence  between th e  p eak s m ark ing  th e  d issociation  of th e  respective  tw o 
c a rb o n a te s . C onsequently  th e  tw o peaks do n o t appear sep a ra te ly , b u t th ey  
sho w  a single w idened p eak . Such an  in ce rtitu d e  is elim inable in  m an y  cases 
b y  o u r  “ com pensating”  m e th o d , exposed in  P a r t  I (see p. 20).

T he form ation o f  th e  p eak  o f rhodochrosite  can also be  tro u b led  by  the  
p re sen ce  of pyro lusite . I. e. th e  f irs t  en d o th e rm al peak o f p y ro lu s ite  falls in
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th e  sam e te rra in  o f tem p era tu re  as th e  ex o th e rm al peak  o f rhodochrosite , th u s  
the  Uvo opposite  h ea t effects m ay  h in d e r th e  developm ent of bo th  peak s.

In  a d d itio n , we have to  m en tion  th a t ,  accord ing  to  J. K onta [87], th e  
peak  of rhodochrosite  considerab ly  decreases in  th e  presence of p y r ite  an d  
m elnikovite.

In  p la te  X X X IY , we p re sen t d. t. a. cu rves of some o ther c a rb o n a te s , 
according to  R . M. Gruver [67].

S tron tian ite  (SrC 03) does n o t d issociate u p  to  1250° C, it shows how ever 
an  en d o th erm al process a t ab o u t 930° C, re su ltin g  from  an inversion  o f  th e  
rhom bic m od ifica tion  in to  th e  tr ig o n a l one.

The dissociation  of ivitherlte (B aC 03) takes place a t  a still h igher te m p e ra 
tu re , b u t in  consequence of an  inversion  from  one m odification  in to  a n o th e r  
i t  produces som e endo therm al peaks even up  to  1000° C ; by  m eans o f  th ese  
peaks the  d e te rm in a tio n  of th e  m inera l is feasib le, even if  the in v es tig a tio n  is 
in te rru p te d  a t  th e  above-m entioned  tem p era tu re . In  th e  d. t .  a. curve o f ivitherite 
one m ay observe tw o endo therm al peaks, th e  f i r s t  one m ark ing  th e  a  m o d if i
cation  —>■ ß  m odification  inversion  a t ab o u t 820° C, the  second one m a rk in g  
th e  ß  m od ifica tion  —v y  m odifica tion  inversion  a t  ab o u t 975° C.

The dissociation  of cerussite (P b C 0 3) resu lts  in  tw o en d o th erm al p eak s 
a t  360 an d  420° C respectively . A t the  th ird  endo therm al peak a p p e a rin g  a t  
725° C, lead oxide begins to  fuse.

In th e  d . t .  a. curve o f soda (N a2CO310 H 20 )  a s trong  en d o th e rm al p eak  
is observable a t  ab o u t 1400° C ; th is  peak  rep resen ts  the  escape of c ry s ta l w a te r. 
The sm all en d o th erm al peaks ap p earin g  a t  355 an d  480° C, respective ly , m a y  
rep resen t inversions. The fusion o f soda in the cu rve  s ta r ts  a t 820° C. I t s  d is 
sociation does no t begin u n til 1400° C.

A ccording to  K aufmann a n d  D illing [73], th e  therm al curve o f  azurite  
shows up to  1000° C only one single large en d o th e rm a l peak, a t a b o u t 390° C.

P. W ie d e n  [170] dealt w ith  q u a n tita tiv e  d. t .  a. d e term ination  of c a rb o n a te  
m inerals too , in  th e  d e te rm in a tio n  of m agnesite , do lom ite  and calcite  he a t 
ta in ed  an accu racy  of 2 to  4 % .

9. N itrates

A m ong n itra te s , the  tw o m ost im p o rta n t m inerals Avhich occur in  n a tu re  
are  sodium  n itra te  (N aN 0 3) an d  p o tassium  n itr a te  (K N 0 3). D. t. a. is n o t  u sed  
for the  d e te rm in a tio n  of these m inera ls, as th e y  are easily iden tifiab le  b y  o th e r  
m ethods. In  th e ir  d. t. a. curves one m ay  observe en d o th erm al peaks co rre sp o n d 
ing to  th e  inversion  poin t an d  fusion  p o in t respective ly . E . g. N a N 0 3 show s 
an  en d o th erm al peak  resu lting  from  fusion a t  a b o u t 310° C, in  the case o f  K N O s 
an  en d o th e rm al peak  rep resen ting  inversion  from  one m odification  in to  a n o th e r  
appears a t  128° C, a second en d o th e rm al peak  a t  ab o u t 340° C in d ica tin g  fu sio n .

5*
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10. H alogenides

T here are likew ise v e ry  few references on  th e  d. t .  a. o f halogenides, for 
th is  is n o t a usual m eth o d  for detection  o f n a tu ra l  halogenides. In  th e  th e rm a l 
cu rv e s  one m ay observe inversion  points an d  fu sion  poin ts. E . g. in  case o f  ha lite , 
one  single endo therm al p e a k  appears a t 804° C, in d ica ting  th e  fusion o f  NaCl. 
T h e  case of sy lv ite  is s im ila r, only th a t  th e  p e a k  m ark ing  fusion ap p e a r a t  a 
30° C low er te m p e ra tu re . Щи

T h e d. t .  a. cu rv e  o f“cryolile [N a3(A lF6)] w as published b y  K aufm ann  
a n d  D illing [78]. T he curve  shows a t  570° C an  endotherm al p eak  w hich is 
rev e rs ib le , being in  co rre la tio n  w ith  th e  in v e rs io n  of the  cryolite m od ifica tion . 
T h e  curve  was in te r ru p te d  before 800° C, th e  fusion po in t o f cryolite .

A ccording to  K aufm ann  and D illing , a sim ila rly  small, sharp  en d o th e rm al 
p e a k  m a y  be observed  a t  ab o u t 760° C in  th e  th e rm a l curve of f lu o rite . This 
is follow ed by  a b ro ad , w eak  endo therm al p e a k  abou t a t 840° € . T he au tho rs 
do  n o t give the  orig in  o f  th e  peaks.

11. D ifferen tia l th e rm a l analysis o f  n a tu ra l  organic substances

In  m any cases i t  occurs, th a t  in  th e  course  o f th e rm al analysis o f clays 
o r o th e r  rocks, one m a y  observe in  th e  th e rm o g ra m  an exo therm al p eak  from  
200° C on, which is n o t so sharp  as th e  u su a lly  double peak  o f p y rite , b u t  is 
b ro a d e r  and shows v a rio u s  shapes an d  te m p e ra tu re s . E x o th e rm al peaks of 
th is  k in d , appearing  in  th e  th e rm al curves a t  re la tiv e ly  low tem p era tu res , arc 
g e n e ra lly  due to  c o n ta m in a tio n  w ith  h u m u s.

P eaks appearing  a t  h igher te m p era tu res  (500 to  600° C) m ay  in d ica te  
a coal-bearing  su b stan ce . In  the case o f g ra p h ite  conten ts, th e  ex o th e rm al 
p e a k  resu lting  from  com bustion , appears a t s till h igher tem p era tu res , betw een  
700 a n d  800°C.

T he above-m en tioned  phenom ena o n ly  concern observations on the  
a p p e a ra n c e  of organic substances as accessory com ponents in  th e  curves. On the  
o th e r  h an d , detailed  d iffe ren tia l therm al an a ly ses  were carried ou t in  o rder to  
e x a m in e  the  b ehav iou r o f  d ifferent ran k s o f coals.

T he m ethod of d. t .  a. for coals does n o t d e v ia te  from  those described  above, 
o n ly  t h a t  investiga tions are  m ore freq u en tly  ca rried  ou t in in e rt a tm osphere  or 
in  v a c u u m  in th is  case.

H . D. Glass [53] soug h t and found  a co rre la tio n  betw een th e  degree of 
co a lifica tio n  and  d. t .  a. curves of coals. H is cu rves were no t ta k e n  in  an  in e rt 
a tm o sp h e re  or in v a c u u m , b u t by  p lacing  a loose-fitting  cover on th e  sam ple 
h o ld e r , he ob tained  th a t  a f te r  the  beg inn ing  o f  th e  escape of vo latiles from  coal
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th e  e n try  of a ir  was in h ib ited , th u s  th e  coal was only  su rro u n d ed  b y  the escaping 
gases. In  th e  th e rm a l curves o f  th e  coal sam ples in v es tig a ted , he found  peaks 
in th e  following dom ains : 1. an  endo therm al p eak  accom pany ing  dehyd ra tio n  
betw een  120 an d  150° C ; 2. an  exo therm al peak  w hich  generally  occurs a fte r 
the  dehyd ra tio n  peak , an d  la s ts  till th e  beg inn ing  o f devo la tiliza tion , in  th e  
dom ain  of tem p era tu re  betw een  240 and  610° C ; 3. en d o th e rm a l peak  or peaks 
resu lting  from  devo latilization  betw een 435 and  735° C ; th e  nu m b er, m agn itude  
and  tem p era tu re  o f these peaks is one of th e  ch a rac te ris tic s  of th e  d ifferen t 
ran k s in  coal. 4. A sharp  en d o th erm al peak  a t  Vtbout 400° C, occurring  in  case 
of h igh-volatile  coals, th e  cause o f th is  peak  is u n k n o w n  ; 5. an  ex o th erm al 
peak  following volatile  loss an d  resu lting  from  s tru c tu ra l changes tak in g  place 
in  th e  coal, th is  a lte ra tio n  resu lts  in  g raph itiza tion  a t  a b o u t 800° C ; 6. an  endo
th e rm al peak  betw een 800 and  1000° C, probab ly  caused b y  evolution  o f h y d ro 
gene.

In  p la te  X X X Y I we p resen t the  curves o f Glass on som e coal ty p es. 
T his au th o r po in ted  o u t, as a re su lt of sy stem atica l in v estig a tio n s, th a t  th e  
ran k  in coal can be d e te rm in ed  on th e  basis o f d . t .  a., for one m ay  establish  
a correlation  betw een the  grade of coalification  an d  th e  position  and  m agn itude  
o f th e  above-m entioned  peaks in  th e  curve. Glass sum m ed  up  his resu lts  in  a 
tab le , th e  f irs t head ing  o f w hich ind icates the  ran k  o f coalification , o th e r h ead 
ings ind ica tin g  the  d ifferen t ty p es of peaks.

W . L. W hitehead  an d  L. H . K ing [173] ca rried  o u t in v estiga tions on 
coal in  a vacuum . T hey  exam ined  ten  v itr ite  sam ples an d  po in ted  o u t, th a t  
there  was a correlation  betw een  the  tem p era tu re  o f th e  exo th erm al peak  ap p ea r
ing  a t  ab o u t 400 to  530° C an d  the  bound carbon co n ten ts  o f th e  v itr ite  sam ples. 
The au tho rs consider, th a t  a g rea t am o u n t of fu r th e r  in v estig a tio n s are advisab le, 
before ( 1 raw i ri g decisive conclusions.

R a n k W a te r
L o w

te m p e r a t u r e
e x o th e rm a l

H ig h
v o la t i l e

e x o th e r m a l

E n d o th e r m a l  v o la t i l e  
lo ss

M eta-an th rac ite  ................................. none 575— 610 725— 735

A n th r a c i te ............................................. 125— 140 420— 470 660— 680

S em i-an th rac ite  ................................. 130— 140 250— 350 630— 670

L ow -volatile  b itu m ............................ 130— 150 230— 280 490— 510 610— 635

M edium -volatile b itu m ...................... 125— 140 225— 265 (455— 465) 480— 510 615— 635

H igh-volatile  b itu m ........................... 130— 135 240— 250 425— 435 510— 520 610— 625

150 260 440 570

L ig n i t e ................................................... 150 250 445 V

P e a t .......................................................... 140 320 435
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I n  a recent w ork [54] H . D . Glass investig a ted  th e  coals, w ith  respect 
to  th e i r  coking ability . H e p o in te d  ou t, th a t  coking coals show ed th ree  endo- 
th e r m a l  peaks, nam ely a t  a b o u t 400, 500 and  620° C. T he p eak  ac tu a lly  ap p ea r
in g  in  th e  therm al curve o f  th e  coal an d  th e  m agn itude  o f th e  th ree  peaks com 
p a re d  to  each other are in  co rre la tio n  to  th e  coking ab ility  o f th e  coal. H e suc
c eed ed  in  correlating th e  c lassifica tio n  estab lished  on th e  basis  of th e rm a l curve 
w ith  th e  G erm an coking c lassifica tion . H is resu lts are v e ry  c learly  sum m ed up 
in  th e  following tab le  :

G e r m a n  c la ss if ic a tio n
T e m p e r a t u r e  a n d  r e la t iv e  

m a g n i t u d e  o f  t h e r m a l  
p e a k s

C h a r a c t e r iz a t i o n  o f  c o k in g  
a b i l i t y

F la m m k o h le  
>  4 0 %  v o latile  m a tte r

500 >  400 
and!

500 =  400

G enerally  n o t w ell coking

G a sflam m k o h le  ca.
40— 3 5 %  V. M.

620 >  500 >  400 O nly coking b len d ed  w ith  
su itab le  coal

G ask o h le
35— 2 8 %  Y. M.

400 >  500 >  620 
620 <  500

G enerally  b e tte r  coking 
b lended

F  e ttk o h le  
28— 2 2 %  У. M.

620 <  500 W ell-coking

E ssk o h le
19— 1 6 %  Y. M. 16— 12

620 <  500 G enerally  o n ly  cok ing  b lended 
w ith  su itab le  coal

W . J. Smothers an d  Y . Chiang  [156] give an  accoun t o f th e rm a l in v esti
g a tio n s  on lignites. T hey  h a v e  observed several en d o th erm al an d  exotherm al 
p e a k s  in  th e  therm ogram s o f sa m e . In  o rder to  de te rm ine  th e  ch a ra c te r  o f the 
p ro cesses  resu lting  in th e  re sp ec tiv e  peaks, they  perform ed th e ir  experim en ts 
in  a ir ,  oxygen and n itro g en , fu rth e rm o re  th e y  in v es tig a ted  p reh ea ted  lignite 
sa m p le s , too. There were som e differences betw een th e  shapes an d  m agnitudes 
o f  th e  p eak s of d ifferent k in d s  o f lign ite . A t the  beg inning  of th e  th e rm a l curve 
o f  l ig n ite  an  endotherm al p e a k  resu ltin g  from  th e  escape o f m o is tu re  was ob
se rv e d  a t  abou t 110° C. T h e  f i r s t  exo therm al peak  appeared  a t  ab o u t 300° C, 
w h e re  decom positions acco m p an y in g  ox idation  were tak in g  place in  th e  lignite, 
in  th e  course of evolution  o f  C 0 2 an d  CO gases. T his process req u ires  a sm all 
a m o u n t  o f oxygen, b u t  i t  does n o t tak e  place if  th e  e n try  of oxygen  is to ta lly  
in h ib i te d . The second e x o th e rm a l peak  usually  appears a t  a b o u t 600° C, it 
re s u lts  from  the com bustion  o f organ ic  substance, accom panied  b y  th e  evo
lu t io n  o f  C 0 2 gas. In  case o f  experim en ts  carried  o u t in  n itro g en  or vacuum , 
th e  l a t t e r  peak  did n o t a p p e a r . T h erea fter, th e  lign ite  curve show s a high- 
te m p e ra tu re  endotherm al p e a k , w hich  is p a rticu la rly  d is tin c t, i f  th e  investiga tion  
is c a rr ie d  ou t in n itrogen . T h is  endo therm al process is accom pan ied  by  con
s id e ra b le  gas form ation, w h ich  obviously  consists o f vo la tiles escaping  a t high 
te m p e ra tu re s . Between 800 a n d  900° C fu r th e r  ox idation  process ag a in  resu lts
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in  an  exo therm al peak . For com parison, th e  au th o rs  give an  exposition  on the 
d . t. a. curves of hum u s acid and  lign in , too.

R ecently , H u n g a rian  researchers have  also carried  o u t investiga tions on 
th is  subject. S y stem atica l th e rm a l in v estig a tio n s o f coal were in itia te d  by  
P a u l i k  and his co llaborators [136]. Besides d. t .  g. curves th ey  were also ta k in g  
d. t .  a. curves. In  th e ir  f irs t pub lication  th e y  give account o f in v estiga tions 
perform ed on p ea ts  an d  com ponents of p ea t. In  p la te  X X X V I/с we p resen t 
one o f the ir d. t .  a. records o f p ea t an d , for com parison , a d. t .  g. curve o f spruce.

I t  follows th a t  d . t .  a. has fa ir  p rospects concern ing  coal analyses, in  respect 
to  q u a lita tiv e  ch a rac teriza tio n  and  classification  o f coals.

PA R T  I I I

A pplication o f  d ifferen tia l th e rm a l analy sis  in  practice and science

1. In  geological research

The role o f d. t .  a. in  geological research  h as  becom e m ore and  m ore im 
p o r ta n t. On one h a n d  th is  m eth o d  is quick  enough  to  folloYV th e  course of in 
v estiga tion , on th e  o th e r hand  a sim plified  fo rm  o f th e  requ ired  a p p a ra tu s  is 
su itab le  for ta k in g  m easu rem en ts in  fields, too . Such a solution was proposed 
b y  S. B. H endricks, S. S. Goldrich, and  R . A. N elso n[72] as early  as 1946. 
L e t us now see th e  raw  m ateria ls , in  the  p rosp ec tin g  and m in ing  for w hich 
d. t .  a. can be well u tilized . F irs t o f all, one m ay  ta k e  b au x ite  prospection  and  
m in in g  in to  considera tion  w here th e  presence and  even th e  am o u n t of th e  various 
m inerals can be contro lled  in  the course of in v estig a tio n . A t th e  H u n g a rian  
S ta te  Geological In s t i tu te  we a lready  have  ca rried  ou t system atica l d . t .  a. 
investiga tions of several H u n g a rian  b au x ite  occurrences, e. g. 58 sam ples ta k e n , 
follow ing the  s t r a ta  o f th e  section o f the  occurrence of N agyharsány , th e  occur
rences of Iszk aszen tgyörgy  an d  N ézsa. W e h av e  also published  a paper on th e  
investiga tions o f th e  la t te r  occurrences [43].

D. t . a. is v e ry  useful in re frac to ry  clay  in v estiga tion  an d  m in ing , too . 
Q u an tita tiv e  d e te rm in a tio n  of kao lin ite  is also feasib le w ith  su ffic ien t accuracy , 
consequently  one m ay  con tinuously  control th e  changes in q u a lity  of re frac to ry  
clay  in  the course o f  ex trac tio n .

In  the  b e n to n ite  in d u stry , th e  app lication  o f th is  m ethod  is o f less success. 
In  consequence o f causes exposed in  P a r t  I I ,  q u a n tita tiv e  d e te rm in a tio n s o f 
clay  m inerals be longing  to  the  m on tm orillon ite  an d  illite  groups do n o t give 
sa tisfac to ry  d a ta , therefo re  d. t .  a. is only  su itab le  for in fo rm ative , q u a lita tiv e  
investiga tions on th is  te rra in . N o tw ith s tan d in g , re su lts  o f d. t .  a., in  b en to n ite  
in vestiga tion , give v e ry  valuab le  in fo rm atio n s on th e  m ineral com ponents 
o f ben ton ite .
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D . t .  a. is applicable to  gypsum  in v es tig a tio n  too , there  it  has th e  p rin c ip a l 
a d v a n ta g e  o f p roving  su itab le  fo r th e  d is tin c tio n  o f gypsum  an d  a n h y d rite .

D . t .  a. can ren d er service in  th e  inv estig a tio n  and  m ining  o f m anganese 
to o . E . g. i t  is d ifficult to  id en tify  carb o n a te  m anganese ore in  field , consequen tly  
i t  o f te n  occurred , th a t  ca rb o n a te  m anganese  ore w as p u t aside as refuse. T h is ore 
is tra c e a b le  on th e  spo t b y  th e  help  o f d. t .  a.

F in a lly , d. t .  a. is applicab le  to  coal in v estiga tions, p a rtic u la rly  in  classi
f ic a tio n  o f  coal ran k , a lth o u g h  in  th is  te r ra in  th e  investiga tions are  as y e t n o t 
to  b e  considered  as conclusive, an d  in  p rac tice  th e  app lication  o f th is  m ethod  
s till re q u ire s  considerable research  w ork.

In  geology, d. t .  a. can  be  app lied  n o t only  in  p rac tica l in v es tig a tio n s , 
b u t  to  solve theore tica l p rob lem s too . I t  is applied , for th e  m ost p a r t ,  for 
g en e tica l problem s of c lay  m inera ls  an d  b au x ite  m inerals, para lle lly  w ith  X -ray  
a n d  e lec tro n  m icroscopic in v estig a tio n s. In  th e  course of our own in v es tig a tio n s , 
we h a v e  m an y  tim es tr ie d  to  decide th e  id e n tity  or d iss im ila rity  o f  several 
s t r a ta  b y  d. t .  a. This m eth o d  is also app lied  to  diagnose new m inera ls, a case 
in  p o in t ,  is h u n tite  or d illn ite , w hich  w as recen tly  de te rm ined  as a hom ogeneous 
m in e ra l.

2. h i  soil science

Since th e  im portance  o f clay  m inerals h ad  been recognized in  th e  classi
f ic a tio n  o f  soils, d. t .  a. becam e a m eth o d  fo r soil investiga tion , besides X -ray  
in v e s tig a tio n s . B y m eans o f d . t .  a. one can n o t only  characterize  d iffe ren t 
so rts  o f  soils, b u t th is  m ethod  also fu rn ishes im p o rta n t d a ta  concerning genetical 
p ro b lem s o f soils. The im p o rtan ce  of th e  resu lts  ob ta in ed  by  d. t .  a. is p roved  
b y  a g re a t num ber of scien tific  p ap ers  [4, 27, 55, 115].

3. In  silicate industry

A p a rt from  the  fac t th a t  raw  m ate ria ls  for p roduction  are  n a tu ra lly  te s t 
able b y  d . t .  a., th is m ethod  p lay s a special role in  silicate in d u stry , concern ing  
th e  e lu c id a tio n  and  contro l o f th e  m echan ism  o f m an u fac tu rin g  processes. E . g. 
R .  B a r t a  an d  V l . S a t a v a  [8] em phasize th e  im p o rtan ce  of d. t .  a. in  cem ent 
in d u s try . F irs t o f all, b y  th is  m ethod  one can follow th e  process of lim e k iln ing . 
In  th is  resp ec t, the  above-m entioned  au th o rs  have po in ted  ou t, th a t  o ld  experts  
o f lim e  in d u s try  were m istak en  w hen th e y  w ere of th e  opinion th a t  lim e k iln ing  
w as fa c ilita te d  b y  add ing  N aCl. I t  w as d em o n stra ted  b y  d. t .  a. in v e s ti
g a tio n s , t h a t  dissociation h e a t o f calcium  carb o n a te  d id  no t decrease b y  ad d in g  
N aC l. F a r th e r  th e  au tho rs h av e  used d. t .  a. for contro lling  calcium  h y d ra te s . 
T h e  m e th o d  can render service in  follow ing th e  m echanism  o f cem ent se ttin g ,
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it is also possible to  observe th e  effect o f various ad d itiv e  agents in  th e  process 
o f cem ent se ttin g , b y  d. t .  a. N a tu ra lly , these ex am in a tio n s are only p rac ticab le  
by  equ ipm ents su itab le  for co rrespond ing  h igh  tem p era tu re  m easu rem en ts . 
D. t . a. m ay  be applied  to  contro l th e  con trac tion  and  consolidation  o f  cem en t, 
too .

The u tiliza tio n  of d. t .  a. in  th e  cem ent in d u s try  has also been in tro d u ced  
in  H u ngary  [161].

D. t . a. is th e  m ost w idely app lied  in  ceram ic in d u s try . I t  p lays a decisive 
p a r t in  raw  m ateria l te s tin g , in  th is  sam e in d u s try , b u t  it  can  be used in  d ifferen t 
phases of the  m an u fac tu rin g  process. In  th e  tech n ica l jou rn a ls  o f ce ram ic  in 
d u s try  one can fin d  a g rea t n u m b er of scien tific  pub lica tions on v a rio u s ap p li
cations of th is  m ethod .

M any recen t H u n g a rian  references also prove th a t  d. t .  a. is em ployed  
in  ceram ic in d u s try . W e have to  m en tion  here th e  papers b y  G r o f c s i k  and  
V Á G Ó  [64, 65], fu r th e r  on a p ap er b y  T . T a k á c s  [163] who has carried  o u t X -ray  
an d  d. t .  a. ivestiga tions on ceram ic raw  m ateria ls  from  H egyalja  (N o rth  
H ungary ), and  b y  m eans of these in v estig a tio n s a n d  ox idation  analyses o f  th e  
sam ples he has given, b y  co m p u tin g , th e  q u a n tita tiv e  m inera l com position  
o f th e  sam ples.

T here are  som e references on th e  th e rm al inv estig a tio n  o f silica te  glasses 
loo [164, 30].

4. In  industria l hygiene

In  th is  discipline, m any  p ap ers  were recen tly  published , w h ich  gave 
account of th e  app lica tion  o f  d . t .  a. to  in v estiga tions carried  o u t, in  o rd e r to 
p rev en t silicosis (113, 92]. Scil. i t  is know n th a t  d e te rm in a tio n  of free q u a rtz  
b y  d. t .  a. is p rac ticab le , even in  th e  presence o f o th e r  silicates. H ow ever, since 
i t  has been po in ted  ou t th a t  th e  p eak  m ark in g  th e  inversion  o f q u a r tz  was 
re la tive ly  sm all, one m ust choose an  ap p a ra tu s  o f  h igher sen s itiv ity  th a n  th e  
usual one, in  o rder to  m ake q u a n tita tiv e  d e te rm in a tio n s  m ore accu ra te . A. K ö h 

l e r  and  P . W i e d e n  [92] succeeded in  increasing th e  sen sitiv ity  of th e ir  a p p a ra tu s , 
em ployed for th e  d e te rm in a tio n  o f  free q u a rtz  co n ten t o f rocks, to  such  a degree 
th a t  th e y  could ca rry  o u t unequ ivocally  th e  q u a n tita tiv e  d e te rm in a tio n  o f  less 
th a n  1%  q u a rtz  co n ten t, an d  could  even d e tec t th e  presence o f 0 ,1 %  q u a rtz .

5. Application  o f  d. t. a. to thermochemical problems

From  the  th e rm a l curve —  as has been seen —  tw o d a ta  are  o b ta in ed  
concerning th e  peaks. The f irs t  one is th e  p eak  tem p era tu re , th e  second  th e  
m agn itude  o f peak  deflection  or r a th e r  the  e x te n t o f th e  peak  area. T h e  fo rm er
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is p rin c ip a lly  used for id e n tif ic a tio n , q u a lita tiv e  de te rm in a tio n  of the m ineral 
su b s ta n c e , the la tte r , as is  k n o w n , is su itab le  also for th e  q u a n tita tiv e  d e te rm i
n a t io n  o f the  m ineral p re se n t. H ow ever, b o th  d a ta  m ay  lead to  fu r th e r  scientific  
conclusions. N am ely, one m a y  infer from  p e a k  tem p era tu res , in  case of com 
p o u n d s  of identical ty p e s , re la tiv e  stab ilities (e. g. th e  s tab ility  o f  C aC 03 if  
h ig h e r  th a n  th a t o f M g C 0 3, th e  la tte r  d issociates a t  ab o u t 200° low er te m p e ra 
tu re ) .  However, th e  conclusion  w hich can be d raw n  from  m easuring  th e  peak  
a re a s , is m uch m ore im p o r ta n t .  I . e. by  m eans o f  th is  d a tu m , in  th e  case o f a 
g iv e n  am ount of su b stan ce , th e  h ea t absorbed or produced  in  th e  course o f the 
p rocesses of a lte ra tio n , d issoc ia tio n  etc. could be  determ inab le .

As h a s  b e e n  a l r e a d y  m e n t i o n e d ,  o n e  c o u l d  r e a d  a s  e a r l y  a s  t h e  t w e n t i e s  

o f  t h i s  c e n t u r y ,  t h e  p a p e r s  b y  K u r n a k o v  a n d  h i s  c o l l a b o r a t o r s  i n  w h i c h  t h e y  

p r o p o s e d  t o  i n f e r  l a t t i c e  e n e r g i e s  f r o m  d .  t .  a .  c u r v e s .

In  1951, W i t t e l s  suggested  the  ap p lica tio n  o f d. t .  a .  as m icro-calori
m e te r  in  such a w ay, t h a t  h e  calib rated  th e  e x te n t  o f th e  peak  area  b y  su b 
s ta n c e s  o f known decom p o sitio n  hea t [175]. H e  p o in ts  ou t th a t  th e  p eak  area 
co rrespond ing  to  one th e rm a l u n it , decreases in  p ro p o rtio n  to  th e  rise in  te m p e ra 
tu r e ,  fu rth e r  on he d e m o n s tra te s  th a t  in th e  case o f a  higher h ea tin g  ra te  peak 
a re a s  becom e larger. T h e  sam e  phenom enon w as m entioned  in  th e  descrip tion  
o f  o u r  “ rap id”  a p p a ra tu s .

In  1952, B a r s h a d  [6] ca lib ra ted  his d. t .  a. curves under 200° C b y  organic 
su b s ta n c e s  of know n fusion  h e a t, over 200° C b y  inorgan ic  com pounds o f know n 
fu s io n  h ea t or decom position  h ea t, and by7 m ean s of these c a lib ra tio n -d a ta  he 
o b ta in e d  well co nco rdan t d a ta  concerning v a rio u s  m inerals w hich con tained  
O H  radicals.

S a b a t i e r , i n  a  p a p e r  p u b l i s h e d  i n  1954 [147] e v e n  m o r e  t h o r o u g h l y  d e a l s  

w i t h  t h e  s a m e  p r o b l e m .  H e t r i e s  t o  e l u c i d a t e  t h e  p r a c t i c a b i l i t y  i n  p r i n c i p l e  

o f  t h i s  m e t h o d ,  t h e n  h e  e s t a b l i s h e s  a  s t a n d a r d  c u r v e  w h i c h  g i v e s  c o r r e l a t i o n  

b e t w e e n  t h e  h e a t  p e r  p e a k  a r e a  u n i t  a n d  t h e  p e a k  t e m p e r a t u r e .  H e d e m o n s t r a t e s  

t h e  a p p l i c a t i o n  o f  t h i s  m e t h o d  t o  s o m e  m i n e r a l s  c o n t a i n i n g  OH.
I f  one com pares th e  re su lts  o f various a u th o rs , these resu lts  a re  n o t con

c o rd a n t. C onsequently, th is  m ethod  can n o t be considered as fu lly  developed, 
a n d  requires fu rth e r deve lo p m en t.

According to  th e  p ro p o sa l of K u l p  and  h is co llaborato rs [99], th e  values of 
h e a t  fo rm ation  d e te rm in ed  o n  th e  basis o f th e rm a l curves m ay  be used  for th e  
d e te rm in a tio n  of th e  geological age, too. M e tam ic t m inerals are  su itab le  for th is  
k in d  o f  de term ination , fo r  th e y  recrystallize d u rin g  h eating . In  th e  case of 
m in e ra ls  cited as in s ta n c e  (m etam ict zircon, m e ta m ic t sam arsk ite  etc.) re 
c ry s ta lliz a tio n  resu lts e ith e r  in  a one-step or in  a tw o-step  en d o th e rm al peak. 
T h e  m ore  troubled th e  s tru c tu re  o f the m e tam ic t m in era l (i. e. the m ore in tensive  
th e  ra d io a c tiv ity  ab so rb ed ), th e  larger th e  peak . I t  follows, th a t  in  case of given 
ra d io a c tiv ity , the lo n g er th e  m ineral was exposed  to  rad io ac tiv ity , th e  larger
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th e  ex o therm al peak  m ark in g  recry sta lliza tio n . C onsequently  if, besides 
th e  m ag n itu d e  o f th e  above-m entioned  peaks, th e  in ten sity  o f  ra d io a c tiv ity  
o f th e  sam ple is also de te rm in ed , th e  age of th e  m ineral can be  reck o n ed  from  
th e  tw o  d a ta .

T h e  la t te r  applications o f d ifferen tia l th e rm a l analysis are to  b e  considered 
as p ro sp ec ts , ra th e r  th a n  a developed m eth o d , how ever new  a n d  im p o rta n t 
resu lts  in  th e  course o f fu tu re  evo lu tion  of th is  m ethod  is to  be  ex p ec ted , in  
th is  v e ry  d irection.
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Plate I/a

Thermograms o f su lfides

-  \
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1. Double p y rite  p e a k  (S o v e r i) (157)

2. Pyritiferous k ao lin , M o u n ta in  o f Velence, H u n g a ry  
(H ungarian  S ta te  G eological In s ti tu te , B u d ap es t, 
1954)

3. Pyritiferous s id e r ite , R u d a b án y a , H u n g a ry  (H u n g a 
rian  S ta te  G eological In s t i tu te ,  B udapest, 1954)

4. W yoming b e n to n ite  +  1%  p y rite , in  a ir  (R owland  
and  Lew is) (143)

5. W yoming b e n to n ite  +  1%  p y rite , in  n itro g en  
(R owland a n d  L e w is  [143])

6. Sphalerite, Jo p lin , M issouri (K aufmann  an d  
D illing ) (78)

Plate I/b

Thermograms o f  su lfides in  nitrogen  according to  H iller an d  Probstiiain (74)

too 200 300 SCO 500600 700600 900 ЮОО

1. P yrite

2. Chalcopyrite

3. Covelline

4. Covelline in  a ir

5. A ntim onite

6. A rgentite
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Plate II

Quarts curves

1. Q uartz , O ttaw a , Illinois (Grim  and  R ow land) (62)
2. Q u artz , H o t Springs, A rkansas (Faust) (37)
3. Q uartz , M t. A sztaghegy, G yöngyössólym os, H u n g a ry  

(H u n g a rian  S ta te  Geological In s t i tu te ,  B u d ap est, 
1953)

4. Q uartz , M áram aros, R oum an ia  (H u n g a rian  S ta te  
Geological In s t i tu te ,  B u d ap est, 1953).

5. Q u artz  beside  kao lin , B ánk , H u n g a ry  (H u n g a rian  
S ta te  Geological In s t i tu te , B u d ap es t, 1954).

6. Q uartz  beside  m on tm orillon ite , V égardó, H u n g ary  
(H u n g a rian  S ta te  Geological In s t i tu te ,  B u d ap es t, 
1955).

100 200 300^00500600 700 SOP 900 1000

r
-V"

-V "

~ V ~
_ y \

<oo : oo т чоо 500 eoo 7oo soo m  woo

Plate III

Thermograms o f  manganous oxides

1. P y ro lu site , N ova Scotia (H u n g arian  S ta te  Geological 
In s t i tu te ,  B u d ap es t, 1954).

2. R am sd ellite , Id o rad o  m ine, Colorado (K u l p  an d  
P e r f e t t i) (97).

3. H a u sm a n n ite , Ilm en au , T hüringen  (K u lp  an d  
P e r f e t t i) (97)

4. a h a u sm an n ite  (R ode) (137)
5. B ra u n ite , T h ü rin g en  (K u l p  a n d  P e r f e t t i) (97)
6. M n 0 2, p re p are d  a rtifica lly  b y  Gr a sselly  (H u n g a 

r ia n  S ta te  Geological In s t i tu te ,  B u d ap es t, 1955)
7. M n20 3, p re p are d  a rtifica lly  b y  Gra sselly  (H u n g a 

rian  S ta te  Geological In s t i tu te ,  B u d ap es t, 1955)
8. Mn30 4, p re p are d  artifica lly  b y  Gra sselly  (H u n g a 

rian  S ta te  Geological In s t i tu te , B u d ap es t, 1955)

Ю0  200 300 <r00 500 600 700000 MÜ 10011
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Plate IV

Therm ogram s o f iron oxides and  m anganite

100 200 300 900 300 600 700 600 900 woo

1. M anganite, I lfe ld  (K u l p  a n d  P e r f e t t i) (97)
2. G oethite , C ornw all ( K u l p  an d  P e r f e t t i) (97)
3. L epidocrocite , N o rth a m p to n , Pa. (K u lp  an d  T r it e s ) 

(98)
4. A rtific ial m ix tu re  o f  60%  lepidocrocite  an d  40%  

goethite  (K u l p  a n d  T r it e s ) (98)
5. G oethite , R u d a b á n y a , H u n g a ry  (H u n g arian  S ta te  

Geological I n s t i tu te ,  B u d ap es t, 1954)
6. L epidocrocite , M eszes, H u n g a ry  (H u n g a rian  S ta te  

Geological I n s t i tu te ,  B u d ap es t, 1955)
7. Lepidocrocite  a n d  g o e th ite , T orn aszen tan d rás , 

H ungary  (H u n g a ria n  S ta te  Geological In s t i tu te ,  
B udapest, 1955)

8. A rtific ial m ix tu re  o f  lep idocrocite  and  m an g an ite

Plate V

Therm ogram s o f  M g and A l  hydroxides

100 200 300 900500 600 700 600 900 WOO

1. B ru c ite , B rew ste r (K a u ffm a n  an d  D ill in g ) (78)

2. B rucite  (N o rto n ) (127)

3. H y d rarg illite , I s t r ia  (H u n g a ria n  S ta te  Geological 
In s ti tu te , B u d a p es t, 1953)

4. A rtific ial h y d ra rg illite  (E r d e y  an d  Paulik) (33)

5. B au x ite , Iszk aszen tg y ö rg y , H u n g a ry  (M. Földvári- 
Vogl) (41)

6. B aux ite , H a lim b a  (V a chtl) (166)

7. B ayerite  (K a u fm a n n  a n d  D il l in g ) (78)
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Plate VI

Thermograms o f  a lum in ium  oxy-hydroxides

1. D iasp o re , C hester, M assachusetts (Bradley' and 
G r im ) (17)

2. B o eh m ite  (Speil, Berkelhamer, Pask, Davies) (159)

3. B au x itife ro u s Eocene c lay , G álit, H u n g a ry  
(M. F öldvári—Vogl) (41)

1. B a u x ite , M arkusovce, CSR. (K onta) (88)

5. B a u x ite , con ta in ing  d iaspore, N ézsa, H u n g ary  
(M . F ö ld v á r i—Vogl) (41)

6. B a u x ite , con ta in ing  h y d ra rg illite  a n d  boehm ite, N agy- 
n ém eteg y h áza , H ungary  (M. F ö l d v á r i—V ogl)(4 1 )

too 200 300 SOO 500 600 700f y 900 1000

Plate VII

Thermograms o f  tourmalines (according to Kurylenko  ̂ ( Ю З )

1. B lack  to u rm a lin e , S t. G o tth ard  (Sw itzerland)

2. B lack  to u rm a lin e , Brazil

3. B lack  to u rm a lin e , M adagascar

4. B lack  to u rm alin e , M adagascar (decom posed sam ple)

5. C olourless to u rm aline , E lba

6. D ra v ite , rich  in  Mg, C zechoslovakia

7. R u b e llite , San Diego, USA

IDO 300 500 ' 700 ' 300 ’C
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Plate VIII/a

Therm ogram s o f  amphiboles (according to W ITTELS)  (177)

600 700 600 900 1000 1100

]. T rem olite

2. R ich terite

3. N a-trem olite, g lau cop liane

4. N a-trem olite, g laucop liane
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Plate VIU/b

Therm ogram s o f  amphiboles (according to W lTT ELS)  (177)

60U /00 oOO 900 1000 1100

1. A nthophyllite  (h igh  Mg co n ten t)

2. A nthophyllite  (h igh  Fe co n ten t)

3. H astingsite

4. P argasite

600 700 600 900 WOO 1100
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Plat«- IX

Thermograms of sepiolite

1. A m p a n d ran d a v a  (Ca ille r e) (21)

2. M ad ria t, S istrière  (Ca ille r e) (21)

3. N ew  M exico (K auffm an  and  D il l in g ) (78)

4. Beto C ou n ty , M d. (K e r r , K u l p , H am ilton) (82)

5. S p a in  (K e r r , K u lp , H amilton) (82)

6. M eerschaum , T u rk ey  (K e r r , K u l p , H a m ilto n ) (82)
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Plate X

Thermogrr.ms of paligorskite (attapulgite)

1. M aev atan an a  (Ca il l e r e ) (21)

2. Le V ígan (Ca il l è r e ) (21)

3. A tta p u lg ite , Q uincy, F lorida  (G rim  an d  R o w la n d ) 
(62)

4. A tta p u lg ite , Georgia (K e r r , K u lp  an d  H a m ilto n ) 
(82)

5. A tta p u lg ite , Georgia (K er r , K u lp  an d  H a m ilto n ) 
(82)

6. A tta p u lg ite , Q uincy , F lorida  (K e r r , K u l p  an d  
H a m ilto n ) (82)

100 200 M  W  500 600 700 000 900 woo

6 Acta Geologica V/l.
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Plate XI

Thermograms o f  serpentine m inerals

m  200 300 Ш  500 600 700 MO 900 1000

1. a an tig o rite  (Ca il l e r e ) (21).

2. ß  a n tig o rite  (Ca il l e r e ) (21)

3. ß  an tig o rite  (Ca il l e r e ) (21)

4. S erpen tine, N ew  Y o rk  (K auffm an  an d  D il l in g ) (78)

5. S erpen tine, Coos C o u n ty  (K auffman  an d  D il l in g ) 
(78)

6. S erpen tine, P e rk u p a , H ungary  (H u n g a rian  S ta te  
Geological I n s t i tu te ,  1955)

Plate XII

Thermograms o f  talc and pyrophyllite
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V. 1. Talc, V erm o n t (G rim  an d  R iw l a n d ) (62)

2. Talc, F e lső csa tá r, H u n g a ry  (H ungarian  S ta te  
Geological I n s t i tu te ,  1955)

3. P y ro p h y llite  (N o rto n ) (127)

4. P y ro p h y llite , N o r th  C arolina (Grim  an d  R o w la n d ) 
(62)

5. P y ro p h y llite , R o b b in s , IN. C. (K er r , K u l p  and  
H amilton) (82)

6. P y ro p h y llite , R o b b in s , N . C. (K e r r , K u lp  and  
H am ilton) (82)
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Plate ХП1

Thermograms o f  m icas

1. M uscovite  (G rim  an d  Row land) (62)

2. M uscovite  (B arsh ad ) (5)

3. P a ra g o n ite  (B a r sh a d ) (5)

4. G laucon ite , V illers, U pper C retaceous (Sa b a t ier ) (145)

5. G laucon ite , Cuise, T ertia ry  (Sa ba tier) (145)

6. G laucon ite , P u g e t, In fra-C retaceous (Sa b a t ier ) (145)

7. G laucon ite  (Grim  an d  R ow land) (62)

m  ?oo 300 soo sop боо7ооаоо m  ют
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Plate XIV

Thermograms o f  chlorites

1. S h e rid an ite , Com berousse, Savoie (O r cel)(1 3 0 )

2. G ro ch au ite , T ran sv aa l (Orcel)

3. T h iirin g ite , E v isa  (O rcel)

4. P roch lorite -c linoch lore, M adagascar (O rcel)

5. C linochlore, W est C hester (O rcel)

6. K äm m ererite , T exas (O rcel)

7. C hlorite , C hester, M assachusetts (G rim  and  

R o w la n d ) (62)

6 '
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Plate XV

Therm ograms o f  chlorites ( according to SabatierJ (1 4 6 )

too 200 000 000 SOO 600 700 600 m  tooo

la ,  2a, 3a, 4a coarse -g ra in ed  chlorite  sam ples

lb ,  2b, 3b, 4b th e  sam e chlorite  sam ples a f te r  f in e  
pow dering

Plate XVI

Thermograms o f  vermiculites ( according to BarshadJ ( 5)

У

1. N a tu ra l v e rm icu lite

2. V erm icu lite  s a tu ra te d  w ith  Ca

3. V erm icu lite  s a tu r a te d  w ith  N a

4. V erm iculite  s a tu ra te d  w ith  Mg (re-a lte red  fro m  
v erm icu lite  p re v io u s ly  sa tu ra ted  w ith  N a, in to  
M g-verm iculite)

5. V erm icu lite  s a tu ra te d  w ith  N H 4

6. V erm icu lite  s a tu ra te d  w ith  К
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Plate XVII

Thermograms o f  fe ldspars (according to A .  K ö h l er  and P. W ie d e n ) (9 1 )

100 200 300 ‘rOO 500 600 700800 HOP 1000

1. Á lh ite , K ischuna, S w itzerland

2. O ligoclase, T v ed estran d , N orw ay.

3. L ab ra d o rite , L ab rad o r

4. A n o rth ite , Pesm eda, I ta ly

5. A n o rth ite , K a n a tsu k i, J a p a n
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Plate XVIII

Thermograms o f  kaoliniles

1. K a o lin ite , Z e ttlitz  (H u n g a ria n  S ta te  Geological 
In s t i tu te ,  1953)

2. K a o lin ite , P ilisvö rösvár, H u n g a ry  (H u n g arian  S ta te  
Geologiaal In s t i tu te , 1953)

3. K ao lin ite , B udakeszi-H árshegy , H u n g a ry  (H u ngarian  
S ta te  Geological In s t i tu te ,  1954)

4. K ao lin ite , V égardó, H u n g ary  
Geological In s ti tu te , 1955)

5. K a o lin ite , L angley  (Gr u v e r ,

6. K a o lin ite , L angley  +  6%  
H e y s t e k ) (68)

7. K a o lin ite , Langley 
Heystek) (68)

( H ungarian  S ta te

H e n r y , H e y s t e k ) (68) 

NaCl (G r u v e r , H e n r y ,

H e n r y ,
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: 10%  N a2COa (G r u v e r ,
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Plate XIX

Therm ogram s o f  minerals o f  the kao lin  group
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1. N aerite  (N orton) (127)

2. N aerite , F re iberg  ( J a sm u nd ) (76)

3. D ick ite  (N orton) (127)

4. D ick ite , Colorado (K e r r , K u i.r ,  H a m ilto n ) (82)

5. D ick ite  a n d  n aerite  to g e th e r, S t. G eorge, U ta h  (K e r r , 
K u lp , H a m ilton)

6. N aerite  an d  d ick ite  to g e th e r, M ád, H u n g a ry  
(H u n g arian  S ta te  Geological In s t i tu te ,  1954)

7. D ick ite  an d  n a e r ite  to g e th e r, Z solnay m in e , 
S á ro sp a tak , H u n g a ry  (H u n g a rian  S ta te  Geological 
In s ti tu te , 1953)

8. H alloysite , D jebel D eb ar, A lgiers ( J a sm u n d ) (76)

Plate XX

Therm ograms o f  kaolin  m inerals o f  Szegilong 
( H ungarian  Slate Geological In stitu te , 1955)
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Plate XXI

Thermogram of montmorillonites 
Variation of exchangeable cation (according to B arshad) ( 7)

1. M g-m ontm orillonite

2. C a-m ontm orillonitc

3. B a-m ontm orillon ite

4. N a-m ontinorillon ite

5. N H g-m ontm orillon ite

6. K -m ontm orillon ite

Plaie XXII

Thermograms of montmorillonites

1. U p to n , W yom ing (G rim  a n d  R ow la n d ) (62)

2. O tay , California (G rim  a n d  R ow la n d )

3. G önc, H ungary  (H u n g a ria n  S ta te  Geological In s ti tu te , 
1953)

4. B u d a té tén y , H u n g a ry  (H u n g a ria n  S ta te  Geological 
In s t i tu te ,  1955)

5. M ád—K oldu , H u n g ary  (H u n g a ria n  S ta te  Geological 
In s t i tu te ,  1955)

6. Istenm ezeje , H u n g a ry  (H u n g a ria n  S ta te  Geological 
In s t i tu te ,  1955)

7. P u re  N a-m o n tm o rillo n ite , p re p are d  from  th e  b en to n ite  
o f Istenm ezeje, H u n g a ry  (H u n g a ria n  S ta te  Geological
In s t i tu te , 1955)

'Qf1 т л ю  x o 600 тооаоо яоо tw o
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'OÙ 2QÜ MO iOO 5QÜ t!!0  700 вОО .000 1000 Plate XXUI

Thermograms o f  nontronite, beidellite and  hectorite

1. N o n tro n ite , San L u is , P o tosi, M exico (G rim  and 
R ow land) (62)

1. N o n tro n ite , M an ito , W ash ing ton  (K e r r , K u l p , 
H am ilton) (82)

3. “ Chloropal” , U zhgorod , U SSR, (H u n g a ria n  S ta te  
Geological In s t i tu te ,  1955)

4. B eidellite, B eide ll, Colorado (Grim  a n d  R ow la n d ) (62)

5. Saponite , C ornouailles (Сн. K ie f e r ) (83)

6. H ecto rite , H ec to r, C alifornia (Kerr, Kulp, 
Hamilton) (82)

VO 200 300 Ш  SCO 600 700 SOP 900 Ю00 Plate XXIV/a

Therm ogram s o f illites

1. I llite , A lexander C oun ty , Illinois (Grim and 
R ow land) (62)

2. I llite , Verm ilion C ou n ty , Illinois (G rim  and  
R ow land) (62)

3. P leistocene c lay , S o lt, H u n g ary  (M. F ö ld v ä r i- 
Vogl) (42)

4. P leistocene c lay , V ám osgyörk , H u n g ary  
(M. Földvári -  Vogl) (42)

5. Q u a tern a ry  soil o f  Sw eden (F . Wiklander) (174)
6. I llite  a n d  m o n tm o rillo n ite , P ioche, N e v ad a  (K e r r , 

K u lp , H am ilto n ) (82)
7. Illite , S á ro sp a tak  (m ore precisely F ü z é rra d v á n y ) 

H ungary  (Grim  a n d  R ow land)

0  too  200 300 ‘tQO 500 600 700 S00 900 1000 Plate XXIV/b

Therm ogram s o f  hydromicas

1. H ydrom uscovite , N agybörzsöny , H u n g a ry  (J . Erdélyi) 
(3 5 ); (H u n g a rian  S ta te  G eo lo -g ical I n s t i tu te ,1956)

2. P a rag o n ite  (Bahshad) (5)

3. H ydrom uscovite?  (lev errie rite ), L ukav ice  (K onta) (90)
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Plate XXV

Thermograms of mixtures of illite and kaolinile (according to G rim  and R o w la n d ) (62)

I. 95% illite and 5% k ao lin ite

2. 90% illite and 10% k ao lin ite

3. 75% illite and 25% k ao lin ite

1. 50% illite and 50% k ao lin ite

5. 25% illite and 75% k ao lin ite

6- 10% illite and 90% k ao lin ite

WO WO J 00 WO 500 600 700S00 900 1000

Plate XXVI

Thermograms of mixtures of various clay minerals

1. 50%  C a-m ontm orillon ite  an d  50%  kaolin ite  
(G rim ) (58)

2. 75%  N a-m ontm orillon ite  and  25%  illite  (Grim and  
R ow land) (62)

3. 25%  N a-m ontm orillon ite  an d  75%  illite  (G rim  and 
R ow land) (62)

I. K ao lin ite , N a-m o n tm o rillo n ite , illite  (1 : 1 : 1 )(G r im )

5. K ao lin ite , N a-m o n tm o rillo n ite , illite  ( 3 : 1 :  1 )(G r im )

100 200 300 WO 500 600 700 600 900 wot

WO 200 300 900 500 600 700S00 900 WOO
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Plate XXVII

Therm ograms o f  allophane and d illn ite

t 1. Rose a llophane* , L aw rence C ounty , In d ia n a  
(W h it e ) (171)

2. V itreous a llo p h an e* , Law rence C oun ty , In d ia n a  
(W h it e )

3. Rose a llophane, in  n a tu ra l s ta te  o f  m oistu re

4. V itreous a llo p h an e , in  n a tu ra l s ta te  o f  m oistu re

5. D illn ite , B an sk á  B elá , Czechoslovakia (K onta) (89)

100 ZOO 300 Ш  500 600 700600 900 1000

Plate xxvm/a 
Thermograms o f  phosphates  

(according to R . L . Ma n l y ) (1 1 7 )

100 ZOO 300 ZOO 500 600 700800 900 1000

1. Z ep h a ro v ic h ite  (?) C zechoslovakia  — 2. 
W a v e ll i te ,  M ontgom ery, A rk an sas — 3. T ur- 
q u o is , N ew  Mexico. — 4. V a risc ite , F a ir- 
f ie ld ,  U ta h  — 5. B o liv a rite , P o n te  V erde, 
S p a in  — 6. L azulite, G eorgia — 7. B erlin ite  

(artific ial m in era l)

* T hese sam ples w ere in v e s tig a te d  a fte r

Plate X X V in /b

Therm ograms o f  phosphates 
(according to R . L . Ma n l y ) (117)

too ZOO J00 ■.00 500 600 700 600 900 1000Г .'ТТЧ ' I ■ t --г—»-1-r—r—f t--•—I

1. A m blygon ite , B lack  H ills , D a k o ta  — 2. 
V iv ian ite , K eystone , D a k o ta  — 3. B obierrite , 
E d g e rto n , M innesota  — 4. W a rd ite , Lew iston, 
U ta h  — 5. M g H P 0 4 - 3 H 20  (a rtif ic ia l)  -  6. 
A ugelite , L aw s, C alifornia — 7. E v ansite , 
G oldberg , Idaho  — 8. K in g ite  (N ourish , 

R ogers, Sh a p t e r ) (126)

p rev io u s h e a tin g  up  to  140°C
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Plate XXIX

Thermograms of phosphates (according to Cv etk o v  and Va ly a sih in a ) (26)

m  w o 300 ш  soo ьсо ?oo soo 900 /000 hop n on

1. T h en a rd ite

2. G lauberite

3. B a ry te

4. A nglesite

5. A n h y d rite

6. Coelestine

<00 200 mo \bosoo m  wo 'sóo gbówoötw Í200

Plate XXX

Therm ogram s o f  alunite and jarosites

1. A lu n ite , S an ta  R ita , N ew  M exico (K u lp  and  A d l e r )
(92)

2. A lu n ite , N ev ad a  (K auffm a n  a n d  D il l in g ) (78)

3. Ja ro s ite , Los L am en tos, M exico (K u l p  a n d  A d l e r )

4. Ja ro s ite , a r tif ic ia l (Cvetkov  a n d  Va ly a sih in a ) (26)

5. P lu m b o ja ro site , A lm ada, M exico (K u lp  an d  A d l e r )
(93)

6. A rgen to ja ro site , E u rek a , U ta h  (K u l p  an d  Ad ler )

too 200 300 Ш 500 600 700 &00 900 1000
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Plate XXXI/a

Thermograms o f hydrous sulfates (according to Cv etk o v  and  Va ly asih ina ) (2 6 )

too 200 300 WO500 600 700 &0Û900 fOOOHOO 1700

1. G ypsum

2. M elan terite

3. E psom ite

4. G oslarite

о

Plate XXXI/b

Thermograms o f hydrous sulfates (according to Cv etk o v  and  Va ly a sih in a ) (2 6 )  

too 200 гор wo 500 600 700 m o  900 torn

1. M irabilite

2. C halcanthite

3. A lum inite

4. A lum inite, G an t, H u n g a ry  (Ged eo n  -K lib u r szk y ) 
(M ineralog ical-P etrographical D ep artm en t o f  th e  
R . E ötvös U n iv e rs ity , B udapest)

tOO 200 300 WO500 600 700300 900 tooo
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Plate XXXII

Thermograms o f  carbonates

1. C alcite (K e l p , K e n t  an d  K e r r ) (94)

2. A ragon ite  (F aust) (38)

3. M agnesite (K u lp , K en t  an d  K e r r )

4. Iron iferous m agnesite  w ith  calcite  im p u rity  (K u l p , 
K e r r  an d  K en t )

5. D olom ite , N y irád  — Cserhegy, H u n g a ry  (M. F ö ldvári- 
V ogl, V. K oblencz) (46)

6. M ix tu re  o f C aC 03 and  M gC 03 (in  p ro p o rtio n  corre
spond ing  to  th e  com position  o f do lom ite  No. 5.)
(M . F öld vári-V ogl, V. K o blencz) (46)

7. D olom ite  o f N yirád-C serhegy -j- 5%  KC1 
(M . F ö ldvári-Vogl, V. K oblencz)

№0  to o  Ж  Щ  500 600 700 SOP 900 Ю00

Pla te  ХХ Х Ш

Thermograms o f  carbonates

1. S id erite , W aldstein , C arin th ia  (K u l p , K en t  and 
K e r r ) (94)

2. S id erite , R u d ab án y a , H u n g ary  (H u n g arian  S ta te  

Geological In s ti tu te , 1955)
3. A n k erite , E isenertz , S ty ria  (K u l p , K en t  and  K e r r )

4. R hodochrosite , Colorado (K u l p , W rig h t  and 
H olm es) (100)

5. R hodochrosite , U rk u t, H u n g ary  (H u n g a rian  S ta te  
Geological In s ti tu te , 1954)

6. M ix tu re  o f  50%  rhodochrosite  an d  50%  sid e rite  
(M. Földvári-Vogl, V. Koblencz) (47)

Ю0 200 300 WO 500 600 700 Й00 900 <000
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Plate XXXIV

Thermograms o f carbonates

too 200 300 400500000 700 S00900 /ООО

1. S tron tian ite , H am m , W estfa len  (G r u v er ) (67)

2. W itheritem  N o rth u m b erlan d , E ng lan d  (Gru ver)

3. Cerussite, N ew  M exico (G ruver)

4. Soda (artific ial) (G r u v e r )

5. A zurite, U ta h  (K a u ffm a n  and  B illing) (78)

Plate XXXV

Therm ograms o f  some natural nitrates a n d  halogenides

/00 200 300 400 500 600 700 BOO 900 WOO

1. Sodium  n itra te  (B a r sh a d ) (6 )

2. Sodium  chloride (B a r sh a d )

3. C ryolite, G roenland  (K a u ffm a n  an d  D il l in g ) (78)

4. F luorite , Tennesco (K auffm an  a n d  D iu lin g )

/00 200 300 400 500 600 700 300900 m o
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Plate XXXVI/a

Thermograms o f  coals (according to Glass) (5 3 )

1. M e ta -an th rac ite  (1 ,8%  V. M.)

2. A n th ra c ite  (2 ,3%  V. M.)

3. S em i-an th rac ite  (8 ,0%  V. M.)

4. B itu m in o u s coal (15 ,9%  V. M.)

P la te  XXXVl/b

Thermograms o f  coals 
( according to Glass) (5 2 )

too 'zi>o ж  m  soô m  m  a b o m  iooo

1. B itu m in o u s coal(24 ,0%  V. M.) —  2. B itu 
m inous coal (30 ,5%  V. M.). — 3. L ign ite . — 

4. P e a t

Plate XXXVI/c
Therm ograms o f  peat and spruce  

(according to P aulik and  W eltn er) (1 3 5 )

m  '100 300 WÓ 500 600 70Ó SOÓ900 iooo

1. P e a t, Fekctebézsény, H u n g a ry  
2. Spruce
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ROLLE DER DIFFERENTIAL-THERMOANALYSE IN DER MINERALOGIE 
UND IN DER GEOLOGISCHEN SCHÜRFUNG NACH MINERALISCHEN ROHSTOFFEN

V o n

F r a u  M . f ö l d v A i u - v o g l

Synoptische Abhandlung, die einerseits zur Anwendung der Differential-Thermo- 
analyse in der Mineralogie und in der Geologie Richtlinien zu geben wünscht, andererseits 
aber die bisher in Ungarn erzielten Ergebnisse zusammenfaßt.

Im ersten Teil der Abhandlung legt die Verfasserin die theoretischen Grundlagen 
des Verfahrens dar und gibt die Beschreibung der bei der Differential-Thermoanalyse ange
wendeten Apparatur. Die durch die Verfasserin und ihre Mitarbeiter an den Apparaten 
durchgeführten Änderungen werden besonders hervorgehoben.

Der zweite, umfangreichste Teil des Werkes behandelt die DTA-Untersuchung ver
schiedener Minerale. Die Minerale werden in ein mineralogisches System gruppiert behandelt. 
Bei den einzelnen Kurventypen wird die Aufmerksamkeit auch auf die eventuellen Anomalien 
gelenkt. Die gesammelten Erfahrungen werden an ungarischen Beispielen dargcstellt.

Der abschließende Teil der Arbeit befaßt sich kurz mit der anderweitigen praktischen 
Anwendung der DTA-Methode.

Die im Text angeführten zahlreichen DTA-Kurven erleichtern den Geologen die Identi
fizierung der Minerale.
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РОЛЬ ДИФФЕРЕНЦИАЛЬНО-ТЕРМИЧЕСКОГО АНАЛИЗА В МИНЕРАЛОГИИ
И В ГЕОЛОГИЧЕСКОЙ РАЗВЕДКЕ НА МИНЕРАЛЬНЫЕ СЫРЬЯ

М. ФЁЛЬДВАРИ-ФОГЛ

Сводная работа, которая с одной стороны дает указания к применению дифферен
циально-термического анализа в минералогии и геологии, а с другой — суммирует полу
ченные до сих пор в Венгрии результаты.

В первой части работы автор излагает теоретические основы методы, а затем при
водит описание примененной для дифференциально-термического анализа аппаратуры. 
Особо описываются приборы, сконструированные автором и ее сотрудниками.

Вторая, наиболее пространная часть работы занимается дифференциально-терми
ческим анализом отдельных минералов. Минералы обсуждаются по минералогическим 
группам. В связи с отдельными типами кривых автор обращает внимание и на возможные 
аномалии. Накопившиеся опыты демонстрируются на венгерских примерах.

Заключательная часть работы вкратце излагает другие возможности практического 
использования дифференциально-термического анализа.

Приведенными в текстовой части многочисленными кривыми, полученными при 
проведении дифференциально-термических анализов, автор желает облегчать геологам 
идентификацию минералов.
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THE GEOCHEMISTRY OF HUNGARIAN RAUXITES
PART I.

B y

G y . B á r d o s s y

H U N G A R I A N  C E O L O C I C A L  I N S T I T U T E ,  B U D A P E S T

As the first step in geochemical analysis of Hungarian bauxite, the author investigated 
the quantity and distribution of main bauxite elements (Al, Si, Fe, Ti, O, H). Investigations 
were based on nearly 28 000 analyses for each of these elements and evaluated with the aid 
of mathematical statistics.

T he average  chem ical com position was d e te rm in e d  fo r each  of the  known b a u x ite  o c c u r
rences in  H u n g a ry . M oreover, th e  m ost im p o r ta n t s ta tis t ic a l  p a ram eters (m edian , m o d e, v a r i 
ance, e tc .)  a n d  th e  frequency  d is tr ib u tio n  were s e p a ra te ly  d e te rm in ed  for each c o m p o n en t w ith in  
each  o ccurrence .

T hese  d a ta  have serv ed  as a basis for d e m o n s tra tin g  som e in teresting  g eochem ical re la 
tio n sh ip s . C om parison o f th e  frequency  d is tr ib u tio n  o f  e lem en ts  among in d iv id u a l lo ca lities  
yielded a  new  re la tio n  as to  th e  q u a lity  o f b a u x ite  in  fu n c tio n  o f its geographical lo ca tio n . A t 
la s t, th e  q u a n ti ty  re la tions o f  th e  m ain  e lem en ts fo r th e o re tic a l considerations co n ce rn in g  th e  
d is tr ib u tio n  o f  a llitic  m inerals as well as an  a t te m p t  fo r th e  possible causes o f th is  d is tr ib u tio n  
can  be ex p la in ed .

In tro d u c tio n

T h e  purpose  o f th is  s tu d y  is th e  geo ch em ical descrip tion  o f  H u n g a r ia n  
b a u x ite . I t s  en tire  chem ical com position  w ill be tre a te d , from  th e  m a in  e le 
m en ts  to  th e  tra c e  co m ponen ts. The m in e ra l b o n d s in  w hich th ese  e le m e n ts  
te n d  to  occu r will be d e a lt  w ith  in th e  n e x t  s te p . F in a lly , conclusions w ill be 
d raw n  as to  th e  possible genetics of H u n g a r ia n  b au x ite s  on th e  m in e ra lo g ica l 
an d  geochem ical in fo rm a tio n  o b ta in ed .

In  com pliance w ith  th e  above se t  p u rp o ses , ou r work can be d iv id e d  
in to  fo u r  p a r ts  :

I .  M ain elem ents o f H u n g arian  b a u x i te  (Al, Si, Fe, Ti, 0 ,  H ).
I I .  A ccessory an d  trace  e lem ents in  H u n g a r ia n  baux ite .
I I I .  M ineralogical aspects  o f th e  ch em ica l com position .
IV . G eneral geochem ical ev a lu a tio n , g en e tic  considerations.
T h e  p re sen t p a p e r  only  con ta in s P a r t  I . T h e  o thers will be p u b lish e d  

a t  a la te r  d a te .
H u n g a ria n  b a u x ite  occurs in geo log ica lly  w ell-defined  d ep o sits  w h ich  

to w a rd s  b ed ro ck  an d  cover are sh a rp ly  b o rd e red  b y  read ily  d e tec tab le  h ia tu se s  
a n d  un co n fo rm itie s . H ow ever, th e  d e p o s its  c o n ta in  argillaceous b a u x ite , 
b a u x itic  c lay  and  even baux ite -free  c lay , b esides th e  ty p ica l b au x ite . T h ro u g h -

1 A c t a  G e o lo g ic a  V /2 .
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o u t  o u r in v e s tig a tio n s  w e will deal w ith  th e  e n tire  b aux ite  b o d y . T h is  is a 
geological as w ell as geochem ical e n ti ty  o f  w h ich  ty p ica l b a u x ite  is o n ly  a 
p a r t .

U p till now  th e  b a u x ite -c la y  (a llite -s ia llite ) lim it was u n iv e rsa lly  d e f in e d  
b y  th e  so-called silica  ra tio  (m odule), i. e. th e  ra tio  of A120 3 to  S i0 2 w e ig h t 
p e rc e n ta g e . T he ro ck s w ith  a ra tio  value b e lo w  u n ity  were considered  as sia lli- 
te s  ; those  above u n ity , as allites. H o w ev er, th is  lim it is p u re ly  a r b i t r a r y ,  
la ck in g  an y  k in d  o f  m inera log ica l or geo ch em ical basis. Thus e. g. in  k a o lin ite , 
a lm o s t only  clay  m in e ra l o f H u n g arian  b a u x i te ,  th e  silica ra tio  eq u a ls  0 ,85. 
T here fo re , as m u ch  as 14,8 per cen t o f b a u x i te  m inerals m ay be p re se n t in  a 
ro c k  w ith o u t ra is in g  th e  ra tio  above u n ity .

This c ircu m stan ce  led  us to  p ropose  a d iffe ren t k ind o f c la ss if ic a tio n , 
f a r  m ore useful in  d e lim itin g  g rad u a lly  c h a n g in g  rock types o f  th e  b a u x i te  
b o d y  in  a precise a n d  geochem icallv  c o rre c t m an n e r.

1. B au x ite  is d e fin ed  as th a t  p a r t  o f  th e  b au x ite  body in  w hich  m ore  
th a n  75 p er cen t o f  th e  w hole a lum inum  c o n te n t  (equivalen t to  an  A120 3 c o n 
t e n t  o f 55 to  45 p e r  cen t) is p resen t in  th e  fo rm  o f (oxy)h idroxides.

2. Rocks c o n ta in in g  75 to  25 per c e n t o f  its  a lum inum  in  th e  fo rm  o f 
(o x y )h y d ro x id es  a re  arg illaceous b a u x ite s  (A120 3 co n ten t ran g in g  fro m  45 to  
35 p e r cent).

3. In  b a u x itic  c lay , less th a n  25 p e r c e n t o f  th e  to ta l a lu m in u m  is p re se n t 
in  th e  form  o f (o x y )h y d ro x id es  (35 to  30 p e r  c e n t A120 3 con ten t).

4. Clay is d e fin ed  as con ta in ing  no  a lu m in u m  (oxy)hydrox ides a t  all, 
e n tire ly  consisting  o f c lay  m inerals (A120 3 c o n te n t below 30 p e r cen t).

The geochem ical reasons for th is s o r t  o f  classification  will be e x p la in e d  
in  th e  follow ing p u b lic a tio n .

On th e  basis  o f th e  above given d e f in itio n s  we have e v a lu a te d  th e  d a ta  
o f  54 b a u x ite  occu rren ces, th e  m ost im p o r ta n t  ones of the  c o u n try . T h e ir  
g eograph ica l a n d  geological position  is sh o w n  in  F ig . 1. As to  th e ir  geo log ical 
s tru c tu re  we re fe r to  a rich  p e rtin e n t l i te r a tu r e  [8, 9, 10, I I ) .  F o r  th e  sak e  
o f  com parison , h o w ev er, we have p re se n te d  th e  s tra tig rap h ic  co lu m n s o f  th e  
m ore  im p o r ta n t occu rrences (F ig. 2).

P a r t I. M ain e lem ents o f H u n g a rian  b au x ite  (A l, Si, Fe, T i, O, H )

The d is tr ib u tio n  o f  th e  six m ain  e le m e n ts  in  H un g arian  b a u x ite  is k n o w n  
b y  ten s  of th o u sa n d s  o f  analyses. B efore t r e a t in g  th e  system atic  geo ch em ical 
use o f th is  eno rm o u s m a te ria l, it  is n e c e ssa ry  to  consider th e  m e th o d s  o f 
an a ly s in g  these  e lem en ts , the accu racy  o f  th e  m ethods, etc.

The m ain  e lem en ts  are assayed in  m o s t o f  th e  cases b y  ro u tin e  a n a ly se s , 
w h e reb y  th e  re s t o f  th e  co n stitu en ts  are  le f t  o u t  o f consideration . T h e  a n a ly se s  
h e re  re fe rred  to  w ere  m ad e  by  th e  la b o ra to r ie s  o f  th e  Chem ical W o rk s , K e le n 
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fö ld , o f th e  G án t an d  Iszk aszen tg y ö rg y  B au x ite  M ines an d  of the  A jka  A lu m in a  
F a c to ry . In  all o f  these  lab o ra to rie s  th e  ana ly ses  w ere carried  o u t on id e n tic a l 
p rin c ip les , re su ltin g  in  hom ogeneity  o f  th e  m a te r ia l, necessary  for s ta t is t ic a l  
tr e a tm e n t.

T he analyses w ere m ade acco rd ing  to  th e  p rescrip tio n s o f I n d u s t ry ,  
N orm  M NOSZ 3295/52. T he a m o u n t o f a lu m in u m , silic ium , iron  an d  t i ta n iu m  
is g iven  in  th e  oxidic fo rm , w hereas th e  com b in ed  b a u x ite  w a te r is re g is te re d  
u n d e r “ ig n itio n  loss” . The la t te r  and  silica are  d e te rm in e d  b y  g rav im etric  m ean s, 
ferric  oxide b y  t i t r a t io n  and  t i ta n ia  b y  co lo rim e try . T he am o u n t o f  a lu m in a  
is co m p u ted  b y  su b tra c tin g  th e  p ercen tag es o f th e  above com ponents f ro m  one 
h u n d re d  p e r cen t.

In  ro u tin e  analyses th e  en tire  iro n  c o n te n t is o x id a ted  to  th e  fe rric  s tag e  
an d  d e te rm in ed  as ferric  oxide. Ig n itio n  loss com prises, beside com bined  w a te r , 
to ta l  b iv a le n t su lp h u r in  th e  fo rm  o f su lp h u r d iox ide , m ost o f h e x a v a le n t 
su lp h u r (a b o u t 90 p er cent) an d  to ta l  ca rb o n  d iox ide . O n th e  o th e r h a n d , th e  
a m o u n t o f ign itio n  loss is decreased  b y  th e  o x id a tio n  o f  ferrous to  fe rr ic  iro n . 
T he g iven  values o f t i ta n ia  an d  ferric  oxide g ive th e  tru e  a m o u n t o f  th e se  
co m p o n en ts . T he percen tag e  o f  silica is so m ew h at increased  b y  a p a r t  o f  th e  
a lu m in u m  c o n te n t en te rin g  in  calcium  an d  m agnesium  a lu m in a te . T he a m o u n t 
o f  th is  e rro r  increases w ith  th e  silicium  c o n te n t. T h is d ev ia tio n  is co rre c ted  on 
th e  g ro u n d  o f severa l decades o f la b o ra to ry  experiences, b y  su b tra c tin g  1 %  
fro m  th e  silica pe rcen tag e , i f  th e  sam e exceeds 10 w eigh t per cen t an d  10 re la 
tiv e  p e r c en t o f  th e  silica co n ten t i f  th e  sam e is below  10 w eight p e r  cen t. 
E v e ry  o th e r  accessory  co m ponen t is com prised  in  th e  A120 3 p e rc e n ta g e , on 
th e  av erag e , ra ising  th e  value o f th e  la t te r  b y  1 to  1,5 per cent.

T he accu racy  of ro u tin e  analyses in  ab so lu te  w eight p e rcen tag es  is as 
follow s :

S i0 2 below  10 p er cen t 
above 10 ,, ,,

F e20 3 
T i0 2
ign ition  loss

i  0,3 p er cen t 
±  0,5 „
±  0 ,3— 0,5 p e r cen t 
i  0 ,1 „  ,,
i  0 ,3— 0,4 ,, ,,

I t  is im possib le to  give th e  accu racy  o f A120 3 d a ta ,  as i t  dep en d s on  th e  
accu racy  o f  d e te rm in a tio n , as well as on th e  p e rc e n tu a l d is tr ib u tio n  o f th e  
co m p o n en ts  o u t o f  w hich am o u n t th e y  are  in d ire c tly  com pu ted .

1. Investigation  o f  the distribution  o f  m a in  elements

T he an a lysis  pop u la tio n  w as g rouped  acco rd in g  to  lo calities. W ith  
h a rd ly  a n y  excep tions th e  analyses w ere m ade on sam ples from  e x p lo ra to ry  
bores a n d /o r  sh a fts . The b au x ite  bodies w ere tra v e rse d  by  a m ore o r less

1*
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r e g u la r  ne tw ork  o f  b o res  an d  sh afts . F u r th e rm o re , sam ples fo r a n a ly tic a l 
p u rp o se s  were also ta k e n  a t  reg u la r d e p th  in te rv a ls  (0,5 or 1,0 m etres) a t  th e  
s h a f ts  a n d  drillings.

T h u s  the  sam ples ana lyzed  were ev en ly  d e riv ed  from  th e  e n tire  b a u x ite  
b o d y . C onsequen tly , th e  re su lts  o f analysis re f le c t th e  ac tu a l chem ical s tru c tu re  
o f  th e  deposit.

A  to ta l  o f 27 875 ro u tin e  analyses w as u sed  to  ch arac terize  th e  54 locali
tie s  h e re  tre a te d . (T he n u m b e r of analyses b e long ing  to  th e  p a r t ic u la r  locali
t ie s  is  lis ted  in  T ab le  11.) G eochem ical e v a lu a tio n  fo r each e lem en t w as sep a 
r a te ly  carried  o u t, b y  m e th o d s  of m a th e m a tic a l s ta tis tic s . T he basic  p rinc ip les 
o f  th e  s ta tis tic a l m e th o d s  used  will be o u tlin e d  a t th e  a p p ro p ria te  p o in t, b u t  
fo r m ore  deta iled  in fo rm a tio n  we m ust re fe r to  p e rtin e n t l i te ra tu re  [3, 56].

O n ly  29 of th e  54 localities were t r e a te d  in  d e ta il, nam ely  tho se  a t  w hich 
th e re  w as a su ffic ien t n u m b e r  o f analyses. In  th e  case o f the  o th e rs  th e  av erag e  
co m p o sitio n  was d e te rm in e d  b y  co m p u tin g  o n ly  a rith m etic  m eans.

A lu m in a  content o f  bauxite

T o in v estig a te  th is  p o in t, th e  f req u en cy  d is trib u tio n  o f A120 3 p e rc e n t
ag es  fo r  each of th e  29 lo ca lities was d e te rm in ed .*

C onsidering th e  o rd e r  o f  m ag n itu d e  o f  a lu m in a  c o n ten t, th e  g rad e  w id th  
w a s  s e t  a t  one p e r c e n t. B ecause of ou r l im ite d  space we h av e  to  re fra in  from  
p u b lish in g  these tab le s .

T h e  average a lu m in a  co n ten t of H u n g a r ia n  b au x ite  w as g en era lly  consid
e re d  to  be 50 to  60 p e r c en t. H ow ever, in sp e c tio n  of th e  freq u en cy  h is to g ram s 
sh o w s th a t  it  varies b e tw e e n  m uch b ro ad e r lim its . F o r fu r th e r  in s ig h t, e x tre m a l 
v a lu e s  w ere listed  in  T ab le  1. A ccording to  th is  T able, the  g re a te s t a lu m in a  
c o n te n t  h ith e rto  o b se rv ed  in  H u n g a rian  b a u x i te  is 76,8 per cen t, a t  th e  N agy- 
h a r s á n y  locality . T he m a x im u m  a lu m in a  c o n te n t  is 60 to  73 p e r c e n t in  th e  
r e s t  o f  th e  g rea te r occu rrences ; 50 to  60 p e r  c en t in  the  sm alle r ones.

M inim um  c o n te n t u su a lly  varies b e tw e e n  20 to  30 p e r cen t. V alues 
s m a lle r  th a n  these  w ere re s tr ic te d  to  th e  N ézsa  (15,0), H a ra sz to s  (16,0) an d  
C seres (19,0) localities.

As these  ex trem es m a y  ev en tu a lly  be  iso la te d  ones, one p e r c en t o f th e  
t o t a l  n u m b e r of ana ly ses  w as left off from  b o th  ex trem ities  o f th e  d is tr ib u tio n  
ta b le  a n d  ex trem al p e rc e n ta g es  were su b se q u e n tly  red e te rm in ed . T he m ax im u m  
th u s  o b ta in e d  w as g e n e ra lly  betw een  55 a n d  65 p er cen t. G re a te r  va lues, 
c o n se q u e n tly , do n o t o ccu r excep t in  n eg lig ib ly  sm all p a r ts  —  less th a n  one 
p e r  c e n t —  of th e  b a u x ite  b o d y . The o n ly  ex cep tio n  is th e  N a g y h a rsá n y  field  
w h e re  even  th is  red u ced  ex tre m e  a m o u n ted  to  74 p e r cen t. The m in im u m  values

* T he frequency  d is tr ib u tio n  tab le  gives th e  n u m b e r  o f analyses in  each o f th e  s ta tis t ic 
a l  c la sses , in  percen ts o f  th e  to ta l  n u m b er o f an a ly ses (see 3.5.6).
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Table 1
Geochemical param eters o f  A l20 3 content

O c c u rr e n c e

E x t r i m a i s C e n t r a i  v a l u e s S c a t t e r

1 O V e i u p p e r A r i t h 
m e t ic
m e a n

M e d ia n M o d e V a r i 
a n c e

S ta n d a r d
d e v ia 

t i o n10 0 % 99% 99% 1 0 0 %

Süm eg ....................................... 30,0 30,5 62,0 66,0 47,4 49,4 54,5

N y irád  : D a rv a s tó ................... 22,0 29,5 60,5 73,0 48,2 50,1 52,5 51,7 ± 7 ,2

,, D e á k ih e g y .............. 25,0 32,0 62,0 71,0 52,2 55,2 57,5 60,8 ± 7 ,8

,, T áncsics I I ............... 23,0 31,5 65,5 75,0 47,6 48,3 56,5 73,3 ± 8 ,6

,, Izam ajo r ................ 26,0 32,0 63,5 72,0 51,1 54,4 56,5 61,5 ± 7 ,8

Z a la h a lá p ................................... 27,0 29,0 47,5 55,0 36,9 36,6 36,5

Szoc : V a r g a ta n y a ................ 28,0 30,0 55,0 57,0 41,1 40,2 39,5

,, Félix  I I .......................... 25,0 30,5 57,0 62,0 43,6 43,3 40,5 31,2 ± 5 ,6

,, D o ro tty a— Szárhegy 25,0 29,5 54,5 60,0 43,8 44,3 48,5 27,6 ± 5 ,3

,, N yíre sk iit ................... 27,0 30,0 57,5 68,0 44,4 45,7 49,5

,, M alom völgy .............. 23,0 28,5 55,5 66,0 41,8 41,3 41,5 32,1 ± 5 ,7

N a g y v á z so n y ............................ 24,0 29,0 46,5 56,0 36,3 36,0 35,5

H alim b a  : C seres..................... 19,0 34,0 63,5 71,0 48,5 47,6 46,5 51,9 ± 7 ,2

,, T or m á s k á t ............ 23,0 33,5 62,5 67,0 50,0 50,6 53,5 39,7 ± 6 ,3

V ároslod : Ö re g h e g y ............ 25,0 32,0 63,5 68,0 46,9 47,1 54,5 66,4 ± 8 ,1
(38,5)

F e n y ő f ő ..................................... 28,0 30,5 50,5 51,0 40,8 40,7 39,5

D u d a r .......................................... 25,0 25,5 49,0 52,0 40,0 39,8 39,5

E p l é n y ....................................... 34,0 34,5 57,0 60,0 46,9 47,6 47,5

A lsó p e re ..................................... 27,0 32,5 61,5 63,0 47,2 47,2 48,5 44,4 ± 6 ,7

T é s ................................................. 25,0 28,5 51,5 52,0 40,6 40,7 40,5

Iszk aszen tg y ö rg y  :

K incses-József 24,0 34,5 59,5 65,0 50,9 52,0 52,5 22,6 ± 4 ,8

,, R ákhegy  ............ 29,0 35,5 61,5 70,0 52,7 53,8 54,5 26,1 ± 5 ,1

G á n t:  B a g o ly h e g y ................ 25,0 37,0 63,5 71,0 50,0 50,3 50,5 28,3 ± 5 ,3

,, H arasz to s, Meleges,
Uj fe ltárás ................... 16,0 29,5 68,0 73,0 46,8 46,3 44,5 45,8 ± 6 ,8

Ö h aro k — U jb  á rok—
V ázsony psz .......................... 28,0 30,5 60,5 68,0 45,7 46,4 46,5 54,3 ± 7 ,4

N agyegyháza  .......................... 22,0 28,0 57,5 63,0 44,0 44,2 38,5 47,7 ± 6 ,9

P i l is s z á n tó ................................ 21,0 22,5 60,0 62,0 42,1 41,3 41,5

N é z s a .......................................... 15,0 24,0 63,5 65,0 44,9 43,6 58,5

N a g y h a r s á n y ............................ 27,0 30,0 74,0 77,0 58,1 62,0 62,5

also becam e m uch m ore hom ogeneous, fa lling  to  25 and  35 p e r c e n t on  th e  
average . T he im p o rtan ce  o f va lu es  sm aller th a n  these is neglig ib le as re la ted  
to  th e  en tire  b a u x ite  body .
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T h e d is tr ib u tio n  o f  A120 3 percentages b e tw e e n  th e  given ex trem itie s  
m a y , how ever, ex h ib it in te n s e  varia tions. T o  ex p re ss  th e  in te n s ity  o f  a lu m i
n u m  accum ulation  in  a co n c ise  m anner, c e n tra l  v a lu e s  such as th e  a r ith m e tic  
m e a n , th e  m edian a n d  th e  m o d e  had  to  be c o m p u te d . These values w ere d e te r 
m in e d  fo r all of th e  29 lo c a litie s  (Table 1).

A s these values w ere  d e riv ed  from  ro u tin e  an a ly ses , th e y  co n ta in  1 to  
1 ,5  p e r  cen t o f accesso ry  a n d  trace  elem ents.

T h e  g rea test a r i th m e t ic  m ean, 56,7 p e r  c en t,*  w as ob ta in ed  from  th e  
N a g y h a rs á n y  b a u x ite . I n  2 0  o f  th e  29 localities th e  a rith m e tic  m ean  ran g ed  
f ro m  4 0  to  50 per c en t. H o w e v e r, we m ay s ta te  t h a t  th e  average co m position  
o f  o u r  b a u x ite  bodies show  m a rk e d  differences —  g re a te r  th a n  should  be e x p e c t
e d  in  a hom ogeneous ro c k . T h e  reason fo r th is  is th a t  th e  b au x ite  b o d y  is 
a  co m p lex  of d iffe ren t v a r ie t ie s  of rock.

L a s t b u t no t le a s t  w e h av e  com puted  f ro m  th e  a rith m e tic  m ean s of 
in d iv id u a l  occurrences th e  A120 3 conten t o f  a v e ra g e  H u n g a rian  b a u x ite . In  
so d o in g  the m eans o f  in d iv id u a l  occurrences w ere  w eighed by  th e  size o f the 
o c c u rre n ce . A resu lt 44 ,8  p e r  cen t was in th is  w a y  o b ta in ed .

I t  was considered n e c e ssa ry  to  determ ine  th e  m ed ian  beside th e  a r ith m e 
t ic  m e a n  because th e  fo rm e r  is more likely to  ex p re ss  rea l chem ical com posi
t io n .  T h e  a rith m etic  m e a n  is all too sensitive  to  va lu es  ly ing  fa r  fro m  th e  
a v e ra g e , sm all changes o f  w h ic h  m ay cause i t  to  a l te r  s ign ifican tly . H ow ever, 
b e in g  th e  percentage b y  w h ic h  the  num ber o f  a n a ly se s  is d iv ided  in  tw o equal 
p a r t s ,  th e  m edian is in se n s it iv e  to  the skewness o f  th e  d is tr ib u tio n . To fa c ilita te  
e v a lu a tio n  the  d ifferences o f  m edians and  a r i th m e tic  m eans w ere lis te d  in 
T a b le  2 in  a decreasing o rd e r  o f  th e  a rithm etic  m e a n . T he tab le  shows a r e m a rk 
a b le  re la tionsh ip , n a m e ly  t h a t  in  deposits o f  g re a te r  A120 3 p e rcen tag e  the  
m e d ia n  is g reater th a n  th e  a r ith m e tic  m ean , w h ils t th e  opposite  is o b served  
in  d ep o sits  o f sm aller A120 3 co n ten t. On th e  o th e r  h a n d , th e  d ifferences are 
la r g e r  in  the  form er case  (1 to  4 per cent) a n d  sm a lle r  in  th e  la t te r  (genera lly  
b e lo w  one per cen t).

T h e  cause of th is  p h en o m en o n  is, in  o u r  o p in io n , th e  one-d irec tio n al 
t r e n d  o f  the  b a u x itiz a tio n  p rocess w hich te n d s  to  m ake asy m m etrize  th e  
o r ig in a lly  sym m etric  a lu m in iu m  d is trib u tio n . O f course, th is  process w ill be 
m o s t  advanced  in  b a u x ite  b o d ies  of g rea te r A120 3 co n ten t.

M ode, the  th ird  c e n tr a l  va lue , yields th e  A120 3 p ercen tage  o f m ax im u m  
f re q u e n c y , i. e. the  lo c a tio n  o f  th e  peak of th e  d is tr ib u tio n  curve. In  com paring

* The a rith m etic  m e a n  is  co m p u ted  by  th e  fo rm u la
\  n_  i uii ai

А = ^Гп------
2  i мц

w h e re  а / is the  m iddle p e rc e n tu a l  A120 3 content of th e  i111 c lass; га/th e  num ber o f an a lyses (fre 
q u e n c y )  in  th a t class; a n d  n  th e  n u m b e r  of non-em pty  classes.
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Table 2

C om parison o f  average A l , f ) t content with oter characterislich param eters

O ccu rren ce A r i t h m e t i c
D i f f e r e n c e

to  
m e d i a n

to
m o d e

Ago o f  i m m e d i a t e  
c o v e r

S h a p e  o f

N a g y h a r sá n y 5 8 ,1 + 3 ,9 -\- 4,4 A p t ia n

R á k h e g y 5 2 ,7 4- 1,1 4* 1,8 1. E ocen e

D e á k ih e g y 5 2 ,2 + 3,0 + 5.3 1. E o cen e

Izam ajor 5 1 ,1 4* 3,3 4- 5,4 1. E o cen e
K in eses- J ó z s e f 5 0 ,9 + 1,1 4- 1.6 1. E o c e n e

T o r m á s k ú t 5 0 ,0 + 0 ,6 4- 3,5 T u r o n ia n

B a g o ly h e g y 5 0 ,0 4- 0 ,3 + 0,5 1. E o c e n e

C se r e s 4 8 .5 - 0,9 - 2,0 1. E o c en e

D a r v a s t ó 4 8 ,2 4- 1,9 + 4,3 P le is t o c e n e  +  
1. E o c en e

T á n c s ic s  П 4 7 .0 4- 0 ,7 4- 8,9 T ö r tö n  ian
S ü m e g 4 7 ,4 4- 2 ,0 + 7,1 m E o c e n e

A ls ó p e r e 4 7 ,2 + 0 ,0 4- 1,3 A p t ia n
V áros lö d 4 6 ,9 4- 0 ,2 4- 7,6 1. E o c en e

E p lé n y 4 6 ,9 Л- 0,7 4- 0,6 P le i s t o c e n e  +  
1. E o c e n e

f

O b arok -U jb arok 4 5 ,7 4- 0,7 + 0,8 u .O lig o c è n e

N éz sa 4 4 ,9 - 1,3 4- 3,6 m .E o cen e

N y  ir e s k ú t 4 4 ,4 + 1,3 4- 5,1
1. P l io c e n e  +  
1. E o c e n e

N a g y e g y h á z a 4 4 ,0 + 0 ,2 - 5,5 u- O lig o cè n e

D  о г о t ty a -  Szár hegy 4 3 ,8 4- 0 ,5 4_ 4,7 1. E ocene

F é l ix  П 4 3 ,6 - 0 ,3 - 3,1 1. E o c en e

P i 1 isszá n tó 4 2 ,1 - 0,8 - 0,6 1. E o c e n e
M a lo m v ö lg y 4 1 ,8 - 0 ,5 - 0,3 1. E o cen e

V argatan ya 4 1 ,1 - 0 ,9 - 1,6 1. E o cen e
F e n y ő fő 4 0 ,8 - 0,1 - 1,3 1. E o c en e

T é s 4 0 ,6 4- 0,1 - 0,1 A p tia n

P u d a r 4 0 ,0 - 0 ,2 - 0,5 1. E o cen e
Z a la h a lá p 3 6 ,9 - 0 ,3 - 0,4 T o r to n ia n

N a g y v á z so n y 3 6 ,3 - 0 ,3 - 0,8 P lio c e n e
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th e  m ode w ith  th e  fo rm e r tw o  cen tra l va lues we o b ta in  th e  d ev ia tio n  of com 
p u te d  m eans fro m th e  m o s t fre q u e n t value o f th e  d ep o sit. I n  th e  case of ideal 
ro c k  com position  th e  th re e  values should  a p p ro x im a te ly  coincide.

T he differences o f  m o d es an d  a r ith m e tic  m ean s a re  also lis ted  in  T able 2 . 
T h e  resu lts  are s im ila r to  th o se  ob ta in ed  fo r m ed ian s , in a sm u ch  as th e  m ode is 
g re a te r  th a n  th e  a r ith m e tic  m ean  in  deposits o f  h ig h e r, a n d  sm aller in  deposits  
o f  low er alum ina  c o n te n t. T h e ir d ifferences in  th e  fo rm er case are  likew ise 
g re a te r , often  reach in g  5 to  9 p er cen t. C on seq u en tly , th e  d is tr ib u tio n  is m ost 
a sk ew  in  cases o f m ore  in te n se  a lum ina  accu m u la tio n .

A fu r th e r  step  in  a n a ly z in g  th e  freq u en cy  d is tr ib u tio n  w as m ade b y  re le g a t
in g  th e  frequency  p e rc e n ta g e s  o f th e  d is tr ib u tio n  ta b le s  in to  th ree  g roups, 
n a m e ly  :

1. A120 3 c o n te n t ab o v e  48 per c e n t;
2. A120 3 c o n te n t 48 to  37 per c e n t;
3. A120 3 co n ten t be low  37 per cen t.

T he lim iting  v a lu es  w ere chosen on th e  basis  o f  a tw o -v ariab le  co rre la 
t io n  reckon ing  (to be la te r  described  in a fo llow ing p ap er) w hich show ed th a t  
i f  75 p e r cent of to ta l  a lu m in u m  in the  g iven rock  occurred  in a hyd rox id ic  
fo rm  th e  m ost p ro b ab le  v a lu e  of its  a lu m in a  c o n te n t w as 48 p er cen t. In  case 
o f  37 p e r cent o f av e rag e  a lu m in a  co n ten t, 25 re la tiv e  p er cen t is h y d ro x id e  
a n d  75 p er cen t is in  th e  c lay  m inerals.

As m entioned  in  th e  in tro d u c tio n , rocks c o n ta in in g  th ree  q u a r te ts  o r 
m o re  o f  th e ir  to ta l  a lu m in u m  in (oxy )h y d ro x id ic  fo rm  are  te rm ed  b au x ite s , 
th o se  w ith  25 to  75 p e r  c e n t, argillaceous b a u x ite , an d  tho se  below , b a u x itie  
c lay . T h u s by  above c la ss ifica tio n  it  becom es possib le  to  de te rm ine  th e  p e r
c e n ta g e  of b au x ite , a rg illaceo u s  b au x ite  a n d  b a u x itie  c lay  in d irec tly  from  th e ir  
a lu m in a  co n ten t in  th e  in d iv id u a l occurrences.

T his trip le  g ro u p in g  w as illu s tra ted  in  a d ia g ra m  (F ig . 3) show ing th e  
lo ca litie s  in  decreasing  o rd e r  o f m ag n itu d e  o f th e  f i r s t  g roup . (A120 3 above 
48  p e r cent.)

In  H ungarian  b a u x ite  occurrences th e  p ro p o rtio n s  o f these  groups g re a tly  
v a ry . The deposit m a y  c o n ta in  a m ax im um  o f 87,4 p e r cen t of b au x ite  (R ák- 
h eg y ). There are fo u r m o re  occurrences (K incses-József, Iz am a jo r, D eáki- 
h e g y  an d  N ag y h arsán y ) w h e re  som e th ree  q u a r te rs  o f th e  deposit consist o f p u re  
b a u x ite . In  m ost o f th e  o ccu rrences, how ever, th e  a m o u n t of pu re  b a u x ite  
ra n g e s  from  20 to  70 p e r  cen t.

O n the  o th e r h a n d , th e re  are a n u m b er o f lo ca lities w here no m ore th a n  
1 to  5 p er cent of th e  e n tire  deposit consists o f a lu m in a-rich  b au x ite  (Tés, 
D u d a r , Fenyőfő , Z a la h a lá p , N agyvázsony).

I t  is rem ark ab le  t h a t  th e  decrease o f b a u x ite  c o n te n t is accom panied  b y  
th e  increase of th e  a rg illaceo u s b au x ite  g roup  in s te a d  o f  t h a t  of b au x itie  c lay .
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Fig. 1. Geological s i tu a tio n  of H u n g a rian  b a u x ite  occurrences 
Serials o f  b a u x ite  occurrences:

1. Sümeg 19. H a lim b a  : T o rm ásk ú t 37. I sz tim é r  : Vöröshegy
2. N yírád  : D arv astó 20. P a d ra g  : K abhegy  S. 38. Iszk aszen tg y ö rg y  : K in cse s-Jó zse f
3. N yírád  : T üskés-m ajo r 21. V ároslőd : Ö reghegy 39. Iszk aszen tg y ö rg y  : R ák h eg y
4. N yírád  : D eáki-hcgy 22. C sehbánya 40. M agyara lm ás
5. N yírád  : T áncsics II . 23. Ih a rk ú t 41. C sák b erén v
6. N yírád  : Izam ajo r 24. B akony jákó 42. G á n t : Bagoly hegy
7. Z alahaláp  : V éndekhegy 25. Ugod 43. G á n t : H arasz to s, U jfe ltá rás
8. N yírád  : hasin  N . 26. B akonybél : H u b e rtlak 44. Ó b a ro k —Új bárok—V ázsony psz .
9. Szőc : V a rg a tan y a 27. Fenyőfő 45. IN agy  egyháza

10. Szőc : F élix  II. 28. Csesznek : K ővölgy-árok 46. M este rb erek
11. Szőc: D o ro tty a—S zárhegy 29. D u d ar 47. T ü k rö sm a jo r
12. Szőc : N y íresk ú t 30. E p lény 48. B udakeszi
13. Szőc : M alom völgy 31. A lsópere 49. P ilisv ö rö sv ár
14. H egyesd 32. Tés 50. P iliscsab a
15. M onostorapáti 33. S zen tk irá ly szab ad ja 51. P ilisszán tó
16. Öcs 34. V á rp a lo ta 52. Szendehely  : Naszál
17. N agyvázsony 35. In o ta 53. N ézsa
18. H alim ha : Cseres 36. Csór 54. N ag y h arsán y

•  L arg er occurrences th o ro u g h ly  in v estiga ted
▲ Less thoroughly  know n, sm alle r occurrences, a n d  superfic ia l in d ica tio n s





F ig. 2. S t ra t ig raph ica l  position and  s t ru c tu re  of  H u n g a r ian  bauxite  deposits  a n d  traces
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T hus m o st o f  th e  n o n -b au x itic  p a r ts  o f  th e  d ep o sit consists of a rg illaceo u s 
b au x ite . T he a m o u n t o f  b au x itic  c lay , i. e. o f ro ck  co n ta in in g  less th a n  37 p e r 
cen t o f a lu m in a , varies from  5 to  20 p e r cen t. T h e  Z alah a láp  and  N ag y v ázso n y

0 10 20 30 00 50 60 70 go 90 100V.
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/z о m ajor 
B agolyhegy  
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Sümeg 
Táncsics II.
C seres
Vöröslőd
Eplény
A lsópere
Óbarok-Ujbarok.
N ézsa  
Ny/r  eskü t _
Ha rosztos-Uj feltárás 
Dorottyo-Szárhegy 
N agyegyháza  
Piliszánló 
Félix II.
Malomvölgy
Vargatanya
Tés
Dudor 
Fenyőfő 
Zalahaláp 
N agyvázsong

A120 3 c o n te n t above 48 p e r cent

______  ,,  ,, ,, 48 to  37 p e r cen t

V /A /A  »  bel°w  37 p e r cent

Fig. 3. F requency  d is tr ib u tio n  o f A120 3 co n ten t 

13,4%  : frequency p e rcen tag es  o f th e  th ree  groups

occurrences are excep tions, how ever, th e  sh are  o f  b a u x itic  clay being  57,1 an d  
66,1 p e r  cen t, resp ec tiv e ly . C onsequen tly , th ese  h av e  to  be considered  n o t so 
m uch as b a u x ite  dep o sits  b u t r a th e r  b a u x itic  clay  occurrences c o n ta in in g  a 
lo t o f arg illaceous an d  som e pure b a u x ite .
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T h e freq u en cy  d is tr ib u tio n  is th e  m o s t s tr ik in g ly  rev ea led  b y  th e  f r e 
q u e n c y  h is to g ram s c o n s tru c te d  from  th e  d is tr ib u tio n  tab les. F o r th is  rea so n  
fo r  each  lo ca lity  we h a v e  d raw n  th e  fre q u e n c y  h is to g ram  of a lu m in a  c o n te n t. 
F ro m  th e  shape o f  th e  h is to g ram s, th e  lo ca litie s  can  be g rad ed  in to  fo u r  
g ro u p s  (D iagram  1).

1. The sh ap e  o f  th e  h is to g ram  re f le c ts  th e  “ idea l”  co m position  o f  a 
h o m ogeneous rock . I t  h a s  a single sy m m e tr ic a l p eak , i. e. th e  f req u en cy  p e r 
c e n ta g e s  decrease b o th  w ays sim ilarly .

O f th e  consid ered  29 localities 16 b e lo n g  to  th is  g roup  (Z a lah a láp , 
V a rg a ta n y a , F é lix  I I ,  D o ro tty a -S zárh eg y , M alom völgy , N ag y vázsony , C seres,

D iagram  1. T y p ical frequency d iag ra m s of A120 3 co n ten t

T o rm á s k ú t, F en y ő fő , D u d a r , E p lény , A lsó p ere , Tés, B agolyhegy , H a ra sz to s , 
Ó b a ro k -Ú jb a ro k ).

2. T he h is to g ra m  is s q u a t w ith  an  u n c le a r ly  defined  p eak , or w ith  no  
p e a k  a t  all. N o tw ith s ta n d in g , th e  d is tr ib u tio n  is sy m m etrica l. T here  are  f iv e  
o ccu rren ces to  th is  g ro u p  (P ilisszán tó , T án csics  I I ,  N agyegyháza, N ézsa  a n d  
V áro slő d ). In  th ese  occu rrences there  is no excessive  d o m in a tio n  o f a n y  o f th e  
th r e e  ro ck  ty p es.

3. T he a sy m m e try  o f th e  h is to g ram  is th e  o u ts ta n d in g  fe a tu re  o f th e  
th i r d  ty p e . T he p e a k  occurs in  th e  zone o f  la rg e  a lum ina  p e rcen tag es  w ith  
so m e w h a t sm aller vo lu m es o f rock c o n ta in in g  in te rm e d ia te  an d  sm all p e rc e n t
ages o f  A120 3. T h ere  a re  th re e  occurrences o f th is  so rt (N ag y h a rsán y , N yíres- 
k ú t  a n d  Süm eg).

4 . T his g roup  is ch a rac te rized  b y  cu rv es  o f  a s trong  p eak  a ro u n d  50 to  
60 p e r  cen t an d  a f la n k  w ith  sm all a m p litu d e s  betw een  30 an d  50 p e r  c e n t. 
T o w a rd s  th e  u p p e r  lim it o f  a lum ina  c o n te n t th e  curve q u ite  a b ru p tly  ceases. 
T h is  ty p e  is th e  e x tre m e lv  asym m etric  v a r ie ty  o f  the  la s t one.

T h e  occurrences o f  N y irád : Iz a m a jo r, D ű lt-N y íre s  an d  D a rv a s tó  as w ell 
as th e  R ák h eg y  a n d  K in cses-József fields o f  Iszk aszen tg y ö rg y  can  be re le g a te d  
to  th is  sam e g ro u p .

O n co m p arin g  th e  above-defined  g ro u p s  w ith  T able 2 o f av erag e  a lu 
m in a  c o n te n t i t  can  easily  be perceived  t h a t  th e  h istog ram s o f occurrences o f
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sm all average  a lu m in a  c o n te n t are  m ore sim ilar to  th e  ideal hom ogeneous rock  
com position . I t  seem s th a t  b a u x itiz a tio n  o f th e  p re se n t lo ca lity  had  a m a te r ia l  
as a base o f such  a com position . A lread y  th is , so m ew h a t b aux itized  m a te r ia l, 
could have  b een  tra n sp o r te d  from  elsew here. O n th e  o th e r  hand , th e  h is to 
g ram s of occurrences w ith  th e  la rg es t averages te n d  to  be m ost askew , n a m e ly  
in  th e  d irec tio n  o f large a lu m in a  c o n te n t. The in v e rse  so r t of a sy m m etry  w as 
n o t observed  in  a n y  o f th e  cases. In  o u r op in ion  th is  fe a tu re  is likewise c o n n e c t
ed  w ith  th e  one-d irec tio n al c h a ra c te r  of th e  b a u x itiz a tio n  process. T h is  is 
w hy  th e  end  p ro d u c t o f th e  process w as m ost a c c u m u la ted , re su lting  in  th e  
skew ness o f  th e  d is tr ib u tio n . T he d raw n -o u t f la n k  w as p ro b ab ly  left o v e r b y  a 
n a tu ra l slow ing-dow n o f th e  b a u x itiz a tio n  process, acco rd ing  to  m ass a c tio n  
law.

T he absence o f im p o r ta n t cases o f  opposite  skew ness po in ts  to  th e  absence  
o f  opposite  (clay-form ing) processes o f  n o tab le  in te n s i ty . H ow ever, th e  p re v a 
lence of th e  a rith m e tic  m ean  over m ed ian  and  m ode in  cases o f sm aller av e rag e  
a lu m in a  c o n te n t suggest the  sm aller-scale  ac tin g  o f  such  processes. T he d e ta ile d  
ex p lan a tio n  o f  th is  com plex o f p ro b lem s will follow  in  th e  ch ap te r on b a u x ite  
genetics, to  be p u b lished  in  a s e p a ra te  paper.

L et us fu r th e r  in v es tig a te  th e  s c a tte r  o f th e  an a ly s is  d a ta , i. e. th e  d e v ia 
tio n  o f in d iv id u a l analyses from  th e  a rith m e tic  m ean  of th e  o ccu rrence . 
S c a tte r  m ay  be expressed  w ith  th e  a id  of tw o p a ra m e te rs , nam ely  v a ria n c e  
(average o f sq u a re  d ev ia tion ) an d  s ta n d a rd  d e v ia tio n  (sq u are  roo t of v a rian ce ).*

F ro m  a geochem ical p o in t o f v iew  these p a ra m e te rs  in d ica te  th e  d e v ia tio n  
o f  the  b a u x ite  b o d y  from  h o m o g en e ity , as reg a rd s  th e  d is trib u tio n  o f e lem en t 
o r com pound  in  question . In  case o f  ideally  hom ogeneous com position  th e se  
p a ram e te rs  becom e in fin ite ly  sm all, w hereas th e y  w ill increase  w ith  th e  in h o m o 
gen e ity  o f th e  rock  body.

V ariance  an d  s ta n d a rd  d e v ia tio n  were on ly  c o m p u te d  for localities w ith  
a su ffic ien t n u m b e r o f analyses, p e rm ittin g  a re liab le  d e te rm in a tio n . I n  case 
o f  too sm all a n u m b er o f analyses th e  values te n d  to  be overm uch in flu en ced  
b y  ex cep tio n a l analysis  re su lts .

The re su lts  are  listed  in  T ab le  1. T he s ta n d a rd  d ev ia tio n  varies b e tw een  
ra th e r  b ro ad  lim its  (8,6— 4,8 p e r cen t). I t  is th e  sm allest for th e  K incses- 
Jó zse f an d  R ák h eg y  occurrences (4,8 an d  5,1). T hese  localities possess th e  m ost

*V ariancc is ca lcu la ted  by  th e  fo rm ula

„  — Ï (*/—*1o)2 Wi

w here n  is th e  n u m b er o f  n on-em pty  s ta tis t ic a l  classes, x i th e  percen tag e  of a lum ina in  th e  i th 
analysis, rr0 th e  v a lu e  o f th e  a rith m etic  m ean  and  w th e  f req u en cy  o f  analyses in  th e  in d iv id u a l 
classes.

T he s ta n d a rd  d ev ia tio n  is th e  sq u are  ro o t o f v a riance  (d).
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h o m o g en eo u s  a lu m in a  d is tr ib u tio n . T he g re a te s t  sc a tte r  is o b se rv ed  a t  th e  
o c c u rre n c e  of T áncsics I I ,  s ta n d a rd  d e v ia tio n  being  alm ost tw ice  th e  above 
v a lu e  (8,6 p er cen t). T h e  T áncsics I I  o ccu rren ce  is a p a r tly  re d e p o s ite d  b a u x ite  
b o d y  covered  b y  M iocene sed im en ts. D u rin g  redeposition  th e  b a u x ite  b o d y  
u n d e rw e n t  some in h o m o g en iza tio n . T h ere  a re  sim ilarly  g rea t v a lu es  o f  s c a tte r ,  
in  a ll localities covered  b y  sed im en ts n ew er th a n  Eocene, w here  th e re  was a  
p o s s ib il i ty  of p a r t ia l  o r com plete  rew o rk in g . O ccurrences o f th is  ty p e  are 
Ó b a ro k -Ű jb a ro k  (7,4 p e r  cen t), D a rv a s tó  (7,2 per cent) a n d  N agyegyháza  
(6 ,9  p e r  cen t). F ro m  th is  p o in t of v iew  th e  g re a t  variance  a n d  s ta n d a rd  d ev ia 
t io n  ch a rac te riz in g  th e  E ocene-covered  i. e. un rew orked  Iz a m a jo r, D ü lt-N y íres  
a n d  V ároslőd  fields seem  p ecu lia r. H o w ev er, th e  excessive a sy m m e try  o f th e  
d is t r ib u t io n  m en tio n ed  is su ffic ien t e x p la n a tio n  for so g rea t a s c a tte r .

T o  s tu d y  th e  g eo g rap h ica l d is tr ib u tio n  o f a lum ina a c c u m u la tio n , the 
t r u e  av e rag e  a lu m in a  c o n te n t of th e  o ccu rren ces, ob ta in ed  b y  co rrec tin g  fo r 
accesso rie s  and  trace s , w as p lo tte d  on a con d en sed  geologic m ap  o f  th e  T ran s- 
d a n u b ia n  C entral H u n g a r ia n  M ounta ins (F ig . 4). A ccording to  th is  fig u re , th e  
o cc u rre n ce s  w ith m ax im u m  alu m in a  c o n te n t occur along a line  o f  N E-SW  
s t r ik e ,  on  b o th  sides b o rd e re d  by  a reas w ith  localities of less th a n  40 p e r  cen t 
a v e ra g e  a lum ina  c o n te n t. T he o p tim a l zone o f  b au x ite  fo rm a tio n  is som e ten  
k ilo m e tre s  w ide. I t  e x h ib its  tw o so ft a rch in g s  o f a so u th e a s te r ly  tre n d , one 
a ro u n d  N y irád  an d  H a lim b a  an d  an  o th e r  a ro u n d  Iszk aszen tg y ö rg y  a n d  G án t. 
I t  is j u s t  a t  these  p o in ts  t h a t  a lu m in a  c o n te n t reaches p eak  v a lu es  (above 
46  p e r  cen t).

I n  th e  B akony  M o u n ta in s  th e  av e rag e  a lu m in a  co n ten t o f occurrences 
ly in g  N o r th  and S o u th  o f th e  op tim a l ax is in v e rse ly  varies w ith  th e  d is tan ce  of 
th e  occu rrence  from  th e  sam e. E . g. we f in d  th is  fea tu re  p ro ceed in g  from  H a 
lim b a  th ro u g h  th e  Szőc fie ld s to w ard s N ag y v ázso n y  as well as, co n sid e rin g  the  
Z a la h a lá p  occurrence a n d  th e  Tés, D u d a r  a n d  Fenyőfő loca lities . M oreover, 
th e  sa m e  re la tion  holds t ru e  for th e  B u d a -P ilis  M ountains, as p ro v e n  b y  the  
P ilis s z á n tó , P ilisv ö rö sv ár, B udakeszi seq u en ce  of occurrences. T h e  b au x ite  
b o u ld e rs  found in  th e  a rea  o f  S z e n tk irá ly sz a b ad ja  were m ost p ro b a b ly  tr a n s 
p o r te d  in  th e  low er P liocene  from  th e  N W , th is  being th e  re a so n  fo r th e ir  
a n o m a lo u s ly  high a lu m in a  c o n te n t (41,1 p e r  cen t).

A ccording to  th e  g en era lly  accep ted  v iew , all of H u n g a ria n  b a u x ite  de
p o s i ts  h a v e  o rig inally  been  o f  th e  sam e h igh  q u a lity , w hich w as su b se q u e n tly  d e 
g ra d e d  b y  chem ical p rocesses (D udar) o r b y  redeposition  an d  resilifica tion  
(Z a la h a lá p , Öcs). T h is v iew  is h e rew ith  p ro v e d  un ten ab le , as m ore  or less 
re d e p o s ite d  b au x ite  b od ies o f re la tiv e ly  y o u n g  cover (Táncsics I I ,  E p lény , 
Ó b a ro k -Ú jb a ro k , N ag y eg y h áza) are seen to  occur along th e  o p tim u m  axis.

A ccording to  o u r op in io n , th e  ev o lu tio n  o f th is  b a u x ite  ax is  m a y  m ost 
p r o b a b ly  be due to  palaeo g eo g rap h ic  rea so n s . H ow ever, th e  d e ta ile d  p alaeo - 
g e o g ra p h ic  m aps o f th e  in d iv id u a l C re taceo u s stages w hich  w ou ld  m ore
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eas ily  fac ilita te  th e  d iscussion of th is  p o in t are  as y e t  lack ing . N everthe less, 
i t  suggests itself t h a t  th e  zone of th e  b a u x ite  axis m u s t h a v e  been a pen ep la in ed  
f ia tla n d  on the sh o re  o f  th e  C retaceous sea.

T he sketch  m a p  above g iven , will be usefu l in  p lan n in g  p e rsp ec tiv ic  
b a u x ite  p ro sp ec tin g , as it  po in ts o u t th e  areas w hich  seem  th e  m ost h o p efu l.

F inally , we h a v e  to  discuss th e  N ag y h a rsá n y  d e p o s it, geograph ically  as 
geochem ically  s e p a ra te d  from  th e  re s t  o f  o u r b a u x ite  occurrences. I ts  a lu m in a  
c o n te n t (56,7 p er c e n t on the  average) is s ig n if ican tly  exceeding th a t  o f  th e  
o th e rs . The e x p la n a tio n  for th is fe a tu re  m ay  lie in  d ifferences o f m o th er ro c k  
as well as in  th e  d iffe re n t c ircum stances o f fo rm a tio n .

In  looking fo r a correspondence betw een  th e  geological age and  th e  a lu 
m in a  con ten t in  T a b le  2 we have lis ted  th e  geological age o f  the  im m e d ia te  
co v er o f the  b a u x ite  deposits. The co m p ila tio n  show s t h a t  in  occurrences w ith  
low er and  upper C re taceaous or E ocene cover th e re  is no correlation  b e tw een  
a lu m in a  co n ten t a n d  cover age. C on seq u en tly , a lu m in a  accum ulation  w as 
co n tro lled  by th e  palaeogeograph ic  s itu a tio n  ra th e r  th a n  by  th e  s tra tig ra p h ic  
position .

The deposits c a rry in g  O ligocène or y o u n g er covers m ay  also be o f  r e la 
tiv e ly  g rea te r (D a rv a s tó , Táncsics I I ,  E p lény) o r sm a lle r  (Z alahaláp , N a g y v á 
zsony) alum ina c o n te n t . As th e  p o st-d ep o sitio n a l geological h isto ry  o f  th e se  
d eposits  m ust h a v e  been  m uch m ore e v en tfu l th a n  t h a t  o f  th e  above ones, i t  
is rem ark ab le  th a t  th e  chem ical com position  shou ld  be so m uch less in flu en ced  
th a n  h ith e rto  su p p o sed . Therefore th e  b a u x ite  d ep o sits  ra th e r  suffered to ta l  
e rosion , th a n  d e g ra d a tio n .

Silica  content o f  bauxite

An overw helm ing  m a jo rity  (99 p er cen t) o f s ilica  in  baux ite  occurs in  
th e  fo rm  o f clay m in e ra ls . Q uartz  is to ta l ly  neglig ib le in  m o st o f the  occu rrences. 
Silica con ten t m a y  g re a tly  v a ry  w ith in  th e  b a u x ite  com plex , ex trem itie s  o f  
0,1 an d  55 per c e n t b e ing  possible. W e have t re a te d  th e  d a ta  o f silica c o n te n t 
in  th e  sam e m a n n e r as those of a lu m in a . T he m a x im u m  an d  m inim um  v a lu es  
o f th e  in d iv idua l occurrences are s im ila rly  lis ted  (T ab le  3). The 0,5 p e r  c e n t 
m in im um  is q u ite  fre q u e n t, it  occurs in  m ost o f  th e  fie lds around  N y irá d , 
H a lim b a , Szőc a n d  Iszk aszen tg y ö rg y . In  m ost o f  th e  o th e r  localities i t  ra n g e s  
from  1 to  5 per c e n t, reach ing  8 to  14 p e r  cen t in  no  m ore  th a n  five sm all o c c u r
rences (Z alahaláp , N agyvázsony , F en y ő fő , D u d a r , T és). T he sm all e x tre m e s  
for m ost of the  fie ld s  above-no ted  a re  n o t ex cep tio n a l v a lu es . By exclud ing  one  
p er cen t of the a n a ly se s  th e  lower lim it  is increased  b y  b u t  0,5 to  2,0 p e r c e n t.

On the  o th e r  h a n d , th ere  are a n u m b e r o f e x c e p tio n a l values a ro u n d  th e  
u p p e r  ex trem e. T h e  g re a te s t silica c o n te n t w as o b se rv ed  in  one of th e  M alo m 
vö lg y  sam ples (55 p e r  cen t). In  all o f  th e  o th e r  occu rren ces th e  m ax im um  ra n g e d
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Table 3

Geochemical param eters o f  SiO 2 content

E  X t  г m  a  1 s C e n t r a l  v a l u e s S c a t t e r

O c c u rre n c e l o w e r u p p e r A r ith 
m e tic
m e a n

M e d ia n M o d e
S ta n d a r d

d e v ia 
t i o n1 0 0 % 9 9 % 9 9 % 1 0 0 % a n c e

S üm eg  ........................................ 1,0 2,0 44,0 46,0 17,2 12,3 2,5

N y irá d  : D a rv a s tó ................... 0,1 1,0 40,0 44,0 11,5 5,6 2,5 135,7 ± n , 6
,,  D eákihegy ............ 0,1 0,5 39,0 41,0 11,0 6,2 1,5 122,9 ± 1 U
,,  T áncsics I I ............... 0,1 0,5 39,5 42,0 17,6 16,1 2,5 145,1 ± 1 2 ,0

0,1 1,0 41,5 46,0 11,8 6,4 2,5 141,5 ± 1 1 ,9
Z a la h a lá p ................................... 14,0 17,5 43,5 46,0 35,3 36,7 36,5
Szőc : V a r g a ta n y a ................. 5,0 6,0 38,0 39,0 22,8 22,3 17,5

,, F é lix  I I .......................... 0,1 1,5 39,0 40,0 19,5 20,0 26,5 87,7 ±  9,4
,,  D o ro tty a — Szárhegy 0,1 1,0 39,5 42,0 13,7 12,4 2,5 111,9 ± 1 0 ,6
,,  N y íre sk ú t ................... 1,0 1,5 40,5 42,0 16,9 13,3 4,5

,,  M alom völgy .............. 1,0 1,0 43,0 55,0 18,1 18,6 2,5 121,3 ± 1 1 ,0
N a g y v á z s o n y ............................ 9,0 13,5 43,5 45,0 33,8 35,9 36,5

H a lim b a  : C s e re s ................... 0,1 0,5 38,0 43,0 16,3 17,1 1,5 95,0 ±  9,7
,,  T o rm á s k ú t .......... 0,1 0,5 35,0 49,0 12,7 11,0 1,5 68,9 ±  8,3

V áro slő d  : Ö re g h e g y ............ 1,0 1,0 39,5 47,0 18,2 16,7 9,5 127,3 ± 1 1 ,3
F e n y ő fő  ..................................... 11,0 13,0 43,0 44,0 30,0 29,9 30,5

(28,5)

D u d a r .......................................... 8,0 10,5 40,0 41,0 27,8 27,0 25,5

E p l é n y ........................................ 1,0 2,5 34,5 40,0 14,0 12,6 4,5

A ls ó p e r e ..................................... 2,0 2,0 38,0 41,0 18,3 18,8 21,5 70,3 ±  8,4
T é s .................................................. 14,0 17,0 37,0 38,0 25,0 24,4 23,5

Iszk aszen tg y ö rg y
K incses-József 0,1 1,0 36,5 44,0 8,2 6,0 2,5 49,2 ±  7,0

,, R ákhegy  .......... 0,1 1,0 36,0 39,0 8,0 4,8 1,5 63,5 ±  8,0
G á n t : B a g o ly h e g y .............. 1,0 3,0 37,0 42,0 16,5 16,0 14,5 54,8 ±  7,4

,,  H arasz to s, M eleges, 
Uj fe ltá rás  ................. 1,0 3,0 41,0 46,0 21,1 21,2 27,5 83,7 ±  9,1

O b a ro k — Uj bárok—
2,0 4,0 41,5 47,0 17,3 13,7 9,5 114,4 ± 1 0 ,7

N a g y eg y h á z a  .......................... 3,0 4,0 41,0 46,0 19,9 18,7 11,5 108,6 ± 1 0 ,4

P i l i s s z á n tó ................................. 3,0 3,5 44,0 45,0 21,7 20,7 20,5

N ézsa  .......................................... 1,0 1,0 45,0 46,0 22,5 26,5 1,5
N a g y h a r s á n y ............................ 0,1 0,5 45,0 52,0 15,0 9,3 4,5

f ro m  38 to  49 p e r cen t. H ow ever, a f te r  ex c lu d in g  the la te ra l one p e r cen t th e  
e x tre m e s  were red u ced  b y  as m uch as 4 to  8 p er cent, in d ic a tin g  t h a t  no m ore 
th a n  a negligible p a r t  o f th e  b a u x ite  b o d y  is com posed of rocks o f  an  excessive
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Tabic 4

Comparison o f  average S i 0 2 content w ith other characteristic parametei s

O c c u r r e n c e A r i t h m e t i c
m e a n

D i f f e r e n c e

to
m o d  i a n

to
m o d e

A g e  o f  i m m e d i a t e  
c o v e r

S h a p e  o f  
h i s t o g r a m

R ákhegy 8,0 -  3,2  -  6 ,5
Kincses-.József 8,2 — 2,0 -  5,7

D eák ihegy  11,0 -  4,8 -  9,5

D arvastó  11,5 — 5,9 — 9,0

Izam ajo r 11,8 - 5 , 4  - 9 , 3

T o rm á sk ú t 12,7 -  1,7 -1 1 ,2

D orottya-S zárhegy  13,7 — 1,3 — 11,2

E p lé n y  14,0

N ag y h arsán y  15,0

Cseres 16 ,3

B agolyhegy 16,5

N y ire sk ú t 16,9
Süm eg 17,2
Ó liarok-U jbarok 17,3

Táncsics П  17,6

Malomvölgy 18,1
V ároslőd 18,2

A lsópere  18,3
H a ra sz to s— _
U jfe l tá rá s  lo ,o

F é l ix I I  19,5 + 0,5 + 7 ,0

N agyegyháza 19 ,9  - 1 , 2  - 8 , 4
P ilis sz á n tó  21,7 -  1,0 — 1,2
N ézsa 22 ,5  + 4,0 -2 1 ,0
V arga tanya  2 2 ,8  -  0,5 -  5,3
Tés 2 5 ,0  -  0,6 -  1,5

D и dar 2 7 ,8  -  0 ,8  -  2 ,3
F e n y ő fű  3 0 ,0  -  0,1 + 0 ,5
N agyvázsony 33 ,8  + 2,1 + 2,7
Z a la h a lá p  35 ,3  + 1 ,4  + 1 ,2

-  1,4 -  9 ,5

-  5,7 - 1 0 , 5

+  0,8 -  14,8

-  0,5 -  2 ,0

-  3 ,6  -  12,4
-  4 ,9  -  14,7
-  3 , 6  -  7 ,8

-  1,5 - 1 5 , 1

+  0,5 - 1 5 , 6
-  1,5 -  8 ,7

+  0,5 +  3 ,2

1. Eocene 
1. Eocene

1. Eocene
P le is to cen e  + 
1. Eocene

1. Eocene

T úron  ián

1. Eocene

P le is to c e n e  + 
1. Eocene

A p tian

1 • Eocene

1. Eocene 
1 • P lio cen e  +
l. E ocene
m. Eocene
u . O ligocène 

T o rto n ia n

1. Eocene 
1. Eocene 

A p tian

1. Eocene 

1. Eocene

u O ligocène
l. Eocene
m . Eocene 
1. Eocene 
A p tia n
1. Eocene 
1. Eocene 

P liocene 
T o rto n ia n
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s ilic a  co n ten t. The m a x im u m  ranges to  be reg a rd ed  as valid  a re  from  37 to 
43  p e r  cent.

T he a rith m e tic  m e a n  silica co n ten t o f b a u x ite  occurrences is ra th e r  
v a r ia b le  : a m in im um  o f 8 ,0  p er cen t was fo u n d  fo r R ák h eg y  an d  a m ax im u m  
o f  35,3 for Z alahaláp  (T a b le  4). In  th e  b u lk  o f occurrences, how ever, th e  m ean 
lies be tw een  15 and  25 p e r  cen t. In  average th e  g re a t d ifferences o f silica con
t e n t  p o in t to  the  fa c t t h a t  o f  th e  m ain  co m p o n en ts , silica has su ffered  th e  m ost 
im p o r ta n t  geochem ical in flu en ces.

O n the basis o f  a r i th m e tic  m ean  c o m p u ta tio n  th e  average  silica co n ten t 
o f  H u n g a ria n  b a u x ite  w as fo u n d  to  be 18,0 p e r cen t. T his va lue  is re m a rk a b ly  
g r e a t  : how ever, we m u s t consider th a t  th e  geological b a u x ite  bod ies here 
t r e a te d  consist to  som e p a r t  n o t only o f p u re  b a u x ite . T hus th e  av erag e  rock 
o f  th e  bau x ite  body  in  n a tu re  reveals itse lf  to  be r a th e r  arg illaceous.

T he frequency  d is tr ib u tio n  of silica is th e  m o st a sy m m etric  o f all o f the 
m a in  com ponents. C o n seq u en tly , in m ost cases th e re  is a m ark ed  difference 
b e tw e e n  m edians an d  a r i th m e tic  m eans. T he differences are lis ted  in  T ab le  4, 
s im ila r ly  to  those c o m p u te d  for a lum ina . T he p ic tu re  is rou g h ly  th e  opposite  
o f  t h a t  ob tained  for th e  la t t e r .  The m ed ian  is in  m ost cases sm alle r th a n  the 
a r i th m e tic  m ean, e x c e p tin g  som e localities o f la rge  silica co n te n t. In  b a u x ite , 
s ilic a  is an  exact o p p o site  to  a lu m in a  : th e  e n ric h m e n t of th e  one is accom pan ied  
b y  a p o v e rty  in  th e  o th e r . O n  th e  o th e r h a n d , th e  d ifferences be tw een  a r ith m e 
t ic  m ean  and  m ed ian  a re  g re a te r  th a n  in  th e  case o f a lu m in a  (2 to  6 p e r  cen t).

The behav io r o f  th e  m ode is o f special in te re s t . In  12 o f th e  occurrences 
th e  m ode, i. e. th e  m o st f re q u e n t silica p e rc e n ta g e , varies  from  1,0 to  3,0 per 
c e n t .  T his group c o n ta in s  a ll th e  fields a ro u n d  N y irá d , Iszk aszen tg y ö rg y  and 
H a lim b a  as well as D o ro tty a -S z á rh e g y  a t  Szőc an d  N ézsa. In  th e se  localities 
th e  m o st frequen t silica p e rc e n ta g e  is b y  fa r  (7 to  20 p er cen t) sm alle r th a n  
th e  a rith m e tic  m ean . T h is  in d ica tes  th a t  in  th e se  localities p u re  b a u x ite  w ith  
a lm o s t no silica is p re d o m in a n t. In  localities w ith  g re a te r  silica averages the 
d iffe ren ce  tends to  be m u c h  sm aller. Also h ere  th e  m ode is genera lly  less th a n  the  
a r i th m e tic  m ean. H o w ev er, especially  a t o ccu rrences of m ax im u m  silica c o n ten t, 
t h e  m ode exceeds th e  a r ith m e tic  m ean  (Z a lah a láp , N agyvázsony , Fenyőfő).

The large n e g a tiv e  skew ness observed  th ro u g h o u t th e  silica d is tr ib u tio n s  
in d ic a te  th a t in  th e  cou rse  o f  b a u x itiz a tio n  th is  e lem en t su ffered  o n e-d irec tio n al 
c h a n g e s  the  m ost in te n se ly  (ex trac tio n , w ash in g -o u t, desilification). T h e  sim ul
ta n e o u s  en richm en t o f  a lu m in iu m , iron  an d  ti ta n iu m  h av e  o ccu rred  a t  the  
e x p e n se s  of th is  single e lem en t.

Also here f re q u e n c y  p ercen tag es w ere re leg a ted  in to  th e  th re e  follow ing 
g ro u p s  :

1. S i0 2 co n te n t b e lo w  10 p er cen t;
2. S i0 2 co n te n t 10 to  30 p er cen t;
3. S i0 2 co n ten t ab o v e  30 p er cen t.



Fig. 4. A verage A120 3 c o n ten t o f H u n g a rian  b a u x ite  occurrences

•  L arg er, tho rough ly  inv estig a ted  occurrences. 49,6 Average a lum ina  co n te n t o f occurrence
A S m aller, less thoroughly  know n occurrences and su perfic ia l (36,0). U n certa in  average  from  sm all num ber of d a ta  

in d ica tio n s
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T his c lassifica tion  is a rb itra ry  to  som e e x te n t . I t  re s ts  on th e  p ra c tic a l  
usage o f calling  b a u x ite  silica-poor i f  c o n ta in in g  less th a n  ten  p er c e n t silica  
an d  silica-rich  if  c o n ta in in g  more th a n  th i r ty .

Rákhegy
k i n c s e s  J ó z s e f
Du/r-Nyires
Darvastó
tzamajor
Nagyhorsány
Dorottya-Szárhegy
Sümeg
Tormáskút
Nyireskát
Óborok -Ujbarok
Eplény
Táncsics II
Vöröslőd
Cseres
Malom völgy
Nézsa
Nagyegyháza  
Bagolyhegy  
Félix //.
P H iszá n tó
Alsópere
Horosztos-Új feltárás 
Vargatanya 
Nagyvázsony  
Badar  
Tés
Fenyőfő 
Zalahaláp

100 к

S i0 2 c o n te n t above 30 p e r cent

„• ,, ,, 30 to  10 pe r cen t

,, ,, below 10 p e r cen t

Fig. 5. F requency  d is tr ib u tio n  o f  S i0 2 co n ten t 

12 ,3%  : frequency p e rce n ta g e s  o f  th e  th ree  groups

.. • i I . :
T he p red o m in an ce  o f silica-poor b a u x ite  (73,1 p e r cent) is consp icu o u s 

in  th e  case o f th e  R ák h eg y  occurrence . I t  occurs in  s im ila rly  g rea t q u a n ti t ie s  
in  th e  K incses-József, D ü lt-N y íres, D a rv a s tó  an d  Iz a m a jo r  deposits  (71 to  
60 p e r  cen t). T he Iszk aszen tg y ö rg y  reg io n  co n seq u en tly  con ta in s th e  p u re s t  
b a u x ite  o f  o u r c o u n try , a fac t th a t  w as a lre a d y  d e m o n s tra te d  b y  th e  a r i th m e 
tic  m eans (F ig. 5).

2  Acta Geologica V/2.
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T h e su b seq u en t g ro u p  con ta in s e ig h te e n  occurrences. W ith  th e  ex cep tio n  
o f  som e sm aller lo ca lities th e y  belong to  th e  H a lim b a , G án t an d  Szőc a reas . 
I n  th e se , th e  silica-poor an d  in te rm ed ia te  ty p e s  occur in  a p p ro x im a te ly  eq u a l 
p ro p o r tio n s , w hereas som e are even c h a ra c te r iz e d  by  th e  p red o m in an ce  of th e  
l a t t e r  (A lsópere 73,5, B ago lyhegy  74,3, H a ra sz to s  71,2 p e r cen t).

In  th e  o ccu rrences o f  th e  H alim b a  a n d  G án t en v iro n m en t th e  sh a re  o f  
s ilic a -rich  (clayey) b a u x ite  does no t y e t e x cen d  10 per cen t, b u t  in  th e  o th e rs  
i t  re a c h e s  to  as m u ch  as to  30 to  40 p e r c e n t.

T h e  la s t g roup  co n ta in s  six occu rren ces o f sm aller sizes. In  th e se  th e  
p ro p o r tio n  of b a u x ite  co n ta in in g  less th a n  10 p er cen t silica is in s ig n if ic a n t

D iagram  2. T y p ica l frequency d ia g ra m s  of S i0 2 co n ten t

(less th a n  2 per cen t) or equalling  zero. F o u r  o f  th ese  (Y a rg a tan y a , D u d a r , T és , 
F en y ő fő ) m ostly  co n sis t o f  th e  in te rm e d ia te  ty p e , w hereas th e  re m a in in g  tw o 
(Z a la h a lá p  and  N ag y v ázso n y ) are c h a ra c te r iz e d  b y  a p red o m in an ce  o f  th e  
c la y e y  so rt (77,8 a n d  85,7 p e r cen t, re sp ec tiv e ly ) . These tw o occurrences also 
sh o w ed  th e  g re a te s t averages in silica c o n te n t.

T h e  shape o f  th e  freq u en cy  h is to g ram s essen tia lly  d iffers from  th o se  o f  
th e  a lu m in a  d is tr ib u tio n . T h ey  can be d iv id e d  in to  five groups.

1. T he f irs t  g ro u p  co n ta in s  tw o lo ca litie s  of th e  Iszk aszen tg y ö rg y  an d  
tw o  o f  th e  N y irád  n e ig h b o u rh o o d , all o f  th e se  are  p rim ary  ones. T h e  h is to 
g ra m s  a re  ch a rac te rized  b y  excessive sk ew n ess . An enorm ous p e a k  occurs 
b e tw e e n  1 an d  4 p e r  cen ts  o f  silica c o n te n t, m ax im u m  frequencies reach in g  
16 to  18 p er cen t. A t h ig h er p e rcen tages th e  p eak  ra th e r  sh a rp ly  falls o ff  
a n d  co n tin u es up  to  40 to  45 p er cen t silica  c o n te n t w ith  am p litu d es o f  1 to  
3 p e r  cen t.

T h is  d is tr ib u tio n  in d ica tes  th a t  in  th e  f iv e  occurrences lis ted  above 
th e  p re d o m in a n t, i. e. c h a ra c te r is tic  p a r t  o f  th e  b a u x ite  body  consists o f b a u x ite  
v e ry  p o o r in  silica, acco m p an ied  b y  ty p es o f  e x tre m e ly  v a ria b ly  silica c o n te n t. 
H o w ev e r, th e re  is no in te rm e d ia te  or silica -rich  ty p e  accu m u la ted , as m u ch  as 
to  fo rm  an o th e r p eak .

2. T he h is to g ra m  o f th e  second g ro u p  is o f  a sim ilar n a tu re , w ith  a less 
p ro n o u n c e d  skew ness, sm a lle r peak  an d  b e tte r-d e v e lo p e d  (3 to  5 p e r  cen t) 
h ig h -p e rc e n tag e  w ing. T h e re  are nine o ccu rren ces in th is  g roup , viz. D o ro tty a -
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Szárhegy , T o rm á sk ú t, T áncsics-II, Ó b a ro k -Ú jb a ro k , Cseres, E p lén y , N a g y -  
h a rsá n y , N y íre sk ú t, Süm eg.

3. T he th ird  g roup  con ta ins e ig h t localities. (V a rg a ta n y a , D u d ar, F en y ő fő  
A lsópere, Tés, B ago lyhegy , H a ra sz to s , F é lix  I I .)  C om m on fea tu res  o f  th e ir  
h is to g ram s are  a sing le p eak  and  a p p ro x im a te  sy m m e try . The closest to  an  
ideal hom ogeneous ro ck  com position  are  th e  h is to g ra m s o f th e  B ag o ly h eg y  
an d  H a ra sz to s-Ű jfe ltá rá s  localities. In  th e  o th e rs  th e  general course o f  th e  
h is to g ram  is d is tu rb e d  b y  ex cep tiona l local f re q u e n c y  values. In  o u r o p in io n  
these  o u t- ju tt in g  v a lu es  are no t due to  geochem ical agencies, b u t r a th e r  to  th e  
sm all n u m b er o f ana ly ses  availab le  fro m  th ese  occu rrences. T here is a g re a te r  
w eigh t to  ex cep tio n a l values if  th e  n u m b e r o f  an a ly ses  is sm all.

T he h is to g ram s in d ica te  th a t ,  from  th e  p o in t o f view  o f silica c o n te n t, 
h om ogene ity  o f ro ck  is the  m ost closely ap p ro a c h e d  by  th e  b au x ite  o f  th is  
ty p e .

4. T here  a re  fiv e  occurrences in  th is  g ro u p  (M alom völgy, V áro slő d , 
N ag y eg y h áza , P ilisszán tó , Nézsa). T h e  h is to g ra m  is likew ise sy m m etric  b u t  
th e  p eak  is less sh a rp  o r even lack ing . I n  these  lo ca lities  th e  d is tr ib u tio n  o f  silica  
is m ost he te ro g en eo u s : th ere  is no c h a ra c te r is tic  accu m u la tio n  of a n y  ty p e , 
ex cep t irreg u la rly  p laced  (local) p a r t ia l  peaks.

5. In  th e  f if th  g roup  the  h is to g ra m  is a p p ro x im a te ly  th e  opposite  o f  th e  
a sy m m etric  second g roup . The localities p e r ta in in g  to  th is  group are  N a g y 
vázso n y  an d  Z a lah a láp  : th is  is w here  th e  b a u x ite  com plex  m ostly  co n sis ts  
o f b a u x itic  c lay  o r arg illaceous b a u x ite  w ith  o n ly  sm all am oun ts o f  ty p ic a l  
b a u x ite  o f in te rm e d ia te  or sm all silica  c o n te n t.

In  co rre la tin g  th e  h istog ram  ty p e s  w ith  th e  am p litu d es  of av erag e  silica  
co n te n t (T able 4), an  in te restin g  re la tio n sh ip  is show n. I t  is found  t h a t  th e  
h is to g ram s o f occurrences poorest in  silica a re  th e  fa r th e s t  from  s y m m e try , 
th e  skew ness b e ing  to w ard s sm all silica  p e rcen tag es  (G roup 1). The h is to g ra m s  
o f th e  less a sy m m etric  second group  n e x t follow . T h e  h is to g ram s of o ccu rren ces  
o f  in te rm e d ia te  a n d  g re a t silica c o n te n t are  sy m m e tric a l (G roups 4 a n d  5), 
w hereas in  th e  tw o  localities of m ax im u m  silica c o n te n t (G roup 5) th e re  is a n  
inverse  skew ness.

T his re g u la r ity  can  be exp la in ed , s im ila rly  to  th e  one found for a lu m in a , 
b y  th e  n a tu re  o f th e  b a u x itiz a tio n  process. I n  o u r op in ion  th e  p re v a le n c e  
o f sm all silica c o n te n t rocks and  th e  co rresp o n d in g  asy m m etry  of th e  d is t r i 
b u tio n  w as b ro u g h t ab o u t by  th e  ir re v e rs ib ility  o f b au x itiz a tio n . T h e  m o re  
in ten se  th e  b a u x itiz a tio n , th e  m ore exp ressive  is th e  asy m m etry .

T he inverse  skew ness observed  in  th e  case o f  th e  tw o occurrences o f  th e  
g re a te s t silica c o n te n t, p o in ts  to  som e k ind  o f  res ilifica tio n  th a t  w as cau sed  
n o t so m uch  by  th e  em ig ra tion  o f  a lu m in a  as b y  th e  im m ig ra tio n  o f  s ilica . 
T his s ta te m e n t is b ased  on th e  n o rm a lity  o f  a lu m in a  h istog ram s o f th e se  
localities.

2 *
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V ariance  an d  s ta n d a rd  d ev ia tio n  w ere  likew ise on ly  c o m p u ted  to  A120 3 
fo r  occurrences w ith  a su ffic ien t n u m b er o f  analyses (T able 3). T h e  s c a tte r  
o f  s ilica  percen tages is m u ch  g re a te r  th a n  w as fo u n d  for a lu m in a . In  com p ariso n  
to  th e  average  v a rian ce  o f  a lu m in a  fo r H u n g a r ia n  occurrences (45,0), t h a t  o f 
s ilica  am o u n ts  to  100,1. V arian ce  itse lf  v a r ie s  r a th e r  g re a tly  (49,0 to  145,1 or, 
e x p re sse d  in  s ta n d a rd  d e v ia tio n , 7,0 to  12,0 p e r  cent).

S c a tte r  is th e  sm a lle s t in  th e  K ineses-Jó z se f  field  (49,2 b y  v a r ia n c e  and  
7 ,0  b y  s ta n d a rd  d ev ia tio n ). A  sim ilarly  sm a ll s c a tte r  is observed  a t  th e  o th e r 
f ie ld  o f  th e  Iszk aszen tg y ö rg y  area  (R ák h eg y ) as well as a t  th e  o ccu rren ces of 
th e  H a lim b a  and  G án t e n v iro n m e n t (s ta n d a rd  d ev ia tio n  being  7 to  10 p e r cen t). 
S u rp ris in g ly , g rea t s c a tte r  occurs a t  th e  N y irá d  fields, reach ing  th e  h ig h es t a t 
th e  T áncsics I I  lo ca lity  (v a rian ce  : 145,1 s ta n d a rd  d ev ia tion  : 12,0 p e r  cen t). 
T h is  in te n se  sc a tte r  c an  be  ex p la ined  b y  th e  secondary , red ep o sited  n a tu re  
o f  th is  occurrence, as i t  is a m a tte r  o f course  th a t  th e  fo rm erly  hom ogeneous 
ro c k  shou ld  have su ffered  a  lo t  of irre g u la r  changes in  th e  course o f  red ep o si
t io n . O n th e  o th e r h a n d , th e  g rea t s c a t te r  on the th ree  o th e r fie ld s  o f  th e  
N y ir á d  reg ion , w here d ep o sitio n  is p r im a ry , c an  be due to  th e  g re a t skew ness 
o f  th e  d is tr ib u tio n . T he re la tiv e ly  g rea t s c a t te r  a t  th e  V ároslőd, M alom völgy  
a n d  D o ro tty a -S zá rh eg y  d ep o sits  ( s ta n d a rd  d ev ia tio n  reach ing  10,6 to  11,3 
p e r  c en t)  can  be ex p la in ed  in  a sim ilar w ay . T h e  sc a tte r  is g rea te r  a t  th e  N ag y 
e g y h á z a  an d  Ó b a ro k -Ü jb a ro k  occurrences to o . This fea tu re  is due  to  th e  
s e c o n d a ry  position  o f b a u x ite .

B y  p lo ttin g  th e  a re a l d is tr ib u tio n  a n d  geological p o sitio n  o f  average  
s ilic a  pe rcen tag es, a p ic tu re  v e ry  m uch  resem b lin g  th e  inverse o f  th e  a lu m in a  
m a p  is o b ta in ed  (F ig . 6). O n connecting  th e  occurrences o f th e  sm a lle s t silica 
c o n te n t ,  a line is o b ta in e d  w hich  s trik es  one  in  ju s t  th e  w ay  as th e  m ax im u m  
lin e  o f  a lu m in a . A long th is  line th e  sm a lle s t silica co n ten t is en co u n te red  a t 
th e  N y irá d  and  Iszk aszen tg y ö rg y  areas. T h ese  lie , s im ilarly  to  a lu m in a  m ax im a , 
in  th e  tw o  arch ings o f th e  line. B etw een  th e  tw o m in im a, a long  th e  line, 
th e r e  is an  increase o f  silica percen tag e  to  18, w hereas p e rp e n d ic u la rly  to  th e  
lin e , v a lu es  o f 30 to  35 p e r c en t are reach ed  in  b o th  w ays. N o r th e a s t o f Is z k a 
s z e n tg y ö rg y  th e re  is likew ise an  increase o f  silica  co n ten t along th e  lin e , re a c h 
in g  m a x im u m  a t  th e  la te ra l  occurrence o f  N ézsa  (22,5 p e r cen t).

L ook ing  a t  th e  silica p e rcen tag es fro m  th e  s tra tig ra p h ic a l p o in t  o f  view , 
w e c a n  see th a t  th e  av e rag e  c o n te n t o f o ccu rren ces w ith  Low er C retaceous cover 
is  n o t  m uch  d iffe ren t fro m  tho se  w ith  U p p e r  C retaceous or E ocene  cover. 
(See T a b le  4.) In  all o f th e  th ree  ty p es lo ca litie s  occur o f sm all, in te rm e d ia te  
a n d  la rg e  silica co n ten t.

A m ong  th e  occu rrences w ith  O ligocène to  P leistocene cover th e re  are 
s im ila r ly  those of sm all s ilica  co n ten t (D a rv a s tó , E plény) : how ever, th e y  are 
m o s tly  ch a rac te rized  b y  in te rm e d ia te  or la rg e  silica percen tages. C on seq u en tly , 
i t  m a y  be s ta te d  th a t  in  th e  course o f th e  erosion  of b a u x ite  d ep o sits  th e re
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occurred  a ce rta in  a m o u n t o f  d eg rad a tio n  (resilifica tion ) o f v a ry in g  in te n s ity . 
H ow ever, th is  re s ilif ica tio n  could b y  fa r  n o t be  as in ten se  as w as g en era lly  
supposed  h ith e r to .

Iron content o f  bauxite

I ts  a m o u n t is g iven  b y  th e  analyses in  th e  fo rm  o f ferric  ox ide, a lth o u g h  
b a u x ite  in v a ria b ly  c o n ta in s  sm aller or g re a te r  a m o u n ts  o f fe rro u s iro n  as 
well. B ecause of th is  we w ere co n stra in ed  in  c a rry in g  o u t our ca lcu la tio n s w ith  
th e  ferric  oxide p e rcen tag es . I t  should  be, h o w ev er, s tressed  th a t  th e  d a te  
re fer to  to ta l  iron  c o n te n t, as ferrous iron  is o x id ized  an d  in c o rp o ra te d  in to  
th e  ferric  iron  p e rcen tag e .

A nalyses w hich se p a ra te ly  give ferrous a n d  fe rric  iro n  co n ten t are  scarce. 
These will be concisely  e v a lu a te d  a t  th e  end  o f th is  ch ap te r.

Iro n  c o n te n t w ith in  th e  b a u x ite  b o d y  is also su b jec ted  to  ra th e r  in ten se  
v a ria tio n s . T here  are  sam ples co n ta in in g  a lm o st no iro n , w hile a t  som e p o in ts  
en rich m en t over 50 p er c en t o f ferric  oxide m a y  occur. In  th e  la t te r  case th e  
rock  in  questio n  can  be te rm e d  a sed im en ta ry  fe rr ilite , m uch  ra th e r  th a n  an  
a llitic  one.

The ex trem a ls  o f iro n  c o n te n t were ta b u la te d  e x a c tly  in  th e  sam e w ay  
as those  o f  a lu m in a  a n d  silica. The ex trem a ls  o b ta in ed  a f te r  exclud ing  
th e  la te ra l one p e r cen t o f  analyses on b o th  sides w ere also co m p u ted  (see 
T a b ’e 5).

T here are  tw o  occurrences (Izam ajo r an d  B ago lyhegy) c o n ta in in g  som e 
b a u x ite  w hich  a lm o st to ta l ly  lack  iron . In  th e  re m a in d e r  m in im um  iro n  c o n te n t 
genera lly  v aries fro m  1 to  4 p er cen t. T here  a re  o n ly  tw o excep tions, n am ely  
N y íre sk ú t an d  Tés, w ith  7 an d  8 per cen t, re sp ec tiv e ly . H ow ever, w ith  m ost o f 
th e  occurrences v e ry  sm all m in im a p roved  to  be ex cep tio n a l. A fte r e lim in a tin g  
th e  la te ra l one p e r cen t o f analyses, m in im um  iro n  c o n te n t w as sh ifted  from  
4 to  8 per cen t.

The g re a te s t p e rcen tag e , 56,0, was found  in  one sam ple o f th e  K incses- 
Jo zse f  field . In  th e  o th e rs  th e  m ax im um  ranges fro m  35 to  50 p er cen t. E x c e p 
tio n s are th e  Z a lah a láp , N ag yvázsony  an d  N a g y h a rsá n y  fields w here b a u x ite s  
above 29 a n d  25 p e r cen t, resp ec tiv e ly  of iron  oxide a re , unknow n. On exclud ing  
th e  la te ra l one p er cen t, th e  ex trem als g en era lly  s ink  to  30— 35 p e r cen t, 
in d ica tin g  th a t  rocks above th is  value fo rm  b u t  a neglig ib ly  sm all p a r t  o f  th e  
b a u x ite  body .

The a r ith m e tic  m ean  o f th e  p a r tic u la r  occu rrences ranges b e tw een  8 an d  
23 p e r cen t. P eak  v alue  occurs a t  T o rm ásk ú t (22,7 p e r cen t). O therw ise w ith  
m ost of th e  localities (20 o f them ) i t  lies b e tw een  16 an d  20 p er cen t. To th is  
g roup  belong, am ong o th e rs , th e  occurrences o f th e  H a lim b a , N y irád  and  Iszk a- 
szen tg y ö rg y  a reas. A t th e  localities D u d ar, F en y ő fő , Z alah a láp  an d  N agy-
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Table 5
Geochemical param eters o f  l' e.,0., content

O c c u rre n c e

E x t r e m a l s C e n t r a l  v a l u e s S c a t t e r

1 о  w e r u p p e r A r i t h 
m e t ic
m e a n

M e d ia n M o d e V a r i 
a n c e

S t a n 
d a r d

d e v ia t io n100% 9 9 % 9 9 % 100%

S ü m eg  ........................................ 3,0 4,0 38,0 48,0 19,5 20,7 24,5
N y irá d  : D a rv a s tó ................ 1,0 4,5 30,5 41,0 20,1 22,0 23,5 34,7 ± 5 ,9

,,  D e á k ih e g y ............ 3,0 7,5 30,0 36,0 21,5 23,2 24,5 28,7 ± 5 ,4
,, T áncsics I I ............. 3,0 6,5 30,5 34,0 19,8 20,8 21,5 33,2 ± 5 ,8
,, Izam ajo r .............. 0,0 3,5 33,5 51,0 21,5 23,5 24,5 43,0 ± 6 ,6

Z a la h a l á p ................................... 2,0 5,5 25,5 29,0 13,2 12,6 10,5
Szőc : V a r g a t a n y a ................. 2,0 4,0 31,5 32,0 16,7 16,8 17,5

„  F é lix  I I .......................... 3,0 5,5 27,5 33,0 17,5 17,4 16,5 17,2 ± 4 ,2
,, D o ro tty a —Szárhegy 2,0 6,5 38,0 49,0 20,3 20,4 21,5 26,4 ± 5 ,1
,,  N y íre sk ú t ................... 7,0 9,0 32,0 38,0 20,4 20,6 20,5

,, M alom völgy .............. 1,0 3,0 37,0 45,0 19,9 19,6 18,5 29,3 ± 5 ,4
N ag y v áz so n y  ......................... 4,0 6,0 24,5 26,0 14,4 14,2 14,5

H a lim b a  : C se re s ................... 4,0 8,5 31,0 44,0 20,1 20,0 19,5 20,5 ± 4 ,5
,, T o rm á s k ú t.......... 1,0 10,5 35,5 51,0 22,7 22,4 21,5 24,9 ± 5 ,0

V áro slő d  : Ö reg h eg y ............ 4,0 8,0 30,5 37,0 19,3 19,5 19,5 20,0 ± 4 ,5
F e n y ő fő  ..................................... 4,0 5,5 29,5 38,0 13,4 13,7 13,5

D u d a r .......................................... 3,0 3,5 32,5 36,0 14,4 13,6 10,5

E p l é n y ....................................... 5,0 7,5 29,5 38,0 19,9 20,3 21,5

A ls ó p e r e ..................................... 2,0 3,0 30,0 35,0 17,9 18,9 19,5 31,4 ± 5 ,6

T é s ................................................. 8,0 9,0 36,5 44,0 19,7 19,4 19,5

Iszk asze n tg y ö rg y  :

K incses-József 2,0 6,5 35,5 56,0 18,8 19,4 20,5 23,9 ± 4 ,9

,,  R ákhegy  ......... 4,0 8,0 27,5 52,0 20,3 21,4 22,5 18,3 ± 4 ,3

G á n t  : B a g o ly h e g y .............. 0,0 6,0 32,5 40,0 16,2 15,4 14,5 28,0 ±  5,3

,, H arasz to s, Meleges,
Uj fe ltárás ................. 3,0 5,0 31,5 41,0 16,1 15,3 12,5 32,3 ± 5 ,7

Ó b a ro k —  Ű jbarok—
V ázso n y  psz .......................... 2,0 4,0 33,0 44,0 18,1 18,2 17,5 35,7 ± 6 ,0

N a g y eg y h á z a  .......................... 2,0 4,0 33,0 40,0 18,0 17,9 16,5 37,3 ± 6 ,1

P i l i s s z á n tó ................................ 1,3 3,0 46,0 47,0 21,9 22,4 23,5

N é z s a .......................................... 1,0 2,0 29,0 31,0 17,3 17,3 24,5

N a g y h a r s á n y ............................ 1,0 1,0 24,5 25,0 9,2 7,9 4,5

v á z so n y  m ean  ferric  ox ide  c o n te n t is 13 to  14 per cen t. I t  reaches m in im um  
a t  N a g y h a rsá n y  w ith  an  a r ith m e tic  m ean  p ercen tag e  o f 9,2.

T h e  iron  oxide c o n te n t o f average  H u n g a ria n  b a u x ite  w as c o m p u ted  to  
be  18,8 p e r cent.
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F ig. 6. A verage  S i0 2 c o n ten t o f  H u n g a rian  b a u x ite  occurrences

•  L a rg e r, th o ro u g h ly  in v es tig a te d  occurrences 46,9 A verage silica c o n te n t o f occurrence
A Sm aller, less tho ro u g h ly  know n occurrences and su perfic ia l (36,0) L lncertain average fro m  sm all n u m b er o f  d a ta

indications
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Table 6

C om parison o f  average F e 20 3 content w ith  other characteristic parameters

D i f f e r e n  с о

O c p u r r e n c e A r i t h m e t i c
m e a n

t o
m e d i a n

t o
m o d e

A g e  o f  i m me d i a t e  
c o v e r

S h a p e  o f  
h i s t o g r a m

T o rm ásk ú t 2 2,7 -  0,3 -  1 ,2 T u ro n ian ZX
P ilis sz á n tó 21 ,9 + 0,5 + 1,6 1.E ocene
Iz a m a jo r 21,5 + 2,0 + 3 ,0 1.Eocene
D eák ih eg y 2 1,5 + 1,7 + 3,0 1. E ocene

N y ire sk ú t 2 0,4 + 0,2 + 0,1 1.P lio cen e  + 
1. Eocene ZX

R á k h e g y 20,3 + 1Д + 2,2 1 .E ocene

D oro ttya—Szárhegy 2 0.3 + 0,1 + 1,2 1. Eocene zx
C seres 2 0,1 -  0,1 -  0,6 1. Eocene ZX
D arv astó 20,1 + 1,9 ■f 3,4

P le is to cen e  + 
1. Eocene

Л777к

E p lé n y 19,9 + 0,4 + 1,6 P le is to cen e  + 
1.E ocene

M alom völgy 1 9,9 -  0 3 -  1,4 1. Eocene zx
T áncsics П 1 9,8 + 1,0 + 1,7 T o rto n ian
T és 1 9,7 -  0,3 -  0 ,2 A p tia n zx
Sümeg 1 9,5 + 1,2 + 5,0 m. Eocene
V ároslőd 19,3 + 0,2 + 0,2 1. E ocene 7 \
K in cses-Jó zsef 1 8,8 + 0,6 + 1,7 1.E ocene
Ó h aro k -U jb aro k 18,1 + 0,1 -  0 ,6 uOligocene
N agyegyháza 18,0 -  0,1 -  1,5 u.Oligocene zx
A lsó p ere 17,9 + i ,o + 1,6 A p tia n

F é l ix  П 17,5 -  0,1 -  1,0 1. Eocene zx
Nézsa 1 7.3 ± 0,0 + 7,2 mJKocene
V a rg a ta n y a 1 6,7 + 0,1 + 0,8 1. Eocene zx
H a ra sz to s  — 
U jf e l tá r á s 1 6,7 1 ■ Eocene

B ag o ly h eg y 1 6,2 -  0,8 -  1,7 1. Eocene
D u d a r 14 ,4 -  0,8 -  3,9 1.Eocene A.
N agyvázsony 14,4 -  0,2 + 0,1 P lio cen e zx
F en y ő fó 13,4 + 0,3 + 0,1 1. Eocene /X
Z a la h a lá p 1 3,2 -  0.6 -  2,7 T o rto n ian

N ag y h arsán y 9,2 -  1,3 -  4,7 A p tia n
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T he d ev ia tions o f m ed ians and  m odes fro m  a rith m e tic  m eans are  m uch 
sm a lle r  th a n  w ith  a lu m in a  and  silica (T ab le  6). The d ifference o f  a rith m e tic  
m e a n  an d  m edian  is g en era lly  below one p e r  c en t and  does n ev er exceed  tw o. 
T h e  difference fro m  th e  m ode is so m ew h a t g re a te r , 1 to  3 p er c e n t on  th e  
a v e ra g e . M ost o f th e  d ifferences are p o s it iv e , th u s  show ing a s im ila r ity  to

о io го во M? 5 о во го so 90 100 \
Izomajor
Pilisszántó
Torm áskát
Dü/t-Nyires
Táncsics H
Sümeg
Darvas tô
N ym eskùt
Malomvölgy
Nogyegyháza
C seres
Óborok -Ujbarok
Dorottya -Szárhegy
Nézso
Városlöd
Vargotonyo
Ha rosztos-áj feltárás
Tés
Bagolyhegy
Alsópere
Kincses -József
Rókhequ
Félix II
Eplény
Dudor
Fenyőfő
lalahaláp
Nagyvázsony
N agyharsány

F e 20 3 c o n te n t  above 25 p e r cen t 

I I ,, ,, ,, 25 to  10 p e r cen t

X/Z /Z /Ä  1 ? „  below 10 p e r cen t

Fig. 7. F req u en cy  d is tr ib u tio n  o f F e 20 3 conten t 

15,6 : frequency  percen tages o f  th e  th ree  groups

a lu m in a . H ow ever, th e  re la tio n  betw een  th e  in te n s ity  o f c o n c e n tra tio n  and  
th e  d ifferences o f c e n tra l  values th e re  o b se rv e d  could n o t be d e m o n s tra te d  
h e re , a lth o u g h  th e re  is an  unden iab le  te n d e n c y  to w ard s it.

C onsequen tly , o f  th e  th ree  m ain  e le m e n ts  so fa r tre a te d  th e  d is tr ib u tio n  
o f  iro n  was revealed  as th e  m ost sy m m e tric a l. Id e a l hom ogeneous ro ck  com po
s it io n  can  b est be a p p ro x im a te d  by  b a u x ite  in  respect to  th is  co m p o n en t.

F req u en cy  p e rcen tag es  were also g ra d e d  here  in to  th ree  g ro u p s, n am ely

1. F e20 3 c o n te n t ab o v e  25 per c en t ;
2. P j|2 © 3  c o n te n t 25 to  10 per cen t ;

;3 . '" 1 ^ 0 з  c o n te n t  below  10 per c e n t,.
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L ike all subd iv isions o f  th is  k ind , th is  is also a rb itra ry  to  som e e x te n t .  
B y th e  f a c t  i t  can be su p p o rte d  th a t  in  in d u s tr ia l  p rac tice  one d is tin g u ish es  
th e  iro n -rich  b au x ite  ab o v e  25 per cen t, f ro m  iron -poor b a u x ite  below  te n  p er 
cen t a n d  in  betw een  o f in te rm e d ia te  ty p e s  (F ig . 7).

M ost b a u x ite  is o f  th e  in te rm e d ia te  k in d  in  all th e  occurrences, fo rm in g  
56,7 to  97,6  p er cen t o f th e  deposit. T h e  p e rcen tag e  o f th e  in te rm e d ia te  k in d  
is th e  g re a te s t  a t  th e  E p lé n y  an d  N ag y v ázso n y  deposits an d  a t  th e  tw o  Iszk a - 
szen tg y ö rg y  fie lds. T he g re a te s t a m o u n ts  of iro n -rich  b a u x ite  occur in  Iz a -  
m a jo r (34,6 p er cent) a n d  P ilisszán tó  (31,2 p e r cen t). T here  is fu r th e r  a q u ite  
g rea t lo t  o f th is  k in d  in  th e  T o rm ásk ú t (28 ,9  p er cen t) an d  D ű lt-N y íres  (26,6 
per cen t) deposits . In  th e  rem ain d er th e  fre q u e n c y  varies  from  5 to  18 p e r  c en t.

C o n tra ry  to  th is , th e re  are five  occu rren ces a t  w hich th e  a m o u n t of 
iron -rich  b a u x ite  is p ra c tic a lly  negligible (0 ,0— 1,6 p er cen t), nam ely  th e  D u d a r , 
F enyőfő , Z a lah a láp , N ag yvázsony  a n d  N a g y h a rsá n y  ones. T he g re a te s t  
p ro p o rtio n s  o f iron -poor b a u x ite  are k n o w n  to  be from  N ag y h a rsán y  (63,1 p e r  
cen t), D u d a r  (21,1), Z a lah a láp  (21,4) a n d  F en y ő fő  (16,4), resp ec tiv e ly . O th e r 
wise th e  p ercen tag e  o f  iro n -p o o r b a u x ite  is 2 to  10. T he sm allest a m o u n t o f  
iron -p o o r b a u x ite  can  be n o te d  in c o n n ec tio n  w ith  th e  T o rm ásk ú t o ccu rren ce  
w here i t  fo rm s no m ore th a n  0,8 per c en t o f  th e  deposit.

C onsequen tly , H u n g a ria n  b au x ite  d ep o sits  consist in  th e  m ost p á r t  o f 
b a u x ite  w ith  in te rm e d ia te  iro n  c o n ten t. I ro n -ric h  b a u x ite  is so m ew hat m ore  
fre q u e n t th a n  th e  iro n -p o o r, w hich la t te r  o n ly  form s a negligible p a r t  o f  a b o u t 
10 p e r c en t o f th e  d eposits . F rom  th is  p o in t  o f  view  th e  N ag y h a rsán y  o c c u r
rence s ta n d s  ou t sh a rp ly , to ta lly  lack ing  th e  iro n -rich  k in d  and  co n sisting  to  an  
e x te n t o f  63,1 p er cen t o f th e  in te rm e d ia te  one.

K now ledge o f th e  ro le  p layed  b y  iro n -r ic h  an d  iron -poor va rie tie s  is also 
im p o r ta n t fo r p rac tica l purposes, n am e ly  from  th e  p o in t o f  view  of e x p lo itin g  
H u n g a ria n  b a u x ite  as an  iro n  ore. A n o th e r in d u s tr ia l im p o rtan ce  for iro n -p o o r 
b a u x ite  lies in  its  use as a re frac to ry . I t  is rem ark ab le  th a t  th e  Tés b a u x i te ,  
genera lly  considered  to  be exceedingly  iro n -r ic h , even  te rm ed  by  som e geo
logists “ fe rro b a u x ite  o re” , b y  our in v e s tig a tio n s  Was fo u n d  to  c o n ta in  no 
m ore th a n  7,1 per cen t o f  iron-rich  b a u x ite , an d  w hich in  re a lity  be longs 
to  th e  g ro u p  of in te rm e d ia te  iron c o n te n t.

T he freq u en cy  h is to g ram s of th e  iro n  c o n te n t of b a u x ite  a re  m u ch  
m ore hom ogeneous, w ith  sm aller d ev ia tio n s , th a n  those  o f  a lum ina  a n d  silica .

As to  th e  shape o f  th e  h is to g ram , w e m a y  d is tin g u ish  four ty p e s , m u ch  
less d iffe rin g  from  each  o th e r  th a n  th e  ty p e s  defined  fo r a lu m in a  a n d  silica 
(D iagram  3).

1st ty p e . M ost o f  th e  occurrences, 13 in  n u m b er, belong to  th e  f i r s t  
group (V ároslőd , N ag y v ázso n y , Fenyőfő , T és, T o rm á sk ú t, N y íresk ú t, D o ro tty a -  
S zárhegy , Cseres, M alom völgy, Ó b a ro k -Ű jb a ro k , N agyegyháza , F é lix  I I ,  
V arg a tan y a ).' T heir h is to g ram s are e n tir e ly  reg u la r one-peak  sy m m e tr ic a l
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ones. C onsequen tly , th e  iro n  d is trib u tio n  o f  th e se  occurrences m ay  be re g a rd e d  
as  geochem ically  hom ogeneous.

2nd ty p e . T h e  second  group co n ta in s  tw o  occurrences, th e  P ilis szán tó  
a n d  N ézsa ones. T h e ir  h is to g ram s are p ro lo n g e d , w ith  local peaks. A ll in  a ll, 
th e se  can  also be  co n sid e red  as sing le-peak  ones, because, o f th e ir  c o m p le te ly  
sy m m etrica l s tru c tu re . T he fac t th a t  th e se  occurrences h av e  on ly  y ie ld ed  a 
sm a ll num ber o f an a ly se s  should be k e p t in  m ind . I t  is p robab le  th a t  on  a n  
in c rea se  of the  n u m b e r  o f analyses th e se  p a r t ia l  m ax im a w ould fuse in to  a 
sin g le  cen tra l one.

3rd  ty p e . T h e re  are  n ine occurrences, n a m e ly  Süm eg, E p lén y , A lsópere  
a n d  fou r of th e  N y irá d  a n d  tw o o f th e  Iszk aszen tg y ö rg y  a rea , in  th e  th i r d

D ia g r a m  3 . Typical frequency diagrams of Fe20 3 content

g ro u p . The h is to g ra m s  c a rry  one s lig h tly  a sy m m etric  p eak  w hich sh if ts  
to w a rd s  g rea te r iro n  percen tag es. A t th e  Iszk asz e n tg y ö rg y  fie lds th e  m a x im a  
a re  exceedingly  s h a rp , p e a k  frequency  b e in g  17 an d  19 p er cen t, re sp e c tiv e ly , 
in d ic a tin g  th e  b u lk  o f  th e  b au x ite  body  as b e in g  o f id en tica l iron  c o n te n t (19 
to  22 p er cen t fe rric  ox ide). The h is to g ram s show  th a t ,  beside th e  in te rm e d ia te  
k in d , th e  am o u n t o f  iro n -p o o r bau x ite  is b y  no m eans negligible.

4 th  ty p e . T h e  f iv e  occurrences o f th e  fo u r th  group are N a g y h a rsá n y , 
H a ra sz to s , B ag o ly h eg y , D u d a r and  Z a la h a lá p  ; th e ir  h is to g ram s are  th e  
o p p o site  to  those  o f th e  foregoing group , as th e  single p eak  is sh ifted  to w a rd s  
sm a lle r  iron  p e rc e n ta g es . N either is th e re  a to o  g rea t a sy m m etry .

I t  is to  be seen  in  T ab le  6 th a t  h is to g ra m s  of occurrences o f low  iro n  
c o n te n t  are a sy m m e tr ic  in  th e  d irec tion  o f  low  iro n  percen tages ; on th e  c o n 
t r a r y ,  those o f h ig h  iro n  co n ten t show  a n  a sy m m e try  o f opposite  d ire c tio n .

S ym m etric  h is to g ra m s  occur w ith  g re a t  average iro n  co n ten ts  as w ell 
as w ith  sm aller ones.

T he a sy m m e trie s  described m ay be  d u e  to  onew ay processes of iro n  
accu m u la tio n  or e m ig ra tio n .

O n a rran g in g  th e  iro n  h istogram s in  d ec reasin g  o rder o f average  a lu m in a  
c o n te n t , we f in d  t h a t  th e  skewness of th e  iro n  h is to g ram  increases w ith  i t .  
P e a k  sh ifts to w a rd s  g re a te r  percentages th ro u g h o u t also occurs w ith  g re a t  
a lu m in a  c o n c e n tra tio n s , in d ica tin g  th a t  b a u x itiz a tio n  m o stly  goes to g e th e r
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w ith  en rich m en t of iro n . A lthough  g re a te r  p e rcen tag es  o f  a lu m in a  can  so m e
tim es  coincide w ith  p e a k  sh ifts  to  th e  oppo site  d ire c tio n  (N ag y h arsán y , B a g o ly 
heg y , H arasz to s). T he ex p lan a tio n  o f  th is  a p p a re n t  co n trad ic tio n  will be d e a lt 
w ith  in  a follow ing p a p e r.

V ariance  an d  s ta n d a rd  d ev ia tio n  w ere likew ise co m p u ted  for th e  g re a te r  
occu rrences. R esu lts  a re  lis ted  in  T ab le  5.

I t  can  be o b served  th a t  the  s c a t te r  o f iro n  c o n te n t is m uch sm alle r th a n  
th a t  o f  a lu m in a  a n d  silica. The av e rag e  v a r ia n c e  o f th e  s tu d ied  lo ca lities  
a m o u n ts  to  28,5 co rrespond ing  to  a s ta n d a rd  d e v ia tio n  o f  5,3 p er cen t.

T h e  sca tte rs  o f  th e  in d iv id u a l occu rrences also  e x h ib it sm aller d ifferences 
am ong  them selves as w as th e  case w ith  th e  e lem en ts  fo rm erly  tre a te d . M axi
m um  s c a tte r  occurs a t  th e  Iz a m a jo r lo ca lity , v a rian ce  being  43,0, s ta n d a rd  
d e v ia tio n , accord ing ly , 6,6 p er cen t. T h is is due  to  th e  skew ness o f th e  d is t r i 
b u tio n .

A  re la tiv e ly  la rg e  sc a tte r  a lso  ch a rac te rize s  th e  N ag y eg y h áza  an d  
Ó b aro k  - Ű jb a ro k  occurrences (6,0 p e r  cen t s ta n d a rd  d ev ia tio n ). T his is easily  
exp licab le  b y  th e  seco n d ary , rew orked  n a tu re  o f th e  deposits. T he case is s im i
la r  to  th e  D a rv as tó  a n d  Táncsics I I  o ccu rrences o f  th e  N y irád  area .

S c a tte r  is so m ew h at less a t  th e  H a lim b a , Szőc an d  Iszk aszen tg y ö rg y  
fie ld s , in d ica tin g  th e  hom ogeneity  o f  iro n  d is tr ib u tio n .

T he average iro n  percen tages above s ta te d  w ere co rre la ted  w ith  th e  
geograph ica l d is tr ib u tio n  an d  geological p o s itio n  o f  th e  occurrences. T he p ic tu re  
co incided , w ith  th e  ex cep tio n  of som e sm alle r fea tu re s , from  those  o b ta in e d  
fo r a lu m in a  and  silica . The line co n n ec tin g  localities o f m ax im u m  p e rcen tag e  
a lm o st com pletely  conform s to  th e  fo rm e r ones. H ow ever, th is  line h a s  th re e  
p o in ts  o f  m ax im u m  accu m u la tio n , n am e ly  th e  N y irád -H a lim b a , I s z k a sz e n t
gy ö rg y  an d  P ilisszán tó  a reas . A verage ferric  ox ide  c o n te n t is 20 to  22 p e r c en t 
a t  th e se  po in ts  (F ig. 8).

E ach  of these  th re e  foci are s i tu a te d  on  th e  arch ings o f th e  m ax im u m  line. 
T h e  N y irá d -H a lim b a  an d  Iszk aszen tg y ö rg y -G án t foci w ere a lread y  d e te c te d  
b y  an a lysis  o f th e  tw o  foregoing co m p o n en ts , w hereas th e  P ilisszán tó  one on ly  
becam e obvious fro m  th e  iron  d a ta . A long th e  m a in  line th e re  is an  iro n  oxide 
c o n te n t o f 17 to  20 p e r cen t b e tw een  foci, o n ly  d ro p p in g  below  (16 p e r  cen t) 
a t  G á n t. In  th e  S o u th w este rn  B a k o n y  M o u n ta in s  iron  c o n te n t g ra d u a lly  d e 
creases w ith  in c reasin g  d istance  fro m  th e  m a x im u m  line : e.g. T o rm á sk ú t 
22,7, M alom völgy 19,9, N ag y v ázso n y  14,4 p e r  cen t. T he sam e s itu a tio n  also 
p reva ils  in  th e  N o rth e rn  B akony  : w h en  leav in g  th e  line in  a n o rth e rly  d ire c tio n  
we f in d  A lsópere (17,9), D u d a r (14,4), F enyőfő  (13,4 p er cen t).

Sm allest iron  c o n te n t was fo u n d  in  localities ly ing  th e  f a r th e s t  o ff th e  
m ain  axis.

T he coincidence o f  th e  accu m u la tio n  a rea s  o f ferric  oxide an d  a lu m in a  
seem s to  in d ica te  a s im ila rity  in  b e h a v io r  o f  th ese  com ponen ts in  th e  course
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o f b a iix itiz a tio n . C o nsequen tly , iro n  is n o t a “ c o n ta m in a tio n ”  in  b a u x ite  ; 
o n  th e  c o n tra ry , i t  is an  in te g ra l p a r t  o f th e  com plex  o f e lem ents c h a ra c te riz in g  
b a u x i te  as a rock .

T h e  N ag y h a rsán y  lo c a lity  s ta n d s  a p a r t  n o t only  as reg a rd s  g eo g rap h y  
b u t  a lso  in  possessing a m u ch  sm aller av e rag e  ferric  oxide co n ten t.

F ro m  th e  p o in t o f v iew  o f s tra t ig ra p h y  th e  p ic tu re  is also s im ila r to  tho se  
o b ta in e d  for a lu m in a  an d  silica : no d ire c t re la tio n sh ip  betw een  cover age an d  
ch e m ic a l com position  coidd be d e tec ted  (T ab le  6).

T h e  d a ta  on th e  fe rro u s iro n  c o n te n t o f  ou r b a u x ite  o ccu rrences are  
r e la t iv e ly  scarce. U p till now  th is  w as le f t u n d e te rm in e d  n o t on ly  b y  ro u tin e  
a n a ly se s , b u t  also b y  so-called  “ to ta l”  an a ly ses  of fo u rteen  co m p o n en ts . 
W e succeeded , how ever, in  com piling  148 d e te rm in a tio n s  fo r ferrous iro n , 67 o f 
w h ic h  w ere o b ta in ed  from  th e  B a u x ite  P ro sp e c tin g  F irm  ; o f th e  A jk a  an d  
B u d a p e s t  lab o ra to rie s , 4 w ere derived  fro m  th e  G án t in v es tig a tio n s  of 
J .  K is s  [4] ; fu r th e r  13 from  analyses o f th e  chem ical la b o ra to ry  o f th e  H u n 
g a r ia n  S ta te  G eological In s t i tu te ;  an d  th e  r e s t  (64) w ith  th e  co u rtesy  o f  th e  R e
s e a rc h  In s t i tu te  o f M etal I n d u s try ,  from  th e ir  “ b a u x ite  file”  u n d e r  p re p a ra 
t io n . T h e  individvial lo ca litie  —  averages as d e te rm in e d  from  these  148 d a ta  are  
l is te d  in  T ab le  12.

T h e  d a ta  g iven  in  th is  ta b le  do n o t  com prise  v alues for so-called  g rey  
p y r it ic -m a rc a s it ic  b a u x ite , occu rring  in  m o st o f  th e  localities on to p  o f  th e  
b a u x i te  b o d y , in  a th ick n ess  o f  0,5 to  1,5 m e tre s . L arg er q u a n titie s  o f  th is  so rt 
a re  fo u n d  f irs tly  a t  th e  tw o  Iszk aszen tg y ö rg y  fie lds an d  a t  th e  Cseres fie ld  o f  
H a lim b a . In  case o f  g re a te r  p e rcen tag es  o f  p y r i te  a n d /o r m arcas ite , s e p a ra te  
d e te rm in in g  of ferrous an d  fe rric  iro n  is r a th e r  d ifficu lt, so th a t  th e re  a re  v e ry  
few  d a ta  o f th is  k ind . T he m o st re liab le  a re  th o se  g iven  b y  th e  R esea rch  I n s t i 
t u t e  fo r  H e a v y  C hem ical In d u s try  (N E V IK I)  o f  V eszprém , w here la rg e  av erag e  
sa m p le s  (several h u n d re d  k ilogram s) o f K ineses an d  Cseres grey  m a rc a s itic  
b a u x i te  w ere in v e s tig a te d  d u rin g  th e  y ea rs  1955 an d  ’56. T he ana lyses y ie ld ed  
th e  fo llow ing  resu lts  :

Iszk aszen tg y ö rg y -K in cses F e 20 3 FeO
S am ple  No. 1 g rey  m arcas itic  b a u x ite 5,75 8,42 p e r cen t

9" •)•> •)•) •>•) 5,43 9,43 •)•) It
% It tt f) 3,93 11,30 tt •>•>

H alim ba-C seres
S am p le  No. 4 grey  an d  p in k  b a u x ite 6,87 18,45

T h e  above-com piled  av erag e  sam ples show  th a t  in  these  tw o dep o sits  
tw o  th ird s  to  th ree  q u a rte rs  o f  th e  to ta l  iro n  c o n te n t of g rey  m arcas itic  b a u x ite  
o c c u rre d  in  th e  ferrous fo rm .

T h e  fo rm a tio n  o f  g rey  p y ritic -m a rc as it ic  b a u x ite  is due to  a seco n d a ry  
re d u c in g  process. —  In  p r im a ry  b a u x ite , fo rm in g  th e  b u lk  of th e  d ep o sit,
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fe rro u s oxide c o n te n t can  g rea tly  v a r y  accord ing  to  analysis re su lts , f ro m  a 
m in im u m  of 0,04 p e r  c en t (G án t— H a ra sz to s)  to  a m ax im u m  of 1,72 p e r  c e n t 
(Cseres). H ow ever, m o st o f th e  d a ta  w ere g ro u p ed  a ro u n d  the  a v e rag es  o f  
T ab le  12.

A ccording to  th is  tab le , th e  g re a te s t  a v e rag e  ferrous oxide c o n te n ts  
w ere fo u n d  in  th e  H alim ba-C seres a n d  T o rm á sk ú t localities (0,70 a n d  0 ,60 
p e r  cen t, re sp ec tiv e ly ). F u r th e r  th ere  is a re la tiv e ly  g re a t value a t th e  Iz a m a jo r  
lo ca lity  (0,54 p er ce n t) . A t th e  rest o f  th e  occu rrences th e  average ran g es fro m  
0,17 to  0,43 per cen t. T h e  sm allest av e ra g e  p e rcen tag e  o f  ferrous oxide o c c u rre d  
a t  th e  Tés field  (0,11).

T he H u n g a ria n  average , as co m p u te d  fro m  th e  above d a ta , a m o u n ts  to  
0,43 p er cen t. T h is v a lu e  suggests th a t ,  ex cep t fo r  g rey -p y ritic -m arcas itic  
b a u x ite , an  in s ig n if ic a n t am oun t o f  iro n  in  H u n g a r ia n  b aux ites is in  th e  
fe rro u s s ta te .

F in a lly , it  sh o u ld  be po in ted  o u t  th a t  because  o f  th e  in o rd in a te ly  sm a ll 
n u m b e r o f ferrous iro n  d e te rm in a tio n s , th e  ab o v e-co m p u ted  averages c a n n o t  
be considered  as a n y th in g  b u t te n ta tiv e  in fo rm a tio n . M ost p ro b ab ly  these  v a lu e s  
w ill be essen tia lly  m od ified  by fu tu re  fe rro u s ox ide  d e te rm in a tio n s  to  be c a r 
r ie d  o u t on a g re a te r  scale.

Combined ( crysta l)  water content o f  bauxite

U n d er n a tu ra l  c ircum stances e v e ry  b a u x ite  c o n ta in s  m ore or less c h e m i
ca lly  u n b o u n d  w a te r , u su a lly  te rm ed  m o is tu re . I ts  q u a n t i ty  is, how ever, v a r i 
ab le , depend ing  on th e  hydrogeological fea tu re s  o f  th e  env ironm en t. T h is  is 
w h y  in  o u r in v es tig a tio n s  we have o n ly  considered  th e  com bined w a te r  c o n 
te n t  o f b au x ite . I ts  q u a n ti ty  is given b y  ro u tin e  an a ly ses  under th e  h e a d in g  
“ ign itio n  loss” .

T he a m o u n t o f com bined  w a te r  w ith in  th e  b a u x ite  deposit is su b je c te d  
to  less in ten se  v a r ia tio n s  as was the  case  w ith  a lu m in a , silica and iron .

E x tre m a ls  w ere lis ted  in  T able  7. T he sm alle s t v a lu e  was found  fo r  th e  
N ag y eg y h áza  fie ld , am o u n tin g  to  6,0 p e r  cen t. H ow ever, in  m ost o f th e  lo c a li
tie s , m in im um  co m b in ed  w ater c o n te n t v a ried  fro m  7 to  11 per cen t. O n d is 
c o u n tin g  as u sua lly , th e  la te ra l one p e r cen t, m in im u m  com bined  w a te r  c o n te n t  
w as genera lly  ra ise d  to  10 to  12 p e r cen t. C o n seq u en tly , the  low er l im it  o f  
com bined  w a te r c o n te n t is ra th e r  c o n s ta n t.

T he g re a te s t v a lu e  of com bined  w a te r  p e rcen tag e  h ith e rto  o b serv ed  in  
H u n g a ria n  b a u x ite  am o u n ted  to  38 p e r  cen t, fo u n d  a t  the  M alom völgy a n d  
Süm eg localities. In  th e  rem ainder it  g en era lly  ran g es  from  30 to  36 p e r c e n t. 
T here  are  five occu rrences (Z alahaláp , P ilis szán tó , N ézsa, Tés and  N a g y h a rsá n y )  
w here  ign itio n  loss does n o t exceed 21 p er cen t.
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Table 7

Geochemical parameters of combined water content

O c c u rre n c e

E x t r e m a l s C e n t r a l  v a l u e s S c a t t e r

l o w e r u p p e r A r i th 
m e tic
m e a n

M e d ia n M o d e V a r i 
a n c e

S ta n d a r d
d e v ia t i o n1 0 0 % 9 9 % 9 9 % 1 0 0 %

Sümeg ................................. 8,0 10,0 28,0 38,0 14,3 13,2 12,5
Nyirád : Darvastó.............. 7,0 11,5 26,5 33,0 17,9 17,9 18,5 9,6 ±3,1

,, Deákihegy.......... 10,0 10,5 22,5 30,0 13,2 12,6 12,5 5,5 ±2,4
,, Táncsics I I ............. 8,0 10,0 25,0 26,0 13,3 12,7 12,5 5,8 ±2,4
,, Izamajor ............ 7,0 11,0 20,5 35,0 13,2 12,7 12,5 4,4 ±2,1

Zalahaláp............................. 10,0 11,0 17,0 18,0 13,3 13,3 13,5
Szőc : V argatanya.............. 12,0 12,5 28,0 29,0 18,2 17,7 18,5

„  Félix II...................... 11,0 12,5 27,5 30,0 17,7 17,3 15,5 10,3 ±3,2
,, Dorottya—Szárhegy 10,0 11,5 27,0 32,0 20,7 20,9 24,5 15,9 ±4,0
,, Nyíreskút ................ 10,0 10,5 24,0 26,0 16,2 15,3 12,5
,, Malomvölgy ............ 9,0 11,5 31,0 38,0 18,8 17,0 15,5 19,7 ±4,4

Nagyvázsony ..................... 10,0 11,0 22,5 23,0 14,4 13,3 12,5
Halimba : Cseres................ 10,0 10,5 19,5 34,0 13,1 12,6 12,5 4,4 ±2,1

,, Tormáskút........ 7,0 9,5 24,0 37,0 12,8 12,3 12,5 6,2 ±2,5
Városlőd : Öreghegy.......... 9,0 10,5 21,0 31,0 13,7 13,1 12,5 4,4 ±2,1
F en y ő fő ............................... 8,0 11,0 20,0 24,0 14,8 14,5 14,5
D u d a r................................... 11,0 11,5 27,0 28,0 16,0 14,9 13,5
E p lé n y ................................. 11,0 12,0 21,0 23,0 16,8 17,1 17,5
Alsópere............................... 10,0 10,5 34,0 36,0 14,8 13,4 12,5 21,5 ±4,6
Tés......................................... 11,0 11,0 18,5 19,0 13,3 13,1 12,5

Iszkaszentgyörgy :
Kincses-József. . 10,0 12,5 26,5 35,0 20,0 20,5 21,5 6,8 ±2,6

„  Rákhegy .......... 10,0 11,5 25,5 31,0 17,3 17,5 18,5 9,7 ±3,1
Gánt : Bagolyhegy............ 10,0 12,5 21,5 32,0 15,4 15,1 14,5 3,2 ±1,8

Harasztos, Meleges,
„ Űjfeltárás .............. 10,0 12,0 22,0 36,0 14,1 13,8 13,5 2,8 ±1,7

Óbarok—Űj bárok—
Vázsony psz...................... 8,0 10,0 27,0 34,0 16,4 14,5 12,5 22,5 ±4,7

Nagyegyháza ..................... 6,0 8,0 27,5 29,0 16,0 13,9 12,5 23,0 ±4,8
Pilisszántó........................... 7,0 8,0 18,0 20,0 12,2 11,8 11,5
N é z sa ................................... 11,0 11,0 18,0 19,0 13,3 13,0 12,5
Nagyharsány....................... 9,0 11,0 18,0 20,0 14,3 14,3 14,5

These large e x tre m a ls  of com bined  w a te r  co n ten t, on ly  occu r in  in sig 
n if ic a n t  p a rts  o f th e  b a u x ite  body , as th e y  a re  decreased b y  as m u ch  as 5 to  10 
p e r  cen t a fte r ex c lu d in g  th e  la te ra l one p e r  cen t of analyses. A ccord ing ly ,
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m ax im u m  com bined w a te r  con ten t v a r ie s  from  20 to  27 p e r cen t in  m ost o f  
th e  occurrences.

T he com bined w a te r  co n ten t o f  av e rag e  H u n g a ria n  b a u x ite  w as com 
p u te d  as to  being 15,6 p e r cen t.

O n th e  o ther h a n d , th e  a r ith m e tic  m ean  com bined  w a te r  c o n te n t o f th e  
in d iv id u a l localities is ro u n d  abou t 12 to  21 per cen t. I t  reach es its  m ax im u m  
a t th e  D o ro tty a -S zárh eg y  an d  K incses-József localities (20,7 an d  20,0 p er cen t, 
re sp ec tiv e ly ).

T he m edian  h a rd ly  differs fro m  th e  a r ith m e tic  m ean  —  especially  in  
re g a rd  to  occurrences o f  sm all com bined  w a te r p e rc e n ta g e . T he difference o f  
th e  tw o  cen tra l va lues is generally  below  1,0 per cen t. O f th e  tw o , th e  m ed ian  
is g en era lly  sm aller; o n ly  in  some occu rrences of la rge  com bined  w a te r c o n te n t 
does i t  exceed  th e  a r ith m e tic  m ean (T ab le  8).

T he m odes o f co m b in ed  w ater c o n te n t  are v e ry  c h a ra c te r is tic . In  o ccu r
rences below  17 p er c e n t average co m b in ed  w a te r  c o n te n t, th e  m ode is less 
th a n  th e  a rith m e tic  m ean , in d ica tin g  t h a t  in  these  th e  b u lk  o f b a u x ite  is o f  
re la tiv e ly  sm all co m b in ed  w ater c o n te n t (11,5 to  13,5 p e r  cen t). A t th e  sam e 
tim e , th e  class in te rv a l con ta in ing  th e  m odal a m o u n t o f  com bined  w a te r  is 
v e ry  m u ch  enriched  : in  som e occurrences th e  m odal a m p litu d e  is as h igh  as 
50 p e r c en t (e.g. Iz a m a jo r , Táncsics I I ,  D ű lt-N y íres , H a ra sz to s-Ű jfe ltá rá s ) , 
in  o th e rs  i t  varies fro m  30 to  40 per c e n t.

O n th e  o th e r h a n d , in  occurrences o f large co m b in ed  w a te r co n te n t th e  
m ode increases above th e  a rith m etic  m ean . In  such  cases, m odal am p litu d e  is  
m u ch  less th a n  in  th e  foregoing ones (10 to  20 p e r cen t).

F req u en cy  p e rc e n ta g es  were re le g a te d  as u su a l in to  th re e  groups :
1. C om bined w a te r  co n ten t ab o v e  20 p er c en t ;
2. Com bined w a te r  con ten t 14 to  20 p er c en t ;
3. C om bined w a te r  co n ten t be low  14 per cen t.

T h is c lassifica tion  is based  on m inera log ica l co n sid e ra tio n s  to  be described  
m ore d e ta iled ly  in  th e  follow ing p a r t  o f  o u r s tu d y  to  be p u b lish ed  la te r . T hese 
in v es tig a tio n s  h av e  e stab lish ed  th a t ,  in  b au x ite  sam p les  o f  com bined  w a te r  
c o n te n t below 14 p e r c en t and  of sm a ll silica p e rc e n ta g e , th e re  is v e ry  l i t t le  
h y d ra rg illite  (1 to  10 p e r  cent) or n o n e  a t  all, i.e. th e ir  m a in  allitic  m in era l is 
o f  m o n o h y d ra tic  n a tu re  (boehm ite o r  d iaspore). If, on  th e  o th e r h an d , silica 
c o n te n t is large, th e  d o m in a n t m in era l w ill be k ao lin ite .

In  sam ples c o n ta in in g  14 to  20 p e r cen t o f  co m b in ed  w a te r  th e re  is a 
m ix ed  occurrence o f  m ono- and  t r ih y d ra t ic  m inera ls. F in a lly , in  sam ples above  
20 p e r  cen t th e  d o m in a n t m ineral w as found  to  be h y d ra rg illite , m o n o h y d ra te s  
b e in g  ab sen t or o n ly  occu rring  in tra c e s .

C onsequently , we m ay  from th e  ab o v e  trip le  c la ss ifica tio n  derive in fo rm a 
tio n  as to  a llitic  m in e ra l co n ten t o f  th e  b a u x ite  d ep o sits . As th e  a lm o s t
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Table 8

Comparison of average combined water content with other characteristic parameters

D i f f  e r e n c e

Oec ü г  г e псе A r i t h m e t i c to t о Age o f  i m m e d i a t e S h a p e  o f
m e a n m e d i a n mode с  о  V e r h i s t o g r a m

D orottya-Szárhegy 20,7 + 0,2 + 3,8 1. Eocene Æ h .
Kincses'.Tózsef 20 ,0 + 0,5 + 1,5 1. E ocene уТШ.
Malonivölgy 18,8 - 1,-8 -  3,3 1. E ocene
V argatanya 18,2 - 0,5 + 0,3 ]. E ocene

D arvastó 17,9 + 0,0 +  0,6
P le is to c e n e  + 
1. E ocene

F é lix  П 17,7 - 0,4 “ 22 1. E ocene

R ákhegy 17,3 + 0,2 + 1,2 1, E ocene

E p lény 16,8 + 0,3 + 0,7 P le is to cen e  + 
1. E ocene гСА

O barok-U jbarok 16,4 - 1,9 -  3,9 u.O ligocène

N yireskú t 16,2 - 0,9 -  3,7 1. P liocene + 
1. Eocene

N agyegyháza 16 ,0 - 2,1 -  3,5 u.OligoCene A
D u d ar 16 ,0 - 1,1 -  2,5 1. Eocene A
B agolyhegy 15 ,4 - 0,3 -  0,9 1. Eocene
Fenyőfő 14 ,8 - 0,3 -  0,3 1- E ocene

A lsópere 1 4 ,8 - 1,4 -  2,3 A p tian
N agyvázsony 14,4 - 1,1 -  1,9 P liocene A
Sümeg 14,3 - 1,1 -  1,8 m Eocene A
N agyharsány 14,3 + 0,0 + 0,2 A p tian 2
H arasztos — 
U j fe l tá rá s 14,1 1. Eocene A
Városlőd

Zalahaláp
Táncsics П
Tés

Nézsa

R e ák ih eg y
Izam ajo r

Cseres
Torm áskút

P i l i s s z á n tó

13.7

1 3,3 
1 3,3 

1 3,3 

13,3 
1 3,2 
13,2

13.1
12.8

12.2

-  0,6

± 0,0 
-  0,6 
-  0,2

-  0,3
-  0,6

-  0,5

-  0,5
-  0,5

-  0,4

-  1,2

+ 0,2 
-  0,8 

-  0,8 

-  0,8

-  0,7
-  0,7

-  0,6
-  0,3

-  0,7

1 • Eocene

T o r to n ia n  
T o r to n ia n  
A p tian  

niEocene 

1. Eocene 
1. Eocene 

1. Eocene 
T uronian

1. Eocene



F ig . 8. A verage F e 20 3 co n ten t o f H u n g a rian  b a u x ite  occurences

•  L arg er, th o ro u g h ly  in v es tig a te d  occurrences 46,9 A verage fe rric  iro n  c o n te n t of occurrence
A Sm aller, less tho ro u g h ly  kno w n  occurrences and  superficial (36,0) U n certa in  average  from  sm all n u m b er o f  d a ta

in d ica tio n s
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u n iq u e  siallitic  m in e ra l o f b a u x ite , k ao lin ite , co n ta in s  13,9 per cen t o f  c o m 
b in e d  w ater, it also goes in to  the  f i r s t  g roup . H ow ever, because o f th e  v a r ia n c e  
o f  kao lin ite  c o n te n t th e  above c la ss ific a tio n  can  on ly  serve  as an  a p p ro x im a te  
o r ie n ta tio n .

Kineses -József 
Eplény
DoroltyoSzárhegy
Darvasló
Félix II.
Vorgolonyo
Malomvölgy
Rákhegy
Bagolyhegy
Du d a r
Fenyőfő
Nagyharsány
Nyiresköt
Obarok-Ujbarok
Nagyegyháza
Haraszlos-Új feltárás
Alsópere
Nagyvázsony
Városlöd
Sümeg
Cseres
Táncsics II.
Pilisszántó
N ézsa
tzamajor
Tés
Oült-Nyires
Zalaha/áp
Tormáskát

0 10 20 30 *0 10 60 70 eo 90 100%

A m o u n t o f com bined w a te r  above 20 p e r c e n t

,,  ,, ,, ,, 14 to  20 p e r  c e n t

,,  ,, ,, „  below 14 p e r c en t

Fig. 9. F requency  d is tr ib u tio n  o f com bined w a te r  co n ten t 

32,8 : frequency p e rce n ta g e s  o f th e  th ree  groups

T he usual d iag ram s show ing th e  trip le  c lassifica tion  w ere p re p a re d  for 
th e  in d iv id u a l occu rrences and ra n g e d  in  decreasing  o rd e r o f th e  g roup  o f  less 
th a n  14 p er cen t com bined  w ater (F ig . 9).

3 Acta Geoloßica V/2.
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T he sm allest p e rc e n ta g e  of b a u x ite , p o o r  in  com bined  w a te r , w as found  
a t  th e  K incses-József lo c a lity  (2,6 per cen t) . In  th e  Szőc, D a rv a s tó , R ák h eg y , 
B ag o ly h eg y  and  N a g y h a rs á n y  deposits i t  ra n g e s  from  7 to  36 p e r  cen t. In  th e  
re m a in d e r  of th e  o ccu rren ces , th e  g rea te r p a r t  o f  th e  deposit (47 to  86 p e r cent) 
is o f  sm all com bined  w a te r  con ten t. T h e  la rg e s t q u a n titie s  o f b a u x ite , rich  
in  com bined  w a te r, o c c u r a t  th e  K in cses-Jó zsef an d  D o ro tty a -S zá rh eg y  locali
t ie s  (59,8 and 57,7 p e r  c e n t, respectively ). I n  e ig h t of th e  occurrences (D a rv as tó , 
F é lix  I I ,  N y íre sk ú t, Y a rg a ta n y a , M alom vö lgy , R ák h eg y , Ó b aro k -Ü jb aro k , 
N agyegyháza) w a te r - r ic h  b a u x ite  ranges f ro m  18 to  35 p e r cen t. In  th e  re m a in 
in g  18 i t  is in s ig n if ic a n t (below  10 p er cen t) o r en tire ly  ab sen t.

T he section o f  b a u x ite  w ith  a m ed iu m  com bined  w a te r  c o n te n t is r a th e r  
v a r ia b le . The E p lé n y  lo c a lity  shows a m a x im u m  p ercen tag e  of 90,8. T here  a re

combined water content
Diagram 4. T y p ic a l frequency d iag ram s o f com bined w a te r  c o n ten t

o th e r  nine occurrences (D arv as tó , V a rg a ta n y a , Félix  I I ,  M alom völgy, Fenyőfő , 
D u d a r , B ago lyhegy , N ag y h a rsán y , R ák h eg y ) w here i t  ranges from  55 to  75 
p e r  c e n t:  in  th e  re m a in d e r  its  am o u n t is 12 to  40 p er cen t.

S um m arizing  th e  above, we m ay  s ta te  th a t  th e  b u lk  o f b a u x ite  is in  
m o s t of the  occu rren ces o f  th e  low w a te r-c o n te n t ty p e . T he re m a in d e r is m ade 
Up o f th e  m ed ium  w a te r-c o n te n t ty p e , w h e reas  th e  role p lay ed  b y  w ater-rich  
b a u x ite  is u n im p o r ta n t . T he num ber o f  d ep o sits  w ith  h igh  com bined  w a te r  
p e rcen tag e  is sm all ( tw o ), th a t  o f d eposits  w ith  m ed ium  p ercen tag e  som ew hat 
g re a te r .

W ith in  th e  h is to g ra m s  of com bined  w a te r  co n te n t fo u r groups can be 
d is tin g u ish ed  (D iag ram  4).

1. The f i r s t  g ro u p  con ta ins th e  g re a te s t  p a r t  o f th e  occurrences, 14 in  
n u m b e r  (Izam ajo r, T áncsics I I , D eák ih eg y , Cseres, T o rm á sk ú t, H a ra sz to s-  
Ü jfe ltá rá s , N a g y h a rsá n y , Süm eg, N ézsa , P ilisszán tó , Tés, Y ároslőd , N a g y 
v ázso n y , Z a lah a láp ). T h e  h istogram s a re  sy m m etrica l o ne-peaked  ones w ith  
a n  exceedingly  s h a rp  p e a k , m odal a m p litu d e  being  31 to  49 p er cen t.

The peak  h as  a so m ew hat b ro ad er f la n k  to w ard s  th e  g re a te r  p ercen tag es ; 
th is , how ever, causes no skew ness, as th e  a m p litu d e s  on th is  f la n k  are  genera lly
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below  1 p er cen t. T h e  m axim um  lies in  th e  ran g e  o f  low  com bined  w a te r  co n 
te n t  (below  14 p er cen t).

A s regards th e  d is tr ib u tio n  o f  com bined  w a te r , th e  occurrences o f  th is  
g roup  a re  of an  e n tire ly  hom ogeneous n a tu re .

2. T he h is to g ram s of th e  seco n d  g roup  are  also sy m m etrica l, b u t  th e  
p e a k  is m uch b ro a d e r  and , co n seq u en tly , less h igh . M odal a m p litu d es  ran g e  
g en era lly  from  13 to  30 per cen t. T h e  fiv e  p e r tin e n t occurrences are  D a rv a s tó , 
R á k h e g y , E p lény , F enyőfő , B ago lyhegy . T he p eak s occur in  th e  zone o f  m ed iu m  
co m b in ed  w a te r c o n te n t (14,5 to  18,5 p e r cen t).

3. The th ird  g ro u p  contains 8 lo ca lities  (V a rg a ta n y a , Félix  I I ,  N y íre sk ó t, 
A lsópere , D u d ar, M alom völgy, N a g y eg y h áza , Ű jb a ro k -Ó b a ro k ) . T he p eak  
occurs in  th e  ran g e  o f  m edium  a n d /o r  low  com bined  w a te r  c o n te n t. T h e re  is 
a p ro n o u n ced  skew ness on th e  d ia g ra m m , th e  s teep e r f la n k  being  on  th e  side 
o f  sm a lle r  p e rcen tag es. M odal a m p litu d e  is 12 to  20 p e r cen t, i.e. m u ch  less 
p ro n o u n ced  th a n  in  th e  foregoing g ro u p s.

4 . In  the  fo u r th  group there  a re  o n ly  tw o occurrences (D o ro tty a -S zá rh eg y  
a n d  K incses-József). T h e  h istog ram  o f  th is  is a p p ro x im a te ly  th e  opp o site  to  th e  
forego ing  one, w ith  a skewness to w a rd s  h ig h er com bined  w a te r p e rcen tag es . 
M odal am p litu d e  is 21,5 to  24,5 p e r  cen t.

I n  co rre la ting  th e  above h is to g ra m  —  c lassifica tion  w ith  th e  av e ra g e  
c o m b in ed  w a te r c o n te n t of th e  occu rrences, th e  follow ing re la tio n sh ip s  
a p p e a r  (T able 8) :

D eposits  of low  com bined  w a te r  c o n te n t are  w ith o u t excep tion  c h a ra c te r 
ized  b y  sy m m etric  a n d  hom ogeneous h is to g ram s. T he o th e r th ree  less h o m o 
geneous ones a p p e a r, on the  o th e r  h a n d , w ith  localities o f m ed iu m  to  h igh  
co m b in ed  w a te r c o n te n t. W ith in  th is  se t th e  la rg es t a sy m m e try  is show n  b y  
th e  tw o  occurrences o f  th e  h ighest com bined  w a te r  co n te n t, th e ir  skew ness 
p o in tin g  tow ards h ig h e r percen tages. A s im ila r re la tio n  w as observed  in  th e  
case o f  a lu m in a , s ilica  and  ferric o x id e . T his p h enom enon  is, how ever, m uch  
m ore d ifficu lt to  ex p la in , is it  c a n n o t be d irec tly  re la ted  to  th e  process o f  
b a u x itiz a tio n . In  a n y  case, th e  p resen ce  o f skew nesses o f b o th  k in d s  p o in ts  
o u t t h a t  th ere  is no  m o n o h y d ra tiz a tio n  or tr ih y d ra tiz a tio n  o f  a g en era l 
v a lid ity , b u t  th a t  b o th  processes are  eq u a lly  possible. In  o th e r  w ords, th e  p ro 
cess is reversib le  an d  its  d irection  is d e te rm in e d  b y  th e  physico -chem ical p ro 
p e rtie s  o f  th e  en v iro n m en t. C onsequen tly , th is  process w as n o t im peded  b y  th e  
end ing  o f  b a u x itiz a tio n  : i t  still goes o n , to  th is  d ay , a lth o u g h  ex trem e ly  slow ly . 
F ro m  th e  signs o f th e  differences o f c e n tra l  va lues We m ay , how ever, conc lude  
th a t  m o n o h y d ra tiz a tio n  is the  m ore gen era l process.

S im ila rly  to  th e  p rocedure w ith  o th e r  co m p o n en ts , we have  c o m p u te d  
th e  s c a t te r  of com bined  w ater c o n te n t d a ta  (T able  7). I t  is found  to  be sm a lle r  
th a n  t h a t  o f th e  th re e  foregoing co m p o n en ts . A verage va rian ce  is 10,3, th e  
co rresp o n d in g  av erag e  s ta n d a rd  d e v ia tio n  is 3,2 p er cen t.

3*
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S c a tte r  is th e  sm a lle s t in  localities o f th e  sm a lle s t com bined  wra te r  c o n te n t, 
e .g . th e  G án t, H a lim b a  an d  N y irád  fie lds, e x c e p tin g  D arv as tó .

T hese is g re a te r  s c a t te r  a t  th e  re m a in d e r o f  th e  occurrences. T his leads 
to  th e  conclusion th a t  dep o sits  of m ain ly  m o n o h y d ra tic  or kao lin itic  com po
s itio n  are  m ore hom ogeneous as com bined  w ith  w a te r, th a n  tho se  o f p re 
d o m in a n tly  tr ih y d ra tic  b a u x ite . F ig. 10 in d ic a te s  th e  re la tio n  o f  com bined  w a te r 
c o n te n t  to  geograph ic  lo ca tio n  and  geological p o sitio n , re spec tive ly . I t  can  be 
seen t h a t  th ere  is no such  ch a rac te ris tic  m a in  s tr ik e  as w as d em o n stra ted  for 
a lu m in a , silica an d  fe rric  ox ide. On th e  o th e r  h a n d , th e  occurrences of the  
g re a te s t  com bined  w a te r  c o n te n t are seen to  occur a t th e  to p o g rap h ica lly  
h ig h e s t sections o f  th e  C en tra l H u n g a ria n  M o u n ta in s .

In  th e  S o u th w este rn  B ak o n y  M outa ins th e  localities o f high com bined  
w a te r  occur th ro u g h o u t a t  th e  rim  o f th e  T riassic  m ass, com m encing  a t th e  
D a rv a s tó  ou tcrop  a n d  p roceed ing  th ro u g h  th e  V a rg a ta n y a , Félix  I I  an d  
D o ro tty a  occurrences to  th e  M alom völgy lo c a lity . To th e  N o rth  o f th is  chain  
in  th e  b asin s of th e  b a se m e n t com plex, th e re  is a b e lt of lo ca lities poor 
in  com bined  w a te r. I t  co n ta in s th e  T ü sk é sm a jo r occurrence in  th e  W est, 
th e  D eák ihegy , T áncsics I I  an d  Iz a m a jo r fie ld s  a t  th e  cen te r an d  th e  Cseres 
a n d  T o rm ásk ú t in  th e  E a s t .  T ow ards th e  N o r th e a s t th is  b e lt m ay  be follow ed 
th ro u g h  V ároslőd to  B ak o n y b é l.

A t th e  sam e tim e  th e re  is a be lt o f  m ed iu m  com bined  wra te r  co n ten t 
S o u th  o f  th e  h igh  w a te r-c o n te n t chain . C hem ically  i t  can  be sa id  to  be o f a 
k a o lin itic  n a tu re  g en era lly . I t  is m ade up  o f  th e  Z a lah a láp , H egyesd , M onostor- 
a p á t i ,  Öcs an d  N ag y v ázso n y  fields.

I n  th e  N o rth e rn  an d  ce n tra l p a r ts  o f  th e  B ak o n y  M oun ta ins, fields of 
m e d iu m  to  h igh  co m b in ed  w a te r  co n ten t occu r.

O n th e  N o r th e a s te rn  p e rip h e ry  of th e  B a k o n y  M ountains, a ro u n d  Iszka- 
sz e n tg y ö rg y , com b in ed  w a te r  co n ten t also ra n k s  h igh . T ow ards th e  N o rth  
a n d  S o u th  th is  reg io n  is b o rd e red  b y  sm all to  m ed ium  w a te r-c o n te n t zones. 
I n  th e  V értes M o u n ta in s , b a u x ite  localities a re  genera lly  o f m ed ium  com bined  
w a te r  co n te n t, w hile in  ih e  Pilis M ountains an d  E a s t of th e  D an u b e  com bined 
w a te r  is m ed ium  to  low .

C onsidering th e  occurrences from  th e  s tra tig ra p h ic a l p o in t o f v iew , tho se  
w ith  a C retaceous cover a re  seen to  possess sm all to  m ed ium  am o u n ts  o f com 
b in e d  w a te r  (12,8 to  14,8 p e r  cent) (T able 8), w h ereas  those  w ith  E ocene cover, 
sm a ll, m ed ium  a n d  la rg e  p ercen tag es are eq u a lly  possible. T he sam e is th e  case 
w ith  fie ld s of M iocene to  P leistocene cover.

T here  is, on co n sid e rin g  th e  above, no  d ire c t re la tio n sh ip  be tw een  cover 
age a n d  com bined  wra te r  co n te n t, e ith er. I t  m ay  perh ap s be s ta te d , as a firs t 
a p p ro x im a tio n  re s tin g  on  th e  C retaceous occurrences th a t  w a te r  co n te n t 
d ec rea ses  w ith  th e  in c rease  of th e  cover age.
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T ita n iu m  content o f  bauxite

O f th e  five  co m p o n en ts  de te rm in ed  b y  ro u tin e  analyses, th e  a m o u n t o f  
t i ta n iu m  is m uch sm aller th a n  th a t  o f th e  o th e r  fo u r. N evertheless, its  q u a n 
t i ty  is g iven  by  each an a ly s is , as t i ta n iu m  is a ch a rac te ris tic  co m p o n en t o f  
b a u x ite , m uch  th a t  it  is considered a c r ite r io n  o f  a rock  being o f  b a u x ite . 
In  ro u tin e  analyses t i ta n iu m  is given in  th e  fo rm  of t i ta n ia , w herefo re  o u r  
in v e s tig a tio n  will also be based  on th e  p e rc e n ta g es  o f th is  co m p o u n d . W e 
h av e  a lre a d y  tre a te d  th e  tita n iu m  c o n te n t o f  b a u x ite  in  an  earlie r p a p e r  [1]. 
A t th a t  tim e  we e v a lu a te d  7668 an a ly ses  o f  seven  localities. A f re q u e n c y  
polygon w as co n stru c ted  fo r each lo c a lity  a n d  a rith m e tic  m eans o f  t i ta n ia  
c o n te n t w ere d e te rm in ed . O ur p resen t c o m p u ta tio n s  have so m ew h a t m o 
dified  th e  num erica l v a lu es  o f the  re su lts , b u t  in  th e ir  e n tity  th is  c o rro b o ra te d  
to  th e  th e o re tic a l s ta te m e n ts  of th a t  p a p e r .

C onsidering  the  g re a t hom ogeneity  o f  t i ta n ia  in  b a u x ite  ( th e  o rd e r o f  
d ev ia tio n s  bein g  som e te n th s  of per c e n t) , we h av e  th o u g h t i t  a p p ro p r ia te  
to  se t a class w id th  a t  one te n th  of a p e r  cen t in s te a d  of th e  o n e-p e r-cen t used  
u p  till now . T h is was all th e  m ore p ra c tic a l, as th e  accu racy  of ro u tin e  an a ly se s  
is ju s t  below  0,1 per cen t.

T he ex trem es of t i ta n ia  con ten t w ere lis ted  in  T ab le  9. M inim um  t i ta n ia  
c o n te n t h ith e r to  observed  in  H u n g a rian  b a u x ite  w as 0,1 per cen t (D a rv a s tó , 
A lsópere, P ilisszán tó ). In  m o st o f th e  lo ca litie s  m in im u m  tita n ia  c o n te n t  w as 
0,3 to  0,8 p e r  cent.

A fte r  exclud ing  one la te ra l  per cen t o f  an a ly ses , m in im um  t i ta n ia  c o n te n t 
increased  to  0,7— 1,1 p e r cen t in m ost o f  th e  loca lities , w ith  th e  e x c e p tio n  o f  
fo u r sm alle r ones (A lsópere, Z alahaláp , Y a rg a ta n y a , P ilisszán tó ) w here  th e  
ex trem e  w as 0,2 to  0,6 p e r  cen t.

M ax im um  tita n ia  c o n te n t show ed, on th e  o th e r  h a n d , a m uch  b ro a d e r  
v a r ia tio n . T h e  g rea te s t v a lu e  so fa r o b se rv ed  in  H u n g a ria n  b a u x ite  w as 9 ,9  
p er cen t (N agyegyháza). M axim a ran g in g  from  5 to  7 p er cen t w ere d e m o n 
s tra te d  in  th e  localities N ag y h arsán y , Ó b a ro k -Ű jb a ro k , Izam ajo r, D a rv a s tó , 
D o ro tty a -S zárh eg y , B ago lyhegy  and  H a ra sz to s -U jfe ltá rá s . In  th e  re m a in d e r  
th e  m ax im u m  was found  to  be 2,5 to  4,5  p e r cen t.

On su b s tra c tin g  th e  la te ra l one p e r c en t o f  ana lyses, the  re m a rk a b ly  
g rea t ex trem es were s ig n ifican tly  red u ced  (by  0,5 to  3,0 per cen t). T h is  fa c t  
in d ica tes  t h a t  in  m ost o f  th e  occurrences th e  excessive t i ta n ia  co n ten t is r e s t r ic t 
ed to  in s ig n ifican t p a r ts  o f  the deposit. E v e n  a f te r  su b s tra c tio n , th e  g re a te s t  
value o f 6,1 p e r cen t occu rs a t  the  N ag y eg y h áza  d ep o sit. This is fo llow ed u p  
by  th e  n e a rb y  Ó b a ro k -líjb a ro k  loca lity  w ith  5,5 an d  b y  th e  D u d a r one w ith  
4,5 per c en t. In  th e  re s t o f  th e  occurrences th e  red u ced  m ax im a are  g en e ra lly  
betw een  2,6 and  4,0 p e r cen t.

T h u s th e  lower lim it  o f  tita n ia  c o n te n t  is m ore hom ogeneous th a n  th e
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Table 9

Geochemical parameters o f  T i 0 2 content

O c c u rr e n c e

E x t r e m a l s C e n t r a l  v a l u e s S c a t t e r

l o w e r u p p e r A r i t h 
m e t ic
m e a n

M e d ia n M o d e V a r i 
a n c e

S t a n 
d a r d

d e v ia t i o n1 0 0 % 9 9 % 9 9 % 1 0 0 %

S ü m eg  ........................................ 0,5 0,8 3,0 3,1 1,85 1,86 2,05

N v írá d  : D a rv as tó  .............. ОД 0,5 4,0 5,6 2,18 2,18 2,05 0,35 ± 0 ,5 9

,, D e á k ih e g y ............ 0,7 1,0 3,1 4,6 2,15 2,18 2,05 0,26 ± 0 ,5 1

,, T áncsics I I ............. 0,4 1,0 3,7 4,1 2,13 2,09 2,05 0,28 ± 0 ,5 3

,, Iz am ajo r .............. 0,3 0,8 4,0 6,8 2,17 2,14 2,05 0,37 ± 0 ,6 1

Z a la h a l á p ................................... 0,5 0,6 2,1 2,4 1,33 1,44 1,55

Szüc : V a r g a t a n y a .............. 0,3 0,4 3,1 3,2 1,41 1,43 1,45

,, F é lix  I I ........................ 0,2 0,8 2,6 3,1 1,64 1,63 1,85 0,15 ± 0 ,3 9

,, D o ro tty a — Szárhegy 0,6 1,0 2,9 6,1 1,82 1,80 2,05 0,22 ± 0 ,4 7

,, N y íre sk ú t ................. 0,7 1,0 2,9 3,2 1,82 1,83 1,85

,, M alom völgy ............ 0,4 0,9 3,1 4,0 1,63 1,56 1,55 0,18 ± 0 ,4 2

N a g y v á z s o n y ............................ 0,6 0,8 2,0 2,1 1,41 1,51 1,55

H a lim b a  : C s e re s ................... 0,5 1,2 2,9 3,2 2,02 2,04 2,05 0,15 ± 0 ,3 9

,, T o rm á s k ú t .......... 0,2 1,0 3,1 3,6 1,95 2,01 2,05 0,18 ± 0 ,4 2

V áro slő d  : Ö re g h e g y ............ 0,2 0,9 2,9 3,6 1,73 1,71 1,25 0,22 ± 0 ,4 7

F e n y ő fő  ..................................... 0,4 0,7 2,4 2,6 1,40 1,41 1,55

D u d a r .......................................... 1,0 1,0 4,5 4,6 1,79 1,67 1,55

E p l é n y ........................................ 0,7 1,5 3,2 3,5 2,41 2,55 2,75

A ls ó p e r e ..................................... 0,1 0,2 3,3 3,6 2,09 2,07 2,05 0,30 ± 0 ,5 5

T é s ................................................. 0,8 0,8 2,6 2,9 1,74 1,76 1,85

Isz k asze n tg y ö rg y  :
, ,  K incses-József 0,9 U 3,1 3,6 2,21 2,17 2,05 0,17 ± 0 ,4 1

R ák h eg y  ......... 0,5 1,0 2,8 3,0 1,93 1,94 1,95 0,15 ± 0 ,3 9

G á n t  : B a g o ly h e g y .............. 0,4 1,0 3,3 5,2 2,17 2,02 2,05 0,23 ± 0 ,4 8

,, H arasz to s, Mele-
ges, Uj fe ltárás . . . . 0,3 1,0 3,1 5,7 2,06 2,07 2,05 0,17 ± 0 ,4 1

O b a ro k — Ű jb aro k —
V ázso n y  psz .......................... 0,5 1,0 5,5 6,8 2,72 2,64 2,55 0,66 ± 0 ,8 1

N a g y e g y h á z a  .......................... 0,5 1,0 6,1 9,9 2,50 2,50 2,55 0,83 ± 0 ,9 1

P i l i s s z á n t ó ................................. 0,1 0,2 3,1 3,1 2,05 2,00 2,05

N é z s a .......................................... 1,0 1,1 3,1 3,2 2,17 2,21 2,45

N a g y h a r s á n y ............................ 0,8 1,1 4,1 6,1 2,90 2,96 3,15

u p p e r  one. N evertheless, th e  range o f t i t a n ia  percen tages is th e  n a rro w e s t 
o f  a ll in  th e  five  co m p o n en ts .

A rith m e tic  m ean s, m ed ians an d  m odes o f  t i ta n ia  d is tr ib u tio n  a re  l is te d  
in  T a b le  10. C en tra l v a lu e s  w ere co m p u te d  to  0,01 p er cen t p rec is io n  th e
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Table 10

C om parison o f  average Т Ю г content with other characteristic parameters

D  i f  f  о o n o e

O c c u r r e n c e A r i t h m o t i c t o fco A g e  o f  i m m e d i a t e S h a p e  o f
m e a n m e d  i á n m o d e c o v e r h i  s t o g  r a m

N ag y h arsán y 2,90 +  0,06 +  0,25 A p tia n 222-
O barok-U jbarok 2,72 -  0,08 -  0.17 u . O ligocène
N ag y eg y h áza 2,50 ±  0,00 +  0,05 u . O ligocène ^nflîffîhTwm

E p lé n y 2,41 +  0,14 +  0,34 P le is to cen e  
+ 1. Eocene

2 A -

Kineses József 2,21 -0 ,0 4 - 0,16 1. Eocene 2A
D arvas tó 2,18 ±  0,00- -0,13 P leistocene 

+ 1. Eocene 222

B agolyhegy 2,17 -  0,15 -  0,12 1.Eocene ^

N ézsa 2Д7 +  0,04 +  0,28 m .Eocene 222-
Izam a jo r 2,17 -  0,03 -  0,12 1. Eocene

D eák i-h eg y 2,15 +  0,03 -  0,10 1 .Eocene 222
T áncsics П 2,13 -  0,04 -  0,08 T o rto n ia n 2“2
A lsópere 2,09 -  0,02 -  0,04 A p tian A
H arasz to s  -  

U jfe ltá rá s 2,06 1. E ocene л
P ilis sz á n tó 2,05 -  0,05 ± 0,00 1. E ocene /ntïïffîw
Cseres 2,02 + 0,02 +  0,03 1. E ocene 222
T o rm ásk ú t 1,95 + 0,06 +  0,10 T u ro n ian 222
R ák h eg y 1,93 + 0,01 + 0,02 1. E ocene A 2
Sümeg 1,85 + 0,01 + 0,20 m. Eocene 222
N y ire sk ú t 1,82 + 0,01 + 0,03 1. P liocene 

+1. Eocene 212
D orottya-Szár hegy 1,82 -  0,02 + 0,23 1. Eocene 222
D udar 1,79 -  0,12 -  0,24 1. Eocene *- S ' \
Tés 1,74 + 0,02 + 0,11 A p tia n A
V ároslőd 1,73 -  0,02 -  0,48 1. Eocene *-2 2
F é lix  П 1,64 -  0,01 +  0,21 1. Eocene 2A
M alom völgy 1,63 -  0,07 - 0 ,0 8 1. Eocene
V arg a tan y a 1,41 + 0,02 + 0,04 1. E ocene A
N agyvázsony 1,41 + 0,10 +  0,14 P liocene A
Fenyőfő 1,40 +  0,01 +  0,15 1.E ocene A
Z a la h a lá p 1,33 +  0,11 +  0,22 T o rto n ian A
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c o m p a riso n  of dep o sits  possib le  of so m etim es h a rd ly  d iffering  av erag es. T h e  
g re a te s t  m ean  of 2 ,90 p e r  c en t is th a t  o f  th e  N ag y h a rsán y  fie ld . A lm ost as 
g r e a t  (2,72 and 2,50, re sp ec tiv e ly ) are th e  a r ith m e tic  m eans fo r  th e  Ó barok - 
U jb á ro k  and  N ag y eg y h áza  occurrences. In  m ost (21) o f th e  occu rrences th e  
a r i th m e tic  m ean w as fo u n d  to  range fro m  1,6 to  2,2 per cen t.

T h ere  were o n ly  fo u r  occurrences o f  ev en  sm aller m eans : Y a rg a ta n y a , 
N a g y v á z so n y , F enyőfő  a n d  Z alahaláp , w ith  1,33 to  1,41 p er cen t.

T h e  ti ta n ia  c o n te n t o f  average H u n g a r ia n  b au x ite  was fo u n d  to  be 2,02 
p e r  c e n t. This is in  good  ag reem en t w ith  th e  d a ttim  (2,00) o b ta in e d  from  th e  
p re v io u s  paper [1].

T h e  difference o f  m ed ian  and  a r i th m e tic  m ean is no m ore  th a n  som e 
h u n d re d th s  of a p e r c en t. T h is c ircu m stan ce  p o in ts  to  th e  re m a rk a b ly  hom o
g en eo u s  and  sy m m etric  d is tr ib u tio n  of t i t a n ia  (T able  10). On th e  o th e r  h a n d , 
m o s t  o f  th e  differences a re  positive, th u s  rem in d in g  us of th e  a lu m in a  and  
fe r r ic  oxide.

T he mode is fo u n d  w ith  m ost of th e  o ccu rren ces to  lie (16) a t  2,05 p e r cen t. 
T h i s is th e  m ost c h a ra c te r is tic , the  m ost f re q u e n t tita n ia  c o n te n t o f o u r b a u x 
i te s . T h e  alm ost com p le te  coincidence o f  th is  v a lu e  w ith  th e  c o u n try  average  
is a p p a re n t . This also p o in ts  to  th e  ex ceed ing  hom ogeneity  o f  t i ta n ia  d is tr i
b u t io n .

S im ilarly  to  th e  m e d ia n , the  m ode is also  usually  la rg e r th a n  th e  a r i th 
m e tic  m ean . The d iffe ren ces are, how ever, am o u n tin g  to  som e te n th s  o f th e  
p e r  cen t.

T he frequency  p e rcen tag es  of th e  d is tr ib u tio n  tab le  w ere, as u su a lly , 
c o n d e n se d  in to  th re e  g ro u p s  :

1. F requency  o f  t i ta n ia  con ten t ab o v e  3,0 per cen t;
2. ,, ,, ,, ,, 1,5 to  3,0  per cen t;
3. „  ,, „  ,, be low  1,5 per cent.

T h is c lassifica tion  re s ts  on th e  o b se rv a tio n  th a t  a t i ta n ia  co n te n t of 
1,5  to  3,0 per cen t is, accord ing  to  our ex p erien ce , c h a rac te ris tic  o f  b a u x ite . 
L a rg e r  accum ula tions o f t i ta n ia  can  be re g a rd e d  as ex cep tio n a l, w hile a 
t i t a n i a  co n ten t below  1,5 per cen t, a lre a d y  falls in to  th e  av e rag e  ran g e  of 
a rg illaceo u s rocks. T h u s , b y  com piling th e  ana ly ses  of less th a n  1,5 p e r cent 
t i t a n i a  we have d e te rm in e d  th e  am o u n t o f  b a u x ite s  to  be co nsidered  “ a rg illa 
c e o u s”  from  th e  p o in t o f  v iew  of t i ta n ia  c o n te n t.

F igure 11 gives th e  d a ta  in  th is  a rra n g e m e n t of th e  occurrences. The 
f a c t  t h a t  bau x ite s  o f  la rg e  tita n ia  c o n te n t a re  su b o rd in a te  in  o u r b au x ite s  
is e a s ily  observed. In  f iv e  occurrences (R á k h e g y , Tés, F enyőfő , N ag y vázsony , 
Z a la h a lá p ), th e  t i ta n ia - r ic h  so rt is lack in g , w hile  in  fu r th e r  th e  14 its  a m o u n t 
is  0,2 to  2,6 per cen t. T h is group co n ta in s , am o n g  o thers, all th e  fie lds of th e  
S zőc, H alim ba  and  G á n t en v iro n m en t. T ita n ia - r ic h  b au x ite  fo rm s 3,6 to  8,1 p er



Fig. 10. A verage com bined  w a te r co n ten t o f H un g arian  b a u x ite  occurences

15,5 A verage com bined  w a te r  c o n ten t o f occurrence  •  L arger, tho rough ly  in v estig a ted  occurrences
(11,5) U n c e rta in  average  from  sm all n u m b er o f d a ta  A  Sm aller, less th o ro u g h ly  known occurrences an d  super

ficial indications





Table 11

M a in  elements o f  H ungarian bauxite occurrences

Average oxydic composition
Free

Elementary composition
Others
from

Al

Num-
Se

ria
l Occurrence

A1,0, SiO. F e ,03
FeO
° íthis

TiO.,
Ign.
loss Others

Silic
ratio

Al.O .
percen 
t «ge Al s, Fe Ti 0 H

Subtracted 
A1s0 34 Ign.l

ber
of

Ana
lyses

l . Süm eg ................... 45,9 17,2 I I .  I I I . 1,85 13,6 ca 2,0 2,67 68,2 24,3 8,0 13,6 1,11 51,9 1,52 1.06 1,3 + 0 ,7 205

2. N y írád  : D arv astó 47,0 11,5 20,1 0,26 2,18 16,9 2,31 4.08 79,1 24,9 5,4 14,1 1,31 51,2 1.89 1 22 1 ,27+ 1 ,04 2009

3. ,, Tüskés- 
m ajo r . . 47,4 15,5 19,2 0,40 2,24 13,3 2,40 3,06 72,2 25,1 7,2 13,4 1,34 50,2 1,49 1,27 1 ,65+ 0 ,75 63

4. „  D eákihegy 50,4 11,0 21,4 0,43 2,15 11,9 3,07 4,58 81,3 26,7 5,1 15.0 1,29 48,9 1,33 1,63 1 ,80+ 1 ,27 692

5. ,, T áncsics 
I I ............ 46,2 17,6 19,8 il.m . 2,13 12,4 1,90 2,63 67,5 24,5 8,2 13.8 1,28 49,8 1,39 1,01 1 ,0 2 4 -0.88 457

6. Izam ajo r 50,0 11,8 21,5 0,54 2,17 12,2 2,33 4,24 80,0 26,5 5,5 15.0 1,30 49,1 1,37 1,23 1,384-0,95 1624

7. Z alah a láp  : 
Y éndekliegy . . . 35,7 35,3 13,2 0,31 1,33 12,2 2,29 1,04 16,0 18,9 16,5 9,2 0.80 52,0 1,37 1,21 1 ,1 5 + 1 ,1 4 168

8. N y írád : m edence
É .......................... 35,4 28,1 19,4 0,45 1,48 11,5 4,12 1,22 30,1 18,1 13,1 13,6 0,89 50,7 1,42 2,18 1,63 +  2,49 16

9. Szőe: V arg atan y a 40,0 22,8 16,7 0,28 1,41 17,7 1,54 1,76 51,5 21,1 10,7 11,7 0,85 52,9 1,98 0,82 1 ,03+ 0 ,51 94

10. „  Félix  I I ___ 42,1 19,5 17,5 0,17 1,64 16,5 2,82 2.16 60,6 22,3 9,1 12 2 0,98 52,1 1,85 1,49 1 ,65+ 1 ,17 552

11. ,, D o ro tty a  — 
Szárhegy . . 42,6 13,7 20,3 0,34 1,82 19,9 1,76 3,10 72,5 22,6 6,4 14,2 1,09 52,6 2,23 0,93 0 ,95+ 0 .81 840

12. ,, N y íresk ú t 43,2 16,9 20,4 0,29 1.82 15,3 2,40 2,55 66,7 22,9 7,9 14,3 1,09 50.8 1,71 1,27 1 ,46+ 0 ,94 606

13. ,, M alom völgy 40,0 18,1 19,9 n .m . 1,63 17,8 2,57 2,21 61,5 21,2 8,5 13,9 0,98 52,1 1,99 1,36 1,634-0 ,94 1087

14. H e g v e s d ................. 35,0 36,0 12,4 n .m . 1,16 13,4 ca2,0 0,97 12,6 18,5 16,8 8,7 0,70 52 7 1,50 1.06 1,3 + 0 ,7 108

15. M onosto rapáti . . . 34,8 32,8 14,4 n .m . 1,42 14,6 ca2,0 1,06 19,8 18,4 15,3 10,1 0,85 52,7 1,63 1.06 1,3 4 -0 .7 60

i6 . Öcs .......................... 35,3 33,4 13,8 n .m . 1,38 14,1 ca2,0 1,06 19,5 18.7 15,6 9,7 0,83 52,5 1,58 1.06 1,3 4 0,7 62

17. ]Nagyv á zSon y  . . . . 34,7 33,8 14,4 n .m . 1,41 13,7 ca2,0 1,02 17,0 18.4 15,8 10,1 0,85 52,3 1,53 1,06 1,3 4-0 ,7 230

18. H alim ba: Cseres . 45,8 16,3 20,1 0,70 2,02 10,7 5,13 2,81 69,7 24,2 7,6 14,1 1,21 49,0 1,20 2.72 2 ,7 0 + 2 .4 3 1148

19. ,, T o rm ásk ú t 47,7 12,7 22,7 0,71 1.95 12,0 3,02 3,76 77,4 25,3 5,9 15,9 1,17 48,8 1,34 1,60 2 ,24 --0,78 2970

20. Fa c l rag  — K abhegv 34,7 31.1 16,0 n .m . 1.66 14,5 ca2,0 1.12 23,6 18.4 14,5 11.2 1,00 52,2 1,62 1,06 1,3 - -0 ,7 41

21. V ároslöd: Öreg-
46,0

34,9

18.2 19,3

7,4

0,37 1.73 13,0 1,82

ca3,0

2,53 66,3 24.4 8,5 13.5 1,04 50,2 1,45 0.95 1 ,09--0.73 1520

22. C s e lib á n y a ............ 34,7 n .m . 1,23 18,8 1,01 15,5 18,5 16,2 5,2 0,74 56,1 2,22 1.06 1,0 + 2 .0 16

23. Ih a rk ú t  ................ 45,5 20.1 19,4 n .m . 1,88 11,1 ca2,0 2,26 62,4 24,1 9,4 13,6 1,13 49,5 1,24 1,06 1,5 4-0 ,5 5

24. B a k o n y já k ó ......... 35,4 32,3 17,3 n .m . 1,46 11,5 ca2,0 1,10 22,3 18,7 15,1 12,1 0,88 50,9 1.29 1.06 1,5 + 0 ,5 21

25.

26. 

27.

37,4 36,9

20.3
10,6
16.8

n .m . 1.36 11,7 ca2,0 1,01 16,0 19.8 17,3

9,5

14,0

7,4 0,82 52,3 1,31 1.06 1,5 - -0 ,5 12

45,9

38,6

n .m . 1.86 13.0 2,09 2,26 62,3 24.3 11,7 1.12 50.8 1.45 1.11 1,56--0,53 41

F e n y ő f ő ................ 30,0: 13,4 0,36 1,40 13,8 2,82 1,29 33,9 20.4 9,4 0,84 52,3 1,54 1,49 1,79- 1,03 262

28. Csesznek :

K ovö lgyárok  . . 43,5 14,4 20,8 0,45 1.90 17,1 2,33 3,02 71,9 23,0 6,7 14,5 1,14 51,5 1,91 1,23 1,29--1 ,04 148

29.

30 .

38,9

45,4

27,8 14,4

19,9

0,34 1,79 15,5 1,57 1.40 39,3 20.6 13,0 10.1 1,07 52,7 1,73 0,83 1.12- -0 ,45 128

E p lé n y ................... 14,0 n .m . 2,41 16,3 ca2,0 3,24 73,8 24,0 6,5 13,9 1,44 51,3 1,82 1,06 1,5 4-0 ,5 0 252

31. A lsó p e re ................ 45,4 18,3 17,9 n .m . 2,09 14,6 1,71 2,48 65,6 24.0 8,5 12,5 1,25 51,2 1,63 0,91 1,53--0 ,1 8 174

32.

33.

T é s ............................ 38.7 25,0 19,7 0,11 1,74 12.9 2.04 1,55 45,0 20,5

21,8

11,7 13,8 1,04 50,4 1,44 1.08 1,61--0 ,43 126

Szen tk irá ly -
szab ad ja  ......... 41,1 2,2 34,1 n.m . 2,10 18,5 2,01 18,7 95,4 1,0 23,8 1,26 49,0 2,07 1,06 1,00--1,01 10

34. V árpalo ta  ............ 34,5 37,4 10,4 n .m . 2.17 13,5 ca2,0 0.92 7,8 18,3 17,5 7,3 1,30 53,2 1,51 1,06 1,5 4-0 ,5 3

35. In o ta  ..................... 33,6 33,5 15,0 n .m . 1,18 14,7 ca2,0 1.00 15,2 17,8 15,7 10,5 0,71 52,6 1,64 1,06 1,5 -,-0 ,5 7

36. Csór ....................... 32,2 41,5 11,3 n .m . 0,97 12,0 ca2,0 0,78 0 17,0 19,4 7,9 0,58 52,7 1,34 1.06 1,5 -0 ,5 46

37. Isz tim ér: Vörös
hegy .................* 33,9 32,5 15,9 n.m . 1,50 14,2 ca2,0 1,04 18,6 17,9 15,2 11,1 0,90 52,3 1,59 1,06 1,5 -j 0,5 107

38. Iszkaszen tgyörgy: 
K incses-József 49,1 8,2 18,8 0,40 2,21 18,5 3,24 6,00 85,7 26,0 3,8 13,1 1,32 52,0 2,07 1,72 1,784-1 ,4 6 2510

39. Iszkaszentgyörgy: 
R ákhegv  ......... 50,8 8,0 20,3 0,35 1,93 15,6 3,41 6,36 86,6 26,9 3,7 14,2 1,16 50,5 1,75 1,81 1,73 --1 ,6 8 1068

40. M agyaralm ás . . . . 48.6 16,6 17,4 n .m . 1,84 13,6 ca2,0 2,93 71,0 25,7 7,8 12,2 1,10 50,6 1,52 1,06 1,5 - 0,5 27

41. C sákberén V............. 45,9 21,3 14,4 n .m . 1,43 15,0 ca2,0 2,16 60,6 24,3 10,0 10.1 0,86 52,0 1,68 1,06 1,5 -0 ,5 45

42. G ánt: Hagolyhegy 48,8 16,5 16,2 0,41 2,17 15.0 1,30 2,96 71,3 25,8 7,7 11,3 1,30 51,5 1,68 0,69 0 ,9 3 + 0 ,3 7 3224

43. ,, H arasztos — 
M eleges—U j-

47,0

44,2

18.3

17.3

. 16,7 

18,1

0,33

n .m .

2,08

2,72

13.8

15.9

2,07

1,77

2,57

2.55

66,8

66,7

24.9 8,6

8,1

11,7 1,25

1,63

50,9 1,54 1.10 1,48--0 ,5 9 2428

44. Ó barok —Ű jbarok  
—V ázsony psz. 23,4 12,7 51,5 1,78 0,94 1,30--0 ,4 7 1537

45. N agy egy háza  . . . 43,0 19.9 18,0 n .m . 2,50 15,6 0,96 2,16 60,7 22,8 9,3 12,6 1,50 51,5 1,75 0,53 0,54-r0 ,4 2 593

46. M e s te rb e re k ......... 50,0 3,6 20,9 n.m . 3,41 20,1 ca2,0 13,90 93,8 26,5 1,7 14,6 2,04 51,8 2,25 1,06 1,5 --0 ,5 9

47. T ük rö sm ajo r . . . . 48,9 19,2 13,4 n .m . 2,42 14,1 ca2,0 2,55 66,7 25,9 9,0 9,4 1,45 51,6 1,58 1,06 1,5 --0 ,5 5

48. B udakeszi ............ 33,2 38,2 11,6 0,20 1,66 13,3 ca2,0 0,87 2,1 17,6 17,9 8,1 1,00 53,1 1,26 1,06 1,5 - -0 ,5 13

49. P ilisv ö rö sv á r . . . . 37,9 26,2 19,3 n .m . 2,51 12,1 ca2,0 1,45 41,2 20,1 12,2 13,5 1,50 50,3 1,35 1,06 1,5 - -0 ,5 16

50. P il is c s a b a .............. 35,2 36,0 11,4 n .m . 2,03 13,4 ca2,0 0,98 13,1 18,6 16,8 8,0 1,22 52,8 1,50 1,06 1,5 + 0 ,5 i

51. P i l is s z á n tó ............ 40,6 21,7 21,9 n .m . 2,05 11,7 ca2,0 1,87 54,4 21,5 10,1 15,3 1,23 49,5 1,31 1,06 1,5 —f— 0,5 109

52. N aszál (Szende
hely) ................. 40,5 25,4 19,8 n .m . 1,44 10,9 ca2,0 1,60 46,7 21,4 11,9 13,8 0,86 49,8 ! 1,22 1,06 1,5 --0 ,5 10

53. N é z s a ..................... 43,2 22,5 17,3 n .m . 2,17 12,8 ca2,0 1,92 55,E 22,9 10,5 12,1 1,29 50,7 1,43 1,06 1,5 --0 ,5 115

54. N ag y h arsán v  . . . . 56,7 15,0 9,2 n .m . 2,90 13,4 2,82 3,78 77,4 30,0 7,0 6,4 1,74 51,9 1,50 1,48 1,45- г  1,37 222

n . m. =  no t m easured
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cen t o f th e  four N y irá d  as well as o f  th e  E p lén y  an d  A lsópere fie ld s. F in a lly , 
th e re  are  only  four occurrences c o n ta in in g  so m ew hat m ore  im p o r ta n t  p e rc e n t
ages o f th is  ty p e , n am e ly  P ilisszen tlász ló  (15,6), N ag y eg y h áza  (22,8), Ó barok-

0 10 г о  30  АО 5"О В О  70 е о  so ю о %

Fig. 1 

2,6% :

A m o u n t o f T i0 2 above 3 p e r  cen t 

A m o u n t of T i0 2 3 to  1,5 p e r cen t 

A m o u n t of T i0 2 below 1,5 p e r  cen t

1. F requency  d is tr ib u tio n  o f T i0 2 c o n te n t  

frequency p e rcen tag es o f th e  th re e  groups

Ű jb a ro k  (30,5) and  N ag y lia rsán y  (48,2). T he la s t  one g re a tly  d iffers fro m  th e  
occurrences of th e  C en tra l H u n g a ria n  M oun ta ins, as th e re  is a p red o m in an ce  
o f tita n ia -r ic h  b a u x ite .

M ost of ou r b a u x ite  deposits in  th e ir  b u lk  consist o f m ed iu m  ti ta n ia  
c o n te n t, th e  acco m p an y in g  am o u n t o f  t i ta n ia -p o o r  b a u x ite  ran g in g  fro m  3 to
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3 0  p e r  cent. T here a re  no  m ore th a n  fo u r o ccu rrences w ith  m ore  sig n ifican t 
m asse s  of th is ty p e :  N a g y v á z so n y , Fenyőfő , Z a la h a lá p  a n d  V a rg a ta n y a , w here 
4 7  to  65 per cent o f  th e  d ep o sits  consists o f  t i ta n ia -p o o r  b a u x ite . C onsequen tly , 
a s  re g a rd s  the  d is tr ib u tio n  o f  t i ta n ia ,  th e  b u lk  o f  th ese  d eposits  does n o t differ 
f ro m  rocks of th e  c la y  g ro u p . T h is ev idence is co rro b o ra ted  b y  th e  fa c t th a t  
th e  m in im um  av erag es o f  a lu m in a  an d  th e  m a x im u m  ones o f silica also occur 
in  th e s e  fields.

Because of th e  ex ceed in g ly  hom ogeneous d is tr ib u tio n  o f t i ta n ia  th e  
h is to g ra m s  were likew ise  c o n s tru c te d  w ith  class in te rv a ls  o f  one te n th  o f a 
p e r  cen t. Because o f  th e  n a rro w e r in te rv a ls , th e re  w ere a n u m b e r o f ju t t in g -

TiC>2 content

D iagram  5. T y p ic a l frequency  d iag ra m s of T i0 2 c o n te n t

o u t  co lum ns in  each  h is to g ra m . T herefore  we h a v e  also c o n s tru c te d  th e  h is to 
g ra m s  o f th ree  to  f iv e -c o lu m n  ru n n in g  av erag es . On th e  b asis  o f  th ese , th e  
g ro u p s  to  be d is tin g u ish ed  are  as follows (D iag ram  5) :

1. The f irs t g ro u p  c o n ta in s  localities o f  th e  m ost hom ogeneous d is tr ib u 
t io n ,  w ith  steep sy m m e tr ic a l peaks. A verage  t i ta n iu m  c o n te n t te n d s  to  be 
r a th e r  sm all in  th is  g ro u p . (N agyvázsony , F en y ő fő , M alom völgy, V a rg a ta n y a , 
H a ra s z to s , Tés, A lsópere , Z a lah a láp .)

2. The second g ro u p  co n ta in s  th e  la rg e s t n u m b e r (18) o f  th ese  localities. 
T h e  sh ap e  of th e  h is to g ra m s  is v a rieg a ted , w ith  th e  com m on ch a rac te ris tic  
o f  a single, ra th e r  w ide a n d  n o t too  h igh  p eak . T h ere  are  a t  som e p o in ts  sm aller 
p a r t ia l  m axim a su p e rim p o se d  on to  th e  m a in  one. Flow ever, th e se  can  be asc ri
b e d  to  sca tte r , an d  do n o t  su g g est a double or tr ip le  sp littin g -u p  o f  th e  m odes. 
I n  a n y  case, th e  t i t a n ia  d is tr ib u tio n  is here  less hom ogeneous th a n  w as th e  
ca se  w ith  the f irs t g ro u p . T h e  curves are m o s tly  sy m m etric , w ith  a m o d era te  
r ig h t-h a n d  skew ness a t  th e  N ag y h a rsán y , E p lé n y  an d  N ézsa lo calities, an d  an  
e q u a lly  m oderate le f t-h a n d  one a t  th e  D u d a r, V ároslőd  an d  B ag o ly h eg y  fie lds.

3. In  the  th i rd  g ro u p  th e re  are on ly  th re e  occurrences (N agyegyháza , 
Ó b a ro k -Ű jb a ro k  a n d  P ilisszán tó ). T he cu rves are th e  le a s t hom ogeneous 
o f  th e m  all. The w ide  s q u a t  p eak  is o rig in a lly  com posed o f 3 to  4 sm aller 
p a r t i a l  m ax im a. I n  th e  Ó b a ro k -Ű jb a ro k  a n d  N ag y eg y h áza  dep o sits  th e re  is 
a n  e x te n d e d  flan k  to w a rd s  h ig h er t i ta n ia  p e rcen tag es .
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I n  T able 10 th e  sh ap es of the  h is to g ra m s are  co m p ared  to  average  t i ta n ia  
c o n te n t. T he f irs t ty p e  o f  h is to g ram  is found  to  b e  c h a ra c te ris tic  o f  localities 
o f  sm all t i ta n ia  c o n te n t , th e  th ird  ty p e  o f those  o f  m ed iu m , to  a la rge  t i ta n ia  
c o n te n t. W ith in  th e  m o st f req u en t second g ro u p  th e  r ig h t-h a n d  skew ness 
w as co inciden t w ith  la rg e , th e  le f t-h a n d  one w ith  sm all t i ta n ia  co n ten t. A s can  
be  o b served , th e  s t ru c tu re  of lo ca lities of th e  sm a lle s t t i ta n ia  co n te n t is th e  
m o st hom ogeneous. A t occurrences o f  large t i t a n ia  c o n te n t, th e  a sy m m e try  
p o in tin g  to  ti ta n iu m  en rich m en t is e v id e n t in  a n u m b e r  o f cases. T h e  h is to 
g ram s o f th e  Ó b a ro k -Ú jb a ro k  an d  N ag y eg y h áza  localities are m uch  d iffe ren t 
f ro m  th e  rest. As w ill be  seen in  a la te r  p a p e r th is  d ifference is ch iefly  due  to  
m inera log ica l fa c to rs .

S c a tte r  of t i t a n ia  co n ten t w as also co m p u ted  fo r localities w ith  a su f
f ic ie n t num ber o f  an a ly ses . The m e a n  v a rian ce  o f  H u n g a ria n  b a u x ite  w as 
fo u n d  to  be 0,29, co rrespond ing  to  a  s ta n d a rd  d e v ia tio n  o f 0,54 p er cen t. In  
m o s t o f  th e  occurrences, variance does n o t d iffer m u ch  from  th is  va lue . O nly  
w i th  th e  N ag y eg y h áza  and  Ű jb aro k -Ó b aro k  lo ca lities  were m u ch  la rg e r 
v a lu e s  o f sc a tte r  o b se rv ed  (0,66 a n d  0,83 o f  v a r ia n c e  an d  0,81 an d  0,91 o f 
s ta n d a rd  d ev ia tion , respective ly ). C on seq u en tly , la rg e  v alues of t i ta n iu m  con
te n t  occu r ran d o m ly  sca tte red  w ith in  th e  b a u x ite  b o d y , and  do n o t fo rm  a 
hom ogeneous ty p e  o f  en richm en t.

T h e  largest h o m o g en e ity  and  th e  sm allest co rresp o n d in g  s c a tte r  o ccu rred  
a t  th e  Cseres, F é lix  I I  an d  R ák h eg y  localities. D ispersion  am o u n ted  to  no 
m ore  th a n  0,15, s ta n d a rd  d ev ia tion  to  0,39 p e r  c e n t (T able  9).

T ita n ia  c o n te n t o f  th e  occurrences w as also  e v a lu a te d  from  th e  p o in t 
o f  v iew  of its g eo g rap h ica l and  geological p o sitio n .

T h e  average T i 0 2 con ten t o f  th e  localities in  th e  C en tral H u n g a ria n  
M o u n ta in s  exh ib its  a d is tr ib u tio n  m u ch  resem bling  th a t  o f a lu m in a  an d  ferric  
ox ide . T he zone o f  m ax im u m  e n ric h m e n t s tr ik e s  p a ra lle l to  th e  m o u n ta in -  
ch a in  a n d  fairly  co incides w ith  th e  s im ila r zones fo r a lu m in a  an d  ferric  ox ide. 
T he en rich m en t zone is on b o th  sides b o rd e red  b y  zones o f sm aller t i ta n ia  
c o n te n t. W ith in  th e  ax is  zone th e  la rg e s t e n r ic h m e n t is found  to  occu r in  th e  
N o rth w es te rn  p a r t  o f  th e  V értes M ou n ta in s  (2,5 to  2,7 per cen t). G enera lly  
sp eak in g , the  w hole o f  th e  V értes a n d  P ilis M o u n ta in s  up  to  N ézsa e x h ib it 
in te n se ly  enriched  t i ta n ia  pe rcen tag es. A n o th e r, r a th e r  sm aller e n rich m en t, 
occurs a round  E p lé n y  an d  A lsópere as  well as in  th e  N y irád -H a lim b a  reg ion  
(F ig  12).

T h e  N a g y h a rsá n y  locality  a lso  s tan d s  a p a r t  as reg ard s  to  its  t i ta n ia  
c o n te n t, in  keep ing  w ith  its  b eh av io r concern ing  th e  o th e r  co m ponen ts. I ts  
av e rag e  tita n ia  c o n te n t  is the  la rg es t o f  all o f th e m  (2,90 p e r cen t). T h is ex cep 
tio n a l  en rich m en t is p ro b ab ly  d u e , besides i ts  d iffe ren t pa laeogeograph ica l 
p o s itio n  also to  d ifferences in  th e  m o th e r  rock .

D ifferences in  th e  m o th er ro ck  also suggest th em selv es  w hen considering
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th e  ab ove-m en tioned  h ig h  t i ta n ia  c o n cen tra tio n s  in  th e  V értes  an d  P ilis  
M o u n ta in s .

T here  is no c o rre la tio n  o f cover ro ck  age to  t i ta n ia  c o n te n t (T ab le  10). 
A s a n  illu s tra tio n  one m a y  c ite  th a t  one o f  th e  la rg es t av e rag es is found  in 
a M iocene-covered f ie ld , a n d  th e  sm allest one in  a P lio -P le istocene-covered  
o n e . A m ong th e  E o cen e-co v ered  deposits th e re  are  also th o se  o f  v e ry  sm all 
t i t a n i a  co n ten t (F enyőfő , 1,4 p e r cent) as w ell as those  o f c o m p a ra tiv e ly  large 
on es (Izam a jo r, 2,2 p e r  cen t) . C onsequen tly  we m a y  s ta te , a f te r  h a v in g  consid
e re d  all th e  m ain co m p o n en ts , th a t  th e  com position  of b a u x ite  w as con tro lled  
b y  palaeo g eo g rap h ica l r a th e r  th a n  b y  s tra tig rap h ica l-g eo lo g ica l fa c to rs .

C om parison o f  the q u a n tity  o f  m a in  elements

T ab le  11 show s th e  a r ith m e tic  m eans o f  all the  m ain  co m p o n en ts  for 
e a c h  o f  th e  locality . O n th e  basis  o f th ese , th e  average  silica ra t io  o f  th e  in d i
v id u a l  occurrences w as co m p u te d  as well as th e  re la tiv e  p e rcen tag e  o f  so-called 
“ f re e ”  (oxidic an d /o r h y d ro x id ic ) a lu m in u m . F u rth e rm o re , th e  av e rag e  com 
p o s itio n  of H u n g arian  b a u x ite s  w as, as co m p u ted  from  th e  av e rag es  o f the  
lo c a litie s , found to  be th e  fo llow ing :

A120 3 44,8 p er cen t
S i0 2 18,0 95

F e20 3 18,8 59

T i0 2 2,0 ’)•> 95

Ig n . loss 15,6 95

R est 0,8 55

Silica ra tio  2,9, a n d  70,3 per cen t o f th e  a lu m in a  c o n te n t is p re se n t in 
(o x y )h y d ro x id ic  form . A ccord ing  to  th e  c la ssifica tion  described  in  th e  I n t ro 
d u c tio n , H u n g a rian  b a u x ite  is considered  to  belong  in  its  e n ti ty  to  “ th e  arg il
la ceo u s  b a u x ite ”  ty p e , a lth o u g h  w ith in  th is  g ro u p  it  s tan d s  r a th e r  close to  the  
ty p ic a l  b au x ite  lim it, i.e. 75 p e r cen t o f to ta l  a lu m in u m  in  th e  fo rm  o f (oxy)- 
h y d ra te s .  This so m ew h at a s to n ish in g  re su lt is due to  th e  s tu d ies  o f  th e  en tire  
b a u x i te  deposit in s te a d  o f o n ly  pu re  b a u x ite .

T h e  averages o f  th e  in d iv id u a l lo ca lities differ m ore or less fro m  the  
c o u n try  average. T here  are  fie ld s  o f ex p ressed ly  b a u x ite , a rg illaceous b au x ite , 
a n d  ev e n  of b au x itic  c lay  c h a ra c te r .

T h e  spa tia l d is tr ib u tio n  of these  is show n in  Fig. 13. O f course , th is  
a r ra n g e m e n t is m uch  resem b lin g  th e  one o b ta in e d  for a lu m in a  frequenc ies 
(F ig . 4). O nly th e  fie ld s s i tu a te d  a t  th e  a rch in g s of th e  axis line  (H a lim b a , 
N y irá d  an d  Iszk aszen tg y ö rg y ) are of p ro n o u n ced  b au x itic  c h a ra c te r . A long
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Fig. 12. A verage T i0 2 co n te n t o f  H un g arian  bau x ite  occurences

•  L arger, m ore tho rough ly  investigated  occurrences 46,9 Average t i ta n ia  c o n te n t o f occurences
A Sm aller, less tho ro u g h ly  known occurences o rsu p erfic ia l (36,0) U certa in  av erag e  from  small num ber o f  analy sis

in d ica tions
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•  L arg er, th o ro u g h ly  in v es tig a ted  occurrences 
L  Sm aller, less th o ro u g h ly  know n occurrences and super

ficial in d ica tions

9 : Percen tage  of free (h y d ro x id ic ) a lum ina, re la te d  to  tc 
a lum ina, as co m p u ted  from  th e  average co m p o sitio n  
of b a u x ite  occurrences

Fig. 13. R e la tiv e  a lu m in u m  hydrox ide  c o n te n t of H u n g a ria n  b a u x ite  occurences
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th e  rem a in d e r o f th e  m a in  axis th e  deposits  are o f  th e  arg illaceous b a u x ite  
ty p e , while those on b o th  sides m o s tly  consist o f b a u x it ic  clay .

T he silica ra tio  o f  b au x ite  d ep o sits  varies f ro m  1,05 to  6,6. I t  is th e  
la rg e s t  a t  th e  R ák h eg y  loca lity  o f Iszk aszen tg y ö rg y  a n d  th e  sm alle st a t  th e  
Z a la h a lá p  occurrence.

U sing  th e  a r ith m e tic  m ean com p o sitio n  of th e  lo ca litie s , the  p e rcen tag es  
g iven  in  oxydic co m pounds were re c o m p u te d  to  g ive e lem en ta l co m position . 
T h e  re su lts  are  also lis te d  in  Table 11. O xygen, av e rag in g  51,3 per c en t, is th u s 
d e m o n s tra te d  as b e ing  th e  m ain  e lem en t o f b au x ite . A lu m in u m  follows seco n d 
a rily , com posing e x a c tly  one q u a r te r  (25 per cent) o f  b a u x ite . Iro n  w ith  13,1 
p er cen t an d  silicium  w ith  7,7 p er c e n t follows n e x t. T he lis t is closed w ith  
a c o n te n t o f hyd rogen  an d  tita n iu m  in  alm ost equal q u a n tit ie s  (1,74 a n d  1,21 
per c e n t, respec tive ly ). A lthough  th e  oxygen  co n te n t o f  b a u x ite  is m o stly  left 
o u t o f th e  co n sid era tio n , i t  is of sp ec ia l in te re s t to  us, as th e  ab so lu te  a m o u n t 
o f oxygen  can be used  to  express th e  degree of o x id a tio n  o f th e  rock. N ow  th e  
know ledge o f the degree o f  o x id a tio n  is o f p a ra m o u n t im p o rtan ce  fo r th e  geo
chem ica l s tu d y  and  fo r th e  d e te rm in a tio n  of th e  g en e tic s  o f  an y  rock .

E x tre m a l va lues o f  th e  av erag e  oxygen c o n te n t o f  H u n g a ria n  b au x ite s  
are  48,8 per cen t (T o rm ásk ú t) an d  52 ,9  per cen t (V a rg a ta n y a ) . As seen , th e  
va lu es  do n o t m uch d iffer from  the  c o u n try  average, n o r  do th e y  do so am ong  
them selves. These sm all differences a re , nevertheless, v e ry  c h a ra c te ris tic .

In te re s tin g  re su lts  are  o b ta in e d  b y  com paring  th e  above v a lu es  w ith  
th e  iro n  ox idation  degree of E . S z á d e c z k y - K a r d o s s ,  th e  so-called  “ 0 Fo 
p a ra m e te r” . This la t te r  is co m p u ted , as is know n, b y  th e  fo rm ula

О _  2Fe20 3
u F e  —  ------------------------

FeO

T he co m p u ta tio n  is done b y  w eight percen tages [7].
In  th e  course o f  ev a lu a tio n  we h a v e  com puted  0 Fe values for all th e  148 

FeO  analyses we h a d  to  h an d . M oreover, th e  averages o f  th e  in d iv id u a l loca li
ties w ere com pu ted , as w ell as th e  c o u n try  average (T ab le  13). G rey  p y ritic -  
in a rcas itic  b au x ite  w as, here  also, le f t  o u t of co n sid e ra tio n , for in  th is  ty p e  the 
0 Fc p a ra m e te r  m ay  d ro p  to  values o f  0,5 to  2,0.

E . Szádeczky-K ardoss g ives 50,1%  for the average oxygen content 
of sedim ents and 0,33 for the average value of the 0 Fc param eter [7, p . 399].

C om paring  th e  av erag e  oxy g en  co n ten t (51 ,3% ) a n d  degree o f  iron- 
o x id a tio n  (102,6) o f  H u n g a ria n  b a u x ite  w ith  the v a lu es  g iven  by  S z á d e c z k y - 

K a r d o s s , th e  in ten se ly  o x id a ted  n a tu re  of b au x ite  c a n  be percieved  a t  once.
T here  are som e in te re s tin g  re la tio n sh ip s  to  be  o b ta in e d  b y  co m p arin g  

th e  com bined  w a te r  c o n te n t of b a u x ite  localities w ith  th e  to ta l  o x y g en  p e r 
c e n ta g e  an d  0 Fe p a ra m e te r  (Table 12). I t  appears, n a m e ly , th a t  th e  to ta l  oxy-
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Table 12
M ineralogical evaluation o f combined water content

O c c u r r e n c e
Ignition

loss

Bound to W eight 
percent
age of 

free
alumina

Free
А12о 3/
H20
ratio

A1 hydroxide ratios

kaoli-
nite

alu
minum
mineral

Mono
hydrate 
per cent

Tri
hydrate 
per cent

S ü m e g  ..................................................... 13,6 5,2 8,4 31,3 3,73 69 31 26
N y írá d  : D a rv as tó ............................... 16,9 3,4 13,5 37,2 2,76 41 59 54

,,  Tüskés m a j o r .................... 13,3 4,6 8,7 34,2 3,93 73 27 22
,,  D e á k ih e g y ........................... 11,9 3,3 8,6 41,0 4,77 88 12 7
,,  Táncsics I I ............................ 12,4 5,3 7,1 31,2 4,39 82 18 13
, ,  Izam ajor ............................. 12,2 3,5 8,7 40,0 4,60 85 15 10

Z a la h a lá p  : Véndekhegy ................. 12,2 10,6 1,6 5,7 3,56 64 36 31
N y írá d  : B asin N .................................. 11,5 8,4 3,1 11,5 3,71 68 32 27
S ző c  : V a r g a ta n y a ............................. 17,7 6,8 10,9 20,6 1,89 0 100 95

„  Félix  I I ...................................... 16,5 5,8 10,7 25,5 2,38 26 74 69
,,  D oro ttya—S zárhegy  .......... 19,9 4,1 15,8 30,9 1,96 4 96 91
, ,  N yíreskú t ............................... 15,3 5,1 10,2 28,8 2,82 42 58 53
, ,  Malomvölgy ........................... 17,8 5,4 12,4 24,6 1,98 6 94 89

H e g y e s d ................................................... 13,4 10,8 2,6 4,4 1,69 0 100 100
M o n o s to ra p á ti ........................................ 14,6 9,8 4,8 6,9 1,44 0 100 100
Ö cs ............................................................. 14,1 10,0 4,1 6,9 1,68 0 100 100
N a g y v áz so n y  ........................................ 13,7 10,1 3,6 5,9 1,64 0 100 100
H a lim b a  : C se re s .................................. 10,7 4,9 5,8 31,9 5,50 98 2 0

,, T o rm á sk ú t......................... 12,0 3,8 8,2 36,9 4,50 84 16 и
P a d r a g  : K abhegy ............................. 14,5 9,3 5,2 8,2 1,58 0 100 100
V á ro slo d  : ö re g h e g y ........................... 13,0 5,5 7,5 30,5 4,07 76 24 19
C se h b á n y a  ............................................... 18,8 10,4 8,4 5,4 0,64! 0 100 100
I h a r k ú t  ................................................... 11,1 6,0 5,1 28,4 5,57 99 1 0
B a k o n y já k ó ............................................. 11,5 9,7 1,8 7,9 4,39 82 18 18
U g o d  ........................................................ 11,7 11,1 0,6 6,0 10,00! 100 0 —
B a k o n y b é l ............................................... 13,0 6,1 6,9 28,6 4,14 77 23 23
F e n y ő fő  ................................................... 13,8 9,0 4,8 13,1 2,73 40 60 55
C sesznek  : K ővölgyárok ................. 17,1 4,3 12,8 31,3 2,45 28 72 67
D u d a r ........................................................ 15,5 8,3 7,2 15,3 2,12 13 87 82
E p l é n y ...................................................... 16,3 4,2 12,1 33,5 2,77 41 59 54
A ls ó p e r e ................................................... 14,6 5,5 9,1 29,8 3,27 57 43 38
T é s ................................................................ 12,9 7,5 5,4 17,4 3,22 56 44 39

S z e n tk irá ly s z a b a d ja ............................. 18,5 0,7 17,8 39,2 2,20 17 83 78
V á rp a lo ta  ............................................... 13,5 11,2 2,3 2,7 1,17 0 100 100

I n o ta  ........................................................ 14,7 10,0 4,7 5,1 1,09 0 100 100
C sór .......................................................... 12,0 12,4 — 0,4 0 0? 0 0 0
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Table 12 continued

Ignition
lose

Bound to Weight 
percent
age of 

free alu
mina

Free A1 hydroxide ratios

O c c u r r e n c e
kaolinite

alumi
num

mineral

AljOj/
HaO
ratio

Monohydrate 
per cent

Trihydrate 
per cent

Isz tim é r  : V öröshegy ....................... 14 ,2 9 ,7 4 ,5 6 ,4 1 ,4 2 0 100 10 0

Iszkaszen tgyörgy  : K incses-József 18,5 2 ,5 16 ,0 4 2 ,1 2 ,6 3 36 64 59

„  R ák h eg y  .......... 15 ,6 2 ,4 13 ,2 4 4 ,0 3 ,3 3 59 41 36

M a g y a ra lm á s .......................................... 1 3 ,6 5 ,0 8 ,6 3 4 ,5 4 ,0 1 75 25 20

C sá k b e rén y .............................................. 1 5 ,0 6 ,4 8 ,6 2 7 ,8 3 ,2 3 56 44 3 9

G á n t : B a g o ly h e g y ............................ 1 5 ,0 4 ,9 10,1 3 4 ,8 3 ,4 4 62 38 3 3

,, H arasztos, Meleges,
Ü jfe ltárás ............................... 1 3 ,8 5 ,5 8 ,3 3 1 ,4 3 ,7 8 70 30 25

Ó b aro k — Ü jbárok—V ázsony psz. 1 5 ,9 5 ,2 10,7 2 9 ,5 2 ,7 6 41 59 5 4

N ag y eg y h áza  ....................................... 1 5 ,6 6 ,0 9 ,6 2 6 ,1 2 ,7 2 40 60 5 5

M e s te rb e re k ............................................ 20 ,1 U 19,0 4 6 ,9 2 ,4 7 30 70 6 5

T ü k r ö s m a jo r .......................................... 14,1 5 ,8 8 ,3 3 2 ,6 3 ,9 3 73 27 22

B u d ak esz i .............................................. 1 3 ,3 1 1 ,4 1 ,9 0 ,7 0 ,3 7 0 100 10 0

P il is v ö rö s v á r .......................................... 12,1 7 ,9 4 ,2 1 5 ,6 3 ,7 1 68 32 27

P i l is c s a b a ................................................ 1 3 ,4 1 0 ,8 2 ,6 4 ,6 1 ,7 7 0 100 1 0 0

P ilisszán tó  ............................................ 11 ,7 6 ,5 5 ,2 2 2 ,1 4 ,2 5 79 21 16

N aszá l ..................................................... 1 0 ,9 7 ,6 3 ,3 1 8 ,9 5 ,7 3 100 0 &

N ézsa ........................................................ 1 2 ,8 6 ,7 6,1 2 4 ,1 3 ,9 5 74 26 21

N a g y h a r s á n y .......................................... 1 3 ,4 4 ,5 8 ,9 4 3 ,9 4 ,9 3 91 9 4

gen  an d  0 Fe p a ra m e te r  te n d  to  h a v e  th e  g re a te s t v a lu es  w ith  occurrences o f  
la rg e  com bined w a te r  i.e. tr ih y d ra te  co n ten t. (O f course  th is  s ta te m e n t is no 
m ore th a n  a te n ta t iv e  one, as th e  a m o u n t of com bined  w a te r  is in flu en ced  b y  
th e  k ao lin ite  co n te n t o f b a u x ite  as well as by  th e  fre q u e n c y  o f allitic  m in era ls .)

To app roach  th is  p rob lem  w ith  a g rea te r a cc u ra cy , th e  m inera log ica l 
com position  w as co m p u ted  (T able 12) from  th e  av e rag es o f chem ical co m p o 
sitio n s. A basic a ssu m p tio n  w as th a t  th e  only  form  in  w h ich  silica m ay  be p re se n t 
is kao lin ite  —  an  assu m p tio n  we w ill p rove in  th e  p a r t  on  b a u x ite  m in era lo g y  
to  be pub lished  in  a la te r  p ap er. T he a m o u n t o f q u a r tz  (0,1 p er cent) is n eg 
lig ib le . Of the  to ta l  com bined  w a te r , th e  am o u n t n ecessa ry  for th e  fo rm a tio n  o f  
k ao lin ite  was s u b tra c te d , an d  th e  re s t  com bined to  “ fre e ”  (non-arg illaceous) 
a lu m in a . On th e  basis o f th e  a lu m in a -to -w a te r  ra tio  th u s  estab lish ed , we cou ld  
assess th e  am o u n t o f  “ free”  a lu m in a  in  m o n o h y d ra tic  a n d  tr ih y d ra tic  b o n d , 
resp ec tiv e ly . T he a m o u n t o f tr ih y d ra te s  was fu r th e r  d im in ish ed  by  5 p e r c en t 
so as to  d iscoun t th e  a m o u n t o f w a te r  necessary  fo r g o e th ite . (This p ro ced u re  
w ill also be ju s tif ie d  in  th e  m inera log ica l pa rt.)
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Table 13

Comparison o f  degree o f  oxidation and m ineral composition o f  bauxite

O c c u r r e n c e

C o m p u te d
h y d r a r g .

ra t io *

T o t a l  О 
c o n te n t  

o f  b a u x i t e

O j. v a l u e * *
C o m b in e d

w a te r
p e r  c e n t* * *

B u d ak esz i ........................................................ 100 53,1 154,0 13,3

N ag y v ázso n y  .................................................. 100 52,3 13,7

V a r g a t a n y a ...................................................... 95 52,9 124,4 17,7

D o ro tty a —Szárhegy ................................... 91 52,6 130,5 19,9

M alom völgy .................................................... 89 52,1 17,8

D u d a r ................................................................. 82 52,7 129,4 15,5

F é lix  I I  és I .................................................................. 69 52,1 252,9 16,5

C sesznek .......................................................... 67 51,5 112,0 17,1

K in c s e s - J ó z s e f ............................................... 59 52,0 100,0 18,5

F e n y ő f ő ............................................................. 55 52,3 91,1 13,8

N ag y eg y h áza  ................................................. 55 51,5 15,6

E p l é n y ............................................................... 54 51,3 16,3

O b a ro k —U jb a r o k .......................................... 54 51,5 15,9

D a r v a s tó ............................................................. 54 51,2 160,8 16,9

N y íre sk ú t ........................................................ 53 50,8 155,8 15,3

T é s ......................................................................... 39 50,4 12,9

A ls ó p e r e ............................................................. 38 51,2 14,6

R á k h e g y  .......................................................... 36 50,5 107,6 15,6

B a g o ly h e g y ...................................................... 33 51,5 99,9 15,0

Z a la h a lá p ........................................................... 31 52,0 105,8 12,2

N y írá d i  m e d e n c e .......................................... 27 50,7 87,2 11,5

S ü m eg  ............................................................... 26 51,9 13,6

H a ra sz to s—Uj f e l t á r á s ................................. 25 50,9 9 7 ,5 13,8

T ü sk ésm ajo r ................................................. 22 50,2 (125,4) 13,3

N é z s a ................................................................. 21 50,7 12,8

V áro sló d  ........................................................... 19 50,2 108,4 13,0

P i l i s s z á n tó ........................................................ 16 49,5 11,7

T án csics  I I ...................................................................... 13 49,8 12,4

T o r m á s k ú t ........................................................ 11 48,8 75,2 12,0

Iz a m a jo r  .......................................................... 10 49,1 88,5 12,2

D e á k ih e g y ........................................................ 7 48,9 105,3 11,9

N a g y h a r s á n y .................................................... 4 5 1 ,9 13,4

-C seres ................................................................. 0 49,0 74,4 10,7

* as re la ted  to  to ta l  A1 hydroxide co n te n t.
** as com puted  fro m  sim ultaneous F e20 3 a n d  FeO  d a ta .

*** a f te r  su b tra c tin g  accessory  elem ents.
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In  T ab le  13 th e  occurrences w ere lis ted  in  decreasing  o rd er o f  th e  so 
com posed t r ih y d ra te  c o n te n t, an d  th e  values o f  com bined  w a te r  c o n te n t, to ta l  
oxygen  a n d  0 Fe p a ra m e te r  w ere co m p ared  to  i t .  T he la t te r  tw o w ere also 
d ia g ra m m a tic a lly  rep resen ted  (F ig . 14). In  th is  fig u re  th e  m en tioned  c o v a rian ce  
o f tr ih y d ra te s  w ith  to ta l  oxygen  an d  0 Fc p a ra m e te r  becam es a p p a re n t . 
In  o th e r  w ords, a g re a te r  tr ih y d ra te  c o n te n t goes to g e th e r  w ith  a m ore in te n se  
o x y d a tio n .

F i g .  1 4 .  Relation of degree of oxidation to mineralogical composition in Hungarian bauxite
occurrences

The p e rc e n tu a l t r ih y d ra te  c o n te n t o f th e  a llitic  m inera l co m p lex  w as 
also p lo tte d  on  th e  geologic m ap  o f th e  T ra n sd a n u b ia n  C en tral H u n g a r ia n  
M ounta ins (F ig . 15). A ccording to  th is  m ap , th e  occurrences o f g rea t t r ih y d r a te  
c o n te n t in v a r ia b ly  lie to p o g rap h ica lly  a t  h igher p a r ts  of th e  M o u n ta in s , w hile 
those  o f sm alle r tr ih y d ra te  c o n te n t are  g rouped  in  deeper to p o g rap h ic  fe a tu re s  
a ro u n d  th e  m ass o f th e  m o u n ta in .

F o r th is  re g u la r ity  of a rra n g e m en t we shou ld  like to  propose th e  fo llow ing  
e x p la n a tio n  : T h e  h igher-ly ing  occurrences are  s itu a te d  above th e  m a in  k a r s t  
w a te r  tab le , w hereas th e  low er ones are in u n d a te d  b y  k a r s t  w ater. I t  is a n  e s ta b 
lished  fac t th a t  the  s ta g n a n t, b a d ly  a e ra te d  w a te r  m asses o f k a rs t  w a te r  s h u t  
o ff th e  rocks from  th e  possib ility  o f o x id a tio n . A t th e  sam e tim e , th e  ro ck  
bodies above th e  k a rs t  w a te r ta b le  are  in  con tin u o u s co n tac t w ith  o x y g en  
th ro u g h  th e  in f il tra tin g  superfic ia l w ate rs  trav e llin g  along jo in t sy s tem s.

4  Acta Geologica V/2.
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As seen above, th e  tr ih y d ra tic  b a u x ite  occu rrences te n d  to  be m ore in te n 
se ly  o x id a ted  th a n  th e  m o n o h y d ra tic  ones. T h e  ap p ro ach  to  th is  p rob lem  from  
th e se  tw o angles g ives a tr iv ia l  e x p lan a tio n  o f  th e  tr ih y d ra te -m o n o h y d ra te  
p ro b lem . N am ely , th e  t r ih y d ra t ic  m inera log ica l com position  is due to  a g re a te r  
deg ree  o f o x id a tio n , cau sed  by  a h igher p o s itio n  o f k a r s t  w a te r above th e  
ta b le .

T he a b o v e -m en tio n ed  are in  good a g re e m e n t w ith  th e  s ta te m e n ts  o f
E . S z á d e c z k y - K a r d o s s ,  accord ing  to  w h ich  b a u x ite  is ch a rac te rized  b y  
v e ry  in tense  o x id a tio n  (G eochem istry  [6], p . 583).

O f course, th e  p ro b le m  is no t so sim p le  as all th a t ,  because geologic 
age , th ickness o f o v e rly in g  rocks, tec ton ic  a c t iv i ty ,  e tc . can  influence  th e  evo lu 
t io n  o f  th e  m inera l c h a ra c te r . In  th is co n n ec tio n  we p o in t ou t th e  N ézsa, N agy- 
h a rs á n y  and  N aszál lo ca litie s  w here, in  sp ite  o f  to p o g rap h ica lly  h igh  lo ca tio n , 
b a u x ite  is p re v a le n tly  m o n o h y d ra tic . H o w ev er, i t  w as ju s t  a t  these  lo ca lities 
t h a t  m ineralog ical a n a ly s is  d em o n stra ted  th e  presence  o f d iaspo re , g en era lly  
considered  to  be fo rm e d  b y  tec ton ic  processes.

T he fina l conclusion  derived  from  th e  ab o v e , is th a t  th e  tra n s fo rm a tio n  
o f  b o eh m ite  in to  h y d ra rg ill i te  and vice v e rsa  is a reversib le  process m a in ly  
co n tro lled  by  th e  o x id a tiv e  p o ten tia l o f th e  e n v iro n m e n t. T his process goes 
on  to  th is  day, even  i f  v e ry  slowly. I t  will o n ly  be ended  b y  th e  fo rm a tio n  o f  
d iasp o re  for some o th e r  reaso n s as th is  s tab le  m o d ifica tio n  is unab le  fo r fu r th e r  
tra n sfo rm a tio n .

W e m ust also g ive  a tte n tio n  to  th e  s c a t te r  o f th e  m ain  co m ponen ts, as 
b e s t ch arac teriz in g  th e  degree  of hom o g en e ity  o f  th e  rock  in  question .

The average s c a t te r  o f  the  m ain c o m p o n en ts  o f H u n g a rian  b a u x ite  is 
th e  following :

V a ria n c e
S ta n d a r d  
d e v ia t i o n  
p e r  c e n t

D e v ia t io n  
in  r e la t iv e  
p e r  c e n ts

SiO,............................... 100,1 1 0 ,0 61,0

AI2O3 ............................ 4 5 ,0 6,7 14,2
Fe20 3 ............................ 28,5 5,3 28,2
Ign. loss ........................ 10,2 3,2 20,5
Ti02 ............................. 0,29 0,54 26,7

I t  shows th a t  th e  s c a tte r  o f th e  silica  c o n te n t is th e  la rg es t : b a u x ite  
is th e  le a s t hom ogeneous in  respect to  th is  co m p o n en t. A s ta n d a rd  d ev ia tio n  
o f  10 per cent m u s t be  considered  as v e ry  g re a t  indeed .

A lum ina an d  fe rr ic  iro n  con ten t o f o u r b a u x ite  is m uch m ore h om ogen
eous an d  sc a tte r  is ev e n  sm alle r w ith  co m b in ed  w a te r . T i0 2 is a ca teg o ry  b y  
itse lf , being so ho m o g en eo u s th a t  s ta n d a rd  d e v ia tio n  h a rd ly  exceeds 0,5 p e r 
c en t.
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F i g .  1 5 .  Ratio of monohydratic to trihydratic bauxite minerals as computed from analyses of Hungarian bauxite occurrences
89 Average relative trihydrate content •  Larger, thoroughly investigated occurrences
(23) Uncertain average from small number of data A Smaller, less thoroughly known occurrences and superficial

indications
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S ta n d a rd  d ev ia tio n  gives th e  abso lu te  m easu re  o f  th e  d ev ia tions fro m  th e  
m ean . G eochem ically , th e  co m p u tin g  of th e  d ev ia tio n s  in  p er cen ts o f  th e  m e a n  
is m ore in fo rm a tiv e  th a n  th e  v a ria tio n s  o f th e  c o m p o n en t in  question . I n  th is  
case th e  s ta n d a rd  d ev ia tio n  will be d iv ided  b y  th e  w eigh ted  average  o f  all 
localities :

<5
/ 4  =  —

m

m  being  th e  av e rag e  w eigh ted  b y  th e  size of th e  occurrences, ő th e  s ta n d a r d  
d ev ia tio n , [Л th e  re la tiv e  s ta n d a rd  d ev ia tion . T h e  re su lts  are show n in  th e  
th ird  co lum n o f th e  above ta b le . T he sc a tte r  o f silica rem ain ed  th e  g re a te s t .  
I t  is, how ever, re m ark ab le  th a t  a lu m in a  should  h a v e  rev ea led  itse lf  as th e  m o st 
hom ogeneous (14,2 p er cen t). T h is co rrect in a sm u ch  as an  abso lu te  s ta n d a rd  
d ev ia tio n  o f 6,7 p e r cen t is r a th e r  sm all, in  p ro p o rtio n  to  th e  m ost f re q u e n t 
com ponen t (42,7 p e r cen t). S im ila rly  rem ark ab le  is th e  fa c t th a t  th e  re la tiv e  
sc a tte r  o f t i ta n iu m  shou ld  exceed  th a t  o f a lu m in a  a n d  a lm ost reach  t h a t  o f  
iron . T he reason  for th is  is th a t  an  abso lu te  s ta n d a rd  d ev ia tio n  of 0,54 p e r c e n t 
is g rea t in  p ro p o rtio n  to  a m ean  o f 2,0 p er cen t.

A n especia lly  im p o r ta n t ro le will be a scrib ed  to  th e  analysis o f  re la t iv e  
dev ia tio n s in  th e  follow ing p a r t ,  dealing  w ith  accesso ry  a n d  trace  e lem en ts .

T he su b stan ce  o f th e  H u n g a ria n  b au x ite s  in  th e  long ru n  w as d e riv e d  
from  m ag m atic  rocks. F o r th is  reaso n  i t  is u sefu l to  consider th e  a m o u n t o f  
c o n cen tra tio n  or d é c e n tra tio n  o f th e  elem ents o f  b a u x ite  ex h ib it w ith  re sp e c t 
to  th e ir  co n c e n tra tio n  in  m ag m a tic  rocks. T he d a ta  fo r th e  average co m p o si
t io n  of m ag m a tic  rocks w ere ta k e n  from  th e  “ G eo ch em is try ”  o f E . S z Á d e c z k y -  

K ardoss [7, p .  550].

E l e m e n t
M a g m a t ic  a v e r a g e  

p e r  c e n t
H u n g a r i a n  b a u x i t e  

p e r  c e n t E n r i c h m e n t  f a c to r

AI............................. 8,13 25,0 +3,08
S i ............................. 27,72 7,7 —3,60
F e ........................... 5,00 13,1 +  2,62
Ti ........................... 0,44 1,21 +  2,75

C onsequen tly , of th e  m ain  elem ents of b a u x ite , a lu m in u m  is th e  m o s t 
en riched  ; t i ta n iu m  and  iron  follow n e x t, while th e  a m o u n t o f silicium  decreases  
(to  a b o u t one q u a r te r  o f th e  m ag m atic  p ercen tage).

I t  is essen tia l an d  b y  no m eans in c iden ta l th a t  th e  en rich m en t o f  a lu m i
n u m , ti ta n iu m  a n d  iron is a p p ro x im a te ly  equal, n am e ly  ab o u t th reefo ld . T h e  
en rich m en t o f these  com ponen ts is also geograph ica lly  co inciden t (see m a p s ) .

4*
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T h e  p a ra lle l en rich m en t o f  these  e lem ents in  geologically  analogous positions 
sho w  t h a t  b au x itiz a tio n  to o k  place u n d er fav o u rab le  cond itions fo r all o f th em .

I t  is know n th a t  u n d e r  m agm atic  c ircu m stan ces  th e  th re e  e lem en ts do 
n o t  fo llow  th e  sam e course. I ro n  is sideroph ile , a lu m in u m  lith o p h ile  an d  ti ta n iu m  
p e g m a to p h ile . T herefo re  th e ir  co n c e n tra tio n  shows m ark ed  d ifferences in 
th e  m a g m a tic  geophases [7, p . 82]. The co v arian ce  o f A1 an d  T i u n d e r  se d im e n t
a ry  co n d itio n s  has a lre a d y  been  estab lished  in  o u r previous p a p e r  o f  1953 [1]. 
H o w e v e r , th e re  is no su ch  re la tio n  o f gen era l v a lid ity  b e tw een  A1 a n d  Fe and  
b e tw e e n  F e and  T i, re sp ec tiv e ly . The re m a rk a b le  para lle l e n ric h m e n t o f these 
e le m e n ts  in  the course o f  b a u x itiz a tio n  m a y  co n seq u en tly  be due  to  th e  coinci
d e n ce  o f  special fac to rs . W e in te n d  to  dea l w ith  these  prob lem s in  o u r follow 
in g  s tu d y .

S um m ary

1. T here is a close re la tio n sh ip  b e tw een  th e  shape o f th e  d is tr ib u tio n  
a n d  th e  m ean p e rcen tag e  o f  th e  m ain  e lem en ts  in H u n g a ria n  b a u x ite . The 
s h a p e  o f  the frequency  h is to g ram  is in d ic a tiv e  to  th e  m ain  c h a ra c te ris tic s  of 
b a u x it iz a t io n .

2. T here is a fu r th e r  close re la tio n sh ip  betw een  th e  e n rich m en t in 
th e  p a r t ic u la r  occurrences a n d  the  g eo g rap h ica l location  o f sam e : th e  largest 
e n r ic h m e n t of a lu m in u m , iro n  and  t i ta n iu m  occu r along a line p a ra lle l to  th e  
s t r ik e  o f  th e  m ain  m orpho log ic  fea tu re , th e  C en tra l H u n g a ria n  M ounta ins, 
w h ile  th e  sam e line is also th e  locus o f th e  g re a te s t d é c e n tra tio n  o f  silicium .

3. There is no u n eq u iv o ca l re la tio n  b e tw een  the  geologic age o f  th e  b a u x 
i te  d ep o sits  and  th e  e n ric h m e n t of th e  m a in  elem ents.

4 . A ccording to  its  av erag e  oxygen  c o n te n t (51,3 p e r cen t) a n d  its  0 Fe 
p a ra m e te r ,  H u n g a ria n  b a u x ite  has re v e a le d  itse lf  as an  in te n se ly  o x id a ted  
ty p e  o f  rock.

5. T here is a re la tio n sh ip  betw een  o x y g en  co n ten t, 0 Fe p a ra m e te r  and 
th e  q u a n t i ty  of W ater b o u n d  to  a lu m in u m  hydrox ides.

6. The q u a n ti ty  o f  w a te r  b ound  to  a lu m in u m  hy d ro x id es  is co v arian t 
to  th e  to p o g rap h ica l h e ig h t o f  th e  lo ca lity . H ig h  localities o f  h ig h  com bined 
w a te r  c o n te n t are s i tu a te d  above th e  k a r s t  w a te r  tab le , low -ly ing  ones o f low 
c o m b in e d  w ater c o n te n t occu r below  th e  sam e.

7. O n the  basis o f  P o in ts  5 an d  6, th e  tra n sfo rm a tio n  o f  b o eh m ite  in to  
h y d ra rg il l i te  and  v ice v e rsa  seem s to  be  a reversib le  process, th e  d irec tion  
o f  w h ich  is contro lled  b y  th e  o x ida tive  p o te n tia l  of th e  e n v iro n m e n t.

8. As re la ted  to  av e rag e  m ag m atic  rock , th e re  a re  a lm o st id en tica l 
fa c to r s  o f en rich m en t ch a rac te riz in g  Al, F e  an d  T i in  H u n g a r ia n  b au x ite  
( a b o u t  3,0), while silica ex h ib its  a n e g a tiv e  fa c to r  of 3,6. T he p a ra lle l en rich 
m e n t  o f  a lum inum , iro n  an d  tita n iu m  is d u e  to  special c ircu m stan ces p revailing  
in  th e  course of b a u x itiz a tio n .
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GEOCHEMIE DER UNGARISCHEN BAUXITE I.
GY. BÁRDOSSY 

Zusam m enfassung

Die geochemische Analyse der ungarischen Bauxite einleitend untersuchte der Verfasser 
die Menge und die Verteilung der wichtigsten Elemente des Bauxits (Al, Si, Fe, Ti, O, H). Als 
Grundlage der Untersuchungen dienten nahezu 28 000 Analysen der angeführten Elemente, 
die Ergebnisse wurden auf mathematisch-statistischem Wege ausgewertet.

Für jedes der bekannten Bauxitvorkommen Ungarns wurde die durchschnittliche che
mische Zusammensetzung bestimmt. Außerdem wurden innerhalb eines jeden Vorkommens 
für jede Komponente die wichtigsten statistischen Parameter (Mediane, Modus, mittlere 
quadratische Abweichung) und die Häufigkeitsverteilung bestimmt.

Diese Angaben dienten bei der Nachweisung einiger interessanter geochemischer Zusam
menhänge als Grundlage. Die Vergleichung der Häufigkeitsverteilung einzelner Elemente hat 
bezüglich der Bauxitqualität als Funktion der geographischen Lage einen neuen Zusammenhang 
geliefert. Schließlich gaben die Mengenverhältnisse der wichtigsten Elemente Anlaß zu theo
retischen Erwägungen bezüglich der Verteilung von allitischen Mineralen, sowie zu einem 
Versuch der Erklärung der möglichen Ursachen dieser Verteilung.

ГЕОХИМИЯ БОКСИТОВ ВЕНГРИИ. 1.
ДЬ. БАРДОШШИ

Резюме

В качестве первого шага геохимического анализа бокситов Венгрии автором были 
изучены количество и распределение основных элементов боксита (Al, Si, Fe, Ti, О, H). 
Исследования были проведены при помощи приблизительно 28 000 анализов для каждого 
их указанных элементов и оценены способом математической статистики.

В связи с всеми известными месторождениями венгерских бокситов был определен 
их средний химический состав. Кроме этого для каждой составной части в пределах каж
дого месторождения отдельно были определены важнейшие статистические параметры 
(медиана, мода, среднее квадратическое отклонение и т. п.), а также распределение час
тостей.

Эти данные служили основанием для выявления некоторых интересных геохими
ческих соотношений. Путем сравнения распределения частостей отдельных элементов 
было получено новое соотношение относительно качества боксита в функции его геогра
фического местоположения. Наконец количественные отношения основных элементов 
представили возможность для теоретических соображений относительно распределения 
аллитических минералов и для выяснения возможных причин этого распределения.





THE CHEMICAL COMPOSITION OF MONTMORILLONITE

By

G. C s A J Á G H Y , M. E M S Z T  and K. S Z E P E S I

By ap p ly ing  th e  Buzágh—Szepesi process, from  b en to n ites  o f v a rio u s o rig in  and  
com position  p u re  m o n tm o rillo n ite  com pounds w ere p re p are d . On basis o f th e  in te rp re ta tio n  
o f  th e  d a ta  o f th e ir  analyses th e  follow ing conclusions can  be  reached  :

1. In  th e  te tra h e d ra l sh ee t Si4+ is su b s titu te d  n e ith e r  by  A l3+, nor b y  O H  groups.
2. In  th e  o c tah ed ra l shee t n o t 1 a to m  Al3+ is su b s ti tu te d  by  1 a tom  Mg2f, b u t  2 a tom s 

A l3i a re  su b s titu te d  by  3 a tom s M g2+, th u s  th e  su b s titu tio n  proves to  be s to ich io m etric . I t  m ay  
be  supposed  th a t  in  th e  la ttic e  th e re  a re  m ixed h y d ra rg illite -b ru c ite  layers.

3. T he c ry s ta l la ttic e  o f m on tm o rillo n ite  is co m p ensa ted , in  i t  there  is no ch arg e  surp lus 
caused  b y  su b s titu tio n . Consequ* n t ly ,  th e  cation -exchange  c ap a c ity  can n o t be  cau sed  b y  the  
c h arg e  su rp lu s b ro u g h t a b o u t b y  th e  fa c t th a t  in  th e  te tra h e d ra l  sheet 1 a to m  Si4 is su b s ti
tu te d  by  1 a to m  Al3+ an d  in th e  o c ta h ed ra l sheet 1 a to m  Al3+ b y  1 a to m  Mg2f.

4. Ca is alw ays in  an  exch an g eab le  position , th u s  i t  does no t p a rtic ip a te  in  th e  bu ild in g  
u p  o f  th e  m on tm orillon ite  c ry s ta l la ttic e .

T he nam e m o n tm o rillo n ite  w as p ro p o sed  in  1847 by  D amour  an d  
S alvetat for a clay  o ccu rrin g  in  M ontm orillon  (F ran ce). In  th e  course  o f th e  
110 y ea rs  w hich h av e  since th e n  e lapsed , a considerab le  n u m b er o f  em in en t 
re sea rch  w orkers h av e  b een  engaged  on  th e  in v es tig a tio n  o f th e  chem ical 
com position , c ry s ta l s tru c tu re  an d  p h ysica l p ro p e rtie s  o f m o n tm o rillo n ite . 
T h e  researches w ere m ade m ore d ifficu lt b y  th e  fa c t th a t  m o n tm o rillo n ite  
does n o t occur in  a pu re  s ta te  in  n a tu re  an d  th a t  its  c rysta ls  are  exceed ing ly  
fin e-g ra in ed . As th e  gra ins o f  th e  c o n ta m in a tin g  m inera ls  are u su a lly  o f  a sim i
la r  size, th e ir  se p a ra tio n  o r th e  checking  o f th e  p u r i ty  o f th e  m o n tm o rillo n ite  
en co u n te rs  m an y  d ifficu lties . A c o n ta m in a tin g  m in era l co n ten ts  o f  2 to  3% , 
especia lly  w hen these  m in era ls  are  in  an  am o rp h o u s  s ta te , c an n o t be recogn ized  
b y  X -ra y  ana ly sis , D T A  in v e s tig a tio n  or m icroscop ically , y e t th e  su b s ta n c e  
in  q u estio n  a t  th e  sam e tim e  m ay  co n ta in  sev era l c o n ta m in a tin g  m inera ls. 
On th e  o th e r  h an d  th e  re su lts  o f  th e  in v e s tig a tio n  o f c o n ta m in a te d  m o n tm o ril
lo n ite  m ay  give rise to  a m is in te rp re ta tio n . T herefo re , as i t  has a lre a d y  been 
em phasized  by  McCo nnell  [1], E arly , Osthaus an d  Milne [2], th e re  is an  
im p e ra tiv e  need to  p ro d u ce  com pounds o f  a d e q u a te  p u rity .

Irre sp ec tiv e  o f th e ir  am o rp h o u s , sem i-c ry sta llin e  or c ry sta llin e  s ta te , the  
m in era ls  a tta in in g  o r com ing  close to  collo idal d im ensions are a p p ro p ria te ly  
d en o m in a te d  b y  Sed letsk y  [3] as co llo id-d isperse  m inerals. In  consequence  
o f  th e ir  colloidal n a tu re , th e se  m inera ls , in  m a n y  resp ec ts , show  a s im ila r b e 
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h a v io u r  an d  on th e  basis  o f  th e ir  colloidal p ro p e rtie s  can easily  be seg rega ted  
from  th e  non-colloid m inera ls .

M on tm orillon ite  c a n n o t w ith  an y  c e r ta in ty  be ran g ed  in to  a n y  o f th e  
c ry s ta l  classes, an d  u p  to  th e  p resen t its  c ry s ta l  s tru c tu re  is n o t e lu c id a ted  
e ith e r . N evertheless, a t  p re se n t we a lread y  k n o w  as a c e r ta in ty  th a t  m o n t
m o rillo n ite  has a specific  s tru c tu re , d iv e rg en t fro m  th a t  o f an y  o th e r  colloid- 
d isp erse  m ineral. T h is is in  evidence in  th e  d a ta  fu rn ish ed  b y  X -ra y  in v e s tig a 
tio n s , th e rm a l an a ly ses  a n d , as we are  going to  see la te r  on, b y  chem ical a n a 
ly ses, to o . I t  is to  be e x p e c te d  th a t  th e  s t ru c tu ra l  difference in  q u es tio n  will 
m a n ife s t itse lf  in  one —  or possib ly  severa l —  collo id-chem ical p ro p e rtie s  o f 
th e  m in era l. T hus in  p rin c ip le  the  p o ssib ility  ex is ts  th a t  on th is  basis  it  can be 
s e p a ra te d  from  th e  o th e r  co llo id-disperse m in era ls .

S ta r tin g  from  a n o th e r  considera tion , b u t  fu n d a m e n ta lly  th e  sam e possi
b il i ty  h ad  been e x p lo ite d  b y  B uzágh a n d  Szepesi [4J in  th e ir  p rocedure  
w o rk ed  o u t for th e  q u a n t i ta t iv e  d e te rm in a tio n  o f th e  m o n tm o rillo n ite  co n ten ts  
o f  a lk a lin e  e a r th  m e ta l b en to n ite s . The su b s ta n c e  o f  th e ir  p ro ced u re  can be 
o u tlin e d  as follows : b y  u sing  e lec tro ly tes o f  such  alkaline m eta ls , th e  anions 
o f  w hich  form  to g e th e r  w ith  th e  a lkaline e a r th  m e ta l an insoluble p re c ip ita te , 
a lk a lin e  e a r th  m e ta l b e n to n ite s , resp . m o n tm o rillo n ite s , can  be tra n sfo rm e d  
in to  a lka line  m e ta l b e n to n ite s , th a t  is a lk a lin e  m e ta l m on tm o rillo n ites . To 
accom plish  th is  tra n s fo rm a tio n , N a2C 0 3 an d  N a F  p ro v ed  to  be th e  m o st su itab le  
co m p o u n d s. In  case th e  e lec tro ly te  used for th e  tran sfo rm a tio n  is applied  in  
an  o p tim u m  q u a n ti ty , a s tab le  suspension  is o b ta in e d , w hich does n o t lose 
i ts  p e p tiz a b ility  even  a f te r  its  desiccation  o v er a w a te r b a th . T h e  resu ltin g  
N a-m o n tm o rillo n ite  is h y d ro p h ilic  to  such  a deg ree  th a t  even in  th e  presence 
o f  d e h y d ra ta tin g  chem icals , e. g. alcohol d ilu te d  to  a p ro p o rtio n  o f 1 : 1, it  
c an  be  p ep tized  w ith o u t a residue an d  c a n n o t be deposed  from  th e  suspension  
o b ta in e d  even by  c e n tr ifu g in g , if  th e  speed  o f th e  revo lu tio n s is n o t too  high. 
T h e  sam e can n o t be a sse rte d  of th e  re m a in in g  co llo id-disperse m inera ls  o f 
b e n to n ite s . B uzágh a n d  Szepesi b y  a co n sid erab le  n um ber o f ex p erim en ts  
d e m o n s tra te d  th a t  k a o lin ite , illite , silica sol, as w ell as o th e r su b stan ces  lose 
th e ir  p ep tiz ib ility  a f te r  su ch  a tre a tm e n t a n d  th e ir  suspension can  fu lly  be 
cen tr ifu g ed  from  an  a lcoho lic  so lu tion .

B y  em ploying  th e  p ro ced u re  b rie fly  ex p o u n d ed  above, we succeeded  in  
p re p a rin g  pu re  m o n tm o rillo n ite  com pounds ; the  p ro d u c ts  o b ta in e d  were 
su b je c te d  to  chem ical an a ly ses . The conclusions in fe rred  from  th e  d a ta  o b ta in ed  
a re  su ita b le  for th e  close e lu c id a tio n  o f th e  s t ru c tu re  of m o n tm o rillo n ite .

T h e  fo u n d a tio n s  o f th e  hypo thesis  m ost genera lly  a d o p ted  a t p resen t 
w ere la id  by  H o fm ann , E ndell  an d  W ilm [5] in  1933, an d  m odified  b y  
Ma eg d efr a u  an d  H ofm ann  [6], Marshall [7] a n d  H endricks [8] la te r  on. 
I t  is a w ell-know n fa c t t h a t  accord ing  to  th is  concep tion  m o n tm o rillo n ite  is 
b u ilt  u p , s im ilarly  to  p y ro p h y llite , by  u n its  consisting  o f an A l-o c tah ed ra l
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sh ee t flanked  b y  tw o  S i-te trah ed ra l ones. T his san d w ic h -ty p e  a rra n g e m en t [2] 
can  be d e m o n s tra te d  b y  the  c ry s ta l  chem ical fo rm u la  Si4O10(O H )2Al2 • n H 20 .

M ontm orillon ite  co rrespond ing  to  th e  th e o re tic a l fo rm ula  does n o t occu r, 
how ever, in n a tu re . A ccording to  th e  d a ta  o b ta in ed  from  th e  num erous chem ical 
ana lyses p u b lish ed  in  th e  classical sy n th e tic a l s tu d y  b y  Ross and  H en d r ic k s  
[9], as well as in  th e  papers of o th e r  research  w o rk ers , m o n tm orillon ite  a lw ays 
co n ta in s  a v a ria b le  q u a n ti ty  of iro n , m agnesium , ca lc iu m , sodium , e tc . B ey o n d  
d o u b t, one p a r t  o f  these  cations is in co rp o ra ted  in  th e  c ry s ta l la ttic e , w h ils t 
a n o th e r  p a r t of th e m  is in  an exch an g eab le  positio n . I t  is a u n iversa lly  accep ted  
op in ion  th a t  in  th e  te tra h e d ra l sh e e t one p a r t  o f th e  Si4f is rep laced  b y  Al3't" 
a n d  in  the  o c ta h e d ra l sheet one p a r t  o f th e  Al3+ b y  F e3+ an d  Mg2 h. In  re g a rd  
to  th e  fac t th a t  in  th e  te tra h e d ra l shee t all fo u r p o s itiv e  charges o f th e  Si44 
a re  b ound  by  one oxygen  a to m  each , i t  is e v id e n t t h a t  in  case a Si4f a to m  is 
rep laced  by  an  Al3 a tom , one o f  th e  n eg a tiv e  ch a rg es  o f th e  oxygen  a to m s 
becom es su p erflu o u s. The sam e occurs in  th e  o c ta h e d ra l sheet, too , w hen  an  
Al3+ atom  is re p la c e d  by  a Mg2f a to m .

This idea w as  so a ttra c tiv e  a n d  was ga in ing  g ro u n d  in special l i te ra tu re , 
because  it  gave a n  excellent e x p la n a tio n  from  th e  p rac tica l p o in t o f  v iew  
fo r one of th e  m o s t s ign ifican t p ro p ertie s  o f  m o n tm o rillo n ite , viz. fo r its  
exceedingly  h igh  ca tio n -ex ch an g e  cap ac ity . T he assu m p tio n , acco rd ing  to  
w h ich  m o n tm o rillo n ite  is in a p o s itio n  to  b in d  th e  p o sitiv e ly  charged  ions in 
consequence of i ts  su rp lus in a n e g a tiv e  charge , a ris in g  from  th e  re su lt o f  its  
rep lacem en t in  th e  la ttic e , seem ed to  be obvious.

The ca tio n -ex ch an g e  c a p a c ity  re su ltin g  fro m  rep lacem en t c a n n o t, 
how ever, be v e rif ie d  b y  exact ex p e rim en ts . I f  th e  cause  o f th e  ca tio n -ex ch an g e  
la y  in  the  charge su rp lu s  re su ltin g  from  re p la c e m en t, th e  q u a n tity  o f ca tio n s  
bein g  in  an ex ch an g eab le  position  o u g h t to  closely a d ju s t itse lf  to  th e  degree 
o f  rep lacem en t. H o w ev er, accord ing  to  th e  d a ta  p u b lish e d  in  lite ra tu re  an d  o u r 
ow n experiences, in  rea lity  th e  m a tte r  s ta n d s  o th e rw ise . On th is  ac c o u n t 
J ohnson  [10] re fu ses  to  adm it th e  assu m p tio n  acco rd in g  to  w hich th e re  is a 
connection  b e tw een  th e  rep lacem en t tak in g  p lace  w ith in  th e  la ttic e  an d  th e  
ca tion -exchange  c a p a c ity , and  ex p la in s  th e  cause  o f ca tion  exchange b y  so- 
called  “ broken  b o n d s ”  : on th e  su rface  of th e  faces o f  m o n tm o rillo n ite  c ry s 
ta ls  th e  chains Si— O, Al— 0  a n d  A l— O H  are  in te r ru p te d  in  the  d irec tio n  o f 
th e  a and  b axes a n d  th e  b ro k en  bonds w hich  in  th is  w ay  come in to  b e in g  
b in d  th e  ca tions, b e in g  in  an ex ch an g eab le  p o sitio n .

The H o fm ann— E ndell— W ilm ( H E W )  s tru c tu re  can n o t be re c o n 
ciled  w ith  th e  th e rm a l behav iou r o f  m o n tm o rillo n ite  e ith e r. D uring  h e a tin g  
m o n tm orillon ite  loses its  W ater in  th re e  p a r ts , co n seq u en tly  upon  its  D T A  
cu rv e  there  a p p e a r  th ree  e n d o th e rm a l peaks. T h e  f irs t en d o th e rm al p e a k  
ap p ea rs  a t a re la tiv e ly  low te m p e ra tu re , below  300°C, and  is p re su m ab ly  
co nnec ted  w ith  th e  rem oval of th e  w a te r  m olecules occu rrin g  betw een  th e  in d i
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v id u a l  lay ers . Beside th is  p e a k  tw o  o th e r  en d o th e rm a l peaks can  also  be obser
v e d , one  of th em  a t  a te m p e ra tu re  b e tw een  600— 700°C an d  th e  o th e r  betw een  
800— 900°C, th e y  m a y  be  derived  from  th e  released  O H -groups. T he orig inal 
H E W  s tru c tu re  in d ica tes  O H -groups o n ly  in  th e  o c tah ed ra l sh e e t, a n d  i t  can  
h a r d ly  he  im aginable  t h a t  in  th e  course o f  h e a tin g  th e y  w ould  b e  re leased  in  
tw o  sh a rp ly  sep a ra ted  s tag es . McCo nnell  [1] presum es th a t  th e  en d o th e rm a l 
p e a k  app earin g  b e tw een  800 an d  900°C derives from  th e  h y d ro x il rad ica ls  
ra n g e d  in  th e  te tra h e d ra l sh ee t. A ccord ing  to  his opinion, in  th e  te tra h e d ra l 
s h e e t  —  as well as in  th e  case of th e  h y d ro g a rn e t —  th e  S i0 4 te tra h e d ro n s  are 
r e p la c e d  p a r tly  b y  (O H ) te tra h e d ro n s  or else th e  O H  ions acco m p an ied  b y  A1 
re p la c e  Si ions.

B etw een  th e  H E W  s tru c tu re  an d  th e  ex p erim en ta l d a ta  th e re  appears 
a n  in co n sis ten cy  n o t o n ly  in  th e  m a n n e r  o f w a te r e lim in a tio n , b u t  also in 
r e s p e c t  to  th e  released  q u a n t i ty  o f w a te r . L eav ing  the  iso m o rp h o u s s u b s titu 
t io n s  o u t  o f co n sid e ra tio n , th e  fo rm u la  co rresp o n d in g  to  th e  H E W  s tru c tu re  
is as fo llo w s: Si4O10(O H )2A l2 • n H 20 ,  o r  u sin g  th e  old d u a lis tic  n o ta t io n :  
4 S i0 2 • A120 3-H 20  • n H 20 .  C o nsequen tly , in  th e  c ry s ta l la tt ic e  o f  m on tm oril- 
lo n i te  to  every  4 S i0 2 • A120 3 g roup  th e re  w ould  a p p e rta in  one m olecule of 
s t r u c tu r a l  W ater. H ow ever, accord ing  to  th e  num erous a n a ly tic a l d a ta ,  m ont- 
m o rillo n ite  alw ays c o n ta in s  m ore w a te r  th a n  th a t .

E delman an d  F a v e je e  [11] in  1940 p resen ted  a p ro p o sitio n , w hich in 
th e i r  op in ion  is su itab le  n o t  only  for th e  ex p lan a tio n  of th e  ex p e rim en ta lly  
r e v e a le d  w a te r su rp lus, b u t  from  w hich  th e  ch a rac te ris tic a l physico-chem ical 
p ro p e r t ie s  of the  m in era l m a y  v ir tu a lly  be re a d  off. S u b stan tia lly , th e y  m a in ta in  
th e  H E W  s tru c tu re  a n d  o n ly  a lte r  th e  a rra n g e m e n t of th e  te t r a h e d ra l  sheet 
in  su c h  a Way th a t  th e  p e a k  o f  every  second te tra h e d ro n  does n o t p o in t inw ards, 
to w a rd s  th e  o c tah ed ra l sh e e t, b u t  o u tw ard s , in  an  opposite  d ire c tio n . A t th e  
p e a k s  o f  th e  te tra h e d ro n s  p o in tin g  o u tw a rd s  in s te a d  of 0  th e re  is O H . S im ilarly  
O H  g ro u p s occupy th o se  p eak s  o f th e  A1 o c tah ed ro n s , w hich a re  n o t  com m on 
w ith  th e  Si te tra h e d ro n s . To th e  s tru c tu re  suggested  by  E delm an  a n d  F avejee  
co rre sp o n d s  th e  fo rm u la  A l2[(O H )4Si4Og(O H )2].

A ccording to  th is  co n cep tio n , th e  (001) face is covered b y  a b ro a d  n e t
w o rk  o f  O H  ions b o u n d  to  Si ions w hich e x e r t  a s trong  p o la riz in g  in fluence  on 
w a te r  a n d  o ther p o la r m olecules. T his g ives an  ex p lan a tio n  fo r th e  ad so rp tiv e  
p ro p e r tie s  of m o n tm o rillo n ite . In  th e  o p in io n  o f E delman a n d  F a v ejee  the  
c a t io n  exchange is cau sed  b y  th e  fa c t t h a t  th e  co n figu ra tion  S i(O H ) is such 
as t h a t  o f an  insoluble w eak  acid  capab le  o f  fo rm ing  “ sa lts”  or in  o th e r  w ords 
c a p a b le  o f exchanging  bases  for H  ions. T he defect of th is  v e ry  rem ark ab le  
h y p o th e s is  lies in  th e  fa c t t h a t  i t  p resupposes m ore O H  groups th a n  th e  cation- 
e x c h a n g e  capac ity  o f m o n tm o rillo n ite  re q u ire s . T herefore E delm an  recen tly  
m o d if ie d  th e  orig inal id ea  in  such a w ay  th a t  only ab o u t 2 0%  o f th e  te t r a 
h e d ro n s  p o in t o u tw ard s . I n  th e  op in ion  o f  Grim [12], h o w ever, i t  rem ains
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u n d ec id ed  even in  such  a case, w h e th e r th e  m o d ified  s tru c tu re  will be s u p p o r t
ed  b y  th e  d a ta  o f th e  X -ra y  analysis or no t.

Marshall [7] m en tio n ed  as ea rly  as 1935, th a t  th e  a rra n g e m en t o f  th e  
Si an d  A1 layers in  th e  m o n tm o rillo n ite  on p r in c ip ia l allow s for tw o  isom ers : 
Si A1
A1 a n d  Si. In  recen t tim es  th e re  also ex ist follow ers o f th e  second a lte rn a tiv e .
S i Si

In  1955 F r a nzen , Müller-H esse a n d  Schw iete [13] p re se n te d  a 
new  suggestion  re g a rd in g  th e  s tru c tu re  o f m o n tm o rillo n ite . In  th e ir  op in ion  
th e  sh ee ts  are n o t sy m m e tric a lly  a rran g ed  in  th e  la y e r  ( te tra h e d ra l sh ee t —  
o c ta h e d ra l sheet —  te tra h e d ra l  shee t), b u t  tw o  te tr a h e d ra l  sheets a re  u n ite d  
like th e  a -q u a rtz  an d  on  th ese  lies th e  o c ta h e d ra l sh ee t. T he fo rm u la  co rre 
sp o n d in g  to  th is  a r ra n g e m e n t is as follows : A l2[Si40 9( 0 H )4], th u s  i t  co n ta in s  
fo u r  O H  groups in  c o n tra d ic tio n  to  th e  tw o O H  g roups o f H ofm ann’s fo rm u la  
a n d  th e  six  O H  g roups o f th e  fo rm ula  p rop o sed  b y  E delm an  and  F a v e je e .

R eg ard in g  th e  fa c t th a t  concern ing  th e  s tru c tu re  d e ta iled  d a ta  h a v e  n o t 
y e t  b een  given b y  th e m , in  th e  opinion of H ofmann  [14] i t  can  on ly  be asce r
ta in e d  th a t  th e  b e h a v io u r  o f m on tm o rillo n ite  in  th e  course o f  cau tious desicca
tio n  proves to  be m ore fav o u rab le  to  th e  a ssu m p tio n  o f tw o O H  g ro u p s ; in  
a d d itio n  th e  re su lts  o f th e  F ourier  analysis also fa v o u r  th e  sy m m etrica l a r 
ra n g e m e n t of th e  s ilica te  layers.

T he a n a ly tic a l d a ta  o f th e  orig inal b e n to n ite  sam ples u tilized  in  o u r 
e x p e rim e n ts  are  su m m arized  in  T ab le  I.

T he an a ly tic a l d a ta  re fe r to  a ir-d ry  sam ples. In s te a d  o f 110°C as c u s to m 
a ry  in  silicate ana lyses, -—H 20  w as d e te rm in ed  a t  280 to  300°C, because  
a t  th is  te m p e ra tu re  in  case o f th e  m on tm o rillo n ite  th e  adso rbed  w a te r  can  be 
b e t te r  sep a ra ted  from  th e  w a te r  b o u n d  in  th e  c ry s ta l la ttic e . I t  c an  be seen 
fro m  th e  tab le  t h a t  th e  chem ical com position  o f  th e  b e n to n ite  sam ples show s 
co n siderab le  divergences. T he sam ple of Isten m eze je  an d  especially  th a t  of 
K om lóska  co n ta in  a considerab le  S i0 2 su rp lus.

F ro m  th e  sam e sam ples b y  app ly ing  th e  B uzágh— Szepesi process we 
h av e  p rep a red  N a-m o n tm o rillo n ite s , w hich w ith  th e  ex cep tion  o f th e  sam ple  
from  W yom ing w ere co n v e rted  in to  H -m o n tm o rillo n ites . As th e  d e te rm in a tio n  
o f th e  H 20 , being  in  v a rio u s  bonds, en co u n te red  an a ly tic a l d ifficu lties, w hich 
w ere fu r th e r  increased  b y  som e organic su b stan ces  co n ta in ed  in  th e  sam ples, 
fo llow ing th e  concep tions o f Marshall [7] th e  a n a ly tic a l d a ta  are  in d ic a te d  
a s  co n v e rted  in to  th e  v a lu es  for a su bstance  ig n ite d  a t  1000°C (T able I I ) .

L eav ing  th e  su b s titu tio n s  o u t o f c o n sid e ra tio n , th e  fo rm ula  fo r ideal 
m o n tm o rillo n ite  can  be w ritte n  in  th e  form  Si4Al2O10(O H )2. In  a to ta l ly  d e h y 
d ra te d  s ta te  th is  gives th e  follow ing general fo rm u la  : Si4Al2On . T ak in g  in to  
re g a rd  th a t  in  conn ec tio n  w ith  ig n ited  sam ples som e o f th e  a n a ly tic a l u n c e r
ta in tie s  are  e lim in a ted , th e  an a ly tica l d a ta  o f  th e  ig n ited  sam ples can  be
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Table I

Chemical analyses o f  the original bentonite samples

1
о//о %

3
о//о

4
%

5
%

S i o 2 ....................................... 7 7 ,39 54,96 50,26 61,49 57,23

T iO ,  ..................................... 0 ,03 0,17 0,35 0,12 0,17

a i 20 3 ................................ 9 ,35 18,07 17,21 14,15 19,23

F e 20 3 .................................. 1,01 1,97 2,63 1,62 3,21

F e O  ..................................... 0 ,0 8 0,19 0,16 0,85 0,36

- M g O ..................................... 0 ,76 2,91 4,71 2,95 2,18

M n O ..................................... 0 ,01 0,02 0,00 0,00 0,01

C aO  ..................................... 0 ,57 1,63 2,08 1,87 1,27

N a 20 ..................................... 0 ,21 0,27 0,14 0,25 2,43

k 2o  ..................................... 0 ,8 7 0,51 0,09 0,61 0,39

H .,0  — 300 °C ................. 7 ,2 4 15,34 17,93 11,85 7,86

H 20  +  300 ° c  ............... 2 ,3 6 3,92 4,49 4,05 4,94

P A  ..................................... 0 ,0 4 0,14 0,18 0,07 0,05

C O . , ....................................... 0 ,0 0 0,00 0,00 0,47 0,20

S 0 3 ........................................ 0 ,0 0 0,03 0,01 0,00 0,74

s ............................................... 0 ,0 0 0,50 0,00 0.20 0,00

9 9 ,9 2 % 100,63% 100 ,2 4 % 1 0 0 ,6 5 % 100 ,27%

— о 0,0 0 0,25 0,00 0,10 0,00

9 9 ,9 2 % 100,38% 100 ,24% 1 0 0 ,5 5 % 100,27%

1. K om lóska, M ine G a lle ry  M ária , H u n g ary ,
2. V égardó, bore  hole N o. I l l ,  H u n g a ry ,
3. B u d a té tén y , m ean  o f th e  u p p e r  level, H u n g a ry
4. Istenm ezeje, m ean  of th e  u p p e r  level, H u n g a ry ,
5. N ational S ta n d a rd , W y o m in g , USA.

b e t te r  com pared  in  th em se lv es  as well as w ith  th e  ab o v e-q u o ted  genera l fo r
m u la . T he a n a ly tic a l d a ta  are  in d ica ted  in  T ab le  II .

On the  basis o f  th is  d a ta  i t  could also be asce rta in ed  th a t  from  am ong 
th e  com ponen ts in d ic a te d  in  T ab le  I I  on ly  Si, Al, Fe an d  Mg p a r tic ip a te  in 
th e  s tru c tu re  of th e  m o n tm o rillo n ite  c ry s ta l la tt ic e . A m ong th e  e lem en ts  b u ild 
in g  u p  th e  c ry s ta l la tt ic e , a t  th e  beg inn ing  we also in d ica ted  T i, b u t  la te r  on 
e lim in a te d  it, for in  case i t  w as one of th e  c o n s tru c tin g  e lem en ts, it  o u g h t to  
h a v e  enriched  in  the  p re p a re d  p u re  m o n tm o rillo n ite  sam ple. T he d a ta  figu rin g  
in  T ab le  I  and  I I  show  ju s t  th e  c o n tra ry . E x tra c tin g  th e  d a ta  o f  th e  above- 
in d ic a te d  four elem ent^ fro m  T ab le  I I  an d  expressing  th em  in te rm s  o f 100% , 
th e  values listed  in  T ab le  I I I  are o b ta in ed .
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Table II

Chemical analyses o f  the p u r ifie d  sam ples ( montmorillonites)  

The numeration o f the sam ples is the sam e as in  Table I

1
%

2
°/o

3
0/
/0

4
°/o

5

7 .

S i0 2 ..................................... 68,86 68,61 68,08 68,69 65,89

a i 20 3 ................................ 25,56 24,85 23,04 22,66 23,99

FC2O3 ................................. 2,13 2,76 3,78 3,26 4,10

M g O ................................ 2,81 3,40 4,96 4,98 2,66

CaO ................................... 0,62 0,50 0,08 0,59 0,24

N a 20 ................................... 0,39 0,13 0,10 0,19 3,09

К Д ) ................................... 0,09 0,08 0,01 0,08 0,08

T i 0 2 ................................... 0,13 0,15 0,21 0,06 0,13

100,59% 100,48% 100,26% 100,51% 100,18%

Table III

The num eration  o f  the samples is the same as in  Tables I  and I I

1
7o

2
"7.

3
7 0

4
7o

5
7o

S i0 2 ...................................... 69,30 68,87 68,18 68,97 68,18

A120 3 .............................. 25,72 24,94 23,07 22,75 24,82

F e 20 3 ................................. 2,14 2,77 3,78 3,27 4,24

MgO ................................ 2,83 3,41 4,97 5,00 2,75

99,99% 99,99% 100,00% 99,99% 99,99%

R educing, o n  basis o f T ab le  I I I ,  th e  e x p e rim en ta lly  d e tec ted  F e 2 0 3  a n d  
M gO in to  equivalent A12 0 3  and  ad d in g  th e  values in  th is  Way o b ta in e d  to  th e  
ex p e rim en ta lly  o b ta in e d  A12 0 3  v a lu es , an d  w ork ing  o u t th e  fo rm ula Si4 A l2 O u  
fro m  th e  d a ta  th u s  o b ta in ed , th e  follow ing re su lts  w ere ob ta ined  :

1. K om lóska , Mine G allery  M ária
2. V égardó, bo re  hole No. I l l
3. B u d a té té n y , u p p er level
4. Is ten m eze je , up p er level
5. N a t. S ta n d ., W yom ing, U. S. A.

Si4 00^2,00^11
99-^2,02^11 

S*3,9; A l2 ojO ji

® * 4 ,0 1 ^ Л , 9 9 ^ 1 1

S Í 3 9 7 A I .2 0 4 O U

These fo rm ulae  ta lly  excellen tly  w ith  th e  th e o re tic a l form ula SÍ4  0 0 A l2  0 0 O 11. 
T h e  concordance W ould be considered  as being  exceed ing ly  sa tis fa c to ry  w hen  
b ea rin g  in  m ind  t h a t  th e re  were tw o  occasions to  com m it errors, v iz . in  th e
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co u rse  of the  p re p a ra t io n  o f the  sam ples a n d  d u rin g  th e  chem ical an a ly sis  
i tse lf .

F ro m  th e  a b o v e -in d ic a ted  resu lts o f  th e  analyses some in te re s tin g  con
c lusions m ay he d e r iv e d  :

In  th e  te t r a h e d ra l  sh e e t Si4+ can n o t be  s u b s titu te d  n e ith e r  b y  Al3+, no r 
b y  A1 -)- OH, th e  S i- te tra h e d ro n s  can n o t be  rep laced  by  O H  g ro u p s, e ither. 
I f  Si were su b s titu te d  e i th e r  b y  Al, or b y  O H  g ro u p s, th en  in acco rd an ce  w ith  
th e  degree of s u b s t i tu t io n  th e  m ateria l sh o u ld  co n ta in  less Si, co n seq u en tly  
th e  in d ex  of Si shou ld  also  be less th a n  4 ,00  in  th e  form ula c o m p u ted  from  th e  
a n a ly tic a l  d a ta .

The ex p e rim e n ta lly  de te rm ined  Mg2i_ a n d  F e 3+ was added  to  th e  ex p eri
m e n ta lly  d e te rm in ed  A l 3  f a f te r  the  la t te r  w as co n v erted  in to  equivalent A l3+. 
I r re sp e c tiv e  of th e  co m p o s itio n  of the m a te r ia l  o r o f the  degree o f su b s ti tu tio n , 
th e  A l indices c o m p u te d  f ro m  the Al values th u s  o b ta in ed  show ed a n  excellen t 
conco rdance  and  in  case  o f  every  sam ple su p p lie d  a value of 2,00. T h is , how ever, 
is o n ly  possible in  th e  case  if  in the  o c ta h e d ra l  sheet no t 1 a to m  A l 3  b is re 
p la c e d  by  1 a tom  Mg2  + , b u t  2 atom s A l3+ a re  su b s ti tu te d  by  3 a to m s Mg2+. 
I n  o th e r  words th e  s u b s t i tu t io n  is s to ich io m e tric . I f  th e  a ssu m p ta tio n , acco rd 
in g  to  w hich th e  la t t ic e  s tru c tu re  of m o n tm o rillo n ite  is id en tica l to  th a t  of 
p y ro p h y llite , p roves to  be tru e , th en  it  m a y  be  assum ed  th a t  th e  h y d ra rg illite  
la y e rs  are m ixed w ith  b ru c ite  layers. T h e  id e a  of m ixed h y d ra rg illite  an d  
b ru c ite  layers —  as an  a lte rn a tiv e  p o ss ib ility  —  was also p ro p o u n d e d  b y  
Marshall  [7].

T he la ttice  s t r u c tu r e  of m o n tm o rillo n ite  is com pensated , th e re  is no 
c h a rg e  surplus in  i t  e n g en d e red  by  s u b s titu tio n . C onsequently , th e  u n iv e rsa lly  
a c c e p te d  suppo sitio n , acco rd in g  to  w hich c a tio n  exchange is cau sed  b y  th e  
c h a rg e  surplus p ro d u c e d  b y  the  fact th a t  in  th e  te tra h e d ra l shee t 1 a to m  Si4+ 
is  su b s ti tu te d  by  1 a to m  A l3+ and  in  th e  o c ta h e d ra l sheet 1 a to m  A l3+ b y  1 
a to m  Mg2+, m ust be co n sid e red  to  be in c o rre c t. I f  th e  cause o f ca tio n  exchange 
la y  in  th e  su b s titu tio n  ta k in g  place in  th e  la t t ic e ,  th en  th e  ca tio n -ex ch an g e  
c a p a c ity  would e x a c tly  b e  determ ined  b y  th e  degree of th e  s u b s titu tio n . The 
ca tio n -ex ch an g e  c a p a c ity  o f  the  m o n tm o rillo n ite  of Istenm ezeje  o u g h t to  be 
n e a r ly  tw ice as m u c h  as  th a t  o f the  m o n tm o rillo n ite  of K om lóska  a n d  th e  
ep o n y m o u s clay m in e ra l, com ing from  M o n tm o rillo n , w ould show  th is  m ost 
c h a ra c te r is tic  fe a tu re  o f  th e  m on tm orillon ites o n ly  in  an  in s ig n ifican t degree, 
as i ts  M g-contents lies be low  0,3%  [17]. H o w ev e r, th e  o b se rv a tio n s  prove 
th is  s ta te m e n t to  b e  w ro n g .

Ca is alw ays in  a n  exchangeable p o s itio n , th u s  i t  does n o t p a r tic ip a te  
in  th e  s tru c tu re  o f th e  m on tm orillon ite  c ry s ta l  la ttic e . The d a ta  in d ic a te d  in  
T a b le  I I  show th a t  th e  c a t io n  exchange co u ld  n o t  be perfec tly  e ffec ted . E v e ry  
sam p le  contains som e C a, N a  and  К . К  is p re su m a b ly  in  a n o n -ex ch an g eab le  
p o s itio n  and issues f ro m  th e  sm all q u a n ti ty  o f  illite  le ft over in  th e  com pound
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or fro m  som e o th e r co n tam in a tio n . T h e re  is no d o u b t, how ever, t h a t  N a is 
in  an  exchangeab le  p o sitio n , and  ca n  th e re fo re , be considered as a m easu re  
o f th e  degree to  w hich  we succeeded in  su b s itu tin g  cations b y  h y d ro g e n . I f  
w ith  th e  excep tion  o f  th e  N a -m o n tm o rillo n ite  from  W yom ing th e  a n a ly tic a l 
d a ta  a re  a rranged  in  th e  o rder o f in c rea s in g  N a20  values, we f in d  t h a t  th e  
q u a n t i ty  o f CaO p ara lle lly  increases w ith  th a t  o f N a 2 0 .  W hen th e  v a lu e  o f  e ith e r  
o f th e se  reaches its  low est level, th e n  th e  v a lu e  o f  th e  o th e r is a t  its  m in im u m , 
to o  ; on  th e  o th e r h a n d  th e  m ax im um  N a 20  v alue  goes para lle l w ith  th e  m a x i
m u m  CaO value. In  o th e r  w ords w here c a tio n  exchange tu rn s  o u t b e t te r ,  th e re  
we f in d  less Ca an d  inverse ly .

I n  com paring  th e  d a ta  figu ring  in  T ab les I  a n d  I I  we fin d  th a t  th e  g re a te s t  
q u a n t i ty  o f CaO (2,08% ) w as found  in  th e  b e n to n ite  sam ple o f B u d a té té n y , 
n ev erth e less  from  th is  sam ple we o b ta in e d  m o n tm o rillo n ite  c o n ta in in g  th e  
le a s t q u a n t i ty  (0,08) o f CaO, on th e  o th e r  h a n d  th e  sam ple o f K o m ló sk a , co n 
ta in in g  th e  least q u a n t i ty  (0,57% ) o f  CaO fu rn ish ed  m o n tm o rillo n ite  w ith  
a m a x im u m  CaO c o n te n t (0,67% ).

As a th ird  an d  fav o u rab le  p ro o f o f  th e  su p p o sitio n , accord ing  to  w hich  
Ca is a lw ays in  an  exchangeab le  p o s itio n , we m ay  m en tion  th e  e x p e rim e n ta l 
fa c t t h a t  from  th e  b e n to n ite  of Is te n m e z e je  we also p roduced  a m o n tm o rillo 
n ite  co n ta in in g  n o t 0,59% , b u t only  0,18%  Ca. A fte r  all, th e  q u a n t i ty  o f Ca 
v a r ie d  pend in g  on th e  c ircum stances o f  th e  ex p erim en ts , w hich is possib le  
on ly  in  case Ca is n o t b u ilt  in to  th e  c ry s ta l  la ttic e . N a tu ra lly , one o f  th e  p re re 
q u is ite s  consists in  th e  fa c t th a t  th e  c ircu m stan ces  o f  th e  ex p erim en ts  m u s t  be 
su ch  t h a t  th e y  do n o t d e s tro y  the  c ry s ta l  la ttic e .

A g a in s t th e  ex p erim en ta l p a r t  o f  o u r w ork  an  ob jec tion  can  be  ra ised  
th a t  th e  chem icals app lied  in  p re p a rin g  th e  sam ples have b ro k en  u p  th e  
c ry s ta l  la ttic e  and  th u s  th e  m a te ria l a n a ly se d  w as n o t a m o n tm o rillo n ite  b u t  
som e su b stan ce  of a n  u n know n  c ry s ta l s tru c tu re . H ow ever, th e  D T A  an a ly ses  
su p p lied  qu ite  reg u la r m o n tm o rillo n ite  cu rves, a t  th e  w orst som e Ca re m a in e d  
in  th e  m o n tm o rillo n ite  an d  ap p ea red  in  th e  f i r s t  en d o th e rm a l p e a k . T he 
rheo lo g ica l p ro p erties  o f  th e  sam ples (v iscosity , th ix o tro p y ) have  also  show n 
v a lu es , th a t  were c h a ra c te ris tic  of m o n tm o rillo n ite . Besides, it  can  h a rd ly  be 
im ag in ed  th a t  exceed ing ly  d ifferen t b a s ic  m a tte rs  shou ld  b rin g  a b o u t d is in te 
g ra tio n  p ro d u c ts  o f su ch  a un ifo rm  ch em ica l com position , as su p p lied  b y  th e  
ch em ica l analyses.

O th e r  research  w orkers were also  engaged  in  p u rify in g  m o n tm o rillo n ite . 
E a r l e y , Osthaus a n d  Milne  [2] t r e a te d  b en to n ite s  w ith  N a -a c e ta te  o r  N aCl 
an d  se p a ra te d  th e  N a-m o n tm o rillo n ite s  th u s  p ro d u ced  b y  cen tr ifu g in g  th e m  
o f c o n ta m in a tio n s . H ow ever, th e  co m p o u n d s o b ta in e d  d id  no t p rove  to  be  p u re  
enough .

Margaret D . F oster [15] d isso lv ed  th e  free S i0 2  and  A12 0 3  b y  0,5 N  
N aO H . T he q u a n tity  o f  S i0 2  and  A12 0 3, d isso lved  a t  th e  sam e tim e  fro m  th e
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la t t ic e ,  Was d e te rm in ed  b y  ca lcu la tion , an d  th e  an a ly tica l re su lts  co rrec ted , 
acco rd in g ly . M. D. F o s t e r  [16] in  an o th e r o f  h e r  excellen t p ap ers  p u b lish ed  
th e  re su lts  o f th e  an a ly ses  o f  tw elve m o n tm o rillo n ite  sam ples, p u rified  in  th is  
w a y  [T able  2, p . 997 .]. R em ov ing  from  am o n g  th e  an a ly tica l re su lts  th e  Si, 
A l, F e an d  Mg v a lu es , th e y  w ere rereckoned  to  1 0 0% , th e n  the  MgO an d  F e 2 0 3  

c o n v e rte d  in to  equiva len t A12 0 3  and  ad d ed  to  th e  ex p erim en ta lly  o b ta in ed  
A12 0 3  values. F ro m  th e  v a lu es  in  th is  w ay  o b ta in e d  we have co m p u ted  the  
in d ice s  o f Si and  Al a n d  h a v e  th e  follow ing re su lts  :

1 . A m aragosa  V a lley , Calif. Si 1,01 A ll.9 4
2 . G reenw ood, M aine Sie^Alg,!!
3. F o rt S teel, W yo . Sl4  0 6 A14  9 2

4. Belle F o u rc h e , S. D . Sis,9o AI2 . 1 1

5. U p ton , W yo. Sie^A la ói
6 . T a ta tila , M ex. SÍ4  07-Ali 9 1

7. N ied er-B ay ern S'lOl AI1 9 S
8 . R ideou t, U ta h Si4 .0 5 A l1 . 9 4

9. San A n to n io , T ex . Si AlOI4 03Л11 96
1 0 . S an ta  R ossa , М ех. SÍ3  9lAl2,08
1 1 . B urns, M iss. Si AlО14,07л11.91
1 2 . A berdeen , M iss. Si Al013,92л12,11

M ean value : Si AlО13,998л12,003

As can be seen, th e  va lu es  o b ta in ed  a n d  espec ia lly  th e  m ean  v a lu e  com e 
close to  the th e o re tic a l v a lu e  of Si4 0 0 Al200. In  co n trad ic tio n  to  F o s t e r  

th e  o b jec tion  m ay  be  ra ise d  th a t  th e  c o rrec tio n  ca lcu la tion  em ployed  b y  h er 
is  o n ly  correct if  Si o r  A l a re  in  excess ; i f  b o th  e lem en ts  are  s im u ltan eo u sly  
in  a free s ta te  beside  m o n tm o rillo n ite , th e n  th e  co m p u ta tio n  c a n n o t fu rn ish  
a c c u ra te  values. I t  is also  conceivable th a t  b esid e  m on tm o rillo n ite  free F e 2 0 3  

a n d  som e clay m in e ra l co n tam in a tio n s , w hich  a re  n o t soluble in  N aO H , are  a l
so p re se n t. This is p ro b a b ly  th e  cause o f th e  m ore  o r less considerab le  d iv e r
gences betw een  som e o f  th e  values and  th e  th e o re tic a l value.

R o ss and H e n d r i c k s  [9] pub lish  in  th e ir  m onum en ta l s tu d y  th e  
an a ly se s  o f 54 sam p les  a p p e rta in in g  to  th e  m o n tm o rillo n ite -b e id e llite  series 
[T a b le  1, p. 34]. F ro m  th e  f i r s t  tw elve sam ples we h av e  com p u ted  th e  Si an d  
Al ind ices in th e  a b o v e -o u tlin e d  m anner. Som e o f th e  sam ples w ere in d en tica l 
to  th e  sam ples u sed  b y  F o s t e r . All sam ples w ere in  th e ir  n a tu ra l s ta te .

1 . S an ta  C ruz, N . M ex. SÍ4  0 6  A ll 91
2 . Cilly, S ty r ia SÍ4 .9 5 AI1  9 3

3. A m aragosa V alley , Calif. Si Alа14,04л11 94
4. T ehachp i, Calif. SÍ4  05 A ll,94
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5. D ixon , N . Mex. S’4,03^1,96
6. T a ta ti la , Mex. S!3.99^2,01
7. M aricopa, Calif. *̂*4,00̂ 2̂,00
8. Conejos q u ad ran g le , Colo. ^*4,00^^2,00
9. San Diego C ounty , Calif. S>*4,0 4 ^ 1 , 9 5

10. N ied er-B ay ern , G erm any ^*3,97^2,03
11. N ear R id eo u t, U ta h ^*3,98^^2,03
12. A rdm ore, S. D ak . S * 3 , 9 7 ^ 2 , 0 7

M ean value : S*4,015^1l 9?g

As can be seen, th e  values o f n o n -tre a te d  n a tu ra l  sam ples can  com e close 
to  th e  th e o re tic a l va lues an d  in d isp u ta b ly  ju s t ify  th e  su p p o sition  th a t  in  th e  
te tra h e d ra l  shee t Si is n o t s u b s ti tu te d  b y  a n y th in g , w hilst in  th e  o c ta h e d ra l 
sh ee t th e  su b s titu tio n  is s to ich iom etric .
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C H E M ISC H E  ZU SA M M EN SETZU N G  D E S  M O N T M O R IL L O N IT S

G . C S A J Á G H Y , M . E M S Z T  u n d  K .  S Z E P E S I  

Zusam m enfassung

A us B en to n iten  v e rsch ied en e r H e rk u n ft u n d  Z u sam m ensetzung  w urden  m it dem  B u z ág h — 
Szepesi’schen V erfahren  re in e  M o n tm o rillo n itp räp ara te  h e rg este llt. Bei de r A u sw ertu n g  de r bei 
d e r  A n a ly se  dieser P rä p a ra te  e rz ie lten  E rgebnisse  k o n n te n  folgende Schlüsse gezogen w erden :

1. I n  de r T e trae d e rsch ic h t w ird  Si4+ w eder d u rc h  A l3+ , noch d u rc h  O H -G ru p p en  su b 
s t i tu ie r t .

2. I n  de r O k taed ersch ich t w ird  n ic h t ein A to m  A l3” d u rc h  ein A tom  Mg2 , so n d ern  zwei 
A to m e A l3+ d u rc h  d re i A tom e M g2” su b s titu ie r t ,  d ie  S u b s titu tio n  is t also stöch iom etrisch . 
E s k a n n  angenom m en w erden , d a ß  das G itte r  gem isch te  H y d ra rg illit-B ru c itsch ich ten  e n th ä lt.

3. D as K ris ta llg itte r  des M ontm orillon its i s t  ausgeg lichen , d u rch  S u b s titu tio n  h e rv o r
g e ru fen e  Ü b ersch u ß lad u n g  is t  d a r in  n ich t v o rh an d en . D em zufolge k a n n  d ie K a tio n a u stau sch 
fä h ig k e it n ich t d u rch  jen e  Ü bersch u ß lad u n g  v e ru rsac h t w erden , die d ad u rch  e n ts te h t, d aß  in 
d e r T e traed e rsch ich t Si4 d u rc h  A l3’ u n d  in  der O k taed ersch ich t Al3” d u rc h  M g2" su b s titu ie r t 
w ird .

4. Ca is t s te ts  in  e in e r a u s tau sch b a ren  P o s itio n , n im m t also am  B au des M ontm orillo- 
n i t-K r is ta l lg i t te r s  n ic h t te il.

ХИМИЧЕСКИЙ СОСТАВ МОНТМОРИЛЛОНИТА
Г .  Ч А Я Г И ,  М . Э М С Т  и  К .  С Е П Е Ш И

Р е з ю м е

Применением способа Бузаг— Сепеши из бентонитов различного происхождения 
и состава были приготовлены чистые монтмориллонитовые соединения. На основании 
интерпретации полученных при их анализе результатов можно сделать следующие вы
воды :

1. Si4+ в тетраэдровом слое не замещается ни А13+, ни ОН-группами.
2. В октаэдровом слое не один атом А13+ замещен одним атомом Mg2+ , а два атома 

А13+ замещены тремя атомами Mg2+, таким образом замещение является стойхиометри- 
ческим. Предполагается, что в решетке располагаются смешанные гидраргиллито-бруци- 
товые слои.

3. Кристаллическая решетка монтмориллонита компенсирована, в ней нет избытка 
заряжения, вызванного замещением. Следовательно мощность катионного обмена не 
может представлять собой следствие избытка заряжения, вызванного тем обстоятельством, 
что в тетраэдровом слое один атом Si4+ замещен одним атомом А13+ и в октаэдровом 
слое один атом А13+ замещен одним атомом Mg2+.

4. Са всегда находится в изменяемом положении, таким образом он не участвует 
в строении кристаллической решетки монтмориллонита.



ÜBER HYDROPARAGONIT, EIN NEUES GLIMMER
MINERAL, SOWIE ÜBER SEINE BEZIEHUNGEN 

ZUM HYDROMUSKOYIT, NATRONILLIT 
UND BRAMMALLIT

Von

J .  E r d é l y i, V. K oblencz und Y. Tolnay

AUS D E R  UNG A RISCH EN  GEOLOGISCHEN ANSTALT 

(E ingegangen  am  6. M ai 1957.)

1. Das Tonmineral von Nagybörzsöny ist ein, dem Muskovit nahestehender Hydro - 
muskovit, dessen spezielle Konstitutionsformel auf Grund der Analyse I.

00 (^0-70 ̂ a0-05 ^  AJl76 ^'e0*06 ^ e0-I0 Mg0.08)(6] [(Si3.u  A10 89)[41 0 9.83] (OH)2.17
ist.

2. Dieser Hydromuskovit und der von ihm begleitete Erzgang sind mesothermalen Ur
sprungs. Der Hydromuskovit von Nagybörzsöny steht dem Muskovit näher, als das Vorkommen 
von Ogofau, welches epithermalen Ursprungs ist [9].

3. Im Hydromuskovit tritt der OH — Überschuß an die Stelle der O-Ionen der Tetraeder
schicht, und nimmt die Zahl der Alkalimetallionen ah. Die Zahl der O-Ionen der Tetrae
derschicht nimmt mit soviel ab, als sich die Äquivalentenzahl der HO-Ionen erhöht.

So ist die allgemeine Strukturformel des Hydromuskovits folgende :

Д  (K,Na,Ca)fL2’ (Al, F e ;"  Fe-; Mg) Dl [(Si4_ y AIy)Dl O10_ m] (OH)2 + m

Es wäre durch weitere Untersuchungen, und genaue Analysen festzustellen, ob der Zusammen
hang n =  m  besteht, der bei dem Hydroparagonit von Fenestrella deutlich nachweisbar ist.

4. Auf Grund des Vergleichs unserer Untersuchungsergebnisse, sowie der Untersuchungs
daten anderer Autoren konnte das Bestehen eines neuen Glimmerminerals, des Hydroparagonits 
zweifellos festgestellt werden.

5. Das unter dem Namen Brammallit beschriebene Mineral ist nicht als Natronillit 
sondern als Hydroparagonit anzusprechen. Das Bestehen des Natronillits scheint nicht bewiesen 
zu sein.

E s is t se it lan g em  b e k a n n t, d a ß  d u rch  h y d ro th e rm a le  V o rg än g e  e n t 
s ta n d e n e  T onm inera le  o ftm als E rzg än g e  um geben  [1]. D as in  d en  V e rä n d e 
ru n g sh ö fen  vo rkom m ende, w eiß farb ige, g lim m erartig e  M ineral b e sc h re ib e n  
die A u to ren  m eist als S eriz it, ohne d aß  seine M in era la rt genau  b e s tim m t w ü rd e . 
M it dem  N am en S erizit p fleg t m an  in  e rs te r  L inie den  fe inkörn igen  M u sk o v it, 
d a n n  auch  den N a tro n m u sk o v it u n d  den  g rö ß ten  Teil d e r H y d ro g lim m e r zu 
bezeichnen , w enn keine n äh e re r A n g ab en  ü b er sie zu r V erfügung s te h e n .

D er N am e S erizit is t —  nach  F . A. B a n n i s t e r  [2] —  fü r je d e n  fe in k ö rn i
gen  G lim m er geb räuch lich , ü b e r d en  keine gen au en  op tischen  u n d  rö n tg e n o 
g rap h isch en  D a ten  zu r V erfügung  s te h e n , und  der, a u f  G rund  seiner ch em isch en  
Z u sam m en se tzu n g  P a ra g o n it, M uskov it, H y d ro m u sk o v it, oder I l i i t  (auch  
N a tro n illit  —  B ram m allit)  sein k a n n . Im  B esitze genauer D a ten  is t  a b e r  der 
N am e S erizit n ich t m eh r zulässig. D u rch  seine K orn g rö ß e  is t der H y d ro m u sk o -

5*
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v i t  v o m  Iliit leicht zu  u n te rsc h e id e n , da d e r U n te rsch ied  zw ischen beiden  bei 
u n g e fä h r  50facher V e rg rö ß e ru n g  augenschein lich  is t.

A n laß  uns m it d e r  S e riz it-F rag e  zu b e fa ssen , gab  die U n te rsu ch u n g  des 
T o n m in e ra ls  von N a g y b ö rz sö n y  (K o m ita t N ó g rád  in  U ngarn).

D ie A utoren, die s ich  m it den E rzg än g en  v o n  N agybörzsöny  b esch äftig 
te n ,  w ie  : G. Pantó [3, 4] G . K isvarsányi u n d  M. H errmann [5], F . P app 
[7 ] , S . K och und  Gy . G r a sselly  [8 ], b e tra c h te n  das T o n m in era l im  allge
m e in e n  als K aolin , b e sc h ä f tig e n  sich aber n ic h t  e ingehender m it ihm  u n d  
z ie h e n  auch  keine g e n e tisc h e n  Fo lgerungen  au s d er »K aolin isierung« . K . 
S ztro k ay  [6 ] lä ß t d iese F ra g e  in  seiner A rb e it  u n b e rü h rt.

O berflächlich  b e t r a c h te t  e rinnert d as  T o n m in e ra l von  N ag y b ö rzsö n y  
a n  K a o lin , beziehungsw eise an  Serizit. B ei s tä rk e re r  (m indestens 50facher) 
V e rg rö ß e ru n g  ist ab e r g u t  ersich tlich , d aß  es sich  um  eine aus w eißen, oder 
g e lb lic h e n , se id en g län zen d en , weichen G lim m ersch ü p p ch en  m it ta lk a r tig e m  
G r if f  bestehende M asse h a n d e lt ,  deren E ig e n sc h a fte n  m it je n e n  des aus 
O g o fa u  beschriebenen  H y d ro m u sk o v its  n a h e  ü b e re in s tim m en  [9]. Im  G egen
s a tz  z u  dem  aus O gofau  s ta m m e n d e n  e p ith e rm a le n  G lim m erm inera l is t ab e r 
d e r  H y d ro m u sk o v it v o n  N agybörzsöny  v o rh e rrsc h e n d  m eso th e rm alen  U r
s p ru n g s , da in  N ag y b ö rz sö n y  die v e rä n d e rte  Zone m äch tig  u n d  k rä f tig  is t. 
(S ieh e  : A. M. B ateman [10].) N ach der A n sich t v o n  W . N oll [11] und R. L. 
F o l k  [12] konn te  sich  H y d ro m u sk o v it n u r  be i e inem  T e m p e ra tu r in te rv a ll 
v o n  200— 525° geb ild e t h a b e n . Dieses T e m p e ra tu r in te rv a ll  w ird  d u rch  A. M. 
B a t e m a n n s  F e s ts te llu n g e n  v e ren g ert [10]. D e r  aus O gofau von  C a rm a rth e n 
s h ire  in  E ng land  von  A . B rammall und M ita rb e ite rn  [9] besch riebene H y d ro 
m u s k o v i t  is t ohne Z w eifel ep ith erm alen  U rsp ru n g s , da  die v e rä n d e rte  Zone 
s c h m a l  erschein t. (A. M. B atem an  [10].) A u ffa llen d  is t die Ä h n lichke it b e id e n  
V o rk o m m e n  N a g y b ö rz sö n y  u n d  Ogofau a u c h  d a ru m , weil die beg le iten d en  
M in e ra le  in  beiden F ä lle n  go ld füh render P y r i t  u n d  A rsen o p y rit sind .

A . B rammall u n d  M ita rb e ite r  [9] c h a ra k te ris ie re n  den  aus O gofau 
in  E n g la n d  besch riebenen  H y d ro m u sk o v it a ls e in  weiches, w eißes, g lim m er
a r t ig e s  M aterial. Seine a n a ly tisch -ch em isch en  D a te n  [9] s teh en  je n e n  des 
H y d ro m u sk o v its  von  N a g y b ö rz sö n y  nahe . A us d e r B erechnung  d er A naly sen 
e rg e b n is se , des sp ez ifisch en  G ew ichts u n d  d e r  D a te n  der E inheitsze lle  is t —  
n a c h  B rammal —  n a c h w e isb a r , daß die A n z a h l d e r О, O H  u n d  F -R ad ik a le  
in  d e n  M uskoviten  v o n  d e r  A nzahl der O H -R a d ik a le  u n ab h än g ig , ru n d  48 
b e t r ä g t .  Dies is t ein  b e s tä n d ig e r , fü r den M u sk o v it c h a ra k te ris tisch e r W ert. 
I s t  k e in  F  vo rh an d en , k ö n n e n  sich nur O, u n d  O H  gegenseitig  w echseln. D arau s 
f o lg t  —  nach  B rammall — , daß  das M in era l ü b e r 105° flüch tig es  W asser 
w e d e r  m echanisch  g e b u n d e n , noch an d er K ris ta llo b e rfläch e  a d so rb ie rt e n t 
h ä l t .

N ach  B rammall u n d  M itarbeiter [9] w e ich t der H y d ro m u sk o v it vom  
id e a le n  M uskovit in  fo lg en d em  ab :
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d er a u f  die O H -G ruppen  en tfa llen d e  A nteil is t hoch ,
die Sum m e der a n s ta t t  K 4  sich beteiligenden  a lka lischen  M etalle is t

gering ,
die a n s ta t t  Alg a u f tre te n d e  A tom sum m e is t n ied rig .
Zw ecks p räziser D efin itio n  des H y d ro g lim m ers  g ab  B rammall [9] 

d ie  G e s ta ltu n g  der (O H ) 8 K 4 Al8 -G ruppe , wie fo lg t an  :

(O H )gK 4 Al8-> (O H ) 8 4  mK , „AIH_ p

A. K . Gang uly  [13] (1951), sowie G. B rown u n d  K . N orrish  [14] (1952) 
v e rsu ch en  gleichzeitig , jed o ch  u n a b h ä n g ig  v o n e in an d er den  hohen  W asser- 
u n d  n ied rig en  K -G ehalt m it d e r A ufnahm e von  H 3 0 -Io n e n  zu  e rk lä ren  u n d  
sch re ib en  fü r  den H y d ro m u sk o v it fo lgende chem ische F o rm el :

(Ca, N a, K , H 3 0 ) 2  (Al, T i, Mg, Fe) 4 (Si, Al)80  2 0 (O H ) 4

W ir e rw ä h n te n  schon, d aß  auch  die Illite  zu r G ruppe  d e r H y d ro m u sk o v ite  
gehören , ab e r vom  eigen tlichen  H y d ro m u sk o v it beim  e rs te n  B e tra c h te n  d u rc h  
ih re  K o rn g rö ß e , die b e k an tlich  im m er in n erh a lb  ko llo d ia le r G renzen  b le ib t, 
abw eichen . Chem isch s teh en  sie dem  P y ro p h y llit n ä h e r als d e r  H y d ro m u sk o v it 
u n d  es is t  b e k a n n t, d aß  es vom  le tz te re n  bis zu den  e c h te n  G lim m ern  alle 
Ü b erg än g e  g ib t [15].

D rei P ro b en  des T on m in era ls , von drei versch iedenen  S tellen  des E r b 
sto llens von  N agybörzsöny  en tn o m m en , undzw ar aus d en  G an g sch n itten  
N o. 1533, 1589 und  1620, w u rd en  du rch  V. T olnay  a n a ly tisc h  u n te rs u c h t. 
D iese P ro b en  w aren  m it der H a n d lu p e  b e tra c h te t  äu ß erlich  versch ieden  :

Probe I .:  gelblichiveißes, seh r fe inkörn iges, an  K ao lin  e rin n ern d es M a te 
ria l, in  w elches K a lz itk ris ta lle  von  m ikroskopisch  u n a u sp rä p a rie rb a re n  A u s
m aß en  e ingesp reng t sind.

D ie Schüppchen  des T onm in era ls  h a ften  an  den  K a lz itk ris tä llc h e n , d ie 
selben  b edeckend . D ieser B efund  bez ieh t sich auch  a u f  d ie  beiden  a n d e ren  
P ro b en .

Bei d er Probe I I  is t die K orn g rö ß e  viel b e d e u te n d e r. Schon m it d e r 
H a n d lu p e  k a n n  m an se ideng länzende feinkörn ige G lim m erh au fen  fe s ts te llen , 
in  w elche w inzige P y rit-  u n d  A rsen o p y rit-K ris ta lle  e in g e b e tte t sind .

D ie Probe I I I  is t, m it b loßen  A ugen b e tra c h te t , ebenfa lls eine, aus flok- 
k igen , se ideng länzenden  S chüppchen  b estehende M asse, von  v o llkom m en  
se riz ita r tig e m  Ä ußeren. Bei s tä rk e re r  V ergrößerung  iverden  d a rin  z e rs tre u te  
K a lz it-  u n d  P y ritk ris ta lle  s ic h tb a r .

Alle dre i P roben  sind  d u rch  ein aus feinen, se iden g län zen d en , h a a r 
fö rm igen  K ris ta llfäd en  besteh en d es b o rha ltiges M ineral —  nach  A. K och’s 
b rie flich e r M itte ilung  (Szeged) T u rm alin  —  v e ru n re in ig t.
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Angaben der neuen Analysen

I.
°/o

II.
°/o

III.
°/o

S i 0 2 .................................................... 44,90 42,39 42,12
Т Ю 2 ................................................. 1,21 1,28 0,84
a i 20 3 ............................................... 32,46 30,02 29,27
Fe20 3 ....................................... 1Д2 5,52 1,88
FeO ........................................ 1,68 1,06 0,67
MnO ........................................ 0,05 0,04 0,10
CaO ........................................ 2,65 2,42 6,72
MgO ......................................... 0,83 1,10 0,72
k , o  .................................................... 7,88 7,35 7,15
N a 2ö ................................................. 0,36 0,46 0,22
H 20 - ........................................ 0,52 0,25 0,45
H 20 ‘ ................................................. 4,70 4,88 4,60
c o 2 .................................................... 1,81 0,97 4,56
P - A  ................................................. 0,22 0,35 0,38
s ........................................................... — 3,89 —

— о .................................................... — 1,95 —

100,39 100,12 99,68

D ie sp ek tro sk o p isch e  U n te rsu ch u n g  e rgab  fo lgendes R e su lta t : 
keine P robe  e n th ä l t  Co, N i, Cr. E s w aren  n ach w e isb a r : 
in  P robe I  P b  : s ta rk e  S pur, В, B a , У  S pur, Cu u n d  Sn n ic h t vo rh an d en : 
in  P robe I I  As s ta r k  (Z ehntel % ), В s ta rk e  S pur, V, Cu, Sn S pur, Pb 

sch w ach e  S pur, B a n ic h t v o rh a n d e n  :
in  P robe I I I  As s ta rk ,  B , Sn S p u r, Y , Cu schw ache S pur, P b , B a n ich t 

v o rh a n d e n .
D a ferner je d e  P ro b e  das B o rm in era l, K a lz it u n d  A p a ti t  in  geringer 

M enge, P robe I I  a u ß e rd e m  au ch  P y r it  u n d  A rsen o p y rit, P ro b e  I I I  aber A rseno- 
p y r i t  e n th ä lt , so m ü ssen  w ir  von  den  D a te n  der A nalyse in  A bzug  b ringen  : 
d a s  P 2 0 5  m it e n tsp re c h e n d em  CaO in  F o rm  v o n  A p a tit, das C 0 2  m it der e n t 
sp rech en d en  Menge CaO a u f  K a lz it b e rech n e t, aus P robe  I I  den  Schw efel m it 
e in e m  Teil des F e 2 0 3  in  F o rm  von  P y r i t  (B ezüglich  P ro b e  I I I  siehe w eiter 
u n te n ) .  D er T i0 2-G eh a lt r ü h r t  aller W a h rsch e in lich k e it n a c h  auch  h ier, wie 
d ie s  b e im  H y d ro m u sk o v it v o n  O gofau fe s tg e s te llt w urde  [9], von  R u tile in 
sc h lü ß e n  h er u n d  die fe in en , den  H y d ro m u sk o v it ste llenw eise du rchw ebenden  
K ris ta llfä d e n  sind  zu m  T eil auch  als R u tile in sch lü ß e  zu  b e tra c h te n , so m uß 
a u c h  T i0 2  in  A bzug g e b ra c h t w erden . E n d lich  w urde  aus allen  dre i A nalysen  
d a s  A d so rp tionsw asser w eggelassen u n d  die so v e rm in d e rte n  P ro zen tsä tze  
d e rm a ß e n  e rg än z t, d a ß  ih re  G esam tsum m e w ieder die u rsp rü n g lich e  w urde .
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In  P robe  I e n tsp rech en  den 1 ,82%  C 0 2  1 ,69%  CaO und  den 0 ,2 2 %  P 2 0 5  

0 ,2 9 %  CaO a u f A p a tit  berech n e t. In  P robe  I I  en tsp rech en  den  0 ,9 7 %  C 0 2  

0 ,9 1 %  CaO und  den  0 ,35%  P 2 0 5  0 ,46%  CaO, in sg esam t 1,37%  CaO. D en 3 ,89%  
P y ritsch w efe l en tsp rech en  4 ,36%  FeO  u n d  in  B e tra c h t genom m en, d a ß  der 
E isen g eh a lt des P y r its  in  d er A nalyse in  F o rm  v o n  Fe 2 0 3  a u sg ed rü ck t w u rd e , 
so en tsp rech en  d iesem  4 ,83%  F e 2 0 3. G le icherm aßen  v e rfä h rt m a n  m it dem  
K a rb o n a t-  u n d  P h o sp h a tg e h a lt der P ro b e  I I I ,  wo den 4 ,56%  C 0 2  4 ,2 6 %  CaO 
u n d  den  0 ,38%  P 2 0 5  0 ,50%  CaO en tsp re c h e n . In sgesam t sind also 4 ,7 6 %  
CaO in A bzug zu b rin g en .

N ach  diesen A bzügen  u n d  n ach d em  die A ngaben  der drei A n a ly se n  in 
d e r darge leg ten  W eise u m g erech n e t w u rd en , n eh m en  sie folgende F o rm  an  :

I. II. II I .
V. °/o 7 .

S i0 2 ................................................... 47,62 47,66 47,34

a i 20 3 .............................................. 34,43 33,76 32,90

F e 20 3 .............................................. 1,19 0,78 2,11

F eO  ................................................. 1,78 1,19 0,75

M n O ................................................. 0,05 0,05 0,11

CaO ................................................. 0,71 1,18 2,20

MgO ................................................. 0,88 1,24 0,81

k 2o  ................................................. 8,36 8,26 8,04

N a 20 ................................................. 0,38 0,52 0,25

H ,0  ................................................. 4,99 5,48 5,17

100,39 100,12 99,68

A us dem  V ergleich der drei A naly sen  is t ersich tlich , daß  m a n  es h ier, 
t r o tz  dem  versch iedenen  Ä ußeren  d er dre i P ro b en , m it d rei v e rsch ied en en  
M uste rn  desselben M inerals zu tu n  h a t .  W egen ih re r  G enauigkeit w ä h lte n  w ir 
A nalyse  I  züm  A u sg an g sp u n k t u n se re r  w e ite ren  B erechnungen . D ie k r is ta l l
chem ischen  W erte  b e rech n e ten  w ir aus den  E rg ebn issen  der P ro b en  I  u n d  II . 
A us A nalyse I I I  feh lt d er Schw efelgehalt, d en n  das P rü fu n g sm a te r ia l erw ies 
sich  zu r A nalyse als u n g enügend  u n d  k o n n te  n ic h t ersetz  w erden . D eshalb  
ließen  w ir A nalyse I I I  bei unseren  w e ite ren  B erechnungen  au ß e r a c h t.

D ie D aten  der A nalysen  I u n d  I I  in  a to m a re r  Z erlegung sch re ib en d , 
b e rech n e ten  w ir die Io n en zah len  m it H ilfe d er A to m q u o tien ten .

U nsere B erechnungen  gaben  fo lgende R e su lta te  :
Zum  V ergleich geben w ir die Io n en zah len  des idealen  M uskov its , d e r  m it 

A u n d  В b ezeichneten  H y d ro m u sk o v ite  von  O gofau, sowie die, au s  d e n  A n a 
lysenergebn issen  der P ro b en  I und  I I  v o n  N agybörzsöny  b e rech n e ten  Io n en -
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Analyse I :

7. A to m q u o tie n te n Io n e n z a h le n Io n en zah len  (О -f  O H  = 12)

S i .............................. 22.25 0.7929 792.9 3.12

A l ...................... 18.23 0.6759 675.9 ,  Aft /  ° - 8 8
2 6 6  1 1.78

4.00

F e  : : : ............ 0,83 0,0149 14,9 0,06

F e  : : ............... 1,38 0,0249 24,9 0 , 1 0 2 , 0 2

Mg ........................ 0,53 0,0218 2 1 , 8 0,08

M n ................. 0,04 0,0007 0,7 0 , 0 0

C a .................... 0,51 0,0127 12,7 0,05

N a ........................... 0,28 0 , 0 1 2 2 1 2 , 2 0,05 0,80
К  ........................... 6,94 0,1775 177,5 0,70

O H  ........................ 9,42 0,5539 553,9 j (  2,17 
3052,6 > 1 2 , 0 0

О .............................. 39,98 2,4987 2498,7 1 19,83

Analyse I I  :

S i .............................. 22,26 0,7935 793,5 3,11
4,00

A l ...................... 17,87 0,6626 662,6 2 60 » ° ’ 8 9  
“ , o u  1 1,71

F e  : :  : ............ 0,55 0,0098 9,8 0,04

F e  : : ............... 0,93 0,0167 16,7 0,07 1,94

Mg ........................ 0,75 0,0308 30,8 0 , 1 2

M n ................. 0,03 0,0006 0 , 6 0 , 0 0

C a .................... 0,84 0 , 0 2 1 0 2 1 , 0 0,08

N a .................... 0,39 0,0168 16,8 0,06 0,83
к ............. 6 , 8 6 0,1754 175,4 0,69
O H  ................. 10,35 0,6092

i
609,2 1 Í 2,38

о ..............................
3064,8 \ 1 2 , 0 0

39,29 2,4556 2455,6 j 9,62

z a h le n  a u f die E in h e itsze lle  b erech n e t an. A u f  G ru n d  obiger D a ten  k a n n  m an  
a u c h  d ie  spezielle K o n s titu tio n sfo rm e l des H y d ro m u sk o v its  e rm itte ln .

D er H y d ro m u sk o v it v o n  Ogofaü is t eine ta lk ä h n lic h e , oder w ach sa rtig e  
S u b s ta n z , m it w elcher — a lle r  W ahrsch e in lich k e it n a c h  — auch andere  T cn m in e- 
ra le  v e rm isch t sind. D e sh a lb  ist die Sum m e d e r Ionenzah len  der O k ta e d e r
s c h ic h t an  sich, sa m t d em  Ca bedeu tend  g e rin g e r als 2 (bezw. 8 ), w äh ren d  
d ie S um m e der Io n e n z a h le n  der O k taed ersch ich t be im  T onm inera l v o n  N agy- 
b ö rz sö n y , innerhalb  d e r  V ersuchsfeh le rg renzen , d en en  des idealen  M uskov its 
e n ts p r ic h t  (2 , bezw . 8 ).

A us den A ngaben  e rg ib t  sich, daß  der H y d ro m u sk o v it von  N ag y b ö rzsö n y  
w eg en  seines 3 : 1 ü b e r  tre ffe n d e n  Si : Al V e rh ä ltn isse s  in  te tra e d risc h e r  K o o r
d in a tio n , sowie seines, d as  A l v e rtre ten d e  F e- u n d  ziem lich hohen  M g-G ehaltes
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Idealer Muskovit
Ogofau A Ogofau В Nagybörzsöny I Nagybörzsöny II

S i 12 12) 12,481 12,48 1 2 ,4 4
T e trae d e rsch ic h t 16 16 16 16

A l 4 4Í 3,52 3,52 3,56

A l 8 7,06 7,02 7,121 6,841
F e - - — 0,14 0,22 0,24 0,16
Fe- • — 0,08 7,52 0,08 7,54 0,40 )8,08 0,28 7,76
Mg O k taed e rsch ich t — 0,20 0,16 0,32 0,48
Mn — — — —  . —
Ta 0,04 0,06 0,20 0,32

N a 1 — 0,22 0,10 0,20 3,20 0,24 3,32
Z w ischensch ich t 2,88 2,68

К 4 2,66 2,58 2,80 2,76j

OH 8 10,86 10,44 8,68 9,52
F — 0,02 48 0,04 48 — 48 48
0 40 37,12 37,52 ! 39,32 1 38,48

in o k ta e d risc h e r  K oord in a tio n , u n d  schließlich w egen seines N a-G eh a lte s  
an  S telle  des K  -s, schon eher in  d ie  G ruppe  der u n te r  dem  N am en  P h en g ite  
b e k a n n te n  M u sk o v itv a rie tä ten  e in zu re ih en  is t. A u f G ru n d  des ob igen  k a n n  
seine spezielle K o n stitu tio n sfo rm el fo lgenderm aßen  v e ra n sc h a u lich t w erd en  :

“  ( ^ 0 , 7 0 ^ а 0 ,0 5 ^ а 0 ,О й )^ ‘■ Н ^ ^ 1 .7 8 ^ 'е 0 0 6 ^ 'е 0 .1 0 ^ ё п Л 8 ) * 6 '( ^ 1 з ,1 2 А 1 о ,8 8 ) '4 ^ 9 , 8 з ( ^ Ч ) г Л 7

M it B erücksich tigung  des b ish e r G esagten  k a n n  m an  die a llgem eine 
S tru k tu rfo rm e l des H y d ro m u sk o v its , w ie fo lg t, au fsch re iben  :

* (K ,N a ,C a )£ l(A l,F e  • • -,Fe • • , M g)W [(Si4 _ yAly)W O 1 0 _ « ](O H )2+e

E s is t  n a tü rlic h , d aß  w enn у  =  1 u n d  n =  m — 0 is t , m an  die S t r u k tu r 
form el des M uskovits e rh ä lt.

Teils in  Ü b ere instim m ung , te ils  im  G egensatz zu  den  o b e n e rw ä h n te n  
D efin itio n en , m uß  m an die gegebene Form el als a llgem eine K o n s ti tu t io n s 
fo rm el des H y d ro m u sk o v its  a n n eh m en . Es is t näm lich  u n zw eife lh aft, d a ß  
die S um m e d er 0 -  und O H -Ionen  in  d e r S tru k tu rfo rm e l d er M uskov ite  im m er 
12 b e trä g t . D ie B ildung der O x o n iu m g ru p p en  b eg rü n d en  o b e n e rw ä h n te  
A u to ren  (13,14) in  chem ischer B ez iehung  n ich t genügend . D ieser spezielle 
F a ll d er O xon ium gruppen , den m an  r ich tig e r H y d ro n iu m , oder H y d ro x o - 
n iu m -Io n  n en n en  kann  : H 30  1 is t  n ic h ts  anderes, als h y d ra tis ie r te s  H y d ro g e n 
ion , d as  p ra k tisc h  n u r in den  w ässerigen  L ösungen d er S äu ren  v o rh a n d e n  is t, 
a b e r  rö n tg en o g rap h isch  auch  im  festen  H y d ra t der P e rch lo rsäu re  nach g ew ie 
sen w u rd e . N ach der h eu tig en  A uffassung  b es teh t das H -Ic n , d as  P ro to n



176 J .  E R D É L Y I, V. KOBLENCZ und  V. TO LNAY

in  w ässeriger L ösung a lle in  n ich t, n u r  in  F o rm  seines H y d ra ts , des H ydroxo- 
n iu m -Io n s . D em n ach  k a n n  die D issozia tion  des W assers, w enn  m an  das 
H - Io n  in  w ässeriger L ö su n g  als H y d ra t b e tr a c h te t ,  d u rch  fo lgende G leichung 
a u sg e d rü c k t w erden :

2H.,0 -<± [H3O r  +  OH~

Diese G leichung is t ab e r, wie es im  v o rig en  e rw ä h n t w urde , n u r  in e iner 
s a u re n , oder h ö ch sten s  n e u tra le n  L ösung g ü ltig , in  e iner a lkalischen  Lösung 
v e rsc h ie b t sich das G leichgew icht nach  lin k s. In  B e tra c h t gezogen, daß  die 
h y d ro th e rm a le n  L ö su n g en  bei der B ildung  des S erizits a lka lisch  sind , so k an n  
e ine  d erm aßen  g e d e u te te  H y d ra tb ild u n g  p ra k tis c h  n ic h t Z ustandekom m en, 
d a s  fes te  Salz dieses H y d ra ts ,  außer d em  e rw ä h n te n  P e rc h lo ra t, is t n ich t 
b e k a n n t.  Folglich k ö n n te  die H y d ro x o n iu m g ru p p e  n ich t in  das G itte r  des in  
a lk a lisch e r Lösung sich  g eb ilde ten  H y d ro m u sk o v its  gelangen .

In  te tra e d risc h e r  K o o rd in a tio n  is t die Sum m e d er Si- und  A l-Ionen 
im m e r  4. F a ß t m a n  die Io n en zah len  des H y d ro m u sk o v its  v o n  N agybörzsöny  
in s  A uge, so is t es fe rn e r  k la r , d aß  in  ih m  d as Si d u rch  0,88 Al e rse tz t is t, 
d ag eg en  fin d e t m a n  a n s ta t t  des diesem  e n tsp re c h e n d en  0 , 8 8  Ä qu ivalen tes 
K (N a , Ca) n u r 0,85 Ä q u iv a len te  K (N a, Ca).

R . R o y  u n d  E . F . O s b o r n  nehm en  irn L aufe ih re r  m it dem  S ystem  
A12 0 3 — S i0 2 — H 20  a u sg e fü h rte n  sy n th e tisc h e n  U n te rsu ch u n g en  [16] zu r 
E rk lä ru n g  der S tru k tu r  des v o n  ihnen  H y d ra ls it  g en a n n te n  S ilik a t-P rä p a ra te s  
a n , d a ß  w enn in  d em  S i0 4-T ed raed er an  S telle d er S i-Ions ein A l-Ion  
t r i t t ,  so w ird der L ad u n g sau sg le ich  d a d u rc h  e in treffen , d aß  an  Stelle der
O -Io n en  O H -Ionen tr e te n . D esgleichen m u ß  m an  auch  die K r is ta lls tru k 
t u r  des H y d ro m u sk o v its  au ffassen , das h e iß t, w enn in  dem  S ilika t-G erüst 
des H y d ro m u sk o v its  e in  T eil der S i-Ionen  d u rch  Al e rse tz t w ird , so t r i t t  
d e r  L adungsausg le ich  d a d u rc h  ein, d aß  an  S telle eines Teils der O -Ionen 
im  S ilik a tg erü st H O -Io n e n  tre te n . P a ra lle l m it  der A b n ah m e der n eg a tiv en  
L a d u n g e n  n im m t so m it au c h  die Z ahl d e r A lkaliionen  ab . D ie Z ahl der H O - 
Io n e n  is t aber noch  im m e r höher, als die v e rm in d e rte  Z ah l d er A lkaliionen . 
D ies ä u ß e rt sich in  d e r  A b n ah m e der e le k tro s ta tisc h e n  V erb in d u n g sk rä fte  
d e r  T e traed ersch ich t u n d  d as  h a t  die A b n ah m e d er K o h äsio n sk rä fte  des M i
n e ra ls , d. h. die Z u n a h m e  seiner m ech an isch en  D efo rm ie rb a rk e it zu r Folge. 
S o m it n im m t die H ä r te  des H y d ro m u sk o v its  gegenüber je n e r  des M uskovits 
a b , u n d  e rs te re r e rh ä lt  e in en  w eichen, ta lk a r t ig e n  G riff.

W ie beim  H y d ro m u sk o v it , m uß m a n  au ch  be i dem  I li i t  u n d  M ont- 
m o rillo n it an n eh m en , d a ß  sie in  ih rem  G itte r  au ß e r den  zwei o k taed risch  
k o o rd in ie r te n  O H -Io n en  d ieselben  auch  in  d er T e tra e d e rsc h ic h t e n th a lte n . 
D iese  V orausse tzung  is t  b e i dem  M o n tm o rillo n it n ic h t neu . In  B ezug a u f die 
S t r u k tu r  des M o n tm o rillo n its  w urde sie z u e rs t von  C. H . E d e l m a n n  u n d
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J .  C. L. F a v e j e e  [17] ausgesprochen . M an f in d e t sie au ch  m it a u sfü h rlic h e r 
E rö rte ru n g  bei D. M c C o n n e l l  [18]. Obige A u to ren  g rü n d en  ih re  A u ffassu n g  
a u f  die be iden  H o c h te m p e ra tu r-E n d o th e rm p u n k te  d er D iffe ren tia l-T h erm o - 
an a ly se  des M ontm orillon its . N ach  den  e rw äh n ten  A u to ren , wie au ch  n ach  
R . E . G r i m  u n d  W . F .  B r a d l e y  [19], en tw eich t das W asser zu e rs t am  n ie d r i
geren  E n d o th e rm p u n k t aus d e r O k taed ersch ich t, d u rch  R e h y d ra tio n  is t  ab e r 
d er u rsp rü n g lich e  Z u s ta n d  te ilw eise  noch  w ied erh e rs te llb ar. A m  zw eiten  
H o c h te m p e ra tu r-E n d o th e rm p u n k t e n tfe rn t sich das W asser aus d er T e tra e d e r 
sch ich t u n d  d er gleich d a n ach  fo lgende E x o th e rm p u n k t d e u te t  die tie fg re ifen d e  
U m än d e ru n g  der S tru k tu r  an.

D ie zwei E n d o th e rm p u n k te  d er E n tw e ich u n g  des K o ord ina tionsw assers 
bew eisen bei den  e rw äh n ten  M ineralen , d aß  das G itte r  O H -Ionen  in  B in d u n g en  
v o n  zw eierlei E nerg ie  (in o k ta e d risc h e r u n d  te tra e d risc h e r  K o o rd in a tio n ) e n t 
h ä lt .  E s  is t vers tän d lich , d aß  bei dem  H y d ro m u sk o v it d u rch  die S u b s titu tio n  
d e r zwei n eg a tiv en  L ad u n g en  v e r tre te n d e n  O -Ionen  m it O H -Io n en , au ch  
die Z ah l der A lkalien  a b n im m t.

D ie rö n tg en o g rap h isch e  U n te rsu c h u n g  des T o n m inera ls  von  N ag y b ö rzsö n y  
w urde  im  R ö n tg e n la b o ra to riu m  d e r ‘U ngarischen  G eologischen A n s ta lt  d u rc h 
g e fü h rt. D as D e b y e — SciiERRER’sche R ö n tg en d iag ram m  des M inerals u n d  
die B em essung der L in ien  h ab e n  K . N a g y  u n d  M. M e l l e s  a u sg e fü h rt. R ö n tg e n 
b ild e r w urden  von  den  P ro b en  I  u n d  I I  aufgenom m en. D ie beiden  R ö n tg e n 
b ild e r sind  vo llkom m en  id en tisch . D ie A ufnahm en  w u rd en  m it C u K a-S trah - 
lu n g  u n d  N i-F iltra tio n  a u sg e fü h rt. D ie W ellenlänge d er C uK a-L in ie  w urde

aus K . L o n s d a l e ’s A ngaben  e rrech n e t.*  (« — ----1— =  1,54145). D ie I n 

te n s i tä t  der S treifen  is t m it dem  A uge g esch ä tz t w orden.

Bezeichnungen :

In te n s i tä t  : s .s t =  seh r s ta rk , s t  =  s ta rk , m  =  m itte l, sch =  schw ach , 
s .sch  =  sehr schw ach, d  =  diffus.

2 #  =  G lanzw inkel in  G raden ,
dhkl =  N e tz eb en en ab s tan d  in  Â.

A us den  W erten  d er R ö n tg en au fn ah m e  w urden  die G itte rk o n s ta n te n  
des H y d ro m u sk o v its  b e rech n e t u n d  zum  V ergleich in  e in e r T abelle  m it  den  
en tsp rech en d en  A ngaben  des idea len  M uskovits [20], des H y d ro m u sk o v its  
von  O gofau [9], des Illits  [2], des K ao lin its , des M o n tm orillon its  u n d  des 
P y ro p h y llits  [20] zu sam m en g efaß t. D ie G itte rk o n s ta n te n  w u rd en  au s den 
A n gaben  der m it 006, 060 u n d  400 in d iz ie rten  N etzeb en en  b erech n e t.

S. : A cta  C ryst. 3. 400. 1950
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Die E rgebnisse d e r  A ufnahm e sind fo lgende :

2* <*hkl(A) Intensität Indizes J 2 9 dhkl(A) Intensität Indizes

8,94 9,91 St 002 42,46 2,130 m 043
17,88 4,96 m 004 44,90 2,018 s .sc h 0.0.10
19,89 4,46 s . s t 110 46,10 1,969 s .sc h 206
22,84 3,89 sch 113 47,77 1,904 sch 046
24,08 3,70 sch 023 52,08 1,757 sch 138
25,45 3,50 m 114 53,93 1,700 s .sc h 208
26,84 3,32 m 006, 024 55,73 1,649 s .sc h 1.3.16
31,50 2,84 sch 115 56,47 1,630 sch 312
33,33 2,688 sch — 57,78 1,596 s .sc h 313
34,99 2,564 s . s t 202 61,87 1,500 s t 060

36,59 2,456 sch 133 69,48 1,353 sc h .d 335
37,90 2,374 sch 133 73,02 1,296 m 400
40,26 2,240 s .s c h 221 76,61 1,244 sch 0.0.16

40,99 2,202 s . sch 223

a o bo c 0 c 0 s:n ß ß

M u sk o v it 5,18 9,02 20,04 — 95°30’
H y d ro m u sk o v it von O gofau 5,185 9,025 — 20,20 —
H y d ro m u sk o v it von N ag y b ö rzsö n y 5,20 9,00 20,00 19,92 95°3’
ш и 5,20 9,00 — 19,90 —
K a o lin i t 5,14 8,90 7,37 — 91°8’

M o n tm orillon it 5,10 8,83 15,20 —

ООO
n

P y ro p h y llit 5,14 8,90 18,55 — 99°S5'

A us der T abelle is t  e rs ich tlich , daß  m a n  es h ie r  m it e inem , dem  M uskovit 
n a h e s te h e n d e n  H y d ro g lim m e r (H y d ro m u sk o v it oder Iliit)  zu  tu n  h a t. U n ter 
d e n  L inien  befinden  sich  au ch  c h a rak te ris tisch e  Illitlin ien .

A us dem  M oleku la rgew ich t und  den  A n g a b e n  der E lem en tarze lle  w urde 
d a s  spezifische G ew ich t (G) des T onm inerals v o n  N ag y b ö rzsö n y  u n d  von  Ogofau 
n a c h  d er b ek an n ten  F o rm e l b erechnet, die zum  V ergleich m it den A ngaben  des 
spez ifisch en  G ew ichtes des M uskovits u n d  des H y d ro m u sk o v its  von  O gofau 
m itg e te il t  wird.

M uskovit
H y d ro m u sk o v it v o n  O gofau [9] 
H y d ro m u sk o v it v o n  N agybörzsöny

G (berechnet) G (gem essen) 
2 ,78— 2,88

2,70 2,65 ±  0,02
2,81 —
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D ie sich aus d e r rö n tg en o g rap h isch en  U n te rsu ch u n g  ergebende V o rau s
se tz u n g , das T o n m in era l von N a g y b ö rz sö n y  k ö n n te  auch  I liit  sein , -wurde 
d u rc h  die D T A -U n tersu ch u n g  desse lben , die V. K o b l e n c z  d u rc h fü h rte , 
w id erleg t. Wie b e k a n n t, verlieren  d ie T o n m in era le  ih ren  W assergehalt, d e r  in  
den  einzelnen in  versch iedenen  B in d u n g sen erg ien  v o rh an d en  is t, im  L aufe  d e r 
D iffe ren tia l-T h erm o an a ly se  bei v e rsch ied en en  T em p e ra tu ren . D er W asse r
v e r lu s t  u n te r  300° is t  n ich t m it d e r  U m w an d lu n g  des S ilik a tg erü stes  v e rb u n 
d en , w ährend  ü b e r 500° die W asse rab g ab e  m eistens zugleich die tie fg re ifen d e  
V erän d eru n g  des G erüstes n ach  sich  z ieh t. D ie das E n tw eich en  des K o o rd in a - 
tionsw assers und  S tru k tu rw assers  a n d e u te n d e n  E n d o th e rm sp itz e n  s ind  b eze ich 
n en d  fü r  die e inzelnen  T o n m in era le . So h ab en  I liit  u n d  M on tm o rillo n it je  
zwei c h a ra k te ris tisch e  E n d o th e rm sp itz e n  ; die e rs te  lieg t bei be iden  zw ischen  
100 u n d  250°, die zw eite e rsch e in t be im  M ontm orillon it um  700°, w äh ren d  
sie sich  beim  Iliit zw ischen 500— 600° zeig t. F e rn e r h ab en  beide, m e is ten s  um  
900°, eine E n d o th e rm -E x o th e rm d o p p e lsp itze , die die n ach  dem  V erlu s t des 
g e sam ten  W assers e in tre ten d e  S tru k tu rv e rä n d e ru n g  anzeig t. Bei d em  N or- 
m a lm u sk o v it b e o b a c h te t m an e n tw e d e r keine E n d o th e rm sp itzen , o d er gege
ben en fa lls  n u r ü b e r  700°, w äh ren d  sie bei dem  P y ro p h illit um  800° a u f t r i t t .

Zum  V ergleich te ilen  w ir die D T A -K u rv en  fo lgender M inerale m it (F ig . 1) :
0

1. M uskovit (G r im — R o w l a n d ) [21]
2. Serizit, N a u ro d , T au n u s (V . K o b l e n c z )
3. P y ro p h y llit, B eresow sk (V. K o b l e n c z )
4 . P y ro p h y llit, N o rth  C aro lina  (G r im -R o w l a n d ) [21]
5. D am o u rit, S to n eh am , M aine (V. K o b l e n c z )
6 . P a ra g o n it, F a id o , T essin  (V . K o b l e n c z )
7. P a rag o n it, F en estre lla , B orgo franco  (B a r s h a d  : „C”) [22]
8. H y d ro m u sk o v it, N ag y b ö rzsö n y  I . (V. K o b l e n c z )
9. H y d ro m u sk o v it, N ag y b ö rzsö n y  I I .  (V. K o b l e n c z )

10. Iliit, S á ro sp a ta k  ( G r i m )  [1]

V om  H y d ro m u sk o v it aus O gofau  h ab en  B r a m m a ll  u n d  M ita rb e ite r  
keine D T A -U n tersu ch u n g  v e rö ffe n tlic h t [9].

A us den K u rv e n  ist e rs ich tlich , d aß  d er b e k a n n te  Serizit von  N au ro d  
k eine  E n d o th e rm sp itz e  g ib t zu m  B ew eise dessen, d aß  er ein fe in k ö rn ig e r 
M uskov it ist. D ie be i 575° w a h rn e h m b a re  Spitze d e u te t  die U m w andlung  des, 
den  Serizit b eg le iten d en , ß -Q uarzes zu  a-Q u arz  an . M it den  K u rv e n  des 
P y ro p h y llits , M uskov its Und D a m o u rits  (eine M u sk o v it-V arie tä t)  s in d  die 
K u rv e n  des H y d ro m u sk o v its  v o n  N ag y b ö rzsö n y  n ic h t zu id en tifiz ie ren . B eim  
I li i t  von  S á ro sp a ta k  liegt die e rs te  E n d o th e rm sp itz e  zw ischen 100— 200°, 
d ie  zw eite e rsche in t dagegen zw ischen  500— 600°. D ie H y d ro m u sk o v itp ro b e n  
v o n  N agybörzsöny  hab en  je  eine E n d o th e rm sp itz e  zw ischen 600— 700° u n d  
e in e  kleinere bei 900— 1000°. W en n  m an  die schw ache, von  K a lz itv e ru n re in i-
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g u n g  s tam m en d e  E n d o th e rm sp itz e  der P ro b e  I  u m  800° u n d  die be iden  d u rch  
V e rb ren n en  des P y r i ts  u n d  A rsen o p y rits  v e ru rsa c h te n  E x o th e rm sp itz e n  der 
P ro b e  I I  au ß er a c h t lä ß t,  so k a n n  m an  die K u rv en  von N agybörzsöny  m it 
d e r P a ra g o n itk u rv e  von  J .  B a r s h a d  [22] p ara lle ls te llen . W ie bei den beiden  
P ro b e n  des H y d ro m u sk o v its  von  N ag y b ö rzsö n y , so is t auch  beim  I li i t  von  
S á ro sp a ta k  die d r i t te  E n d o th e rm sp itze  be i 900° zu  b each ten . A us dem  V er-

да 200 m  ш  soo 600 700 öoo 900 'táoó fioo

w o  '200 m  o o ö m m i à o ' e b 0 9 b o ' m à  to o  

Fig. 1

gleich  d e r K u rv en  is t  e rsich tlich , d aß  das T o n m in e ra l von  N agybörzsöny  kein  
I l i i t  u n d  kein  M uskov it is t.

V erg le ich t m an  end lich  die B rechungsind izes des M uskovits [23], der 
H y d ro m u sk o v ite  v o n  O gofau [9] u n d  N ag y b ö rzsö n y , sowie N a g e l s c i i m i d t ’s 

A n g ab en  ü b er die B rechungsind izes des I llits  [24], so sieh t m an  sogleich, daß  
es sich  h ie r w irk lich  u m  H y d ro m u sk o v it u n d  u m  keinen  M uskov it oder Iliit 
h a n d e lt ,  obw ohl die Ü b ere in stim m u n g  d e r G itte rk o n s ta n te n  au ffa llend  is t.

a ß У

M u sk o v it (2 3 )............................................................................. 1,552 1,582 1,588

I l ii t  v o n  S. W ales ( 2 4 ) ........................................................ 1,572 1,587 1,600

H y d ro m u sk o v it von O gofau ( 9 ) ...................................... — 1,575 1,580

H y d ro m u sk o v it von N a g y b ö rz s ö n y .............................. — 1,575 1,583
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A uf G ru n d  des G esagten  e rg ib t sich, d a ß  m a n  das V orhandensein  eines 
neuen  G lim m erm inera ls , des sechsten  S eriz it-M inera ls  annehm en  m u ß . D as 
neue G lim m erm inera l is t  der H ydroparagonit.

Zum  A u sg an g sp u n k t d ien ten  B a r s h a d ’s P arag o n it-U n te rsu c h u n g en  [22]. 
E r  te ilte  die D T A -U n tersu ch u n g en  [22] v o n  zw ei, aus versch iedenen , b e k a n n 
te n  F u n d o rte n  s ta m m e n d e n  » P a rag o n ite«  m it. In  seiner A b h an d lu n g , wie 
schon oben e rw ä h n t, s tim m t die m it »C« b eze ich n e te  D T A -K urve m it je n e r  
der P robe I  des H y d ro m u sk o v its  v o n  N ag y b ö rz sö n y  fa s t überein , d e r E n d o 
th e rm p u n k t lieg t bei 700°. An der m it » E «  b eze ich n e ten  P a ra g o n itk u rv e  v o n  
B a r s h a d  e rsch e in t die E n d o th e rm sp itze  u m  8 0 0 ° . A u to r  b e ru ft sich in  se in e r 
A b h an d lu n g  a u f  die A rb e it von S c h a l l e r  u n d  S t e v e n s  [25], die die ch em isch en  
A nalysen  der beiden  » P arag o n ite«  a u sfü h rte n . S c h a l l e r  und  St e v e n s  te ilen  
jed o ch  die A nalysenergebn isse  n ich t m it, sie w eisen v ie lm ehr au f die in  D a n a ’s 
»System  of M ineralogy« (6 . E d . Seite 623.) m itg e te ilte n  A nalysen h in .

D em gem äß is t  d er F u n d o rt des m it »C« b ezeichneten  » P a ra g o n i t ’s« 
(Cossait) von B a r s h a d  : F enestre lla  bei B o rg o fran co , Valle del C hisone, P ie 
m o n t, I ta lie n . N ach  S c h a l l e r  und  S t e v e n s  is t  das M ineral fe in k ö rn ig , von  
S eriz itäußerem  und  seine A naly sen d a ten  s tim m e n  m it jen e r, in D a n a ’s W erk  
m itg e te ilten  A nalyse N o. 5. überein .

D er F u n d o r t des m it »E « b eze ich n e ten  » P a ra g o n it’s« von  B a r s h a d  
is t  : M onte C am pione, F aido , T essin , Schw eiz. Seine A nalysenergebn isse  
en tsp rech en  der A nalyse No. 1 in D a n a ’s W erk .

M it dem  P a ra g o n it  vom  F u n d o rt F a id o , T essin , fü h rte  auch V. K o b l e n c z  

eine D T A -K urve aus, sie is t die besprochene K u rv e  N o. 6 . D er E n d o th e rm p u n k t 
lieg t zw ischen 8 0 0 — 900°, w ährend  er sich  in  B a r s h a d ’s U n te rsu ch u n g en  u m  
800° zeigt. D ie zw ei U n te rsu ch u n g en  s tim m en  g u t  überein .

D ie m it »C« beze ichnete  K u rv e  w eich t a b e r  w esentlich  von d iesen  ab . 
In  B e tra c h t z iehend , d aß  diese le tz te re  m it d e r  K u rv e  des H y d ro m u sk o v its  
von  N ag ybörzsöny  ü b e re in s tim m t, lieg t d er G ed an k e  nahe, daß  d e r  soge
n a n n te  » P a ra g o n it«  (C ossait) von F en estre lla  eben fa lls  ein H y d ro g lim m er is t. 
A u f G rund  der in  D a n a ’s W erk m itg e te ilte n  A n a ly sen d a ten  h ab en  w ir  d ie  
Io nenzah len  b e id e r M inerale berech n e t.

Die E rgebn isse  d e r A nalysen  s in d  fo lgende :

I. Fenestrella, Borgofranco : I I .  M onte Campione, Faido, T essin  :

S i0 2 46,67% S i0 2 46,81%
a i20 3 39,02% a i2o 3 40,06%
^ e2^3 2,01% F e 20 3 Sp.
K 20 1,36% m s o 0,65%
N a20 6,37% CaO 1,26%
H 20 4,91% k 2o Sp.

100,34% N a 20 6,40%
H jO 4,82%

100,00%
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D ie  E rgebn isse  d er B erechnung  s ind  :

I .  Fenestrella:

”/o A to m q u o t ie n t e I o n e n z a h le n I o n e n z a h le n  ( 0  +  0 1 1  =  12)

S i ........................................... 21,81 0,7771 777,1 2,981
A l ........................................... 20,66 0,7659 765,9 2,94/

Z 1,921 2,01
F e  : : : .................... 1,41 0,0252 25,2 0,09}
Na............ 4,73 0,2057 205,7 0,791 0.9
К ............ 1,13 0,0289 28,9 0 , 1 1 }

O H ....................................... 9,28 0,5453 545,3} 3128Í 2,09[ 12
0 ........................................... 41,32 2,5825 2582,5} l 9,91}

I I .  M onte C am pione:

V. A to m q u o t ie n t e Io n e n z a h le n I o n e n z a h le n  ( 0 - f O H  =  12)

S i ............................. 21,87 0,7794 779,4 2,97}
A l ............................ 21,21 0,7863 786,3 3,ooi 1,03i

/ 1,9'1 2.03
M g ......................... 0,39 0,0161 16,1 0,06}
Ca............ 0,90 0,0225 22,5 °’09l0,88
N a .......................... 4,75 0,2065 206,5 0,79}
O H  ......................... 9,10 0,5351 535,1} 3146Í 2,04ll2
О .............................. 41,78 2,6112 2611,2} } 9,96}

A us den  Io n e n z a h le n  is t e rs ich tlich , d a ß  das M ineral v o n  F en estre lla  
w irk lich  ein H y d ro g lim m er is t, denn  sein  O H -G eh a lt m it u n g efäh r 0,1 Ä q u iv a 
le n t  is t höher, als je n e r  des N o rm a l-P a ra g o n its , w ährend  der O H -Ü b ersch u ß  
b e im  G lim m er v o n  M te. C am pione in n e rh a lb  der V ersuchsfeh lerg renzen  
b le ib t.  D ieser is t  also k e in  H y d ro g lim m er, sondern  ta tsä c h lic h  P a ra g o n it. 
F e rn e r  e n tsp r ic h t be im  H yd ro g lim m er v o n  F en estre lla  dem  0,1 Ä q u iv a len t 
O H -Ü b ersch u ß  g en au  d as  Maß der d e r  A bnahm e der A lkalien , das h ie r 
g le ich fa lls  0,1 Ä q u iv a le n t b e trä g t. E s is t  also  n =  m  in  d er a llgem einen  
S tru k tu rfo rm e l des H y d ro m u sk o v its . D a d u rc h  w ird es v e rs tä n d lic h , w aru m  
m a n  an  der D T A -K u rv e  des G lim m ers v o n  F en estre lla  den E n d o th e rm p u n k t 
b e i 700° e rh ä lt, w äh ren d  sich beim  G lim m erm in era l von  M onte C am pione 
d e r  E n d o th e rm p u n k t be i 800—900° ze ig t. D e r H y d ro p a rag o n it s t im m t n ä m 
lich  s tru k tu re ll  m it  dem  H y d ro m u sk o v it ü b e re in , w ährend  die S t ru k tu r  des 
P a ra g o n its  je n e r  des M uskovits e n tsp r ic h t u n d  in  derselben W eise g eh t auch  
ih r  th e rm isch e r Z erfall v o r sich.
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H ier m ü ssen  wir des v o n  F . A. B a n n is t e r  »B ram m allit«  g e n a n n te n  [2] 
G lim m erm inera ls  gedenken. Z itie r te r  V erfasser te i l t  die v o llständ ige  A nalyse  
des M inerals n ic h t  m it, sondern  n u r  die D a ten  b ezüg lich  K alium  u n d  N a tr iu m . 
A u f dieser G ru n d lag e , sowie a u f  G ru n d  der B rechungsind izes und  d e r E rg e b 
nisse der rö n tg en o g rap h isch en  U n te rsu ch u n g , b e tra c h te t  er das M inera l als 
N a tro n illit. F a ß t  m an aber seine A u se in an d e rse tzu n g  n äh e r ins A uge, so e rg ib t 
sich, daß  das M ineral keinesfalls als eine I l l i ta r t  b e tr a c h te t  w erden k a n n , d en n .

1. seine K orngröße is t n ic h t  von  k o llo idaler D im ension, sie k a n n  au c h  
eine Grösse v o n  0,5 mm erre ich en ,

2. w ird  d as  M ineral b is 700° e rh itz t , so v e rä n d e rn  sich die rö n tg e n o 
g raph ischen  D a te n  n ich t.

B a n n is t e r  zieh t d a rau s d en  S chluß , daß  sich  d er B asen ab stan d , wie b e im  
M ontm orillon it, d u rch  W asserab g ab e  n ic h t v e rm in d e r t . Es w urde im  v o rh e rg e 
henden  b e re its  e rw äh n t, d aß  sow ohl d er M on tm o rillo n it, wie auch  d e r H y d ro - 
m uskov it den  überw iegenden  T eil ihres K oord inationsw assers w äh ren d  d e r  D T A - 
U n te rsu ch u n g  be i 700° v e rlie ren , w ährend  die A bgabe des K o o rd in a tio n s
w assers bei d en  I llita r te n  schon  bei 500— 600° e in t r i t t .  D em nach  is t  also d er 
B ram m allit n ic h t  zu den B lite n  zu  zäh len , so n d e rn  a u f  G rund  seines К  : N a 
V erhältn isses, se in er K orng röße u n d  seines V e rh a lten s  bei E rh itz u n g  eben fa lls  
als ein H y d ro p a ra g o n it zu b e tra c h te n . Die Ü b e re in s tim m u n g  der G it te rk o n 
s ta n te n  m it je n e n  des Illits is t, w ie m an  dies bei d em  H y d ro m u sk o v it v o n  N agy- 
börzsöny  sah , k e in  en tsch e id en d er U n te rsu c h u n g sw e rt.

Im  S inne des G esagten , verg le ichen  w ir die in  B a n n is t e r ’s A rb e it m i t 
g e te ilten  G itte rk o n s ta n te n  u n d  B rechungsind izes m it den en tsp re c h e n d en  
D a te n  des H y d ro m u sk o v its  v o n  N ag y b ö rzsö n y  in  d e r u n te n s te h e n d e n  T abe lle  
(siehe auch o b en  S. 180.) :

Die W e rte  fü r  P a ra g o n it beziehen  sich a u f  je n e n  von  M onte C am pione, 
d e r, wie w ir sa h e n , ta tsäch lich  P a ra g o n it, u n d  k e in  H y d ro p a ra g o n it is t . D ie 
en tsp rech en d en  D a te n  des H y d ro p a ra g o n its  von  F e n e s tre lla  sind n ich t b e k a n n t, 
ab e r auch die b ish e r  b ek a n n te n  lie fern  genügende B ew eise fü r das V o rh a n d e n 
sein  des H y d ro p a ra g o n its , w äh ren d  das B esteh en  des N a tro n illits  a u f  G ru n d  d e r 
D a te n  des » B ram m allit«  g e n a n n te n  G lim m erm in era ls  als n ich t erw iesen sc h e in t.

«0 b„ c e s in  ß a ß Y

P a rag o n it ( 2 ) ............................... 5,12 8,87 18,95 — — 1,605
B ram m allit (2) .......................... 5,2 9,00 19,2 1,561 — 1,579
I l i i t  ( 2 ) .......................................... 5,2 9,00 19,9 1,572 1,587 1,600
H ydrom uskov it (N a g y b ö r

zsöny) ........................................ 5,2 9,00 19,92 ____ 1,575 1,583
H y d rom uskov it (O gofau) (9) 5,19 9,03 20,02 — 1,575 1,580
M uskovit (2 )................................. 5,18 9,02 19,95 1,5628 — 1,5988

6  A c ta  G e o lo g ic a  V /2 .
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Nachtrag während der K orrektur

W äh ren d  der K o rre k tu r  is t  d ie 3. Auflage d e r  M ineralogischen T abellen  v o n  H . S trunz  
e in g e tro ffe n . Strunz re ih t den  B ra m m a llit  in  d ieser A rb e it (S. 307 — 308) sich  a u f  B ann iste rs 
z i t ie r te  A bhandlung  b e ru fen d  u n te r  den  N am en H y d ro p a rag o n it, obw ohl diese B enennung  
b e i B a n n is te r  n ich t zu f in d e n  is t. N ach  seiner F es ts te llu n g  : »Hydrom uskovite  v o n  T on te ilch en 
g rö ß e  w erden  in  neu rer Z eit b e v o rzu g t als Illite  b e ze ich n e t : sie besitzen  o ffen b ar vorzugsw eise 
lM d -S tru k tu r ,  sind also e insch ich tig -m onok lin  d e so rien tie r t.«  N ach  ihm  : » B ra m m a llit  e n t
s p r ic h t  e inem  N atrium -I l i i t .« E r  b e h an d e lt die N am en  H y d ro p a rag o n it u n d  H y d ro m u sk o v it als 
S am m eln am en .

E r  g ib t die G itte rk o n s ta n te n  des H y d ro m u sk o v its  m it an n äh ern d er G en au ig k e it, w ie
fo lg t :

a 0 — 5,2 b 0 — 9,0 c0 — 2 • 10,0 ß  ~  96°

N ach  den B erechnungen  v o n  J .  E rd ély i sind  d ie  G itte rk o n sta n te n  des H y d ro m u sk o v its  : 

a 0 =  5,2 b 0 =  9,0 c0 =  20 ß  =  95° 3'

D ie 3. Auflage des W erk s von  S tru n z  is t a m  l- s te n  A ugust 1957. e rsch ien en , w ährend
J .  E rd é ly i  seine A rbeit am  6 -sten  M ai 1957. an  de r S itzu n g  des Geochem ischen H au p tau ssch u sses 
d e r  U ngarischen  A kadem ie d e r  W issenschaften  v o rfü h rte .

SC H R IFT T U M

1. G r im , R. E.: Clay M ineralogy . (M cGraw H ill 1953.) p . 323.: Clay m inerals o f  h y d ro th e rm a l
orig in .

2. B a n n ist e r , F. A.: B ram rn a llite  (Sodium -illite) a new  m in eral from  L lan d eb ie , Sou th -
W ales. Min. M ag. 26, 3 0 4 -3 0 7 ,  1943.

3. P a n to , G.: Je len tés az  1946. évi nagybörzsöny i bányageo lóg ia i fe lvéte lrő l. M. Á ll. F ö ld t.
I n t .  É v i Je len tése  1945 —47 : H . 163 —171. 1951.

4. PantÓ, G.: A n ag y b ö rzsö n y i ércelőfordulás. F ö ld t.  K özi. LXXIX. 421. 1949.
5. K isva rsán y i, G. — H e r r m a n n , M.: A n ag y b ö rzsö n y i é rck u ta tá s  k ő z e tta n i v izsg á la ta .

M. Áll. F ö ld t. In t .  É v i Je len tése . 1953, I. 141 —173.
6. Sztrókay , K.: Ü b er den  W eh rlit (P ilsen it). A n n a les  Mus. N at. H ung . X X XIX. 75 — 103.

1946.
7. P a p p , F.: É rcv izsg á la to k  h aza i előfordulásokon. F ö ld t. Közi. LX III. 8. 1933.
8. K och , S. —Gra sselly , Gy .: T he m inerals o f  th e  su lp h id  ore-deposite  o f  N agybörzsöny .

A c ta  Min. P e tr. In s t .  M in. e t P e tr . U niv. Szegedensis. VI. 1 — 21. 1952.
9. B rammall, A. —L e e c h , J .  G. C. — B a n n ist e r , F . A .: The paragenesis o f  cookeite  and

hydrom uscovite  a sso c ia ted  w ith  gold a t  O gofau , C arm arthensh ire . M in. M ag. XXIV. 
5 0 7 -5 2 0 .

10. B atem a n , A. M.: E co n o m ic  M ineral D eposits. W iley , New Y ork, 1942.
11. N o ll , W.: M ineralb ildung  im  System  Al20 3- S i 0 2- H 20 .  N. Jb . Beil. B d. 70. A .  6 5 -1 1 5 .

1936.
12. F o lk , R. L.: The A lte ra tio n  o f Feldspar A nd I ts  P ro d u c ts  As S tud ied  In  T he L ab o ra to ry .

A m er. Jo u rn . of. Science. 425, 388 — 394. 1947.
13. G a ng u ly , A. K .: H y d ra t io n  of exchangeable  ca tio n s in  silicate m inerals . Soil Sei. 71,

2 3 9 -2 4 4 , 1951.
14. B r o w n , G .—N o r r ish , K .: H ydrous m icas. Min. M ag. 29, 929 — 932, 1952.
15. J a sm u n d , K.: Die s ilic a tisch en  T onm inerale. W einheim , 1951. SS. 149. u n d  159.
16. R o y , R .—Osborn , E .  F .: T h e  System  A120 3—S i0 2—H 20 .  Am er. M inerai. 39, 853 — 885. 1954.
17. E d elm a n , C. H . —F a v e je e , J .  C. L .: On th e  c ry s ta l  s tru c tu re  o f  m o n tm o rillo n ite  and

halloysite. Z eitschr. f. K r is t .  102, A. 417—431. 1940.
18. M cCo nell , D.: T he C ry sta l C hem istry  of M o n tm orillon ite . Am er. M ineral. 35, 166 —172,

1950.
19. G r im , R. Е .  —B r a d l ey , W . F .: R eh y d ra tio n  a n d  d e h y d ra tio n  of th e  c lay  m in era ls . A m er.

M ineral. 33, 5 5 - 9 0 .  1948.
20. Machatschki, F.: Spezielle  M ineralogie. W ien . 1953. S. 336.
21. G r im , R. E . —R o w la n d , R . A.: D ifferen tia l T h erm al A nalysis o f Clay M inerals an d  O th er



ÜBER HYDR0PARAG0N1T, EIN NEUES GLIMMERMINERAL, SOWIE ÜBER SEINE BEZIEHUNGEN 185

H y d ro u s M aterials. P a r t .  2. Am er. M ineral. 27, 801—818, 1942.
22. B a rsh a d , J .:  The E ffec t o f  th e  In te r la y e r  C ations on  th e  E x pansion  o f  th e  M ica Type

o f C rysta l L a ttice . A m er. M ineral. 35, 225—238, 1950.
23. Sc h ü l l e r , A.: Die E ig en sch aften  der M inerale I I .  A kadem ie V erlag, B e rlin . 1954. S.74.
24. N a gelschm idt , G .—H ic k s , D.: The m ica  o f c e r ta in  coal-m easure  sha les in  S o u th  W ales.

M in. Mag. 26, 2 9 7 - 3 0 3 .  1943.
Siehe : H intze , C. — Ch u d o ba , K . F .: H a n d b u ch  d e r M ineralogie. E rg än zu n g sb an d  
I I .  L ieferung 3. S. 175. 1954.

25. Sch a ller , W. T .—St e v e n s , R . E .: The V a lid ity  o f P a rag o n ite  as a M ineral Species. Am er.
M ineral. 26, 541—545, 1941.

H Y D R O P A R A G O N IT E , A N EW  M ICA M IN E R A L , AN D  ITS R E L A T IO N S  
TO H Y D R O M U SC O V ITE, N A T R O N IL L IT E  AN D  B R A M M A L L ITE

J .  E R D É L Y I ,  V . K O B L E N C Z  a n d  V .  T O L N A Y  

Abstract

1. T he clay m ineral o f  N agybörzsöny  is a  hyd ro m u sco v ite  re la te d  to  m u sco v ite , on th  
basis o f  A nalysis No. 1 i ts  sp ec ia l s tru c tu ra l fo rm u la  is as follows :

2„  (K 0,70Na0,05Ca0,05) l 12l(A Ili76Fei;0;F e 0V10Mg0l09)[«l[(S i3,u Al0,89)D lO 9 83](O H )2 17

2. T his hydrom uscovite  as well as th e  o re  ve in  assoc ia ted  w ith  i t  a re  o f  m eso therm al 
o rig in . T he hydrom uscovite  o f N agybörzsöny is in a c loser re la tio n  to m u sco v ite  th a n  th e  
occurrence o f Ogofau, w hich  is o f  ep ith e rm al o rig in  [9].

3. In  th e  hydrom uscovite  th e  O-ions o f  th e  te tra h e d ra l  shee t a re  su b s ti tu te d  by  OH- 
su rp lus, consequently  th e  q u a n ti ty  o f a lka li m e ta l ions decreases. T he q u a n ti ty  o f  O-ions 
in  th e  te tra h e d ra l sheet decreases to  such an  e x te n t, as th e  eq u iv a len t n u m b e r o f  O H -ions 
increases.

T hus th e  general s t ru c tu ra l  form ula o f  h y d ro m u sco v ite  is as follows :

I  (K ,N a,C a)[12l (A l,F e  • • • Fe • \M g )  [e][(Si4_y A ly)H10io_mJ (O H )2 + m
y —n  2

F u r th e r  investiga tions a re  needed  to e s tab lish  w h e th er th e re  ex ists th e  re la tio n sh ip  n  =  m , 
w hich cou ld  be  clearly  d e m o n s tra ted  in  case o f  th e  h y d ro p a rag o n ite  o f F e n e stre lla .

4. In  com paring th e  re su lts  o f  our in v es tig a tio n s  w ith  th e  d a ta  o b ta in e d  b y  o th e r  au th o rs  
th e  ex is ten ce  o f a new m ica m in e ra l, viz. h y d ro p a ra g o n ite  could  be asce rta in ed  w ith  c e r ta in ty .

5. T he m ineral described  u n d e r the  n am e  b ra m m allite  m u st be considered  as h y d ro p a ra 
gonite  a n d  n o t as n a tro n illite . T he existence o f  n a tro n illite  does n o t seem  to  b e  confirm ed .

О НОВОМ СЛЮДЯНОМ МИНЕРАЛЕ ГИДРОПАРАГОНИТЕ, А ТАКЖЕ О ЕГО 
ОТНОШЕНИЯХ С ГИДРОМУСКОВИТОМ, НАТРОНИЛЛИТОМ И БРАММАЛЛИТОМ

Й. ЭРДЕЛЬИ, В. КОБЛЕНЦ и В. ТОЛЬНАИ

Резюме
1. Глинистый минерал, обнаруженный в районе с Надьбёржёнь, представляет 

собой близкий к мусковиту гидромусковит, формула строения которого на основании 
анализа № 1 может быть написана следующим образом :

(K 0.70N a0 „sСа0>05) 1121 (A lli7e Fe;.”  Fe0‘ M g„„,) («1 [(Si3 u  AI0.89) I 4I 0 9.83] (O H )s

6 *
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2. Происхождение указанного гидромусковита, а также сопровожденной им 
жилы является мезотермальным. Гидромусковит с. Надьбёржёнь располагается ближе 
к мусковиту, чем месторождение эпитермального происхождения с. Огофау [9].

3. В гидромусковите место О-ионов тетраэдрового слоя занимает ОН-избыток, 
вследствие чего количество щелочно-метальных ионов, обладающих реакционной способ
ностью, уменьшается. Количество О-ионов тетраэдрового слоя уменьшается настолько, 
насколько повышается эквивалентное количество НО-ионов.

Общая формула гидромусковита таким образом является следующей :

ёо  (K ,Na,Ca) 1121 (Al, Fe • • • , Fe • ■, Mg) [<Ч[(Si4_у Alv) I4] O1 0 (OH),  f  my—n 2

При помощи дальнейших исследований и тщательных анализов необходимо уста
новить, существует ли зависимость n =  т ,  которая в связи с гидропарагонитом района 
Фенестрелла была четко обнаружена.

4. На основании сравнения результатов наших исследований с данными исследо
ваний других авторов существование нового слюдяного минерала — гидропарагонита 
было установлено без сомнения.

5. Минерал, описанный под названием браммаллита, следует считать не натронил- 
литом, а гидропарагонитом. Существование натрониллита пока не является доказанным.



ESSAI SUR LA DÉTERMINATION DES CHALEURS 
DE DISSOCIATION DES MINÉRAUX

P ar

M. F ö l d v á r i-V o g l  et B. K l ib u r s z k y

I N S T I T U T  G É O L O G I Q U E  D E  H O N G R I E  E T  U N I V E R S I T É  E Ö T V Ö S , B U D A P E S T

N ous avons d é te rm in é  des chaleu rs de dissociation de q u e lq u es m in é rau x  à l’aide  de  l ’a n a 
lyse  therm iq u e  d iffé ren tie lle  e t p a r  u n  m icrocalorim ètre  c o n s tru it  spécia lem ent à  c e tte  f in . 
O n a  cherché u n  ra p p o rt  th éo riq u e  e n tre  les ré su lta ts  re spec tifs , o b te n u s  p a r  les deux  m éthodes 
d e  d é te rm in a tio n  e t on  a essayé de c o n v e rtir  m u tu e llem en t les d e u x  séries de ré su lta ts . N ous 
espérons que, p a r le d év eloppem en t de nos résu lta ts  c a lo rim é triq u es , nous p ourrons o b te n ir  
la  m esure  de la force de lia ison  du  ra d ic a l OH des m in érau x .

Les analyses th e rm iq u e s  d ifféren tie lles p e rm e tte n t  de d é te rm in e r les 
ch an g em en ts  p ro d u its  dan s la  q u a n ti té  de ch a leu r lo rs de la  d issociation  des 
m in é rau x , ce qu i e s t b ien  d ém o n tré  dans les a r tic le s  de M. W it t e l s , I. 
B a r s h a d  e t G. Sa b a t ie r  [1, 2, 3, 4 ]. N o ta m m e n t le crochet th e rm iq u e  
in d iq u a n t la d issoc ia tion  du  m in éra l est en fo n c tio n , o u tre  de la q u a n ti té  
p ré sen te  du  m in éra l en  q u estio n , de la  chaleur p ro d u ite  (ou absorbée). Q uan d  
m êm e, on est d ’av is que c e tte  questio n  est encore indéc ise . E n  effet, il y  a 
des d ifférences re m a rq u a b le s  e n tre  les ré su lta ts  des m esu res, donnés p a r  les 
d iv ers  au teu rs . P . e. il est f r a p p a n t que la  v a leu r de 600° C env iron  de la  c h a 
le u r  de d issocia tion , m esurée  lors de l’a lté ra tio n  de  la  k ao lin ite , co rresp o n d  
selon la d é te rm in a tio n  de B a r s h a d  à 253 cal/g, ta n d is  que  selon S a b a t ie r  
à 111 cal/g. La c o n tra d ic tio n  est so u v en t trè s  co n sid é rab le , m êm e d an s  le 
cas d ’au tre s  m in é rau x .

N ous avons soum is à u n e  in v es tig a tio n  sy s té m a tiq u e  l’ex am en  des 
fa c te u rs  e t des sources d ’erreu rs  qui p eu v en t in f lu e r  su r  les d é te rm in a tio n s  
de ch a leu r de d isso c ia tio n , accom plies à l’aide de l ’an a ly se  th e rm iq u e  d if
fé ren tie lle .

Les e rreu rs  so n t b ien  connues, pour la  p lu p a r t ,  en connexion  avec  
l’ex am en  de l’a p p licab ilité  de l ’an a ly se  th e rm iq u e  d iffé ren tie lle  au x  d é te rm i
n a tio n s  q u a n tita tiv e s . Ce so n t les m êm es fac teu rs  qu i in f lu e n t aussi su r  la 
fo rm e e t l ’é ten d u e  de l’a ire  d u  c ro ch e t. E n  p rem ie r lieu , la  form e de l ’a ire  
d u  crochet dépend  de la v ite sse  de chauffage du  fo u r  de l ’app are il d ’an a ly se  
th e rm iq u e  d iffé ren tie lle . T h éo riq u em en t, on p o u rra it  su p p o se r que p a r  l ’a u g 
m e n ta tio n  de la  v ite sse  de ch au ffag e , on n ’o b tie n n e  q u ’un  crochet à p lu s  
g ra n d e  am p litu d e  qu i so it p ro p o rtio n n e llem en t p lu s é tro ite , e t que, p a r  co n 
sé q u e n t, l ’aire d u  c ro ch e t ne  d ép en d e  pas de la  v ite sse  d u  chauffage, m a is ,
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m a lh e u re u se m en t, c e t te  su p p o sitio n  ne  fu t  pas e n tiè re m e n t p ro u v ée  p a r  
l ’ex p é rien ce . W i t t e l s  ( 1 . c.) a exam iné en  d é ta il ce p ro b lèm e  e t  il a tracé  
u n e  re la tio n  g rap h iq u e  e n tr e  la  v itesse  de chauffage e t l ’a ire  d u  crochet. 
L a  fo rm e  et, quelque  p e u , m êm e l’é te n d u e  de l’aire  du  c ro c h e t d ép en d en t 
d e s  g ran d eu rs  g ra n u lo m é triq u e s  du  m in é ra l en q uestion . Q u a n d  m êm e, la 
q u e s tio n  se pose si l ’a ire  d u  cro ch e t ch an g e  avec la  g ra n d e u r g ran u lo m é triq u e  
p a rc e  que  la  v a leu r de la  ch a leu r de d issoc ia tio n  soit d é p e n d a n te , dans une 
c e r ta in e  m esure, des g ra n d e u rs  g ran u lo m é triq u es  du  m in éra l.

L a  m esure de l ’a ire  d u  c roche t p e u t d e v e n ir  erronée s’il n ’es t p as  possible 
d e  d é lim ite r  l’aire d u  c ro c h e t sans éq u iv o q u es, p a r  le p ro lo n g em en t de la 
lig n e  de base. Cela a r r iv e  q u a n d , ap rès le c ro ch e t, la  ligne de b ase  ne re to u rn e

F ig . 1

p a s  p réc isém en t à sa p lace  in itia le . M ême en d ép it de l ’a p p lic a tio n  des so lu
t io n s  graph iques reco m m an d ées  p o u r ces cas-là , on p e u t  c o m m e ttre  une 
e r r e u r  re la tiv e  de 5 à 10%  lors de la  m esu re  des q u a n tité s  de cha leu r.

S a b a t i e r  a t t i r e  n o tr e  a t te n tio n  su r  u n  fa it trè s  im p o r ta n t  ; n o ta m 
m e n t  il  fa u t re c o n n a ître  q u e  la  re la tio n  e n tre  l ’a ire  du  c ro ch e t e t  la q u a n tité  
d e  ch a leu r, c’est-à -d ire  la  v a le u r ca l/a ire  d u  c rochet n ’est p a s  in d é p e n d a n te  
d e  la  te m p é ra tu re  où  la  d issocia tion  s’acco m p lit. P o u r c e tte  f in , S a b a t i e r  

a  ch o is i des su b stan ces q u i se d issocien t à  te m p é ra tu re s  d iv erses  e t d on t la 
c h a le u r  de d issocia tion  e s t b ien  connue de la  l i t té ra tu re  e t  il a o b te n u  une 
c o u rb e  d ’éta lonnage p o u r  d é te rm in e r  la  v a le u r  de cal/aire d u  c ro ch e t en  fonc
t io n  de la  te m p é ra tu re .

Sa courbe d ’é ta lo n n a g e  est p resq u e  lin éa ire  e t elle p ro u v e  q u ’au  fu r 
e t  à  m esure qu ’on é lève  la  te m p é ra tu re , les aires de c ro ch e t a p p a r te n a n t 
à  la  m êm e q u a n tité  de ch a leu r, d e v ie n n e n t p lus petites .

A v a n t d ’ab o rd e r le p rob lèm e des d é te rm in a tio n s  de la  q u a n tité  de 
c h a le u r , nous vou lons t r a i t e r  en d é ta il les p o in ts  de vue  q u a n t i ta t i f s  de ce 
d e rn ie r  fac teu r. P o u r  e x a m in e r c e tte  q u es tio n , on a em ployé  la  so lu tion  
s u iv a n te  :

D ans chacun  des c reu se ts  d u  p o rte -éch an tillo n  de n o tre  a p p a re il d ’a n a 
ly se  th e rm iq u e  d iffé ren tie lle , nous avons p lacé de la  su b s ta n c e  in erte . 
D ’a illeu rs , le fo n c tio n n e m e n t e t le b ra n c h e m e n t de n o tre  in s ta lla tio n  é ta ien t
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ceu x  q u ’on em ploie h a b itu e lle m e n t [5]. N ous av o n s chauffé  le fou r à une  
v ite sse  de 100° C/ 6  m in u te s , de la  te m p é ra tu re  a m b ia n te  à 1000° C. D ans la 
su b s ta n c e  in e rte  p lacée  d an s  l’un  des creuse ts , nous avons noyé u n  f ila m e n t 
sp ira l de chauffage (5,6 Q  de résistance) e t nous avons fa it passer p a r  ce p e 
t i t  f ila m e n t sp ira l u n  c o u ra n t de 0,68 A d ’in te n s ité , à des in te rv a lle s  ré g u 
lie rs  à chaque 1 0 0 ° C en v iro n , p o u r une  d u rée  de 3 m in u te s  ex ac tes . A près 
3 m in u te s , nous av o n s  in te r ro m p u  le c o u ra n t du  p e t i t  f ila m e n t sp ira l e t 
nous l’avons ferm é de n o u v e a u  après l’é lév a tio n  su iv a n te  de 100° C de la 
te m p é ra tu re . Le g a lv a n o m è tre  b ran ch é  su r les couples th e rm iq u es  d iffé ren 
tie lle s  placées d a n s  les d eux  c reusets  a en reg is tré  les chaleu rs p ro d u ite s  
d a n s  le f ilam en t sp ira l e t il a tra c é  des a ires de d é v ia tio n  (v. fig . 1 .).

Com m e on v o it c la irem en t à la figu re , les a ires lim itées p a r  les d é v ia 
tio n s  du  g a lv an o m ètre  d im in u e n t vers les te m p é ra tu re s  élevées. C’é ta i t  su r 
c e tte  d im in u tio n  d ’a ire  que  nous avons calculé la p ro p o rtio n  e n tre  la  calorie 
e t  l ’a ire  du  c ro ch e t, à u n e  te m p é ra tu re  donnée (fig . 2 ).

Sur la  base  de ces co n sid éra tio n s, nous av o n s calculé les cha leu rs de 
d issociation  de que lques m in é rau x , sur l’aire  du  c ro ch e t d ’ana lyse  th e rm iq u e  
d ifféren tie lle  e t nous avons o b te n u  les ré su lta ts  su iv a n ts  :

M i n é r a l
C h a le u r s  d e  d is s o c ia t io n  
m e s u ré e s  c a l /g  d e s  a ire s  

d e s  c r o c h e ts

G ypse (pro  anal.) .....................................

K ao lin ite  (Z ettlitz) ...................................

H y d ra rg y llite  (Is trie) ..............................

C arbonate  de m agnésium  (pro  anal.)

170
106
220
320

Ces ré su lta ts  s ’acco rd en t en gros avec les v a leu rs  données p a r  S a b a t i e r  

aussi [4], m ais la p récision  ne p e u t pas ê tre  considérée com m e su ffisan te , 
n i p a r  ra p p o rt au x  données tro u v ées d ans la l i t té r a tu r e ,  ni p a r  com para ison  
avec nos d é te rm in a tio n s  para llè les.
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Y u  ces d ifficu ltés, n o u s  avons essayé de m esu re r les ch a leu rs  de d is 
so c ia tio n  à l ’aide d ’u n e  m é th o d e  d iffé ren te . A c e tte  f in , nous avons c o n s tru it 
u n e  p e t i te  in s ta lla tio n  c a lo rim é triq u e . E n  su b s ta n c e , n o tre  in s ta lla tio n  co n 
s is te  à  c h au ffe r le m inéra l p a r  la  voie é lec triq u e , d an s u n  systèm e ca lo rim é triq u e  
c a lo rifu g é  e t m esurer la  q u a n t i té  de ch a leu r récupérée  d u ra n t  le processus 
de re fro id issem en t. L a d ifférence  e n tre  les d eux  va leu rs d ’énerg ie  donne la 
q u a n t i té  de chaleur consom m ée au  cours de la  d issocia tion  th e rm iq u e  du  
m in é ra l (en cas d ’u n  p rocessus en d o th e rm iq u e ). N a tu re llem en t la ch a leu r de 
d is so c ia tio n  ob tenue de c e t te  façon-là  n ’es t pas id en tiq u e  à la q u a n ti té  de 
c h a le u r  rep résen tée  p a r  le c ro ch e t th e rm iq u e . On re c o n n a ît fac ilem en t ce 
f a i t  si l ’on su it de pas à p a s  les processus th e rm iq u e s  qu i se d é ro u le n t dan s 
le c a lo r im è tre  p e n d a n t u n  cycle  e n tie r  de ch au ffag e-re fro id issem en t e t, d ’au tre  
p a r t ,  d u r a n t  la fo rm atio n  d u  c rochet de la cou rbe  th e rm iq u e  d iffé ren tie lle . 
D ’a b o rd , on exam inera  ce p rocessus en connex ion  avec la d issoc ia tion  d ’un  
m in é ra l  c o n te n a n t du  ra d ic a l O H .

A p rès  avoir p lacé la p o u d re  du m in éra l d an s  un  p e tit  fo u r é lec triq u e , 
o n  la  m e t dans le ca lo rim è tre . (Y. la descrip tio n  de l 'in s ta lla tio n , p lus bas.) 
O n  ré c h a u ffe  le m inéra l à l’a id e  du  c o u ra n t é lec triq u e  ju sq u ’à la  te m p é ra tu re  
où  le  p rocessus de la  d isso c ia tio n  th e rm iq u e  se sera sû rem en t accom plie. 
O n  m e su re  d ’une m an ière  préc ise  la q u a n ti té  de ch a leu r Q, nécessaire  au  
c h a u ffa g e . P u is, on m esu re  la  q u a n tité  de ch a leu r tran sm ise  p a r  le m inéral 
à so n  am b ian ce , dan s le ca lo rim è tre . E n  g énéra l, les d eux  ch a leu rs  ne son t 
p a s  éga les ; n o ta m m e n t, en  cas d ’u n  processus en d o th e rm iq u e , on récupère  
m o in s  de  chaleu r ap rès le re fro id issem en t de la  su b stan ce  que la  q u a n tité  
de  la  ch a leu r dépensée au  réch au ffem en t, la différence é ta n t  consom m ée 
p a r  le  p rocessus de la  d isso c ia tio n . E n  d iv isa n t le processus de réch au ffem en t 
e t  re fro id issem en t en p rocessus p a rtie ls , on p e u t in d iq u e r les pas su iv a n ts  :

1°. U ne q u a n tité  de c h a le u r  e s t nécessa ire  à réch au ffe r le m inéra l 
n o n -a lté ré ,  de la te m p é ra tu re  de d é p a rt (t0) à la te m p é ra tu re  in itia le  de l’a l té 
r a t io n  th e rm iq u e , c e tte  q u a n t i té  é ta n t  év id em m en t le p ro d u it de la m u lti
p lic a tio n  de la cha leu r sp éc ifiq u e  et de la m asse de la su b stan ce  p a r  la d iffé
re n c e  de te m p é ra tu re  :

4i =  m ■ Cj (t— f0)

2°. U ne p a rtie  du  re s te  de la ch a leu r (q2) est dépensée d u ra n t  le p ro 
cessu s de la d issociation  th e rm iq u e , à la  lib é ra tio n  des ra d ic a u x  O H , sous 
la  fo rm e  de v ap eu r, d u  la t t i s ,  pu is au  ch an g em en t p ro d u it d an s  l’énérgie 
in té r ie u r e  du  la ttis . Le c h au ffag e  est f in i p a r  là .

L es processus p a r tie ls  d u  re fro id issem en t son t les su iv a n ts  :
3°. q3 est la q u a n ti té  de ch a leu r tra n sm ise  p a r  la su b s ta n c e  d é h y d ra té e  

à  so n  am b ian ce , p e n d a n t le re fro id issem en t à la te m p é ra tu re  a m b ia n te  : (C ette
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q u a n ti té  n ’est pas id en tiq u e  à qv  c a r  la  ch a leu r spécifique e t la m asse  de la 
su b s ta n c e  o n t changé, p a r  su ite  de la d issociation .)

9 з =  m 2 e2  (tj t0)

4°. Le re fro id issem en t de la  v a p e u r  p ro d u ite  p a r  la  d isso c ia tio n  du  
m in éra l, de la te m p é ra tu re  tj à 100° C. On désigne p a r  ç 4  la c h a le u r  lib érée  
p a r  ce processus.

5°. qb es t la q u a n tité  de ch a leu r libérée  lors de la c o n d en sa tio n  de la 
v a p e u r , à 100° C.

6 °. Le refro id issem en t de l’eau  liq u id e , de 100° C à la te m p é ra tu re  
a m b ia n te  ; la  ch a leu r libérée p e n d a n t ce processus e s t désignée p a r  q6.

E n  ré su m a n t les processus p a r tie ls , la  d ifférence des q u a n tité s  de  c h a le u r 
tra n sm ise s  au  systèm e e t récupérées p e u t ê tre  exp rim ée  de la façon s u iv a n te  :

Q —  AQ =  Q —  (—  Çj —  9a +  9з +  9 4  +  9s +  9e)’
so it

AQ — ~  9i —  9з +  9з +  9î  +  9 5  +  9e-

C ep en d an t, si la  d é te rm in a tio n  est fa ite  su r la  hase  de la courbe  th e rm iq u e , 
la  q u a n ti té  de cha leu r rep résen tée  p a r  l ’a ire  d u  crochet ne co rresp o n d  q u ’à 
q2 de p a rm i les processus p a rtie ls  que  nous ven o n s de décrire  en d é ta il . P o u r 
t a n t ,  si l ’on co n n a ît la ch a leu r spécifique  d u  m inéra l en q u e s tio n , les ré 
s u lta ts  o b te n u s  à l’aide des d eu x  m éth o d es so n t m u tu e llem en t c o n v e rtib le s .

E n  ce qu i su it, nous donnons la d esc rip tio n  de n o tre  ca lo rim è tre , pu is 
nous re n d o n s  com pte  de quelques ré s u lta ts , e t, en connexion av ec  ceux-ci, 
n o u s em ployons n o tre  co nsidéra tion  th é o riq u e  à des cas concre ts.

O n place la su b stan ce  ex am in ée  d an s  un  p e ti t  four é lec triq u e  cy lin d ri-  
fo rm e, de  10 m m  de d iam ètre  e t 16 m m  en v iro n  de h a u te u r. Le f i la m e n t de 
ch au ffag e  du  fo u r se tro u v e  à la su rface  in té r ie u re  du  four e t a in s i il e s t en 
c o n ta c t d irec t avec l’éch an tillo n  soum is à l’ex am en , p a r  là le ré c h a u ffe m e n t 
ra p id e  de l’éch an tillon  est assu ré . L a m a tiè re  du filam en t est K a n th a l A .,  
de 0,8 m m  de d iam ètre . Le fo u r est réch au ffé  p a r  u n  co u ran t a l te r n a t i f  d o n t 
le v o ltag e  est de 12 Y, l’in te n s ité  é ta n t  de 5 A. D e l ’ex té rieu r, la  b o b in e  de 
chau ffage  est en to u rée  p a r  u n  iso la teu r en  asb es te  qu i, à son to u r, e s t su p p o rté  
p a r  u n  m an ch o n  ex té rieu r en n ickel. U ne couple  th e rm iq u e  P t - P t  rh o d ié  est 
c e n tré e  d an s  le p e ti t  fou r, à l ’aide d ’un  tu b e  de porcelaine à d o u b le  fo ru re .

N o tre  fo u r é lec trique  est p lacé au  m ilieu  d ’u n  p e tit  vase d év issab le  
en  fo rm e de bom be ca lo rim é triq u e . N ous avons p longé n o tre  b o m b e  ca lo ri
m é tr iq u e  dan s 2 0 0  m l d ’eau  co n ten u e  d ans un  vase  en cuivre rouge ; le sy s tèm e  
e n tie r  a é té  m u ltip lem en t calorifugé de d eh o rs , selon la m an ière  h a b itu e lle  
des m esures ca lo rim étriques. U n m ince cap illa ire  en cuivre s’a v a n c e  d a n s  
l’espace in té r ie u r  de la bom be ca lo rim é triq u e  ; ce cap illa ire  long de  50 cm
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e n v iro n  fu t ployé en  f i le ts  m u ltip les , le long d u  p a ro i de la bom be ca lo rim é triq u e . 
C’e s t  ce capillaire en  c u iv re  qui co n d u it v e rs  l ’ex té rieu r les gaz p ro d u its  
d u r a n t  la d issociation , m a is  v u  que le gaz d o it su iv re  un  cours long d an s l 'e a u  
d u  ca lo rim è tre , on o b t ie n t  que le gaz s o r ta n t  e s t refro id i à la  te m p é ra tu re  de 
l ’e a u  e t  ainsi il ne cau se  p as  de p erte  de ca lo rie  p a r  son d é p a rt. Le d é p a rt 
des gaz assure que la  d isso c ia tio n  soit acco m p lie  à une  pression de l’a tm o 
sp h è re . O n observe la  te m p é ra tu re  de l’eau  d an s  le calo rim ètre  de la  m an iè re  
h a b itu e lle , p a r u n  th e rm o m è tre  B ookm an, à c h a q u e  dem i-m inu te  ou m in u te .

L a  d é te rm in a tio n  e s t fa ite  de la façon  su iv a n te  : après avo ir observé 
u n e  pério d e  a n té r ie u re  co n v en ab le , on fe rm e le c ircu it du  four e t on m esure 
la  q u a n t i té  du c o u ra n t p a r  u n  com pteur. L e c irc u it  sera  ferm é ju s q u ’à ce que 
l’in s tru m e n t  de la coup le  th e rm iq u e  noyée d an s  l ’échan tillon  soum is à l ’e x a 
m e n  in d iq u e  une te m p é ra tu re  où le p rocessus de d issociation  à ex am in er 
se s o it  sû rem en t acco m p lie . L ’o bserva tion  de c e t te  te m p é ra tu re  est d ’a u ta n t  
p lu s  facile  que l’in s tru m e n t  de la couple th e rm iq u e  s’a rrê te  à la  te m p é ra tu re  
de la  d issociation , ju s q u ’à l ’accom plissem ent to ta l  de la d issociation  e t pu is 
il recom m ence à s’é lev e r trè s  rap id em en t. L a  dose de l ’échan tillon  é ta i t  en 
g é n é ra l de 0,6 à 0,8 g. L e réch au ffem en t ne  p re n d  que 1 ou 2 m in u tes , au  
fu r  e t  à m esure de la  te m p é ra tu re  de d isso c ia tio n . P u is, en in te r ro m p a n t 
le c o u ra n t  du four, on ob serv e  le ré ch au ffem en t de l’eau du  ca lo rim è tre  e t, 
a p rè s  l ’accom plissem ent de la  com pensation  th e rm iq u e , on m esure la période 
u lté r ie u re , de la m a n iè re  h ab itu e lle .

Si, au  lieu de l ’é c h a n tillo n  à exam iner, on p lace  une su b stan ce  th e rm iq u e 
m e n t in e r te  dans n o tre  p e t i t  four, en cas d ’u n  ch au ffag e  p a r le m êm e w a tta g e , 
le réch au ffem en t de l ’e a u  du  ca lo rim ètre  a t t e in t  év id em m en t une  v a le u r 
p lu s  élevée que lors de  l ’ex am en  d ’une su b s ta n c e  d o n t la  d issocia tion  est 
acco m p ag n ée  d ’u n  p ro cessu s en d o th e rm iq u e . S u r la base de la  d ifférence 
e n t r e  les deux v a le u rs , on p eu t d é te rm in er, de la  façon d écrite  p lus h a u t, 
la  q u a n t i té  de c h a le u r  consom m ée p a r  la  d isso c ia tio n , désigné p lus h a u t  
p a r  AQ .

A près avoir su rm o n té  les d ifficu ltés in itia le s , nous avons réussi à 
d im in u e r  l’erreu r m a x im u m  de nos d é te rm in a tio n s  à 2 ou 3 calories. A y a n t 
acco m p li les d é te rm in a tio n s , nous nous som m es efforcés de con trô le r —  p a r  
la  d é te rm in a tio n  de l ’é v e n tu e lle  d im inu tion  de p o id s , p ro d u ite  p a r  le réch au ffe 
m e n t  rép é té  de l ’é c h a n tillo n  re tiré  —  si le p rocessus de la d issocia tion  s’est 
v é r ita b le m e n t dérou lé  d a n s  le ca lo rim ètre . C h acu n  de nos ré su lta ts  e s t la 
m o y e n n e  d ’au  m oins 5 o u  6  d é te rm in a tio n s  p ara llè les .

Com m e p rem ie r e ssa i, nous avons p r in c ip a le m e n t exam iné des m in é rau x  
à  h y d ro x y le  (k ao lin ite , h y d ra rg y llite , b o e h m ite , d iaspore), m ais, à t i t r e  de 
co m p a ra iso n , nous av o n s  au ss i m esuré la c h a le u r  de tran sfo rm a tio n  d u  gypse, 
e n  o u tre  nous avons ch e rch é  un  exem ple de la  d issociation  des c a rb o n a te s , 
p a r  la  d é te rm in a tio n  de la  chaleu r de d isso c ia tio n  de la  m agnésite .



ESSA I SUR LA D ÉTERM IN A TIO N  DES CHALEURS D E  DISSOCIATION DES M IN ÉR A U X 193

V oici u n  ta b le a u  sy n o p tiq u e  des m oyennes des ré su lta ts  de nos e x am en s

É c h a n t i 11 о I

K a o l in i t e ................................

D ia sp o re ...................................

B o e h m ite ................................

H y d ra rg y llite  .......................

G y p s e ........................................

C arb o n ate  de  m agnésium

P e r te  de c h a le u r , m esu rée  
dans le c a lo r im è tre  : 

J Q  cnl/g

98
73
68

80 à 100 
34 

319

P a rm i ces échan tillons-là , le gypse e t  le c a rb o n a te  de m ag n ésiu m  so n t 
des p ro d u its  ch im iques de q u a lité  «pro  an a ly si» . D ans le cas des a u tre s  m in é 
ra u x , n o u s  som m es p a r tis  des occurrences au ssi p u res  que possib le, p . e. de 
la  k a o lin ite  de Z e ttlitz , de l’h y d ra rg y llite  d ’Is tr ie , d u  d iaspore de  B a n sk à  
B êla. E n  ch aq u e  cas, nous avons d é te rm in é  p a r  la  voie ch im ique la  te n e u r  
en  m in é ra l p u r  de l’éch an tillo n  exam iné  p o u r y  ra p p o r te r  les ré s u lta ts . C’est 
la b o e h m ite  qu i a causé le p lus de d ifficu lté . A  c e tte  f in , nous av o n s  choisi 
un  é ch an tillo n  de b a u x ite  d o n t la  te n e u r  en k a o lin ite  é ta it  in s ig n if ia n te  m ais 
d o n t le m in éra l b au x itifè re  d o m in a n t é ta it  la  b o eh m ite  e t qu i —  d ’ap rès  
l ’an a ly se  th e rm iq u e  d ifféren tie lle  e t l ’exam en  a u x  ray o n s X  —  ne c o n tie n t 
d ’h y d ra rg y llite  q u ’en trace s  ; la te n e u r  en fe r n ’é ta n t  pas rep ré sen té  p a r  la 
lim on ite  m ais  p a r  l’h é m a tite . A insi, o u tre  la  b o eh m ite , l ’éch an tillo n  ne  co n 
tie n t p as  d ’a u tre  m in éra l d o n t la  d issociation  e s t accom pagnée de d é h y d ra ta 
tio n . C’é ta i t  un  éch an tillo n  de b a u x ite  de H a lim b a -T a m ásk ú t (pris p a r  Gy . 
B á r d o s s y ) qu i nous a sem blé le p lus p ro p re  à c e tte  fin . N ous av o n s  dosé 
la  te n e u r  en  b oehm ite  de l’échan tillon .

P a rm i les va leu rs de AQ  ce so n t celles d ’h y d ra rg y llite  qui so n t les p lus 
d ispersées. On a supposé que la  g ran d e  q u a n ti té  de v ap eu r se so it p ro d u ite  
si ra p id e m e n t que son d é p a rt p a r  le cap illa ire  a i t  é té  accom pli a v a n t  d ’ê tre  
re fro id ie  à  la  te m p é ra tu re  de l ’eau  du  ca lo rim è tre . O n tra ite ra  p lu s  ta rd  
l’in v e s tig a tio n  de c e tte  source d ’e rreu r.

Q u a n t à l’év a lu a tio n  des ré su lta ts  de nos ex am en s, nous vou lons in s is te r  
su r  les conclusions tirées  de la com paraison  e n tre  les ré su lta ts  ca lo rim é triq u es  
e t  ceux  d ’an a ly se  th e rm iq u e  d ifféren tie lle . I l  s’en su it des co n sid é ra tio n s  
th éo riq u es m en tionnées p lus h a u t  que les v a le u rs  de chaleur m esu rées su r  
l’aire d u  c ro ch e t th e rm iq u e  e t celles en reg istrées p a r  le ca lo rim ètre  ne  p e u v e n t 
pas ê tre  id e n tiq u e s  en cas d ’un  m inéral d o n t la  d issociation  est a cco m p ag n ée  
de d ég ag em en t de v a p e u r, ca r les ré su lta ts  m esurés d ans le ca lo rim è tre  so n t 
d im inués p a r  la  q u a n tité  de ch a leu r nécessaire à  la  condensation  de la  v a p e u r  
d u ra n t le re fro id issem en t. E n  effet, les v a leu rs  AQ  m esurées p a r  le c a lo ri
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m è tre  s o n t plus basses q u e  celles q u ’on o b t ie n t  p a r  l’analyse  th e rm iq u e  d if 
fé re n tie l le . I l n ’y  a q u ’un e  ex cep tion , n o ta m m e n t le cas de M gC 0 3  où  les deux  
r é s u l ta t s  concorden t. N o u s avons fa it f ig u re r  M gC 0 3  p a rm i nos m esu res  
ju s te m e n t  po u r p ro u v e r q u e  la d ifférence e n tre  les deux  so rtes de ré su lta ts  
é ta i t  d u e  à la p ré c ip ita tio n  de la v ap eu r.

S u r  la  base des c o n sid é ra tio n s  que n o u s  v en o n s  d ’exposer, il e s t égale
m e n t  é v id e n t que, si l ’on  v e u t  tire r  des co nc lusions q u a n t à la  force de liaison 
des ra d ic a u x  O H  d a n s  le m in éra l, les r é s u l ta ts  ob ten u s p a r  ca lo rim é trag e  
s o n t  p lu s  proches de la  ré a li té , ca r l ’énerg ie  d ’év ap o ra tio n  de l’e a u  libérée  
n ’y  f ig u re  plus.

D a n s  cet o rd re  d ’id ées , la v a leu r ca lo rim é triq u e  basse AQ  d u  gypse 
n ’e s t  p a s  fra p p a n te , celle-ci in d iq u e , d ’a ille u rs , que la  m a je u r p a r t ie  de la  
c h a le u r  de d é h y d ra ta tio n  d u  gypse, connue  de  la  l i t té ra tu re , es t consom m ée 
p a r  l ’év ap o risa tio n  de  l’e a u  crista lline lib é rée  e t  ce n ’en est q u ’u n e  p a r tie  
in s ig n if ia n te  qui e s t n écessa ire  à la l ib é ra tio n  de l ’eau  c rista lline  d u  la tt is .

E n f in , dans le cas de  deux  m in é rau x , n o u s  avons essayé de calcu ler, 
à p a r t i r  de la  v a leu r zlQ o b te n u e  p a r c a lo rim é trie , en te n a n t  co m p te  des con
s id é ra t io n s  th éo riques exposées plus h a u t , la  v a le u r  à a tte n d re  de la  ch a leu r 
de  d isso c ia tio n  m esurée  su r  la  base de l’a ire  d u  cro ch e t th e rm iq u e . D e p a rm i 
n o s  e x am en s , nous av o n s  choisi ces d eux  m in é ra u x  d o n t on tro u v e  des con
s ta n te s  physiques a u th e n tiq u e s  dans la  l i t té r a tu r e .

D a n s  le cas d u  g y p se , la va leu r zJQ, o b te n u e  p a r  ca lo rim é trie  est de 
34 c a l. O n a supposé q u e  la  te m p é ra tu re  de  d isso c ia tio n  é ta it  200° C, la  te n e u r  
en  e a u  2 1 % , la ch a leu r spécifique  du gypse  0 ,25 , celle de l ’a n h y d r i te  0,18.

D e la  form ule

A Q  =  9i +  92 —  Чз —  4 i —  ló —  9« :
AQ  =  34

q1 =  1 X 0,25 X 180 =  45 cal.
q2 — la c h a le u r m esurée  p a r l’a n a ly se  th e rm iq u e  d iffé ren tie lle , en 

ce cas-ci c ’e s t la  v a leu r à ca lcu le r 
q3 =  0,79 X 0,18 X 180 =  25,5 cal.
qi  =  0,21 X 0,48  X 100 =  10,1 „
q-3 =  0,21 X 540 =  113,5 „
qR =  0,21 X 80 =  16,7 „

P a r  la  su b s titu tio n  de ces va leu rs : 

qz =  150,8 ca l.,

ce q u i s ’accorde b ien  av ec  la  cha leu r de d é h y d ra ta t io n  connue de la l i t té r a tu r e .
E n  e ffec tu an t les ca lcu ls  d ’une m a n iè re  sem blab le , p o u r la k a o lin ite ,

<jf2  =  192 cal/g .
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C ette  v a leu r est p lus h a u te  que celle q u ’on o b tie n t p a r l’an a ly se  th e rm iq u e  
d ifféren tie lle , e t p a r  com paraison  avec les do n n ées publiées dans la l i t té r a tu r e ,  
elle s’in te rca le  e n tre  la v a leu r donnée p a r  B a r s h a d  e t celle de S a b a t i e r  

e t  elle ne diffère pas beau co u p  de la v a leu r de  213 cal/g d e là  ch a leu r de d isso 
c ia tio n , donnée  p a r  «G m elin’s H an d b u ch » .

Il e s t difficile de so u m e ttre  n o tre  m é th o d e  d ’exam en à u n e  c ritiq u e  
rée lle  t a n t  q u ’il y  a u ra  des d ifférences si considérab les e n tre  les données 
d ispon ib les des d ivers a u te u rs .

E n  ce qu i concerne  le d év e lo p p em en t de nos exam ens, nous som m es 
d ’av is q u ’il fa u t  a u g m e n te r  la précision  des m esures ca lo rim étriq u es e t nous 
espérons de p o u v o ir d o n n er, p a r  là, des r é s u lta ts  p ra tiq u es  in fo rm a tifs  su r 
la  force de lia ison  des ra d ic a u x  O H  des m in é ra u x .
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M . F Ö L D V Á R I -V O G L  u n d  B . K L I B U R S Z K Y  

Zusam m enfassung

Die B estim m ung  d e r Z ersetzungsw ärm e von M ineralen  w urde m it dem  D T A -V erfahren  
u n d  m it e inem  besonders zu diesem  Zwecke k o n s tru ie r te n  M ikrokalorim eter d u rc h g e fü h rt. 
Es w urde v e rsu ch t, zw ischen d en  bei de r A n w endung  d e r zweierlei B estim m u n g sv erfah ren  
e rz ie lten  R e su lta te  e inen  th eo re tisch en  Z usam m enhang  zu fin d en  und  die b e id en  R e su lta te  
in e in a n d e r um zurechnen . D urch  W eiteren tw ick lung  d e r  k a lo rim etrischen  R esu lta te  hoffen  w ir 
fü r  die B in d u n g sstä rk e  d e r O H -R ad ikale  von M in eralen  eine M aßzahl e rh a lte n  zu  k ö n n en .

ПОПЫТКА ОПРЕДЕЛЕНИЯ ТЕПЛОТЫ РАЗЛОЖЕНИЯ МИНЕРАЛОВ 
М. ФЕЛЬДВАРИ-ФОГЛ и б . клибурски

Резюме

При помощи дифференциально-термического анализа и применением сконструиро
ванного для этой цели микрокалориметра была определена теплота разложения минералов. 
Между результатами, полученными при определении, проведенном двумя указанными 
способами, авторы искали теоретическую зависимость и пытались перевести результаты 
двоякого рода одни из других. От дальнейшего развития калориметрических результатов 
можно надеяться, что будут получены параметры связочной мощности ОН-радикалов 
различных минералов.





ON THE PETROLOGY OF VOLCANIC ROCKS 
AND THE INTERACTION OF MAGMA AND WATER

By

E . S z á d e c z k y - K a r d o s s

E Ö T V Ö ** U N I V E R S I T Y , B U D A P E S T

I n  connection  w ith  re ce n t in v estig a tio n s carried  o u t in  th e  T e r tia ry  v o lcan ic  b e lt  o f  th e  
C a rp a th ian s , the  a u th o r has p o in te d  o u t th e  q u ite  con sid erab le  e ffec t o f th e  coal a n d  o f m oist 
san d y -c lay ey , m arly  an d  p y ro c la s titic  c o u n try  rocks upon  th e  m agm a. T his e ffec t, called  tra n s 
v a p o riz a tio n , fu n d am en ta lly  changes th e  chem ical com position  a n d  tre n d  o f  d iffe ren tia tio n  
even  o f la rg e  m agm a bodies. Som e rocks, as c e rta in  k in d s o f  p ro p y lite s , an a lc ite -b a sa lts , anal- 
c ite -d iab ases , c rin an ite s , te sch en ite s , w eilburg ites, L ah n -k e ra to p h y res , a lk a li p e g m a tite s , luga- 
r ite s , an a lc ite-sy en ites , fu r th e r  p e rlites , p itchstones, pum ices, e tc . a re  p a r tly  o r e n tire ly  form ed 
b y  th e  e ffec t o f  th is  process. T hese rocks are n o t norm al o r th o m a g m atite s  b u t  th e y  a re  p roduced  
b y  considerab le  extension  o f th e  te m p e ra tu re  in te rv a l o f  c ry s ta lliz a tio n , up  to  th e  h y d ro th e rm al 
s tag e. I t  is proposed to  d en o m in a te  such rocks as h y p o m ag m atite s .

T h ere  a re  sy s tem atica lly  desc rib ed , on th e  o th er h a n d , su b seq u en t a lte ra tio n s  o f  vo lcan ic  
rocks, a n d  fu r th e r , some new  ty p es  o f  rocks o f th is  k in d , e. g. o x y m etav o lcan ites , leucovo lcan ites, 
ch lo rovo lcan ites, h y d ro v o lcan ite s  a n d  pseudoagglom erates.

T h e  fo rm ation  o f th ese  rocks is closely connected  to  th e  d ev elo p m en t o f d iffe re n t jo in t 
system s o f  vo lcanic rocks. T h u s th e  a u th o r  a tte m p ts  to  describe  th e  genesis o f  th e  la t te r  ones.

T h e  evalu a tio n  o f th ese  new  concepts concerning th e  c lass ifica tio n  o f m ag m a tic  rocks, 
is also b rie fly  described.

As th is  paper is an  in tro d u c tio n  to  a sy n th e tic  in te rp re ta tio n  o f th e  com plex  in v es tig a tio n  
o f (sub)vo lcan ic  m o u n ta in s, i t  f in a lly  deals w ith  th e  subsidence s tru c tu re  o f  v o lcan ic  m oun
ta in s , as well as w ith  th e  ap p lica tio n  o f  a new  m ethod  to  s tru c tu ra l  in v es tig a tio n  o f  th e  sam eh

C ontents
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I I . C onsiderations concerning th e  system  of igneous r o c k s ............................................................ 201

I I I .  H y p o vo lcan ites so fa re x a m in e d  (an alc ite-b asa lt, perlie , p itch s to n e , w e ilbu rg ite , teschen-
ite , analcite-syen ite , carbo-, su lfo-, hydrovolcan ites, o re -p e rid o tite , h y p o v o lcan itic  
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In  connection  w ith  o u r com plex  geological a n d  geochem ical in v e s tig a 
tions in  th e  volcanic ch a in  o f  th e  C arp a tian s , sev era l p rob lem s re la te d  to  the  
genesis o f  volcanic rocks w ere s tu d ied  from  th e  doub le  p o in t o f v iew  o f the  
in te ra c tio n  of m agm a an d  w a te r , viz. of igneous ro ck  an d  w a te r. T hese p ro 
b lem s a re  connected  w ith  som e d ifficu lties o f th e  in te rp re ta tio n  o f  volcanic 
m o u n ta in s  p a r tly  e lu c id a ted  b y  V a d á s z , S e r g e y e v s k y  an d  T ö r ö k  [1, 2, 3]. 
Such d ifficu lties m ay  be a rra n g e d  as follows :

1. T he co m p ara tiv e  descrip tio n  o f vo lcan ic  m o u n ta in s  is im p ed ed  b y  
th e  lack  o f uniform  co n cep t, c lassification  and  n o m en c la tu re  of th e  so-called
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d e c o m p o se d  igneous re e k s . 2. O bservations co n cern in g  m an y  “ h y d ra te d ” 
ig n e o u s  rocks can h a rd ly  b e  b ro u g h t in to  acco rd  w ith  th e  genera lly  accep ted  
e n d o g e n e tic  d e riva tion  o f m a g m a tic  w ater. 3. In  m a n y  cases, th e  co rre la tion  
b e tw e e n  th e  rocks of v o lcan ic  m o u n ta in s  an d  th e  p ro d u c ts  of ac tiv e  volcanoes 
is d o u b tfu l .  4. The p o ss ib ility  o f  d ip  m easu rem en ts , in  vo lcan ic  m o u n ta in s , 
is m o s t ly  lacking because o f  th e  large m ass o f lav a -ro ck s  an d  th e  freq u en tly  
u n s t r a t i f ie d  appearance o f  p y ro c la s tite s , co n seq u en tly , th e  s tru c tu re  o f  vo lcan 
ic m o u n ta in s  and its  c o n n e c tio n  w ith  th e  s tru c tu re  o f ac tive  volcanoes are 
a lso  o f te n  unsettled .

T h e  presen t p ap e r is  a b r ie f  p re lim in a ry  re p o rt on m ore ex tensive  
in v e s t ig a tio n s  concerning th e  e lu c id a tio n  o f th ese  d ifficu lties . P a r t ic u la r  resu lts  
r e la t in g  to  special rock  a n d  o re  ty p e s  will be ex p o sed  in  se p a ra te  p ap ers .

T h e  p resen t p ap e r w as e lab o ra ted  on th e  basis  o f d a ta  co llected  p a r t ly  
b y  th e  a u th o r  during  h is fo rm e r , p a rtly  u n p u b lish ed , in v e s tig a tio n s  in the 
H a r g i ta ,  G utin , A vas a n d  S z in y á k  M ountains a n d , on th e  o th e r  h a n d , in  th e  
c o u rse  o f  recen t su rveys c a r r ie d  ou t in  th e  c o m p an y  o f his co llabo ra to rs, 
p r in c ip a l ly  w ith V .  S z é k y - F u x , fu r th e r  on J .  K is s , F .  K a s z a n i t z k y , I . K u b o - 

v i c s ,  L . P e s t y , Cs . R a v a s z , in  th e  T okaj, M á tra , B örzsöny  an d  D unazug  
M o u n ta in s . The m ain re su lts  w ere  expounded  a t  a conference o f th e  G eochem i
ca l C o m m ittee  of the  H u n g a r ia n  A cadem y o f Science (N ovem ber 4 th  an d  5 th , 
1957), w here the  v a lu ab le  re m a rk s  of E .  V a d á s z , A. F ö l d v á r i , S. K o c h , 

L . T o k o d y , F .  H o r u s i t z k y ,  G . K e r t a y  G. P a i s t ó , E .  N e m e t z , E .  S c h e r f ,

К . B a l o g h , B. J a n t s k y ,  J .  E r d é l y i , M. H e r r m a n n , G y . V a r j ú , A. V i d a c s , 

G y . M a r t o n  also c o n tr ib u te d  to  th is  w ork.

I. R e la tio n  betw een m agm a an d  w ater

The phenom enon o f  transvaporization

T h e  m utual effect o f  th e  tw o phases, w a te r  an d  m ag m a, is a p roblem  
o f  m ig ra tio n  of e lem ents. A s fo r the  m ig ra tio n  o f  e lem en ts, we p rev iously  
re c o g n iz e d  tw o p rin c ip a l f a c to rs  [4, 5]. In  th e  case  o f  slow  processes th e  ionic 
d e n s i ty  (Ionenw ichte) a n d  th e  b o n d  s tre n g th  [7] w as fo u n d  decisive for th e  
m ig ra t io n  of elem ents. T h e se  effects are tra c e a b le  p ro b a b ly  in  th e  sep ara tio n  
o f  so m e  alkaline igneous p ro v in c e s , fu rth e r in  th e  zoning  o f c ry s ta llin e  schists, 
a n d , acco rd in g  to  recen t in v e s tig a tio n s  carried  o u t  b y  P . E s k o l a , in  the  p ro 
cess o f  g ran itiza tio n  [6].

T h e  in te rac tio n  o f  m a g m a  and  w a te r be longs to  th e  ra p id  processes. 
I n  th i s  respect, th e  re la tio n  o f  th e  m ig ra ting  p h ases  m ay  be exp ressed  p ra c ti
c a l ly  as follows. V olatile  e le m e n ts  m ig ra te  fro m  p laces o f  h ig h e r pressure 
to w a rd s  those of low er p re s su re , i. e. from  sy s tem s of h ig h er ten s io n  an d  con
c e n t r a t io n  of the  m ig ra tin g  com ponen t to w a rd s  th o se  o f low er ten s io n  and
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co n cen tra tio n . B riefly , th e  m ig ra tio n  o f vo la tile  e lem en ts takes p lace  in  the  
d irec tio n  o f  th e  p ressu re  slope. T herefore th e  m ig ra tio n  of e lem en ts o f  low er 
p o te n tia l an d  bond  s tre n g th  i. e. those o f h igher v o la ti l i ty  is the  m o st in ten se .

T he c o n ta c t o f m a g m a  w ith  w a te r o r w a te r-co n ta in in g  c o u n try  rocks, 
re sp ec tiv e ly , p roduces h ig h -p ressu re  v ap o u r. A fte r filling  up  th e  c a v itie s  and  
fissu res o f th e  c o u n try  ro ck s , th e  w a te r p e n e tra te s  in to  th e  still liq u id , conse
q u e n tly  p erm eab le  and  o rig in a lly  m ostly  low er-p ressu re  m agm a, w h ich  p a r tly  
resorbes i t ,  in  th e  sh ap e  o f  s team  bubb les, an d  th e n  g rad u a lly  d isso lves the  
v a p o u r  c o n te n t o f th e  la t t e r  ones. The m elting  te m p e ra tu re  an d  v isc o s ity  of 
th e  m ag m a are  decreased  th e re b y , con seq u en tly  th e  physical c o n d itio n  of 
v a p o u r re so rp tio n  becom es m ore favourab le  a n d  th e  d u ra tio n  o f  th e  w hole 
process is increased .

T his so rt of h y d ra ta t io n  o f th e  m agm a m a y  he called transhydrata tion , 
o r, ta k in g  in to  co n sid e ra tio n  o th e r vo latile  su b stan ces , transvaporiza tion . 
A t h igher p ressu re  i. e. a t  g re a te r  d ep th , w a te r b e in g  in  th e  c ritica l s ta te ,  th e  
increase  in  pressu re  becom es low er, co n seq u en tly  m ig ra tio n  w ill becom e 
slow er. H ow ever, th e  process is generally  th e  sam e in  th e  flu id  p h ase  as in  th e  
v a p o u r phase .

T hus th e  m ig ra tio n  o f  w a te r  chiefly  does n o t ta k e  place in  th e  d irec tio n  
o f  th e  te m p e ra tu re  slope b u t  on th e  co n tra ry , fro m  th e  cooler to w a rd s  th e  
h ig h e r-te m p e ra tu re  m ed iu m . T em p era tu re  on ly  a c tiv a te s  th is  p rocess.

T ran sv a p o riz a tio n  ta k e s  p lace if  l . l a v a  d ire c tly  flow s in to  w a te r , o r 2. it  
form s su b m arin e  e ru p tio n s , fu r th e r , 3. when it  flow s upon  m o is tu re -co n ta in in g  
(chiefly  sed im en ta ry ) rocks o r  4. i t  b reaks th ro u g h  such  rocks and , p rin c ip a lly , 
5. w hen i t  crysta llizes b e tw een  m oist rocks.

I f  th e  average  w a te r  c o n te n t o f  clay, th e  m o st freq u en t k in d  o f  sed i
m e n ta ry  rock , is e s tim a te d  a t  6 ,1%  and  th a t  o f th e  c o n ta c t sch ists  p ro d u ced  
b y  its  tra n sv a p o riz a tio n  a t  3% *, th e  m ax im u m  m o istu re  re so rp tio n  o f  a

* These fig u res a re  su p p o rte d  by  th e  following av erag es [8, 9, 10] :

Н 20 ; H aO -
B lue m ud (Cl a r k e ) ....................................................................................
B lue an d  green  m ud (St e ig e r ) ........................................................ 5,86

7,2
4,73

R ed  coasta l m u d  (N ig g l i) ....................................................................
R ed  clay  (Cla r k e) ..................................................................................

6,02
7,04

•-4-,

R ed  c lay  (St e ig e r ) .................................................................................... 5,93 3,28
C layey  G lobigerina ooze (Cl a r k e ) ...................................................
M olasse clays (Sw itzer la n d , N ig g l i) ............................................ 3 ,4 - 8 ,4  

3,45 
3,82

7,90
1,7— 5,6 

2,11 
0,89Palaeozoic shales (Cla r k e) ....................................................................

L ow er A lsa tian  shale (R o se n b u sc h ) ............................................... 3,9
Low er A lsa tian  G arbensch iefer (R o sen bu sch ) .............................. 3,5
Low er A lsa tian  andalu site -h o rn fe ls  (R osenbu sch ) ................... 1,75
L ow er A lsa tian  to u rm alin e -h o rn fels (R osenbu sch ) ......... .. . jQ,64
A lb an y  (USA) sha le, a t  30 m  fro m  g ra n ite  (R osenbusch) 4,09
A lb an y  hornfels beside g ra n ite  (R o senbu sch ) .......................... 1,31

7 Acta Geologira V/2.
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s q u a re  pyram id-like m a g m a tic  body  w ill be 3 ,0 % , supposing  t h a t  th e  to ta l  
b r e a d th  of the co n ta c t zo n e  o f  the  clay is e q u a l to  1/5 of th e  b r e a d th  o f the  
m a g m a  pyram id.*  O ne h a s  to  tak e  in to  c o n s id e ra tio n , th a t  th e  a c tu a l  zone ol 
w a te r  supp ly  is w ider t h a n  t h a t  o f c o n ta c t m e tam o rp h ism , w h ich  is m acro- 
sc o p ic a lly  observable (see below ).

T h e  am ount o f w a te r  an d  o ther m o is tu re s  reserved  in  th e  in te rs tices  
o f  s a n d y  rocks can also  b e  considerab le . In  h is co n tr ib u tio n  to  th e  discussion 
o f  th i s  p ap er, P rof. A. F ö l d v á r i  po in ted  o u t t h a t  san d y  c o u n try  ro ck s, being 
g o o d  conducto rs, in c re a se  th e  possib ility  o f  tra n sv a p o riz a tio n .

Geologically, th e  e ffe c t o f tra n sv a p o riz a tio n  of p y ro c la s tite s  on  younger 
ig n e o u s  eruptions is e sp e c ia lly  im p o rta n t. P y ro c la s tite s  are  o rig in a lly  loose 
ro c k s  in  situ, a c c u m u la tin g  considerable a m o u n t o f w ater, w h ich  is released 
o n  m a g m a tic  effect.

T h e  re la tive ly  m o s t in ten siv e  effect o f  tra n sv a p o riz a tio n  is p roduced  
b y  coa ls , being th e  r ic h e s t in  volatiles. In  th e  case o f co n tac t-m e tam o rp h ism , 
co a ls  a l te r  easily —  so m e tim e s  to ta lly  —  in to  v o la tile s , and  even  a t  a re la tiv e ly  
s m a ll  increase in te m p e ra tu re  th ey  p roduce  a la rg e  am o u n t o f  i t ,  nam ely , 
b e s id e s  w ater, p rin c ip a lly  ca rb o n  dioxide. A s im ila r effect can  be  observed 
in  o th e r  rocks, c o n ta in in g  carbonaceous m a t te r ,  e. g. in b itu m in o u s  lim e
s to n e s ,  b lack  shales, e tc .

O ther, p. e. o lder ig n eo u s  rocks m ay  also  p roduce tra n sv a p o riz a tio n  if  
t h e i r  w a te r  con ten t is su ff ic ie n t. Some igneous rocks of h igher w a te r  co n ten t 
h a v e  ju s t  been p ro d u c e d  b y  tra n sv a p o riz a tio n  (see C hap ter I I I )  ; th e  effect 
o f  tra n sv a p o riz a tio n  e x e r te d  by  such ro ck s on th e  su b se q u e n tly  in tru d ed  
m a g m a  m ay be called  se c o n d a ry  tra n sv a p o riz a tio n .

O n the effect o f  m a g m a , a ce rta in  p a r t  o f  th e  vo latiles p e n e tra te s  th rough  
th e  c o u n try  rock su r ro u n d in g  th e  m ag m atic  m ass, an d  th ro u g h  th e  fissures, 
e v e n  to  the  atm ospheric  su rface . H ow ever, th e  p ercen tage  o f th is  ou tw ards

* Andesite o f average com position  changes in  case o f  resorption of 3% add itional water 
as fo llow s (initial weight p ercentages are andesite averages o f D aly).

O r i g i n a l A f te r  r e s o r p t io n  o f  3 %  w a te r

W e i g h t  % M o l % W e ig h t  % M o l %

S i 0 2 ..................................... 59,6 63,9 57,8 56,8
т ю 2 .................................. 0,8 0,6 0,8 0,6
A i2o 3 ................................ 17,3 11,0 16,8 10,1
F e 2O a ................................ 3,3 1,3 3,2 1,2
F e O  .................................. 3,1 2,6 3,0 2,4
M nO  .................................. 0,2 — 0,2 —

M gO  .................................. 2,8 4,5 2,7 4,1
C aO  .................................. 5,8 6,4 5,6 5,9
N a 20 .................................. 3,6 3,9 3,5 3,6
k 2o  .................................. 2,0 1,3 1,0 1,2
H 2o  .................................. 1,3 4,5 4,3 14,2
p 2o 5 .................................. 0,3 — 0,3 —

Thus the significance o f  resorption of 3% w ater m ay he valued b y  the fact that it  re 
p resen ts  14,2 mol%.
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escap ing  v o la tiles is m o stly  sm all, as o v erlay in g  im perm eab le  rocks a ffec t 
v o la tile s  as a tra p  (here  u sing  th is  p e tro leu m  geology te rm  a fte r  A. F ö l d v á r i ) .  

O bviously , such a re  arg illaceous rocks. T h e  escape o f  v a p o u r c a n n o t easily  
ta k e  p lace th ro u g h  th e  ro ck  in te rs tices  o f loose sed im en ts  filled  w ith  w a te r. 
M oreover, th e  in te rs tic e s  an d  fissures of th e  c o u n try  ro ck  are  filled u p  an d  soon 
closed, on th e  e ffec t o f  vo la tiles  b y  new ly fo rm ed  m inera ls . C onsequen tly , 
th e  tra p -e ffec t q u ite  genera lly  appears.

T he m ig ra tio n  o f  h igh -p ressu re  w a te r in to  th e  m agm a is co n sid e rab ly  
fa c ilita te d  b y  th e  decrease  in  w a te r  v iscosity  ta k in g  p lace a t  increase  o f  te m p e r
a tu re  (E . N e m e t z ) .  T h e decrease in  w a te r v isco s ity  being  q u ite  considerab le , 
ev en  a t  a sm all d ifference  in  te m p e ra tu re , th is  fa c to r  considerab ly  p ro m o tes  th e  
flow  o f w a te r to w a rd s  h ig h e r-te m p e ra tu re  m ag m a , even  b y  a sm all increase  
in  te m p e ra tu re , i. e. a t  a g re a te r  d is tan ce  fro m  th e  m ag m atic  b o d y . T h u s a 
b ro a d  zone of c o u n try  rocks, show ing no o th e r  p ro p e r c o n ta c t e ffect, y ie lds 
w a te r  for the  process o f  tra n sv a p o riz a tio n .

T hus the  w a te r-re so rb in g  effect of th e  m ag m a, p ro d u ced  b y  th e  fo rm atio n  
o f th e  p ressu re  slope, a c ts  up o n  th e  w hole e n v iro n m e n t, n o t on ly  la te ra lly  an d  
dow nw ards b u t  also upw ards* w ith in  th e  zone o f th e  trap -e ffec t.

T ra n sv a p o riz a tio n  h as  a w ide an d  in ten siv e  effect on m ag m atic  processes 
an d  gives in m any  resp ec ts  a com pletely  new  asp ec t o f our concept ab o u t m ag- 
m a tism  and  co n trc t-m e tam o rp h ism . Some o f th e se  effects are  t r e a te d  in  th e  
fo llow ing tw o c h a p te rs .

O bviously , one h as  to  ta k e  also some re la te d  fac to rs  in to  co n sid e ra tio n , 
e. g. th e  effect o f c o n s titu e n ts  dissolved from  c o u n try  rock , th e  h e a t c o n te n t o f 
th e  m ag m atic  m ass, th e  h e a t c o n d u c tiv ity  o f th e  c o u n try  rocks, th e  d e p th  
o f in tru s io n , e tc . C onsidering  th e  phenom enon  o f tra n sv a p o riz a tio n , a co m p ara 
tiv e  s tu d y  of c o u n try  ro ck  w ill be in d ispensab le , fo r th e  p e tro lo g y  o f igneous 
rocks.

II . C onsiderations concern ing  the  system  of igneous ro ck s

T he ab o v e-m en tio n ed  p h enom ena  of in te ra c tio n  o f m agm a an d  w a te r  
concern  som e p ro b lem s o f rock  c lassifica tion  to o . T he system  o f m ag m a tic  
rocks w as h ith e rto  b a sed  on  th e  assu m p tio n  o f i ts  ow n ju v en ile  endogenous 
w a te r  co n ten t. Such o rig in a lly  m ostly  sm all a m o u n t o f p ro fo u n d  w a te r  can  be 
accu m u la ted  m o stly  o n ly  a fte r  th e  m ain  c ry s ta lliz a tio n  to  such  a degree th a t  
i t  could  ta k e  an  im p o r ta n t  p a r t  in  th e  p rocess o f  c ry s ta lliz a tio n . T h is con
cep tio n  is re flec ted  in  th e  c u rre n t c lass ifica tio n  o f m ag m a tic  rocks b y  
te m p e ra tu re , d is tin g u ish in g  liq u id -m ag m atic , p e g m a titic , p n e u m a to ly tic , an d  
h y d ro th e rm a l phases.

H ow ever, acco rd in g  to  th e  foregoing c h a p te r , w a te r  of tra n sv a p o riz a -  
tio n a l origin can o ften  p la y  an  im p o r ta n t role in  th e  c ry s ta lliz a tio n  o f in tru d e d

7 *



2 0 2 E . SZÂDECZKY-KARDOSS

m a g m a  from  the very  b e g in n in g  o f the  process. C onsequen tly , m a n y  rocks 
e x is t  w h ich  canno t be g ra d e d  am ong  the  ab o v e-m en tio n ed  fo u r ca tego ries o f 
m a g m a tic  rocks. B ecause o f  a n  ea rly  ab u n d an ce  o f  tra n sv a p o r iz a tio n a l w a te r, 
th e s e  ro ck s  are ch a rac te rized  b y  a considerab le  ex ten sio n  in  th e  ran g e  of 
c ry s ta ll iz a tio n  te m p e ra tu re . T h e  c ry s ta lliz a tio n  o f these  rocks is n o t com 
p le te d  a t  liq u id -m ag m atic  te m p e ra tu re  b u t  i t  goes on in  th e  p e g m a titic , pneu- 
m a to ly t ic  and , even o ften  in  th e  h y d ro th e rm a l phase . W e p ropose  to  d en o 
m in a te  hem iorthomagmatites th o se  rocks, th e  c ry s ta lliz a tio n  o f  w hich  tak es  
p lace  fro m  liqu id -m ag m atic  to  p n e u m a to ly tic  te m p e ra tu re , an d  hypom agm a- 
tites  th o s e , th e  c ry s ta lliz a tio n  o f  w hich goes on from  liqu id -m agm atic  to  h y 
d ro th e rm a l  tem p era tu re .

T h e  ch arac teris tics  o f  h y p o m a g m a tite s  in  m an y  respects  are  s im ila r  to  
th o s e  o f  rocks decom posed b y  su b se q u e n t h y d ro th e rm a l a lte ra tio n . A ccord ing ly , 
one  h a s  to  d istingu ish  fro m  h y p o m a g m a tite s  tho se  rocks, the  c ry s ta lliz a tio n  
o f  w h ich  w as com pleted  a t  liq u id -m ag m atic  te m p e ra tu re , and  w hich, as com m on 
o r th o in a g m a tite s , were la te r  h y d ric  or h y d ro te rm a lly  a lte red  or d isag g reg a ted . 
W e p ro p o se  the  te rm  “ m etam agm atite ' ’ for these  rocks, an d  especia lly  th e  
te r m  iiendom etam agm atite" , in  th e  case o f h y d ro th e rm a l a l te ra tio n  ta k in g  
p la c e  in  th e  e a r th ’s c ru s t —  m a in ly  along fissu res —  an d  th e  te rm  iiexometa- 
m a g m a tite "  in  case o f rocks d isag g reg a ted  on  th e  surface, d ry  o r covered  by  
W ate r. N a tu ra lly , these  d e n o m in a tio n s  can  on ly  be app lied  to  a lte re d  or d is
a g g re g a te d  rocks the  d o m in a n t ch a rac te ris tic s  o f  w hich are still u n d o u b te d ly  
ig n e o u s . T hus —  using  th e  p rin c ip ia l t r ip a r t i te  c lassifica tion  o f  rocks in to  
ig n e o u s , m etam orph ic , a n d  se d im e n ta ry  rocks —  these  are still to  be classed 
a m o n g  igneous rocks. T h e re fo re , th is  c lassifica tion  does n o t concern  e. g. the  
d if fe re n t  so rts  of soils fo rm e d  d u rin g  w ea th e rin g , i. e. th e  p ro d u c ts  o f th e  
h o riz o n s  A  and В  used  in  pedo logy . H ow ever, accord ing  to  th e  proposed  
n o m e n c la tu re , th e  rocks o f  h o rizo n  C rep re sen t ex o m e ta m a g m a tite s .

W hile  th e  fo rm a tio n  o f  h y p o m a g m a tite  rep resen ts  a rea l m ag m atic  
p ro c e ss , th e  fo rm ation  o f m e ta m a g m a tite s  belongs to  th e  ran g e  o f epigenesis.

T h e  te rm  m e ta m a g m a tite  c an n o t be confo tm ded  w ith  o rth o m e ta m o r- 
p h i te s  a n d  p a ra m e ta m o rp h ite s , or m ore a c c u ra te ly  w ith  p lu to m e ta m o rp h ite s , 
v o lc a n o m e ta m o rp h ite s  a n d  sed im en to -m e tam o rp h ite s . T he la t te r  a re  easily  
d is tin g u ish a b le  from  th e  tw o  g roups of m e ta m a g m a tite s :  m etaplutonites  and  
m etavolcanites.

B y  tra n sv a p o riz a tio n a l h y p o m ag m atism , th e  concep t and  geological 
im p o r ta n c e  of th e  so -ca lled  endogenous contact processes are  con sid erab ly  
w id e n e d . The d a ta  e n u m e ra te d  in  th e  follow ing c h a p te r  p rove t h a t  th e  role 
o f  th e  so-called  endogenous c o n ta c t rocks is considerab le  in  th e  e a r th ’s c ru s t. 
T h e y  a re , how ever, n o t re a l “ c o n ta c t m e ta m o rp h ic ”  rocks, n o t b e ing  m e ta 
m o rp h ic  p ro d u c ts  o f solid ro ck s , b u t  rep re sen t igneous rocks issued  o f tra n s-  
v a p o r iz e d  m agm a. B ecause o f  th e  overw helm ing  m a jo rity  o f h y p o m a g m a tic
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orig in , one h as  to  class th em  m ostly  in  th e  new , in d e p e n d e n t igneous ro c k  g ro u p , 
called  h y p o m a g m a tite .

H ow ever, h em io rth o m ag m atic  or h y p o m a g m a tic  rocks, and  th e  e ffec t 
o f  tra n sv a p o r iz a tio n , are  not always o b se rv ab le  in  th e  rock veins a n d  c h im 
ney s b reak in g  th ro u g h  th e  o rig inally  m o ist ro ck s . N am ely , if  a la rg e  a m o u n t 
o f  m ag m a m ig ra te s  th ro u g h  such  channe ls, th e  e ffec t o f tra n sv a p o r iz a tio n  o f  
th e  w a te r-c o n ta in in g  co u n try  rock  is e x h a u s te d  b y  th e  m ag m atic  m ass  a t  
f i r s t  passin g  th ro tig h  these  rocks. A tra n sv a p o r iz a tio n  o f th e  su b se q u e n t v e in 
fillin g  m ag m a b y  th e  c o u n try  rock  a lread y  d ried  a n d  c o n ta c t-m e tam o rp h o se d  
is n o t possib le  a n y  m ore. On th is  basis, th e  p rin c ip a l chim neys a n d  d ik es  a re  
p ro b a b ly  d is tin g u ish ab le  from  ephem era l ve ins a n d  secondary  ch im n ey s.

As m o ist c o u n try  rock  is m uch m ore fre q u e n t in  th e  subvo lcan ic  th a n  in  
th e  p lu to n ic  cond itions, h y p o v o lcan ites  are  m ore  f re q u e n t th a n  h y p o p lu to n ite s .

T he above-exposed  c lassifica tion  o f m a g m a tite s , expressed b y  a p p ro x i
m a te  te m p e ra tu re s  o f c ry s ta lliz a tio n , can  be sum m arized  as follow s :

1200 to  700°C =  o r th o m a g m a tite
700 to  500°C =  p eg m a tite  1200 to  4 0 0 °C = h e m io r th o m a g m a tite
550 to  4 0 0 °C = p n eu m a to ly te
400 to  5 0 °C = h y d ro th e rm a lite  1200 to  5 0 ° C =  h y p o m a g m a tite  

1200 to  700 an d  400 to  5 0 °C = e n d o m e ta m a g m a tite  
1200 to  700 an d  low er th a n  5 0 °C = e x o m e ta m a g m a tite

I t  is u n n ecessary  here  to  to u ch  u p o n  th e  w ell-e laborated  s y s te m  o f 
o r th o m a g m a tite s . In  th e  p resen t p a p e r we also do n o t tr e a t  th e  p ro b le m  o f  
h e m io rth o m a g m a tite s , n o r th a t  o f  h y p o p lu to n ite s  an d  m e ta p lu to n ite s .

F ir s t  o f  all, we here  t r e a t  h y p o v o lcan ite s  a n d  m etav o lcan ites , th e  p e tro lo 
gical re la tio n s  o f  w hich we have a lread y  th o ro u g h ly  stud ied .

III. H ypovolcanites so fa r exam ined

T he m ost im p o r ta n t am ong tra n sv a p o riz in g  v o la tile s  of exogenous o r ig in , 
m ig ra tin g  in to  th e  m ag m a, is w a te r. On th e  effect o f  water, v a rio u s  k in d s  
o f  rocks a re  fo rm ed , depend ing  on te m p e ra tu re , p ressu re , pH  and  o x id a tio n -  
re d u c tio n  va lu es  o f th e  en v iro n m en t. L et us see f irs t  some general t r e n d s  o f  
th e se  processes.

I f  th e  overw helm ing  m a jo rity  of w a te r  p e n e tra te s  in to  th e  m a g m a  in  
th e  in itia l phase  o f  so lid ifica tion  an d  its  effect is m a in ly  exerted  a t  r e la t iv e ly  
h ig h  te m p e ra tu re , vo lcan ic  rocks w ith  biotite a n d  epidote (zoisite) —  b e lo n g 
in g  fo r th e  m ost p a r t  to  h e m io rth o m ag m atite s  —  can  be p roduced  a t  r e la 
tiv e ly  low p H . T his n e u tra l  or w eakly  acid re a c tio n  is p robab ly  d u e  to  th e  
in it ia l  h igh  co n cen tra tio n  o f w a te r v a p o u r, a lk a lis  d isso lved  from  th e  m a g m a
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o r  f ro m  th e  fe ldspars o f  th e  crysta lliz ing  ro c k  n o t  being su ffic ien t to  p ro d u ce  
h ig h e r  p H  values o f such  a g rea te r q u a n ti ty  o f  sudden ly  escaped tra n sv a p o r-  
iz a t io n a l  w ater.*  (See N o. 7. p. 211— 212)

I f  m o istu re  is g ra d u a lly  resorbed  b y  th e  m ag m a  during  th e  course  o f th e  
lo n g  in te rv a l  o f c ry s ta lliz a tio n , it  ex erts  a co n sid e rab le  effect, even  a t  hydro* 
th e r m a l  te m p e ra tu re . I n  th is  case e. g. c h lo rite  a n d  se rp e n tin e -b e a rin g  rocks : 
chlorovolcanites e. g. h y p o v o lcan itic  p ro p y lite  (see below) are fo rm ed  in  a m ore 
o r  less n e u tra l  m ed iu m . (See No. 3, 8a a n d  9.)

I f  th e  effect o f m o is tu re  is m ain ly  e x e r te d  in  th e  advanced  p h ase  o f th e  
c ry s ta ll iz a tio n , fe ld sp a rs  a re  decom posed in  th e  p n eu m a to ly tic  p h ase , w h ereb y  
th e  so lu tio n  m ay  b ecom e a lka line  on th e  e ffec t o f  th e  alkalis o f  th e  fe ld sp ar, 
e sp e c ia lly  in  th e  case o f  low er w ate r q u a n titie s . F ro m  th is  so lu tion , zeo lites can  
b e  p ro d u c e d  a t a low er te m p e ra tu re , b y  th e  h y d ra ta t io n  of th e  d ecom posed  
fe ld sp a rs . A ty p e  o f analcite-basalt is one o f  th e  p rincipal p ro d u c ts  o f  such  
a c ry s ta lliz a tio n . (See N os. 1 and  4)

C onsequen tly  i t  m a y  be assum ed t h a t ,  b y  decreasing te m p e ra tu re , d e 
c o m p o s itio n  g rad u a lly  ad v an ces  from  d a rk  s ilic a te s  to  fe ldspars. D a rk  silica tes 
a n d  m a n y  o th e r iro n  m in e ra ls  are n o t s ta b le  a t  h igher te m p e ra tu re s , in  th e  
p re se n c e  of w a te r, in  ac id  red u c in g  m edium  ; th e  so lu tion  so p ro d u ced  c ry s ta ll i
zes b u t  a t  a low er te m p e ra tu re , as b io tite , c h lo rite , etc.

A m ong vo la tiles  o f  exogenous o rig in , m ig ra tin g  in to  th e  m a g m a , carbon 
d io x id e  can  also p la y  a n  im p o r ta n t p a r t ,  e sp ec ia lly  if  the  m ag m a p e n e tra te s  
in to  se d im e n ta ry  rocks c o n ta in in g  o rgan ic  m a t te r .  In  the  p resence  o f  w a te r, 
th e  c a rb o n a te  m in era ls  o f  th e  co u n try  ro ck  c a n  be dissolved too . T h u s  in  th e  
ig n e o u s  rock , c a rb o n a te s  a re  form ed on th e  e ffec t o f carbon  d iox ide  im m ig ra t
in g  in to  th e  m ag m a. In  th is  w ay  s iderite  a n d  sp h ero sid erite  are  p ro d u c e d  from  
th e  a lte ra tio n  of iro n  silica tes , and  ca lc ite  f ro m  calcium  silica tes. T h e  te rm  
carbovolcanite  (e. g. c a rb o a n d e s ite , c a rb o d o le r ite , etc.) m ay be em p lo y ed  for 
su c h  rocks. (See N os. 3, 5, 7, etc.)

I n  th e  su rro u n d in g  sed im en ta ry  ro ck s  co n ta in in g  organ ic  su b stan ces , 
th e  m ag m a tic  h e a t e ffec t m a y  also release su lfu r ,  w hich produces p y r i te , w ith  
th e  iro n  of decom posed  iro n  m inerals in  th e  igneous body. W e call sulfovol- 
can ites  th e  rocks so fo rm e d . (See No. 5).

O b serva tions m a d e  on  co n tac t rocks a t  N a g y b á to n y  show  t h a t  carbo- 
v o lc a n ite s  are p ro d u c e d  ra th e r  in  th e  h ig h -te m p e ra tu re  p a r ts  o f  th e  coal 
c o n ta c t ,  while su lfo v o lcan ite s  in  th e  lo w -te m p e ra tu re  p a rts  of th e  c o n ta c t n e a r
e r  to  th e  se d im e n ta ry  ro ck s. A t th e  co ld est m arg in , a th in  m o n tm o rillo n tic  
h y d ro v o lc a n ite  zone is also p resen t. T hese re la tio n s  are show n b y  th e  a n a ly tic 
a l m easu rem en ts  o f  o u r p u p il T. PÓKA, su m m a riz e d  in  Fig. 5.

* A  special study on country rocks is needed to elucidate whether the hydrothermal 
feldspar-muscovite zoisite paregeneses of abyssal rocks, pointed out by Erdmannsdörffer [57] 
are  partly  the products of transvaporazation or not.
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T he m ost im p o r ta n t , so fa r  recognized , ty p e s  o f h y p o v o lcan ite s  will be 
described  in th e  o rd e r o f increasing  w a te r c o n te n t an d  rock  ac id ity  :

A) The lava flo w s  on m oist ( sedim entary or other) rock. T his is p rin c ip a lly  
im p o r ta n t in  case o f  b a sa ltic  m agm as fo rm in g  la rg e  lav a  covers. I t  is less 
s ig n ifican t in  m ore acid ic an d  viscous m ag m a tic  b o d y  o f low er te m p e ra tu re , 
covering  th e  s u b s tra tu m  to  a sm aller e x te n t an d  th u s  p e rm ittin g  a m ore in tense  
la te ra l  escape o f v a p o u r .

1. I f  b a sa ltic  la v a  flow s on a m o ist, e. g. a rg illaceous, rock , th e  high- 
p ressu re  v ap o u r p ro d u ced  by  th e  effect o f la v a  ta k e s  p a r t  p a r tic u la r ly  in  th e

b  I vv| B asa lt (in  F ig . 2 rh y o lite )

C. |nvQv| V esicu lar rock  w ith  zeolites [in  F ig . 2 p e rlitiz ed (? ) rock]

Fig. 1. T ran sv ap o riza tio n  
o f b asic  lav a  flow

Fig. 2. T ran sv ap o riza tio n  of 
acid ic  lav a  (p lug  dom e)

la s t phase  of th e  re la tiv e ly  rap id  c ry s ta lliz a tio n  o f  th e  basic lav a . F e ld sp ars  
are  decom posed a t  p n e u m a to ly tic a l te m p e ra tu re  a n d  th e  so lu tion  fo rm ed  th u s , 
la te r  h y d ro th e rm a lly  crysta llizes a t  a b o u t 100° C, as zeolite. So analcite- 
basalts co n ta in in g  zeo lite  in  th e ir  m a trix , a n d  b a sa lts  co n ta in in g  cav ities w ith  
zeolitic m ineral asso c ia tio n s are  form ed. O ccurrences o f  such  rocks in  th e  v ic in 
i ty  o f Lake B a la to n  described  b y  B. M a u r i t z  [12, 13], seem  to  be good 
exam ples for th is  process an d  were re c e n tly  in v es tig a ted  b y  us, to g e th e r  
w ith  J .  E r d é l y i  [14] (F ig . 2).

I t  follows fro m  th is  genesis th a t  zeo litic  b a sa lts  are  n o t fo rm ed  on  a 
s u b s tra tu m  of m o is tu re -free  rocks. This is also o b se rv ab le  in  M ount K ab h eg y  
o f  th e  B a la to n -c o u n try  an d  in  th e  m a jo rity  o f th e  b a sa lts  o f N ógrád , in  th e  
N o rth  o f H u n g a ry .

A ccording to  K l Ü p f e l  [15], th e  fo rm a tio n  o f zeolites req u ires  h ig h er 
p ressu re , there fo re  i t  ch ie fly  charac terizes th e  “ in tru s iv e  b a sa lts ” . H ow ever, 
as we have  described , h ig h er v ap o u r p ressu re  is also p roduced  b y  la v a  flow ing 
o n  m oist rock, a n d  zeo litic  b a sa lts  are th e re fo re  p re se n t in  lav a  flow s too .

Som e o th e r  w ay s o f  th e  fo rm atio n  o f zeo lite  are  below  described .
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2. In  th e  case of m ore ac id ic  m ag m a, th e  effect o f tra n sv a p o r iz a tio n  o f  
th e  s e d im e n ta ry  b asem en t is g enera lly  less considerab le , acco rd in g  to  th e  
a b o v e -m e n tio n e d  princip les. I t  is m ost likely  th a t  m em bers o f th e  perlite-p itch-  
stone  g ro u p  (see No. 11, p . 214.) a n d , on th e  o th e r h a n d , —  in consequence  o r 
m o re  in te n se  leaching  b y  th e  la te ra l  escape o f v a p o u r  —  u n d e r su ch  c irc u m 
s ta n c e s  leucovolcanites an d  hydrovolcanites are  fo rm ed  too . (See c h a p te r  IV .)
(F ig . 2).

0 1 _ _1 C layey or sandy  c o u n try  rock

^ |v  у  v l  C hlorodo lerite , resp . carb o d o lerite

Fig. 3 . T ran sv ap o riza tio n  of b asic  sill

B) Subvolcanic m agm atic m ass is consolidated as in trusion  in  m oist rocks

3. T h in -liqu id , basic  m a g m a  conso lida tes as sill, b e tw een  m o is t s t r a ta .  
T h e  sp eed  o f cooling decreases in  th e  presence o f overly ing  rocks, co n se q u e n tly  
th e  ro c k  th u s  form ed is co a rse r-g ra in ed , do le ritic . In  accordance  w ith  slow er 
c ry s ta ll iz a tio n , th e  m o is tu re  o f tra n sv a p o riz a tio n  a lread y  affec ts  th e  earlie r 
p ro d u c ts  o f c ry sta lliza tio n . D ep en d in g  on th e  com position  o f  co u n try -ro c k , 
c h lo r itic  do lerites (chlorodolerites) a re  form ed or, in  sed im en ta ry  rocks c o n ta in 
in g  o rg an ic  m a tte r , carb о dolerites o ften  w ith  s id e rite  or sp h e ro s id e rite  (see
F ig . 3).

O ne m ay  range am ong  ch lo rovo lcan ites an d  carbo(ch lo ro )vo lcan ites p ro 
d u c e d  b y  tra n sv a p o riz a tio n  su ch  rocks as weilburgites o f th e  L ah n -D ill iro n  ore 
d is t r ic t ,  fu r th e r  the  c a rb o d o le rites  and  w eilburg ite-like  ch lo rodo lerites found  
u n d e r  2000 m in th e  d eep -b o rin g  n ea r S zany  (L ittle  H u n g a ria n  P la in ). In  
b o th  cases , th ere  also a p p e a r  m ixed  ig n eo u s-sed im en ta ry  rocks (m ic tites), 
c a lle d  “ Schalstein’'’, show ing  th e  m ark s o f w eak  assim ila tion  to o . C onsider
in g  th e  fo rm ation  o f  m o re  ac id  a lkaline  rocks in  connection  w ith  th e  
t ra n s v a p o r iz a t io n  of basic  su b a lk a lin e  rocks, described  below  (N o. 4 ), it  
seem s possib le  th a t  th e  fo rm a tio n  o f  th e  so-called  keratophyres o f th e  L ahn- 
D ill-M u ld e  con ta in ing  c h lo rite , m uscov ite  and  ca rb o n a te s  rep re sen ts  ca rb o - 
h y d ro v o lc a n ite s  [17] d e riv ed  from  doleritic  m agm a b y  tra n sv a p o riz a tio n a l 
p ro cesses .
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4. T here  is a n o th e r  ty p e  of sills of basic  ro ck s , form ed by  tra n s v a p o r iz a 
tio n . T h is one m ay  be called  zeolite s ill type, a n d  i t  is charac terized  b y  i t s  co n 
siderab le  th ick n ess  (for th e  m ost p a r t  25 to  150 m ), com plex com p o sitio n , an d  
a concen tric  s tru c tu re . T he co u n try  rock  on d ire c t co n tac t m a in ly  co n sis ts  
o f co n tac tized  se d im e n ta ry  rock, w hich is fo llow ed inw ards b y  a f in e -g ra in e d  
b asa ltic  m arg in , th e n  by  a zone o f analcite-dolerite, or teschenite o r a n a lc ite

® I- — —I sed im en tary  co u n try  rock C.|v  v v | f jn e -grained  m argin  of th e  sill

co n tac t m argin  of the 
co u n try  rock

tf|v V v| te sch en ite  or analc ite -d iab ase  
ev en tu a lly  w ith  p icrite

analc ite -sy en ite , ev . lu g a rite  etc. 

Fig. 4. T h ick  basic sill w ith  a core o f  a lkaline  rock

olivine d iab ase  (c r in a n ite ), an d  ev en tu a lly  also o f  picrite  ; th e  c e n tra l p a r t  is 
m ostly  fo rm ed  of an  analcite syenite-core w ith  o r o f  veins of alkaline p egm atite  
an d  an a lc ite -ap lite  (e. g. lugarite). T hus the  c ry s ta lliz a tio n  of the  basic  s u b -a lk a 
line zone, is succeeded , in  th e  cen tre  b y  th e  fo rm a tio n  o f alkaline ro ck s . T he 
tw o m ain  ty p e s  o f these  rocks are p a r tly  s e p a ra te d  b y  a sharp  b o rd e r , an d  
p a r tly  by  g rad u a l tra n s it io n  (F ig . 4).

T he m ost c h a ra c te ris tic  exam ples o f th is  ty p e  are described from  S c o t
lan d  and  th e  H ebrides. T he L ugar sill, the  H ow ford  B ridge sill and  th e  a d ja c e n t  
ones o f A yrsh ire , described  by  T y r e l l , th o se  o f  S h ian t Isles, d e sc rib ed  b y  
W a l k e r , belong to  th is  ty p e . S im ilar m ag m a tic  bodies are know n o f  U ta h  
( G i l l u l y ) an d  C orea. T he p e rid o tite  sill o f K a e rs u t (G reenland), t ra v e rse d  
b y  a lkaline  p eg m a tite  veins and nests, describ ed  b y  D r e s c h e r - K a d e n  is
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c lo se ly  re la te d  to  th is  ty p e  to o . The com plex  “ p ine-like”  s tru c tu re s  in w ard s 
b e c o m in g  u ltrab as ic , d esc rib ed  in  th e  fo llow ing  passage, also show  som e 
tr a n s i t io n s  to  th is  ty p e  [58— 63].

T h e  above-m en tioned  au th o rs  agreed  o n  th e  high w a te r c o n te n t and  
a b i l i ty  to  th e  p a r tic u la r  d iffe ren tia tio n  o f th e  p a re n t m agm a o f th e se  sills. 
I t  h a s  also been assum ed  t h a t  the  m agm a o f  th e  basic rock  a t  f i r s t  e ru p te d  
a n d  i t  w as followed, in  th e  course of its  so lid if ic a tio n , b y  the  a lk a lin e -m ag m atic  
in tru s io n . The “ a u to - in tru s io n ”  th eo ry  o f B o w e n  has also been  app lied  ; 
a c c o rd in g  to  th is , th e  a lk a lin e  rock core a n d  veins are p roduced  fro m  th e  
r e s id u a l  alkaline m ag m a p ressed  ou t o f th e  in te rs tic e s  of th e  c ry s ta l la t t ic e . The 
d isp la c e m e n t of re s id u a l m ag m a is a t tr ib u te d  to  a tec to n ica l effect b y  B o w e n , 

to  ro o f  pressu re  b y  T y r e l l , to  the  pressure o f  v o la tile s  by  B a y l e y . D r e s c h e r - 

K a d e n  derives th e  K a e rs u t alkali p e g m a tite  from  perid o tite  b y  th e  a ssu m p 
t io n  t h a t  la te ra l sec re tio n  ta k e s  place a f te r  th e  so lid ification  o f th e  m agm a.

T h e  p rob lem  o f th e  p a rtic u la r ly  h ig h  w a te r  co n ten t of th e  m a g m a  of 
s ills , h ow ever, has re m a in e d  insolved b y  th is  descrip tions. B eing sills no apices 
o f  th e  m agm a b o d y , th e y  are  not su itab le  fo r  th e  accum ulation  o f  v o la td es . 
O n  th e  o th e r h an d , one cou ld  hard ly  im ag in e  a consisten t in tru s io n  o f b o th  
k in d s  o f  m agm a in  th e  sam e sill, or even th e  cau se  for the  con tin u o u s pressing  
o f  a lk a lin e  residua l m a g m a  in to  the  cen tre  o f  su ch  sills.

T h e  fo rm atio n  o f  th is  ty p e  of sills b eco m es, how ever, p lau sib le  b y  th e  
p r in c ip le  of tra n sv a p o r iz a tio n . All sills o f th is  ty p e  have been  so lid ified  in  a 
s e d im e n ta ry  co u n try  ro ck . T h e  neighbouring  m o is t sed im en ta ry  ro ck  necessa r
ily  e x e r ts  an  effect o f  tra n sv a p o riz a tio n  on th e  m ag m a. This is p ro v ed  d irec tly  
b y  th e  co n tac t m e ta m o rp h ism  of th e  m a rg in a l zone of these rocks. T h u s th e  
c ry s ta ll iz a tio n , d iffe re n tia tio n  and  o th e r c h a ra c te r is tic s  of these  sills a re  fu n d a 
m e n ta l ly  d e te rm ined  b y  tra n sv a p o riz a tio n . A t f i r s t  such a c h a ra c te r is tic  is the  
e x tra o rd in a r i ly  h igh  w a te r  co n ten t o f th e ir  m ag m a, w hich m ay  n o t he th e  
r e s u l t  o f  an y  un k n o w n  a b y ssa l process, b u t  i t  is o f  exogenous o rig in , deriv ing  
f ro m  th e  sed im en ta ry  c o u n try  rock. T he fo rm a tio n  and  sep a ra tio n  o f  alkaline 
ro c k s  from  n o n-a lka line  b asic  rocks in  th e  c e n tre  of the  sill n ecessarily  resu lts  
f ro m  th e  h igh -p ressu re  tra n sv a p o riz a tio n  v a p o u r  too . U pon th is  e ffec t th e  
r e s id u a l  m agm a —  b eco m in g  less viscous —  is g rad u a lly  p ressed  fro m  th e  
c r y s ta l  m esh of th e  so lid ify in g  m agm a to w a rd s  th e  in te rio r o f th e  sill. The 
a m o u n t  o f alkalis in  th e  h y d ra te d  resid u a l m a g m a  m ay be in c reased  b y  th e  
a lk a lis  dissolved from  th e  su rro u n d in g  se d im e n ts . T hus th e re  is seg reg a ted  a 
p a r t ic id a r  an a lc ite -sy en ite  core or a lkaline  p e g m a tite  veins in  th e  in te r io r  of 
th e  su b a lk a lin e  (u ltra -)b a s ic  m agm a b o d y .

T h e  basic m arg in  to w a rd s  th e  in te r io r  som etim es becom es u ltr a b a s ic ;  
th is  m a y  also be a re su lt  o f  tra n sv a p o riz a tio n , as will be show n, in  connection  
w ith  p ine-like m ag m a tic  bod ies described b e lo w  (No. 6).

T h e  question , h o w ev e r, m ay be ra is e d  w h y  these zeolitic  ro ck s are
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so m etim es form ed in  the tra n sv a p o riz e d  basic  sills by  a p a r tia l  deco m p o sitio n  
o f  th e  fe ldspars, w hereas, a t  o th e r  tim es, ch lo rodo leritic  rocks d esc rib ed  in  
th e  foregoing passag e  are p ro d u ced  b y  a ch lo ritic  s u b s titu tio n  o f d a rk  silica tes . 
P ro b a b ly  th is  fa c t resu lts  from  th e  d ifferences in  p H  co n c e n tra tio n  o f  tra n s -  
v a p o riz a tio n a l w a te r . I t  is know n th a t  a h igh -a lkaline  m ed ium  is re q u ire d  for 
th e  fo rm atio n  o f  zeolites, w hile ch lo rites and  seric ite  fo r th e  m ost p a r t  are 
p ro d u c e d  in  a n e u tra l  or a w eak ly  acid ic  m ed ium . In  th in  sills a g iven  vo lum e 
o f  m ag m a has a c o m p a ra tiv e ly  large  b o u n d a ry  su rface , th u s  i t  ge ts  a la rg e r 
a m o u n t of tra n sv a p o riz a tio n a l w a te r , th a n  a th ic k e r, m ore iso m e trica l b o d y . 
In  th e  case o f th e  th in  sills th e  c o m p a ra tiv e ly  large  a m o u n t o f w a te r  rem a in s  
ro u g h ly  n eu tra l, n o t being g re a tly  changed  by  th e  alkalis  d isso lved  fro m  the  
m ag m a  or from  th e ir  fe ldspars, re sp ec tiv e ly . T hus th in  sills are m ore fav o u ra b le  
fo r th e  fo rm a tio n  o f  ch lo ritized  do lerites. On th e  c o n tra ry , in  th ic k  sills, th e  
a m o u n t o f tra n sv a p o riz a tio n a l w a te r  p er u n it vo lum e c f  th e  la rg e r m a g m a tic  
m ass w ill be sm aller. This sm alle r a m o u n t o f w a te r m ay  becom e m ore a lka line  
b y  th e  alkalis d issolved from  th e  fe ldspars o f  th e  crysta lliz in g  m ag m a, 
co n seq u en tly , th ic k  sills p ro d u ce  a m ed ium  su itab le  fo r zeolite fo rm a tio n . 
A s a m a tte r  o f  fa c t,  zeolite sills k n o w n  up  to  th e  p re sen t are  all o f  co n sid e r
ab le  th ickness. S im ilarly , lav a  flow s on m oist se d im e n ta ry  rocks g e tt in g  on ly  
a sm all am o u n t o f  w a te r from  th e  b o tto m  o f th e  lav a  flow , p ro d u ce  zeo litic  
b a s a lts ,  th u s  p ro v in g  it  as a lka line  m ed ium .

5. C arbovo lcan ites an d  ch lo rovo lcan ites a re  n o t a tta c h e d  ex c lu s iv e ly  
to  d o le ritic -b asa ltic  com position , n o r to  th e  sill. In  th e  fo rm er p assag es  i t  
w as p o in ted  o u t t h a t  s im ilar rocks m a y  develop w ith  m uch m ore acid ic  com posi
t io n  to o . (A nalc ite-syen ites, lu g a rite s , a lka li p eg m atite s , L ah n -D ill k e ra to -  
p h y re s .)  C arbovo lcan ites an d  ch lo rovo lcan ites can , on th e  o th e r h a n d , a p p e a r, 
also in  m ag m atic  d ikes. Carbovolcanites are  especially  p ro d u ced  on c o n ta c t  o f 
m a g m a  w ith  coal, on th e  effect o f  ca rb o n  dioxide an d  o th e r h ig h  v o la tile s  
d e riv ed  from  coal. W e h av e  to  consider, as such  a carbotrachydolerite, th e  
endogenous c o n ta c t p ro d u c t o f th e  tra c h y d o le rite  veins o f K om ló , H u n g a ry , 
o ccu rrin g  beside b itu m in o u s  coal, described  by S zé k y -F u x  [35], a n d  as carbo- 
andesite, sulfoandesite  an d  hydroandesite  th e  c o n ta c t rocks o f lig n ite  in  th e  
en v iro n m en ts  o f N a g y b á to n y , H u n g a ry , recen tly  s tu d ie d  b y  T . Р о к а  (F ig . 5).

6. I f  th e  b asic  m agm a p e n e tra te s  to  g re a te r  d ep th s  —  p a r t ic u la r ly  in  
a  fo lded  orogenic te r r i to ry , —  in to  arg illaceous rocks v iz. shales, i t  c an  p ro d u ce  
a com plex , “ lacco lith -lik e”  m ag m a tic  bo d y  b ran ch in g  o u t in  sev era l h o rizons 
fo rm in g  a p ine-like  s tru c tu re . In  th is  case, th e  m o istu re  c o n te n t d e riv in g  
fro m  th e  sed im en ts  m ay  a lm o st e x e r t  its  effect acco rd ing  to  th e  slow  cooling 
o f  th e  m agm a d u rin g  th e  w hole p rocess o f  c ry s ta lliz a tio n  an d , th e re b y , th e  
m a g m a  becom es g re a tly  d iffe re n tia ted . As iron  an d  tita n ife ro u s  m in e ra ls  are 
n o t  p roduced  in  th e  presence o f m o is tu re  a t  h igh  te m p e ra tu re s , fe ld sp a rs  are  
c ry s ta lliz ed  f irs t , especially  on th e  m ore ra p id ly  cooling m arg ins o f th e  m ag m a
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F ig . 5. C ontact o f a  t e r t i a r y  lig n itic  coal w ith  a n d e s ite  dy k e  a t  N ag y b áto n y , H u n g a ry  
Chemical analysis b y  T . P Ó K A  ; spec trog raph ic  d e te rm in a tio n  by  I. K u b o v i c s



b o d y . C onsequen tly , th e  rocks form ed on th e  m arg in s  are r ich e r in  fe ld sp ar, 
an d  m ore  acidic. T he iro n  a n d  ti ta n iu m  co m p o u n d s, th e  p o te n tia l  o f  w hich 
decreases on th e  effect o f  th e  h y d ro x y l c o n te n t, p ressed  b y  th e  v a p o u rs  of 
tra n sv a p o riz a tio n  in to  th e  w arm er in te rio r  o f  th e  igneous b o d y  c ry sta llize  
la te r , a f te r  d e h y d ra ta tio n . T h ey  p roduce u ltra b a s ic  rocks o f a h ig h e r  Fe-—Ti 
•concentration . Such b od ies to g e th e r  w ith  m a n y  o th e r  k inds o f  p e r id o titic  
rocks (ivehrlite, peridotites  rich  in  t i ta n iu m  ores, hornblendites) o f  th e  B ü k k  
M o u n ta in s , are  described  in  d e ta il by Szentpétery  [36] an d  Le n g y e l  [37]
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« F + v i D iabase c-[— 4

* f +  + 1 G abbro

U ltra b a s ite s , chiefly 
ore p e rid o tite s

Shale (p a rtly  folded)

Fig. 6. (U ltra -)b asic  “ p in e -s tru c tu re ”  (p a rtly  acco rd ing  to  E . Len g y el)

(see F ig . 6 ) .  L e n g y e l  p o in te d  o u t th a t  tita n ife ro u s  u ltra b a s ite s  a re  a lso  knotvn 
in  o th e r  sh a ly  en v iro n m en ts . H ow ever, shale c o u n try  ro ck  is n o t to  be  ex p ec ted  
alw ays in  th e  e n v iro n m e n t o f  th ese  rocks, fo r th e  v e ry  reason  th a t  sh a le  can 
su b seq u en tly  be tra n s fo rm e d  in to  c rysta lline  sch is t. O n th e  o th e r h a n d , o th e r  
m o ist ro ck  th a n  clay  a n d  sha le  m ay  e x e rt tra n sv a p o r iz a tio n  too .

T h u s , th e  o rd e r o f  c ry s ta lliz a tio n  o f th e  b asic  m agm as m ay  co n sid e rab ly  
change a n d  even becom e n e a rly  opposite , th is  fa c t in  som e m easure  e lu c id a tes  
th e  fo rm a tio n  of ophitic texture  o f d iabasic  rocks.

7. I f  a n e u tra l, i. e. m ore  viscous an d  th e re fo re  m ore slow ly m o v in g  an d  
w ider m ag m a m ass p e n e tra te s  —  generally  n e a r th e  su rface  —  in to  a com plex  
o f m o ist (m ostly  clayey) rocks, a vapour-cap  is p ro d u ced  over th e  m a g m a tic  
ch im ney  be tw een  th e  m ag m a  m ass and th e  m o ist c o u n try  rock . O n ro u te  
la te ra lly  c u t b y  th e  v ap o u r-c a p , th e  m agm a p e n e tra te s  be tw een  th e  s t r a ta  
an d , b en d in g  up  th e  o v erly in g  rocks, form s th e  lacco lith  (Fig. 7). T h e  v e rtic a l 
ad v a n c e m en t o f th e  igneous b o d y , th u s w idened like a n a il head  b y  th e  v a p o u r
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c a p , is  ham pered  b y  th e  b ack w ard  p ressu re  o f  th e  overly ing  s t r a ta .  T his 
m e c h a n ism  —  the  d e ta ils  o f  w hich are n o t m en tio n ed  here  —  su ffic ien tly  
e lu c id a te s  th e  w idely d iscu ssed , unso lved  p ro b lem  o f th e  fo rm a tio n  o f  lacco
l i th s  a n d  is in acco rdance  w ith  a still u n n o ticed  p h en o m en o n , n a m e ly , t h a t  th e  
ro c k s  su rro u n d in g  la cco lith s  a re  chiefly of s e d im e n ta ry , m o stly  c lay ey  o rig in , 
o r ig in a lly  rich  in  v o la tile s . T h e  details o f th is  q u es tio n  are e x p o u n d e d  in  a 
p a p e r  on  M ount Csódi (D u n ab o g d án y ), w r it te n  b y  th e  a u th o r  a n d  h is co lla
b o r a to r s  I . K u b o v i c s , L . P e s t i , and Cs. R a v a s z  [16].

Clayey or sa n d y  c o u n try  rock C o n tac t zone in  th e  co u n try  rock

V apour cap  d \+  + +1 A ndesitic  or d a c itic  m ag m a, resp .
1----------  Jt igneous rock

Fig. 7. The b eg in n in g  a n d  th e  end stage of th e  fo rm atio n  of a lacco lith

T h e high-pressure v a p o u r-c a p  p roduced  a t  th e  beg inn ing  o f  th e  process, 
p r in c ip a lly  effects th e  in i t ia l  ph ase  of th e  co n so lid a tio n  of lacco lith . A fte r th e  
d e v e lo p m e n t of th e  v a p o u r-c a p , no considerab le  m o istu re  can su b se q u e n tly  be 
re le a s e d  from  the  c o u n try  ro c k , a t lower te m p e ra tu re , co n seq u en tly  c ry s ta lliz a 
t io n  is  m ostly  co m p le ted  in  th e  h e m io rth o m a g m a tic  s ta te . T h e  v ap o u r-cap , 
w ith  silicic acid and  a lk a lis  leached  from  th e  c lay , m ay  p ro d u ce  b io ti te  and , 
w i th  th e  calcium  o f fe ld sp a r , on the  m arg in  o f  th e  m ag m atic  b o d y , zoisite. 
T h e  biotitic-zoisitic-m arginal an d esite  or dacite  th u s  form ed is r a th e r  an  h em io rth o - 
m a g m a ti te .  On th e  c o n tra ry ,  th e  m ain cen tra l p a r t  o f such lacco lith s  is m ostly  
c h a ra c te r iz e d  by  n e a r ly  n o rm a l andesitic , d a c itic  or sim ilar rocks.

8a. I f  a n eu tra l a n d  m o re  viscous m ag m a p e n e tra tin g  in to  m o is t co u n try  
ro c k s  is blocked a t  a g r e a te r  d ep th , th e re  is p ro d u ced , in  acco rd an ce  w ith  
th e  h ig h e r  pressure o f th is  d ep th , a su p e rc ritic a l f lu id  so lu tion  in s te a d  o f a 
v a p o u r-c a p . The m ag m a fo rm s  a less reg u la r su b v o lcan ic  body , n a m e ly  chono- 
l i th .  I n  th is  case th e  f lu id  so lu tion  is n o t so ra p id ly  pressed in to  th e  m ag 
m a t ic  b o d y  as th e  h ig h -p re ssu re  v ap o u r-cap , b u t  diffuses m ore  slow ly in  it, 
c o n se q u e n tly  th e  so lu tio n  effects the  c ry s ta lliz a tio n  process d u rin g  a longer 
p e r io d , a t  lower te m p e ra tu re s  too : th e re  a re  form ed ch lo rite , ev en tu a lly  
s e rp e n tin e , epidote , s e r ic ite  an d  ca rbona tes. H ypovolcanitic  p ro p y lite  bodies



ON T H E  PETROLOGY OF VOLCANIC ROCKS AND TH E  IN TER A C TIO N  OF MAGMA AND W A T E R 213

fo rm in g  in d e p e n d e n t subvo lcan ic  m asses, g enera lly  w ith  a b ro a d  c o n ta c t 
zone, in  p re p o n d e ra n tly  c layey  co u n try  ro ck , are  form ed in  th is  w ay
(F ig . 8).

H y p o v o lcan itic  p ro p y litiz a tio n  ro u g h ly  co rresponds to  th e  process 
o f  p ro p y litiz a tio n  describ ed  b y  R i c h t h o f e n  [19], P á l f y  [20], B ü r g  [21], 
S c h n e i d e r h ö h n  [22]. H ow ever, i t  is n o t p ro d u ced  b y  a u to h y d ra ta t io n  caused 
b y  th e  ow n endogenous v o la tile s  of th e  m ag m a (au to m e tam o rp h ism ) b u t  by  
vo la tiles  o f th e  c o u n try  rocks p e n e tra tin g  in to  th e  m agm a b y  t r a n s v a p o r i
za tio n .

H ow ever, th e re  is a n o th e r  w ay  of p ro p y litiz a tio n , nam ely  th e  m e tav o l- 
can itic  p ro p y litiz a tio n , describ ed  in  th e  fo llow ing c h a p te r  (p. 218.)

0 Y / / / /  \ Clayey, sandy and pyroclastitic country rock ç | x X x~| Propylite

b \rrrfif{*\ Contact zone in the country rock d |v  N V | Andesite

F ig .  8 . Hypovolcanitic propylite-body (from a section of Yisk described in [18]).

I t  m ay  be assum ed  th a t  th e  b o rd er b e tw een  th e  fo rm atio n  o f  lacco lith  
an d  th a t  of p ro p y litic  ch o n o lith  is to  be d raw n  a t a d e p th  of m ore th a n  800 m , 
th e  c ritica l p ressu re  o f  w a te r  (218,5 a tm ospheres) co rrespond ing  to  ab o u t 
th is  d ep th . T he w a te r  b e in g  n am ely  confined in  th e  pores o f th e  ro ck , th e  
p ressu re  is th e re  less th a n  th e  rock-pressure.

86. The in tru s io n  o f  acid ic  m agm a in to  m o ist rocks p ro b a b ly  p roduces 
th e  m em bers o f th e  p e r lite -p itc h s to n e  group (see N o. 11) or, a t  a g re a te r  d ep th , 
m uscov itic -ch lo ritic  h y p o v o lcan ite s  sim ilar to  th e  ab o v e-m en tio n ed  k e ra to -  
p h y res  of th e  L a h n -d is tr ic t. T h is is p ro b ab ly  also v a lid  for su b m a rin e  e ru p 
tio n s a t  g re a te r  d ep th s .

C) The lava flo w s  into water. T he effect o f tra n sv a p o riz a tio n  is th e  h ig h est 
in  such  cases.

9. I f  th e  basic  la v a  e ru p ts  in  abyssa l sea-floor, e. g. in  th e  géosy n c lin a l 
ph ase  rep resen tin g  in it ia l  v o lcan ism , th e re  is no fo rm atio n  o f v a p o u r , in 
accordance  to  th e  h ig h  p ressu re  of the  deep ocean . C hlorite is p ro d u c e d  from  
or in s te a d  of au g ite , am p h ib o le , b io tite . In s te a d  o f  basic  p lag ioclase, a lb ite  is 
p a r t ly  p roduced  on th e  e ffec t o f th e  sodium -rich  sea -w a te r, and , b es id es  th is ,
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e p id o te  and  perhaps c a lc ite . T his is the  p rocess fo r  th e  fo rm a tio n  o f spilites  
a n d  ophiolites recen tly  s tu d ie d  b y  A m s t u t z  [23].

10. I f  the basic  m a g m a  form s su b m arin e  e ru p tio n  in  a n o t v e ry  deep 
se a , besides lava ro ck  i t  p ro b a b ly  produces so m e p y ro c la s tite s , due  to  the 
e x p lo s io n  by the in te n s iv e  v a p o u r  d ev e lo p m en t. P ro b ab ly , th e  fo rm a tio n  of 
p illo u ; lava  belongs p a r t ly  to  th is  process to o . O n th e  o th e r h a n d , pillow  lava  
w i th  a c layey m a trix  —  ca lle d  globular b a sa lt b y  K l ü p f e l  —  seem s to  co rre 
s p o n d  to  a vo lcan ite  o f  g lo b u la r  (spherical) jo in t ,  w hich we sh a ll t r e a t  in 
C h a p te r  V I. (pp. 227— 228).

6 . Ц Ц ]

Rhyolite
Vesicular or sphero- 
litic rhyolite
Pumice

d. [ W i l

e. jo о о I

f. (o-o-o[

Perlite and pitch- 
stone
Perlite sand and per- 
litic agglomerate
Pumiceous agglome
rate and tuff

Migration of vapour

Pyroclastitic explo
sions
Tectonical move
ment and subaque
ous rock slip

F i g .  9 . Relation among rhyolite, perlite, pitchstone, pumice and their pyroclastites 
(Migration of vaprs from seavater into qerlite-piichstone is not represented.)

11. Acidic la v a  f lo w in g  in to  shallow  w a te r  p roduces v a p o u r  o f  high 
p re s s u re , s tirring  up  th e  la v a  and  even p ressed  in to  i t .  A t th e  sam e tim e  the  
v is c o s ity  and m elting  p o in t  o f  the  lava d ec reases , th e  v a p o u r also p e n e tra te s  
in  i t  b y  diffusion an d  is d isp e rsed . In  less tu r b u le n t  phases of th e  m ag m a-w ate r 
c o n ta c t  th is process is a lso  fac ilita ted  b y  th e  L e id en fro st-p h en o m en o n . In  
th is  w a y  perlite and  p itch s to n e , often  a lte rn a tin g  in  a b an d ed  fo rm , a re  p roduced  
o n  th e  effect o f a sy n eresis-lik e  sep a ra tio n  o f  tw o  im m iscib le  phases of 
d if f e r e n t  w ater c o n te n ts . I n  those  p a rts  w h ere  th e  lav a  is rich es t in  v ap o u r, 
e . g . a t  th e  top  of th e  la v a -b o d y , conta in ing  a s c e n d a n t v ap o u r, th e  la v a  blows 
u p  (F ig . 9) and a lte rs  in to  pum ice. F rom  th e  p e r litic , p itch s to n e -b ea rin g  and
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pum iceous zone, v a p o u r  p e n e tra te s  to w ard s th e  in te r io r  o f th e  lava  m ass to o  
an d  th e re  p roduces a scoriaceous and  spherolitic  rh y o lite  ty p e . T he fo rm a 
tio n  o f  v a p o u r  acco m p an ied  b y  explosions also p ro d u ce  py ro c lastite s , fo rm in g  
p erlitic  rhyolite t u f f  ( agglomerates) ,  an d  fu r th e r  p um iceous tu f f  ( agglomerates) ,  
ch iefly  on th e  e x te rn a l side o f  th e  perlitic  lav a  f ro n t  (F ig . 9). On th e  s te e p  
side o f  th e  lav a  flow , a zone o f  subaqueous slid in g s in  loose deposits d e v e 
lops to o . P e rlite  san d , m o stly  app earin g  on th e  b o rd e r  betw een  th e  solid rh y o 
lite -p e rlite  com plex  a n d  th e  loose p y ro c la s tite  se ries, is m ostly  su ita b le  fo r 
s tru c tu ra l  m ovem en ts ; such  effects m ay  p la y  a considerab le  role in  th e  
fo rm a tio n  o f perlite  san d . T h is possib ility  is also c o n firm ed  by  the  o b se rv a tio n  
o f E . S c h e r f  an d  E . K u b o v i c s . N atu ra lly , tu ffs  a n d  p y ro c lastitic  ag g lo 
m era tes  are  fo rm ed  in  m a n y  o th e r w ays too .

12. N e u tra l la v a  flow ing  in to  w a te r is p ro b a b ly  accom pan ied  b y  p e rlitiz -  
a tio n , an d  p e rh ap s  b e n to n itiz a tio n  and , a t  g re a te r  d e p th s , by  p ro p y litiz a tio n . 
C h e s t e r m a n  [24] h as  re c e n tly  po in ted  o u t th e  ex is ten ce  o f perlitic  a n d es ite s  
an d  d ac ite s . M o n tm o rillo n itiza tio n  o f andesite  la v a  flow s in shallow  p a lu d a l 
w a te r  w as observed  b y  th e  a u th o r  in th e  S z in y ák  M oun ta ins, n ear U zgorod .

W hile th e  in itia l su b m arin e  e ru p tio n  o f b a sa ltic  la v a  and  th e  s u b a q u a tic  
e ru p tio n  o f  rh y o litic  lav a  belong  to  the  no rm al cou rse  o f  geological ev o lu tio n , 
n e u tra l  and esitic  e ru p tio n  does no t h av e  such  a close causal re la tio n  to  th e  
su b a q u a tic  e ru p tio n s . T herefo re , su b aq u a tic , h y p o v o lcan itic  fo rm a tio n  o f  
and esitic  lav a  is re la tiv e ly  scarcer.

*

S um m ing  u p  th e  m o st im p o rta n t h y p o v o lcan ite s , we m ay e s ta b lish  a 
c e r ta in  tra n s it io n  from  g re a te r  d ep th s  o f in tru s io n  to w ard s  th e  sm aller ones, 
an d  from  basic  m ag m as to w ard s  acidic m agm as. I .  e. th e  degree of c ry s ta ll in ity  
is decreasing  m ore o r less b y  th e  decreasing d e p th  o f  c ry s ta lliza tio n , fu r th e r  b y  
in creasin g  rock  a c id ity  a n d  b y  th e  increasing  w a te r  c o n te n t of the  rock . T h is  
is p a r t ly  obvious, fo r i t  is w ell-know n th a t  th e  deg ree  o f c ry s ta llin ity  is h ig h e r 
in  th e  d e p th , cooling slow ly, and  in  less v iscous basic  lavas. H o w ev er, 
supposing  an  endogenous m ag m atic  origin o f w a te r , i t  is h a rd ly  u n d e rs ta n d a b le  
w hy  h y p o v o lcan ite s  o f h igh  w a te r  co n ten t show  a  low  degree of c ry s ta ll in ity , 
w hereas vo la tiles shou ld  r a th e r  increase th e  degree o f  c ry s ta llin ity . O n th e  c o n 
t r a ry ,  if  w a te r  is d e riv ed  from  an  exogenous so u rce , th e  co n trad ic tio n  d is a p 
p ears , for c ry s ta llin ity  is decreased  on th e  cooling e ffec t o f exogenous w a te r .

T his descrip tio n  is n a tu ra lly  fa r from  es ta b lish in g  any  com plete sy s te m . 
F u r th e r  in v es tig a tio n s  w ill ev id en tly  prove a m uch  g re a te r  v a riab ility  of h y p o 
vo lcan ites . D ifferen t re la tio n s  to m e tav o lcan ite s  m ay  be po in ted  o u t  to o , 
acco rd in g  to  the co n n ec tio n  o f  fissuring  fo rm a tio n  w ith  th e  c ry s ta lliz a tio n  of 
h y p o v o lcan ite s . A p re lim in a ry  synopsis is how ever, given in  ia b .  I  a n d  fig . 
13, p. 224.

8  Acta Ceologica V/2.
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IV. M etam agm atites

A ccording to  th e  n o m en c la tu re  o f  C h a p te r  I I ,  th e  fo rm a tio n  o f endo- 
m e ta m a g m a tite s  is due  to  th e  decom p o sitio n  in  th e  c ru st o f  o rth o m a g m a tic  
ro c k s , w hile e x o m e tam ag m atite s  are p ro d u c e d  b y  surface w ea th e rin g . T h e  fo rm er 
p ro c e ss  becom es m ore in te n s iv e , an d  ta k e s  th e  ch a rac te r o f  le ach in g  along 
f is s u re s , dikes, an d  zones o f  s tru c tu ra l m o v em en ts . The in crease  in  leach ing  
is  acco m p an ied  b y  th e  d isso lu tio n  of silicon  a n d  —  in o rd er o f  in te n s ity  —  
s ta r t in g  from  fe ld sp ars , i t  p roduces th e  series o f  clay and  o th e r A l-m inera ls  : 
f e ld s p a r  —* illite  —> m o n tm o rillo n ite  —> k a o lin ite  —► b au x ite  m in era ls . T he so lu 
t io n s ,  basic  a t  low er w a te r  c o n c e n tra tio n  (fo rm ation  o f m o n tm o rillo n ite ) , 
b eco m e  la te r  —  in  consequence  o f th e  le ach in g  o n t o f alkalis b y  in c rea s in g  w ater 
c o n c e n tra tio n  —  g ra d u a lly  m ore acidic ( fo rm a tio n  ou t of k ao lin ite ). F u r th e r  on , 
o x id iz in g  effects beco m in g  p re v a le n t, a n  increasing  fo rm a tio n  o f  b a u x ite  
m in e ra ls  m ay  tak e  p lace.

T h u s h y p o v o lcan ite s  an d  m e ta v o lc a n ite s  are p rin c ip a lly  o ften  d iffe ren t 
in  ch em ica l c o n s titu tio n . H y p o v o lcan ite s  a re  ch arac terized  b y  th e  adm ixture  
o f  exogenous substances, i. e. b y  th e  in f i l t r a t io n  of tran sv ap o riz in g  vo la tiles, 
w h ile  in  the  case o f  m e tav o lcan ite s  se lec tiv e  exsolution o f  substances b y  su b 
s e q u e n t leaching is p re p o n d e ra n t. T here fo re , in  th e  m e tav o lcan ite s  th e  orig inal 
p ro p o r tio n s  of m ag m a tic  c o n s titu e n ts  m a y  o ften  becom e co n sid e rab ly  changed , 
w h ile  th ese  p ro p o rtio n s  re m a in  n ea rly  u n c h an g ed  in  h y p o v o lc a n ite s .

A. Exom etavolcanites
B efore a t ta in in g  th e  soil p h ase— b esid es  th e  com m on C -horizon  rocks —  

so m e  pecu lia r ex o m e tav o lcan ite s  are also fo rm ed  by  p a r tic u la r  su rface  effects.
1. The fo rm a tio n  o f  ex o m e tav o lcan ite  in  continental environm en t, in  a 

h ig h ly  oxidizing m ed iu m , e. g. in  or n e a r  vo lcan ic  cra te rs , re su lts  in  an  oxidic 
tra n s fo rm a tio n  o f  m in era ls  co n ta in in g  m u ltiv a le n t iron , b y  w h ich , a k ind  of 
oxy-volcanite  w ith  red  h e m a tite  is p ro d u ced . W e observed M iocene occurrences 
o f  o x y andesites e. g. in  th e  M átra , B ö rzsö n y  a n d  D unazug M o u n ta in s  in  H u n 
g a ry , w hile recen t fo rm a tio n s  o f th e  sam e  h av e  been observed , a ro u n d  th e  
fu m a ro le s  of th e  P a r ic u tin , e. g. b y  G. P a n t o  [25]. S uperheated  w a te r  v ap o u r 
a ffe c ts  ev id en tly  o ften  th is  process.

P resu m ab ly , th e  fo rm a tio n  o f such  ro ck s m ay  also be possib le  a t  som e 
d e p th  u n d er th e  su rface  a ro u n d  th e  fu m aro lic  c ra te rs . O ccurrences a t  th e  to p  
o f  som e cra ter-like  h ills in  th e  B örzsöny  m o u n ta in s  observed b y  M. C s e s z k ó  

seem  to  belong to  th is  class o f rocks.
2. The su b m arin e  h a lm y ro litic  deco m p o sitio n  of v o lcan ite s  in  ae ra ted  

w a te r ,  m ay  s im ila rly  p ro d u ce  oxy-volcanites w hich ex ten d  on  th e  effect o f 
in f i l t r a te d  w ater. W e h a v e  po in ted  o u t su ch  a case, w ith  V. S z É k y - F u x , К . 
B a l o g h  and  M. H e r r m a n n , in  co n n ec tio n  w ith  th e  andesite  o f  K om ló  [26]. 
I n  c o n tra s t  to  th e  fo rego ing  ty p e  o f o x y -v o lcan ite s , th is  ty p e  seem s to  be ra th e r  
a  lim o n itic  rock (lim onitic  o xyandesite).
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T he fo rm atio n  o f oxy -vo lcan ites becom es m ore  fre q u e n t w ith  th e  in c re a s
ing  geological age. P re su m a b ly , oxy-porphyrites a re  therefo re  n o t ra re  e ith e r.

3. More in te n s iv e  subaq u eo u s d ecom position , an d  perh ap s also su rface  
w ea th erin g , p ro d u ce  pa le  w h itish  leucovolcanites, p r in c ip a lly  b y  leach in g  a 
ce rta in  p a r t  o f th e  iro n  com pounds being th e  m o st m obile , because o f th e  p re 
sence o f a m u ltiv a le n t e lem en t [26]. Most fre q u e n tly  we found leucoande sites. 
T hey  are som etim es m ore ,,ac id ”  while o x y an d esite s  are  som etim es m ore  
„b as ic”  th e n  fresh  andesites. Some leucovolcanites m a y  also be o f tra n s v a -  
p o riza tiona l, h y p o v o lcan itic  origin.

4. B y a m ore p ro longed  an d  m ore in te n s iv e  leach ing , th e  rem o v a l o f  
silicic acid  begins, fo rm in g  m on tm orillon ite  an d  th u s  a considerab le  p a r t  o f 
halm yrolitic bentonites from  andesitic , as well as from  dacitic  an d  rh y o litic  
ro ck s  arc  form ed.

B) Endom etavolcanites

E n d o m etav o lcan ite s  are p a r tly  form ed a long  fissu res co nduc ting  so lu tions 
—  freq u en tly  in  conn ec tio n  w ith  th e  fo rm a tio n  o f  ore veins —  an d , on th e  
o th e r h an d , along s t ru c tu ra l  crushed  zones.

W e tr e a t  ore vein s  a n d  crushed  zones, as tw o  ex trem es, th o u g h  in  r e a li ty  
a g rad u a l tra n s it io n  ex is ts  be tw een  th em  an d  th e y  genera lly  ap p ea r to g e th e r . 
A t th e  b ro ad en in g  o f s tru c tu ra l  zones, en d o m e tav o lcan ite s  m ay  co n sid e rab ly  
develop , fo rm ing  w ide zones o f such rocks.

a) P ro fo u n d  fissu res  o f ore veins d u rin g  th e  course of geological ages 
obv iously  are n o t u n ifo rm ly  open, b u t  th ey  becom e n a rro w er or ev en  closed, 
p a r t ly  a t  h igher, p a r t ly  a t  deeper levels. I f  th e  fissu re  is closed from  ab o v e , th e  
vein  w ill be affec ted  b y  ascend ing  so lu tions a n d  v a p o u rs . O n th e  c o n tra ry , w hen  
i t  is closed in  th e  d e p th , th e  effect o f descending  so lu tio n s will be p re d o m in a n t 
(F ig . 10). T hus, a sc e n d a n t an d  d escendan t effects a lte rn a te  in  th e  ore v e in s .

T he fo rm a tio n  o f  th e  en d o m etav o lcan ites  show s ce rta in  g ra d u a tio n . 
In  th e  follow ing p o in ts  th e  new  rock  ty p es a re  a rra n g e d  accord ing  to  th e  
increasing  in te n s ity  o f ro ck -a lte ra tio n .

5. M inim um  m o istu re  effect only  re su lts  in  a superfic ia l d ecom position  
o f  m inera ls  co n ta in in g  m u ltiv a le n t iro n .E . g. in  such  a w ay, th e  sm all m a g n e tite s  
o f  th e  m a tr ix  o f an d esite s  d isagg regate  in to  fin e -g ra in ed , m ag n etite -lik e  soo t 
an d  th e  rock  d a rk en s . A t th e  sam e tim e , a fin e -g ra in ed  m ag n e titic  m arg in  is 
also fo rm ed  a ro u n d  co loured  silicates. C onsequen tly , th is  phenom enon  is v e ry  
s im ila r to  th e  so-called  o p ac itiz a tio n  tak in g  p lace in  connec tion  w ith  m a g m a tic  
re so rp tio n , th is  p h ase  is, th e re fo re , called m etavolcanitic opacitization.

6. In  th e  fo llow ing p h ase , th e  m oistu re  b eg in s  to  dissolve a lka lis  from  
silica tes. In  th e  a lk a lin e  so lu tion  th e reb y  p ro d u ced , even  w ith o u t a n y  p a r t i 
cu la r increase in  o x id a tio n -red u c tio n  p o te n tia l, iro n  m inera ls  are p a r t ly  t r a n s 
fo rm ed  in to  m inera ls  co n ta in in g  iron  o f h igher v a len cy . O bviously , th is  so r t

8 *
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o f  o x id a tio n  can be in te n s if ie d  n ea r th e  su rface , b y  th e  increase in  ox id a tio n - 
re d u c tio n  p o ten tia l. T h e  re d  o r b row nish  o x y v o lcan ite s  p roduced  in  th is  w ay, 
b y  lim o n itiz a tio n  or b y  fo rm a tio n  o f h y d ro h e m a tite , are called —  in  o rd e r to  
d is tin g u ish  them  from  th e  ab o v e-m en tio n ed  s im ila r  ex o m etav o lcan itic  rocks — 
endooxyvolcanites.

7. I f  the  degree o f  leach in g  is su ffic ien t fo r rem oving  a c e r ta in  p a r t  of 
th e  a lk a lis , th e  so lu tion  becom es n e u tra l o r even  acid ic. In  such  a m ed iu m  iron 
s ilic a te s  a lte r  in to  ch lo rite , ev en  also in to  ep id o te , i. e. the  rock  is p ro p y litiz ed . 
T h is  ty p e  of rock m y be ca lled  m etavoleanitic p ropy lite  (ch lo rovo lcan ite  phase). 
T h is  k in d  of p ro p y lite  —  c o n tra ry  to  th e  h y p o v o lcan itic  p ro p y lite  described  
in  th e  foregoing c h a p te r  —  does no t form  in d e p e n d e n t subvo lcan ic  m asses b u t

Tectonical stress 

Trend of migration

F i g .  1 0 .  Closing of fissures and trend of migration 
Left : the ascending, right : the descending stage in the fissure

i t  a p p e a rs  along dikes an d  fissu red  zones, as m ore or less n a rro w  s tr ip s , often  
w i th o u t  sharp  b o rders. J .  S z a b ó  [27], la te r  R o s e n b u s c h  [10], H . B ö c k h  [28], 
N a k o v n i k  [29], B á n y a i  [30] and  J .  T r e i b e r  [30] in v es tig a ted  a n d  described 
th is  k in d  o f the  p ro p y lite s , as  genera lly  c h a ra c te r is tic  for p ro p y litiz a tio n . W hile 
h y p o v o lc a n itic  p ro p y lite  fo r th e  m ost p a r t  ap p e a rs  betw een  m oist sed im en ts 
a n d  is su rrounded  b y  a consid erab le  c o n ta c t zone (e. g. in  th e  T ra n ssy lv a n ia n  
E rz g e b irg e  and  G u tin  M o u n ta in s , see [53]), m e tav o lean itic  p ro p y lite  is o ften  to  
b e  fo u n d  in  m e tam o rp h ic  a re a s  (see e. g. [54, 55]). P ro py lites are  m o stly  con
n e c te d  w ith  carbovolcanites.

T h e  long d iscussion  o n  p ro p y litiz a tio n  can  be solved b y  d is tin g u ish in g  
th e s e  tw o  types of p ro p y lite .

8. Som etim es a p a r t ia l  d isso lu tion  o f iro n  com pounds also beg ins before 
th e  o xy -vo lcan itic  a n d  ch lo ro v o lcan itic  p h ases , w hereby  pale , c lea r leuco- 
v o lc a n ite s  are fo rm ed  w hich  are  called —  in  o rd e r to  d is tin g u ish  th e m  from  the  
a b o v e -m en tio n ed  e x o m e ta m a g m a tic  rocks —  endoleucovolcanites.
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Plate I

a) Andesite-pseudoagglomerate with large opacitic andesite pseudogravel, surrounded J  
by thin leucoandesite margin, in hydroandesitic pseudo-matrix (actual size)

b) Opatitic augite-hypersthene andesite and its hypersthene leucoandesite margin (magni
fication 60 X  )
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I n  such a case, th e  less stab le  au g ite  m a y  be  f ir s t  decom posed  am ong 
t h e  p y roxenes, w hile h y p e rs th e n e  rem ain s. I n  th is  w ay  a p r im a ry  aug ite- 
h y p e rs th e n e  an d esite  a l te r a te s  in to  h y p e rs th e n e  an d esite  as show n in  P la te  I , b . 
I n  o th e r  respects th is  s o r t  o f  hypersthene andesite  is like a fresh  U ndecom posed 
ro c k . T h u s several k in d s  o f  vo lcanites d iffe rin g  in  coloured silicates, are  n o t 
e x c lu s iv e ly  fo rm ed  b y  endogenous m ag m a tic  d iffe ren tia tio n , b u t  som etim es 
t h e y  are  exogenous p ro d u c ts  of a p a r tia l d eco m p o sitio n  or due to  d iffe ren t 
d eg rees  o f c ry s ta llin ity .

9. Now th e  p ro cess  o f  leaching g ra d u a lly  passes b y  exso lu tion  o f  silicon, 
in to  d iffe ren t k in d s o f  hydrovolcanites w ith  c lay  m inerals.

T he f  irs t m em b er o f  th e  h y d ro v o lcan ite s  is hydrothermal bentonite s till 
f o rm e d  in  an a lk a lin e  m e d iu m . Such rocks fro m  th e  T o k aj-M oun ta ins and  
K o m ló sk a  described  b y  V . S z é k y - F u x  [32] a n d  K . K u lc s á r  [33] m ay  be 
r a n g e d  am ong th e  f i r s t  g ro u p  of h y d ro v o lcan ite s . Y. Sz é k y - F u x  p o in ted  o u t 
t h a t  h y d ro th e rm a l b e n to n i te  could be fo rm ed  n o t  on ly  from  rh y o lite  b u t  from  
a n d e s ite  too . I m p o r ta n t  d a ta  on such rocks h a v e  been  pub lished  b y  A. F ö l d 
v á r i  to o  [34].

10. In  case o f m o re  in ten s iv e  leach ing , th e  to ta l  escape of a lkalis  p roduces 
a  d is tin c tly  acidic e n v iro n m e n t w here k ao lin  is fo rm ed  b y  fu r th e r  ex so lu tion  
o f  silicon . The k a o lin iz a tio n , w ell-know n in  m a n y  places along ore veins, 
b e lo n g s  to  the  ran g e  o f  th e s e  endometavolcanitic kaolin ites  (see e. g. th e  d escrip 
t io n s  b y  M. PÁLFY, [2 0 ]) .

b) B y th e  c ru sh in g  e ffec t w hich ta k e s  p la c e  in  s tru c tu ra l zones, ir re g u la r  
lava  breccia is fo rm ed . V o lc a n ite  w ith  a g lo b u la r  jo in t  (see p . 227 an d  fig . 17) is 
re g io n a lly  p roduced  b y  th e  developm ent o f  a m o re  reg u la r system  o f lithoclases 
re p re se n tin g  th re e  m a in  d irec tions, w hich  a re  p e rp en d icu la r to  each  o th e r. 
F r o m  such rocks —  as w ell as from  tru e  a g g lo m era te s  —  th e  ab o v e-m en tio n ed  
p h a se s  o f opacitic  v o lc a n ite , leucovo lcan ite , o x y -vo lcan ite , ch lo rovo lcan ite , 
c a rb o -v o lc an ite , m o n tm o rillo n itic  and k a o lin itic  h y d ro v o lcan ite  can  develop 
o n  th e  increasing  e ffe c t o f  solutions.

11. In  s tru c tu ra l  zo n es th e  described k in d s  N os. 5— 10 o f m e tav o lcan ite s  
a re  o fte n  observab le  beside each other w ith in  th e  sam e m ass. T h ey  a re  form ed 
b y  th e  chem ical ch an g es  p ro d u ced  by  th e  so lu tio n s  m ig ra tin g  along  th e  jo in ts  
a n d  irreg u la r  c racks. I n  su ch  cases, la rg e r p a r t s  o f  th e  orig inal ro ck  are still 
f r e s h  o r darkened  in to  th e  opacité  stag e , w h ile  th e  sm aller ones are  a lte red  
in to  oxy -v o lcan ite , o r  ch lo rovo lcan ite  c a rb o v o lc a n ite , an d  leucovo lcan ite  
s ta g e s ,  th e  sm allest in to  th e  h y d ro v o lcan itic  s ta g e . In  th is w ay , th e  p rim a ry  
l a v a  rock  (and even  o r ig in a l p y roc lastitic  ag g lo m era te s  too) m ay  a lte r , b y  th e  
d ec rea se  of g ra in  size o f  th e  apperen t ro ck  fra g m e n ts  in to  pseudoagglomerate. 
T h is  a t  f irs t is like a coarse-g rained  m onom ikt p y ro c la s titic  agg lom era te , la te r  
l ik e  a ty p ica l p o ly m ik t  ag g lo m era te  (P la te  I .  a a n d  Fig. 11). I ts  resem blance  
to  t ru e  agg lom erates is increased  b y  th e  d e lim ita tio n  of th e  p a r ts  be ing  in
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d iffe re n t s tages of a lte ra tio n  by  sh a rp  b o rd ers  accord ing  to  th e ir  d is tin c t 
q u a li ta t iv e  leaps b y  a series o f a lte rn a tio n s , an d  can  even be se p a ra te d  b y  
re a c tio n  r im s, app earin g  p a r tic u la r ly  in  th e  in itia l phases. O x y d a te d  and  
red u ced  phases  show syneresis-like sep a ra tio n .

H ow ev er th is  borders are n o t eq u a lly  sh a rp  on all sides, th e y  even 
v an ish  com plete ly . The successive stages o f the  a lte ra tio n  are th u s  sp read in g  
in  th e  rock  as b lo ts in  th e  b lo ttin g  p ap e r.

T h erefo re , p seudoagg lom erates even  in  frag m en ts  to rn  o u t o f  th e ir  geolo
gical co n n ec tio n s, are d isting u ish ab le  from  tru e  agg lom erates. P seud o ag g lo m er- 
a tes  a re  o ften  ch arac terized  1. by  a b lo t- or finger-like  ram ifica tio n  o f  th e  g ra in  
b o rd e rs , 2. b y  th e  p ro longa tion  of th e  d irec tio n  o f th e  h y p o p a ra lle lly  o rie n te d  
fe ld sp a r m icro lites (flow -tex tu re) th ro u g h  d iffe ren t g rains, and  3. b y  p a r t ly  
f ra c tu re d  p la in , p a r tly  g lobu lar, convex  b o rd ers  o f th e  fresh  p a r ts  o f  th e  ro ck  
p ro tru d in g  from  th e  decom posed ro ck  m a tte r  show ing d ifferen t s tag es  o f  a l te ra 
tio n  (F ig . 17, p. 229.)

O xy-andesite

P ro p y litic  an d esite

Leuco-, hyd ro - o r carbo-andesite

F ig . 11. R ela tion  betw een p ro p y lite  and o x y -andesite  in  pseudoagglom erates

T h is  te c to n ica l pseudoagg lom erate  is c learly  d istingu ishab le  also from  
pyroclastitic  agglomerates w ith  a la v a -m a tr ix . Such la v a -m a trix  ag g lo m era tes  
or ag g lo m era tic  lavas [52] can  be ch a rac te rized , accord ing  to  G. P a n t o , as 
follow s : 1. T he agg lom erate  blocks an d  g ra in s fa lling  in to  th e  la v a  h a v e  a 
f lu id a l a rra n g e m en t. 2. A gg lom erate  in  som e p laces is resorbed  b y  th e  lav a , 
an d  th e re fo re  show s concavities on th e  b o rd e r line. 3. The blocks an d  g ra in s  of 
th e  ag g lo m era te  are w ea th e red  an d  fo rm  hollow s in  th e  h a rd e r la v a  cem en t. 
(O n th e  c o n tra ry , in  tec to n ica l p seu d o ag g lo m era te , th e  g rea te r, fre sh , agglo- 
m e ra te -lik e  p a r ts  are  p ro tru d in g  from  th e  so ft, cem ent-like p a rt.)
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In  a fu r th e r  s ta g e  o f  a lte ra tio n , th e  a p p a re n t  g ra in  size m ay  decrease to  
th e  degree of a p se u d o tu ff. In  accordance w ith  G. P a n t o , we are  inc lined  to  
co n sid e r certa in  so-ca lled  ign im brites, o ften  describ ed  in  m any  co u n trie s , as 
su c h  pseudo tu ffs to o  :

A ccording to  th e  above-exposed  co n cep t, a t  le a s t 5 k inds of p seud o ag g lo 
m e ra te s  exist, n a m e ly  s tru c tu ra l  lava  b recc ia , flow  lav a  b reccia , p y ro c la s titic  
ag g lo m era te  w ith  a la v a -m a tr ix , p y ro c la s tito id e  deposits of lav a- an d  o th e r 
ro c k  fragm en ts, a n d  th e  above-described  m e ta v o lc a n itic  p seudo ag g lo m era te . 
In  o u r n o m en c la tu re , o n ly  th e  m e tav o lcan itic  p seudoagg lom era tes are called 
p seu d o ag g lo m era tes , in  th e  s tr ic t sense o f  th e  w ord .

C. |o  у  о  I Pseudoagglom erate

---- ► Direction o f the infiltration

1 2 . F ig . Transformation o f a pyroclastite horizon betw een  tw o lava-banks ( a )  in to  pseudoagglo
merate (b)

As s tru c tu ra l m o v em en ts  are g en era lly  p ro d u ced  m ostly  along rock  
b o rd e rs  even o rig in a lly  show ing  g reat d ifferences in  rock  so lid ity , th e  fo rm atio n  
o f  p seu d o ag g lo m era tes  o fte n  takes place a long  th e  orig inal p y ro c la s titic  tu ff-  
ag g lo m era te  h o rizons in te rc a la te d  am ong th e  b ro a d  benches o f lav a  rocks. 
I n  th is  w ay, tru e  ag g lo m era te  and  p seu d o ag g lo m era te  are o ften  connected  
in  space, w hereby  th e  reco g n itio n  of ag g lo m era te  fo rm atio n  becom es d ifficu lt 
(F ig . 12). D uring  th e  deve lopm en t of th e  v o lcan ic  subsidence s tru c tu re , to  
be  tre a te d  in  C h a p te r  V I, w a te r-bearing  p y ro c la s ti te  horizons can  be t r a n s 
fo rm ed  in to  p lanes o f  s tru c tu ra l m o v em en ts  an d  th e  deve lopm en t o f p se u 
doag g lo m era te  a long  th e se  planes are c o n s id e ra b ly  fac ilita ted .

T he id e n tif ic a tio n  o f  p seudoagg lom erate  even  p e rm its  th e  d e te rm in a tio n  
o f  th e  m ain  d irec tio n s  o f  postvolcanic  s tru c tu re ,  p a rtic u la rly  th e  analysis  
o f  subsidence s t ru c tu re  (see C hap ter V I).

Some till now  h a rd ly  u nderstandab le  “ irreg u la r  in trusions and  blocks 
o f effusive rocks in  v o lcan ic  agglom erates a n d  tu ffs”  rep resen t ev id en tly  unal-
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te re d  rem ainder o f  effusive rocks o th erw ise  d o m in a n tly  a ltered  in to  p se u d o 
agglom erates or p seu d o tu ffs . ( I llu s tra tio n  e. g. in  [64] and  [65]).

12. The fo rm a tio n  of h y d ro v o lcan ite s  acco m p an ies  th e  release o f  a 
considerab le  a m o u n t o f  silicon. U p  to  th e  p re se n t, opa l, chalcedony, ja s p e r ,  
as w ell as q u a r tz it iz e d  m etav o lcan ite s  an d  h y p o v o lcan ite s , and  even som e 
q u a r tz  dikes for th e  m o st p a r t w ere  considered  as d e riv ing  from  a sc e n d a n t 
endogenous silicic so lu tio n s . As th e  o verw helm ing  m a jo r ity  of these ro ck s a re  
o bservab le  along m e ta -  and  h y d ro v o lcan itic  s t ru c tu ra l  zones or d ikes, i t  is 
obv ious th a t  th e y  w ere  for the  m ost p a r t  fo rm ed  exogenously , n ear th e  su rfa c e  
in  connection  w ith  th e  fo rm ation  o f  m e ta -  an d  h y d ro v o lcan ite s .

Thus the  silicon released from  fe ld spar-rocks b y  th e  form ation  o f  h y 
drovolcanites c o n ta in in g  m ontm orillon ite , illite  an d  especially  kao lin ite  is  r e 
deposited  in th e  silic ified  rocks a n d  veins o j ja sp e r , chalcedony and  quartz
ite. H ence th e  a re a l connection o f  deposits o f ceram ic m inerals w ith  s ili
c ified  rocks an d  silica  m ineral ve ins, e. g. in  th e  M á tra  and  T okaj-M ounta ins.

13. In  co n n ec tio n  w ith  h y p o v o lcan itic  p h en o m en a  o f tra n sv a p o riz a tio n , 
as well as w ith  m e tav o lcan itic  m e ta m o rp h ism  ta k in g  place along s t ru c tu ra l  
zones and  dikes, h e a v y  m eta l ions can  also be d isso lved  from  th e  c o u n try  ro ck s  
o f  th e  e n v iro n m en t. Such dissolved m eta llic  e lem en ts  o f  near-surface o rig in  
c o n tr ib u te  to  th e  fo rm a tio n  of ore deposits  to o , as well as ascen d an t h e a v y -  
m e ta l ions, b o u n d  inco n g ru en tly  in  s ilica te  m a g m a  an d  m obilized b y  th e ir  
a c tiv a tio n . In  th e  case  o f  precious m e ta ls , th e  n ea r-su rface  exso lu tion  p rocess 
is considerab ly  fa c il i ta te d  by  o x id a tio n  (cf. th e  fo rm a tio n  o f a c e m e n ta tio n  
zone). T race-elem en t co n cen tra tio n  o f  som e m eta ls , e. g. th a t  of gold, is h ig h e r  
in  sed im en ta ry  ro ck s  con ta in ing  o rg an ic  su b stan ces  th a n  in average igneous 
rocks. T herefore, a re la tiv e ly  large a m o u n t o f p rec io u s m eta ls  can  be d isso lv ed  
fro m  near-su rface c o u n try  rocks w herefrom  th e y  m ig ra te , la te ra lly  or d e 
scending in th e  h y p o v o lcan ite s  a n d  m e tav o lcan ite s . F in a lly , th e y  m ay  p re c ip i
ta t e  a round  the  c ry s ta l  germ s of ore m in era ls  p re se n t in th e  ore veins. T h ere fo re , 
som e “ magmatic”  ore veins are n o t considered , a t  le a s t p a r tly , as m onogenous 
fo rm atio n s of p u re  m ag m atic  o rig in  b u t  as polygenous ore deposits, c o n ta in 
in g  endogenous a n d  exogenous ore su b stan ces . T h is  concep tion  is su p p o r te d  
b y  ou r geoenergetical in v estig a tio n s to o  [39].

The ab o v e-d escrib ed  process m a y  be e ffic ien t, especially  in case o f  th e  
so-called  “ y o u n g ”  o r  p ropy litic  go ld-silver fo rm a tio n s .

The system  o f  h y povo lcan ites a n d  m e ta v o lc a n ite s  so fa r recogn ized , is 
show n in Table I ,  i ts  position  as fu n c tio n  o f w a te r  an d  silicium  c o n te n t, in  
F ig . 13.

V. The origin o f  m agm atic  provinces

In  th e  cases exam ined  in  th e  foregoing  c h a p te rs  th e  o verw helm ing  
m a jo r ity  of th e  w a te r  con ten t o f  igneous rocks w as p roved  as ex o genous.
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In  tu r n  i t  w as im possib le  to  d e te c t in  th e  sam e rocks a n y  considerab le  
q u a n t i ty  o f in te rn a l m ag m atic  w a te r  c o n te n t.

T es ts  (e. g. b y  G o r a n s o n  [40]) on  th e  w a te r  co n ten t o f m a g m a , do n o t 
g iv e  also  th e  a c tu a l q u a n t i ty  of w a te r  p re s e n t in  th e  m ag m a. T h ey  d e te r
m in e  o n ly  th e  m ax im u m  o f th e  possib le  h y d ra ta tio n  of th e  m ag m a  u n d er 
d if fe re n t cond itions.

J a g g a r  [41] in  one o f his ex c e lle n t papers on H a w a iia n  vo lcan ism  
r e c e n tly  p o in ted  o u t th a t  th e  w a te r  p re s e n t  in  lava  does n o t re p re se n t an y  
o r ig in a l p lu to n ic  p ro d u c t, b u t  i t  is p ro d u c e d  b y  th e  o x id a tio n  o f  h y d ro g en  
p r e s e n t  in  m agm a n e a r to  th e  su rface .

то
'Ь

Fig. 13. T h e  system  of ca lc-a lk a lin e , hypo- and m etavo lcan ites

I t  is u n like ly , even  geoenerge tica lly , t h a t  low -po ten tia l h y d ro g en  fo rm 
in g  w eak  bonds, m ig h t su rpass silicium  a n d  o th e r h ig h -p o ten tia l ions in  tak in g  
in  co n sid e rab le  a m o u n ts  o f oxygen  an io n s . O H -bonds an d  w a te r  can  be 
p r in c ip a lly  p ro d u ced , if  th e  oxygen  c o n te n t  o f  the m agm a increases  ch iefly  
n e a r  th e  surface, m o stly  b y  exogenous c o n tam in a tio n s .

G . P a n t o  p o in te d  o u t th a t ,  in  th e  case  o f th e  P a ric u tin  V olcano  (M exico) 
o n e  h a d  to  ta k e  in to  consid era tio n  su c h  an  enorm ous a m o u n t o f escaped 
w a te r  (44 000 000 t  vo la tiles to  970 000 000 t  lava) w hich could  n o t be derived  
in  a ,,ju v e n ile ”  w ay  from  endogenous so u rce  [25].

B ased  on a ll th ese  in v estig a tio n s, i t  seem s p robab le  t h a t  th e  m a jo 
r i t y  o f  so-called “ m a g m a tic ”  w a te r  is o f  exogenous origin. T h is concep tion  
is  also  su p p o rted  b y  geological c o n sid e ra tio n s  po in ted  o u t in  th e  “ Ver-
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sch lu ck u n g sth eo rie”  o f  S t a u b  and  in  th e  co n cep t o f  F . H o r u s i t z k y  on th e  
o rig in  o f so-called “ in te rn a l w a te r” [50].

A ccordingly , w e m u st re tu rn  to  a c e r ta in  degree, to  th e  a ssu m p tio n  of 
“ w a te r-free”  m ag m a o f  B r u n , w hich w as g iven  u p  w hen th e  presence o f  w a te r 
in  th e  lav a  was p ro v e d . B y the  d e r iv a tio n  o f  th e  w a te r  c o n te n t o f  th e  lav a  
fro m  th e  tra n sv a p o riz a tio n  and from  exogenous o x id a tio n  of h y d ro g en , a new  
l ig h t is th row n  on th e  question  an d  som e passages o f B r u n ’ s a rg u m e n ta tio n  
becom e valid  anew .

W e briefly  m e n tio n  here also t h a t  in  o u r op in ion  a p a r tly  exogenous d e 
r iv a tio n  of the  m a jo r ity  o f o ther im p o r ta n t  v o la tile s  of th e  m ag m a —  p a r t i 
c u la r ly  th a t  of c a rb o n  dioxide an d  su lp h u r  com pounds —  is assu m ab le  to o . 
In  th is  respect we q u o te  some re ferences e. g. G e r m a n o v  [42], besides th e  
above-described  fe a tu re s  o f ca rb o v o lcan ites  an d  m e tav o lcan ite s .

In  th e  p re sen t h ig h ly  d iffe ren tia ted  s ta te  o f th e  e a r th ’s c ru s t, i t  is qu ite  
u n lik e ly  th a t  any  considerab le  a m o u n t o f vo la tiles  m ig h t n o rm ally  ascend  from  
th e  d e p th  in  th e  (sub)vo lcan ic  b e lt o f  th e  orogenic  reg ions. A ccord ing  to  th e  
co n cep tio n  elsew here exposed  [38], y o u n g  m agm as can  h a rd ly  be d e riv ed  from  
th e  residue  of th e  p rim o rd ia l m ag m a tic  m a t te r  o f  th e  e a r th ’s c ru s t , conse
q u e n tly  young m ag m as are no t o f ju v e n ile , b u t  fo r th e  m ost p a r t  o f  ana- 
te c tic  orig in . A ccord ing ly , the  m a jo rity  of th e ir  vo la tile  con ten t is n o t o f e n 
dogenous b u t of exogenous origin.

T h u s, th e  d ev e lo p m en t and th e  d iffe re n tia tio n  o f th e  m agm a is co n sid er
ab ly  affec ted  b y  th e  vo la tiles  and o th e r  su b stan ces  of exogenous o rig in . The 
silicic acid  and a lk a lis  in  th e  course o f  tra n sv a p o r iz a tio n  e n te rin g  fro m  th e  
c o u n try  rock in to  th e  m agm a, p lay  a decisive p a r t  in  th e  fo rm a tio n  o f  th e  
ty p ic a l  “ pacific”  an d esite -rh y o lite  m a g m a tic  p rov inces o f th e  fo lded  zones, as 
well as in  th a t  o f  th e  b io tite  d io ritic  tro n d je m itic  rock-series describ ed  b y  
G o l d s c h m i d t  as th e  d iffe ren tia tio n  series in  m o ist en v iro n m en ts . In  th is  
p rocess, th e  role o f  re a l rock  assim ila tio n  is less im p o r ta n t  th a n  th a t  o f t r a n s 
v a p o riz a tio n .

Sim ilarly  in  th e  developm ent o f  a lk a li p ro v in ces , ad v an ced  b y  th e  assim i
la tio n  o f lim estone , ca rb o n  dioxide tra n sv a p o r iz a tio n  ta k e s  p lace  f ir s t ,  and  
th e n  leads to  a rea l assim ila tion .

As for the  fo rm a tio n  of a lkaline m ag m as b y  tra n sv a p o riz a tio n , from  sub- 
a lk a lin e  m agm as we m a y  quote th e  ab o v e-m en tio n ed  exam ples o f  sp ilitiza - 
tio n , as well as t h a t  o f  the  a n a lc ite -sy en ite s , te sch en ite s , a lk a li p e g m a t
ites , lu g arites  in te rc a la te d  in d iab ase  an d  p e r id o tite  sills, fu r th e r  th e  ke- 
ra to p h y re s  of th e  L a h n  d is tric t.

T he p o tash  t r a c h y te  of T e lk ib án y a  [55] m ay  p e rh ap s  also be derived  
fro m  a subalkaline  rh y o litic  m agm a, b y  p a r tic u la r  exogenous tra n sv a p o riz a tio n .

T hus th e  d ev e lo p m en t and chem ical com position  o f th e  m ag m a is no t 
p red es tin ed  in  th e  d e p th , b u t is co n sid e rab ly  a ffec ted  b y  th e  la s t  env iro n -
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m e n t in  th e  stage o f c ry s ta lliz a tio n . The m ag m a receives m an y  c h a ra c te r is tic  
co m p o n e n ts  from  its  e n v iro n m e n t. This new  concep tion  p o in ts  o u t th a t  in  
th e  cou rse  of c ry s ta lliz a tio n  th e  m agm a n o t o n ly  gives o ff som e su b stan ces  
to  th e  co u n try  rocks b u t  ch ie fly  resorbes im p o r ta n t  com ponen ts from  th e  
e n v iro n m e n t.

VI. Tectonical in v es tig a tio n  and  s tru c tu re  o f volcanic m o u n ta in s

P hy sica l changes ta k in g  p lace in  v o lcan ic  rocks a f te r  th e  in tru s io n  o f  
m a g m a , in  consequence o f  cooling  and on th e  effect of n ecessary  te c to n ic a l 
p ro cesses  are even m ore g en e ra l, th a n  th e  ab o v e-m en tio n ed  exogenous chem 
ic a l changes of th e  sam e ro ck s .

b.

Fig. 14. F o rm a tio n  of a hexagonal co lu m n ar jo in t system  
b y  in te r ru p tio n  of th e  th ree -d irec tio n  fissuring

A) In  connection  w ith  th e  cooling o f m ag m a  (lava) a sy s tem  o f v e ry  
f in e  c o n trac tio n  fissu res is fo rm ed  w hich, fo r th e  m o st p a r t ,  is on ly  su b se q u e n tly  
a c t iv a te d  in to  w ell-observab le  jo in ts , on th e  effect o f su rface  o x id a tio n  an d  
h y d ra ta t io n  (w eathering).

1. The ex tensive  flow s o f  basic, th in - liq u id  lav as , te n d  to  c o n tra c t in  
th e  p rin c ip a l d irec tion  o f  i ts  ex tension , i. e. m a in ly  h o rizo n ta lly , in  conse
q u en ce  o f b ila te ra l cooling , a c tin g  on i t  from  below  an d  from  above . T hus, 
a vertical columnar jo in t  sy s te m  w ith  ch iefly  th ree -d irec tio n  fissu rin g  is 
fo rm e d . The fo rm ation  o f th is  sy stem  requ ires a m in im um  energy  co n su m p tio n , 
i f  i t  is developed by  re g u la r  in te rru p tio n s  as show n in  F ig . 14. In  th is  w ay  * / 3  

as m a n y  fissures are  p ro d u c e d  as i f  the  sam e fissu res were con tin u o u s an d , on 
th e  o th e r  han d , in s te a d  o f  60°-edge-angle tr ig o n a l colum ns w ith  s ix -p o in ted  
jo in t  s ta rs , there  is p ro d u c e d  a system  o f 1 2 0 °-edge-angle hex ag o n al co lum ns 
w ith  o n ly  th ree -p o in ted  jo in t- s ta r s .  In  acco rd an ce  w ith  earlie r su p p o sitio n s,
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cooling “ cen tres”  a re  rea lly  form ed in  p la in s n o rm a l to  th e  co lum ns, how ever, 
th e y  a re  —  a t least p a r t ly  —  n o t th e  causes, b u t  th e  consequences o f  co lu m n ar 
jo in tin g .

Som etim es, a co lu m n ar jo in tin g  is observab le  in  vo lcan ic  ch im neys too. 
T h is can  p a r t ly  be p a ra lle l to  th e  d irec tio n  o f  th e  ch im ney , acco rd ing  to  th e  
o b se rv a tio n s  of G y. V a r j ú  and  A. V i d a c s . T his can  be th e  consequence  o f an  
in ten s iv e  en-m asse c o n tra c tio n  o f th e  ch im ney  m ag m a. T he ch im ney  is affected  
by  th e  pressure o f a scend ing  m ag m a in  th e  ac tiv e  vo lcan ic  s ta te , w hereas, 
a t  cooling, no t only th is  p ressu re  ceases b u t  a decrase  in  vo lum e o f th e  m agm a 
ta k e s  p lace too .

K l Ü p f e l  [15], on  th e  o th e r h a n d , has g en era lly  o bserved  co lu m n ar 
jo in ts  n o rm a l to  th e  su rface  (F ig. 15) th u s  he re p re se n te d  a sy s tem  o f h o rizo n ta l 
co lum ns in  vertica l ch im neys (F ig. 16). This is p re su m a b ly  fo rm ed  b y  a less 
in ten se  co n trac tio n  due  to  th e  cooling o f the  ch im n ey -m ag m a.

F ig . 15  C olum nar jo in t  o f in tru s iv e  pillow -lava 
bodies, a cco rd in g  to  KlÜpfel

Fig. 16. C olum nar jo in t  o f in tru s iv e  b asa lt sill, 
acco rd ing  to  KlÜpfel

T he co lum nar jo in tin g  of th e  ch im neys an d  lav a  flow s is n o t exclusively  
co n n ec ted  to  basic la v a . I t  can  also a p p e a r in  acid  rocks becom ing  u p o n  th e  
effect o f exogenous v o la tile s  less v iscous. (P la te  I I  show s co lu m n ar-jo in t 
perlite  o f  P á lháza . I th a n k  Prof. L. T o k o d y  for th is  p h o to g rap h .)

2. V iscous n e u tra l  m agm as fo rm ing  m ore iso m etrica l m asses th a n  b asa lt-  
lav as  are  u n id irec tio n a lly  cooling. In  th e  course o f cooling, th e  m arg in a l, 
cooler lam ellae —  p ara lle l to  th e  su rface  —  seg regate  from  th e  in te rn a l h o tte r  
p a r ts . B a n ked  jo in ts  o f  th ick e r an d esitic  la v a  flow s, a n d  on th e  up p er 
m arg in  o f  laccoliths are  form ed in  th is  w ay. As u n id ire c tio n a l cooling is 
d o m in a n t on th e  m arg in s  o f basic  la v a  flows to o , a m arg in  o f b a n k e d  jo in t
ing  m ay  be produced  in  th e  la tte r , a ro u n d  th e  m a in  co lu m n ar zone.

3. I f  th e  b a n k e d  jo in t  sy stem  is accom pan ied  b y  a s tru c tu ra l  tensile  
s tre ss , tw'o system s o f jo in ts  are fo rm ed , re su ltin g  in  a horizontal or oblique 
colum nar jo in tin g . (E . g. andesite  o f  K opaszhegy  n e a r  T á lly a , H u n g ary .)

4. I f  th e  b an k e d  jo in t  of cooling o f th e  n e u tra l  la v a  is accom pan ied  by  
th e  fo rm a tio n  of tw o  fu r th e r  sy stem s o f lithoclases c irca  n o rm a lly  to  each 
o th e r , p ro d u ced  in  consequence  o f  s tru c tu ra l com pression , th e  d irec tio n s of
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li th o c la s e s , roughly  n o rm a l to  each  o ther, re su lt in  a cubic jo in t in g .  T he  corners 
o f  th e  in tersec tions o f  th e s e  th re e  lithoclases are  less s ta b le  th a n  th e  edges o f  
in te r s e c t io n  of only tw o lith o c la se s . B y the  loosening  o f  th e se  co rn e rs , spherical

P late I I .  C olum nar jo in t o f perlite

j o i n t i n g  is g radually  d ev e lo p e d , in  consequence o f h y d ra ta t io n  an d  v a r ia tio n  in  
o x id a tio n -re d u c tio n  p o te n tia ls ,  s ta r tin g  from  th e  lith o c lases . T h is w as described  
p re v io u s ly  in  coal [43], b u t  is also valid  for effusive rocks. In  m a n y  cases, 
su c h  vo lcan ites o f sp h e ric a l jo in t  were in te rp re te d  an d  m a p p e d  as p y ro c lastic  
ag g lo m e ra te s . The in c re a se d  chem ical effect a cco m p an y in g  sp h e rica l jo in tin g  
o f te n  resu lts  in th e  fo rm a tio n  o f  pseudoagg lom era te  as described  on p . 2 2 0 , 
see  a lso  fig. 17. The a s s u m p tio n  o f  m ultip le  e ru p tio n  cycles e. g. in  th e  T o k a j—  
E p e r je s  M ts. [45, 46, 47] is fo r th e  m ost p a r t  due to  th e  fa c t t h a t  such 
p seu d o ag g lo m era tes  h a v e  b e e n  in te rp re te d  as ho rizons o f  tru e  p y ro c la s tite s .
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5. A ccording to  Gy . V a r j ú , a sy s tem  o f v e r t i c a l  f i s s u r e s ,  p a ra lle l to  th e  
d irec tio n  o f flow , can be form ed in  rh y o litic  rocks, in  acco rdance  w ith  th e  
flow  s tru c tu re s  o f v iscous lav a . I t  is likely  th a t  th e  p a r tia l  e v a p o ra tio n  o f  th e  
m o istu re  co n ten t on th e  surface c o n tr ib u te s  to  th e  fo rm atio n  o f  su ch  jo in t 
to o . V ertica l jo in ts  p a ra lle l to  th e  d irec tio n  o f  flow  m ay  also be d ev e lo p ed  in 
an d esite , accord ing  to  th e  o b se rv a tio n  o f L. P e s t y  (e. g. M oun t Sárhegy ,, 
n e a r  G yöngyös).

В) On the  basis  o f genetical in te rp re ta t io n  o f th e  lithoclases o f igneous 
rocks, we have  e la b o ra te d  a m e t h o d  p e r m i t t i n g  to  r e p la c e  d i p  m e a s u r e s  i n  

v o lc a n i c  ro ck s .  As a lre a d y  m en tio n ed , th e  b a n k e d  jo in tin g  fo rm ed  b y  cooling 
is o rig inally  p ara lle l to  th e  su rface , i. e. i t  is ro u g h ly  as “ h o riz o n ta l”  as th e  
s t r a ta  of sed im en ta ry  rocks. (A ccording to  th e  m ax im u m  33° slope o f volcanic.

F ig. 17. Phases of th e  fo rm atio n  o f pseudoagg lom era te

cones, th e ir  dip rem a in s , for th e  m ost p a r t ,  below  th is  value.) A fte r th e  d e v e lo p 
m e n t o f th e  te c to n ic a l s tru c tu re s  o f  th e  te r r i to ry , th e  slope of b a n k e d  jo in ts  
in  la v a  rocks are  d e te rm in ed  by  tw o  com p o n en ts  : th e  d irec tio n  p a ra lle l to  
th e  orig inal surface a n d  th e  “ s tru c tu ra l”  d irec tio n  p ro d u ced  b y  su b se q u e n t 
d islocation . In  th e  sam e w ay, as s tru c tu re  m a y  be d e te rm in ed  o n  th e  basis 
o f  th e  dips of se d im e n ta ry  s tr a ta ,  th e  s tru c tu re  o f  vo lcan ic  m o u n ta in s  a n d  th e  
m u tu a l re la tio n  o f i ts  la v a  fo rm atio n s m ay  be tra c e d  to  th e  slope d irec tio n s  
o f  lava-rocks show ing b a n k e d  jo in ts .

F o r a sy s tem a tic  ap p lica tio n  o f  th is  m e th o d , i t  w as necessary  to  e lu c id a te  
th e  genesis of d iffe ren t volcanic  lith o c lases , to  d is tin g u ish  b an k ed  jo in ts  from  
o th e r  k inds of lith o c lases , to  ex am in e  th e  o sc illa tion  o f th e  slope d irec tio n s  
o f  b a n k e d  jo in ts , as d e te rm in ed  b y  th e  o rig inal su rface , an d  to  co m p are  th e se  
d irec tio n s w ith  th e  a d ja c e n t tru e  d ips, m easu red  on se d im e n ta ry  s t r a ta .  
O n an  average, we h a v e  found  a m a x im u m  ^  45° v a r ia tio n  in  th e  jo in t  d irec 
tio n  o f lav a  b an k s, w hereas th e  ag reem en t o f th e ir  averages w ith  th e  t ru e  d ips 
o f  sed im en ta ry  s t r a ta  w as m easured  w ith in  ^  15°. On th e  basis o f  all th e se , 
th e  m easure  of b a n k e d  jo in tin g  is app licab le  w ith  su ffic ien t a ccu racy  fo r th e  
e v a lu a tio n  of s tru c tu ra l  re la tions.

T he m easu rem en t o f slope d irec tio n s  o f b a n k e d  jo in tin g  o f la v a  rocks 
give dynam ic  d a ta , p e rm ittin g  a ra p id  an d  reaso n ab le  geological m a p p in g  of
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v o lc a n ic  m oun ta in s, a n d  th e  d e te rm in a tio n  o f  th e ir  s tru c tu re . T h is m eth o d  
g iv in g  good resu lts  w as re p e a te d ly  em ployed  b y  us an d  o u r co llab o ra to rs .

C) B y th is new  m e th o d  we have succeeded  in  d e te rm in in g  th e  ou tlines 
o f  th e  s tru c tu ra l re la tio n s  o f  th re e  volcanic m o u n ta in s  in  H u n g a ry . In  all th ree  
ca se s  w e found n e g a tiv e  s tru c tu re s , c o n tra ry  to  th e  s tru c tu re  o f  ac tiv e  v o l
can o es .

Such  s tru c tu re s  m a y  b e  in te rp re ted  as subsidence structures. The n eg a tiv e  
p re s su re  resu lting  fro m  th e  ex h au stio n  o f  m ag m a in  th e  ch am b er, p roduces 
a m a jo r  depression s t ru c tu re .  T he volcanic su b sid en ce  is som etim es o b servab le  
o n  th e  surface, as c a ld e ra . M ostly  a single, a b ru p t ,  h ig h -m a tte r-su p p ly  e ru p 
t io n ,  w ith  a b u n d an t gas c o n te n t  and  not too  deep  m agm a ch am b er is req u ired  
fo r  th e  fo rm ation  o f  c a ld e ra s . The c lassifica tio n  o f  such  vo lcan ic  b asin s w as 
g iv e n  b y  R. A. D aly  [11]. H ow ever, the  co llapse o f  a deep ch am b er ap p ears  
fo r  th e  m ost p a r t la te r  on  th e  surface, its  e ffec t being  u p w ard s  g rad u a lly  
d ec re a s in g . Because o f  th e  synchronous v o lcan ic  refilling  o f th e  su rface , th e  
su b s id e n c e  ch a rac te r o f  su ch  a s tru c tu re  is o b servab le  on ly  a f te r  som e 
d e n u d a tio n . S im ilarly , slow  ca ld era  fo rm atio n  acco rd in g  to  re p e a te d  or a lm ost 
c o n tin u o u s  e rup tions does n o t s trik in g ly  a p p e a r  on th e  su rface  (H aw aii, 
V esu v iu s) [49]. D eep, sh o rt- liv in g  volcanic a c t iv i ty  from  deep m ag m a c h a m 
b e rs  c a n  also p roduce s u b se q u e n t depressions w ith o u t an y  ca ld era  fo rm a tio n .

C onsequen tly , th e  v o lcan ic-subsidence  s tru c tu re  seem s to  be a q u ite  
g e n e ra l phenom enon —  m u c h  m ore general th a n  th e  c a ld e ra -s tru c tu re  —  and  
r e s u lts  in  an  in ten siv e  m e ta v o lc a n itic  a lte ra tio n  o f  th e  vo lcan ic  rocks. “ M ag
m a t ic ”  m in era liza tio n  i. e. th e  fo rm ation  o f  subvolcanic ore deposits m ay  
o b v io u s ly  be re la ted  to  th e  fo rm ation  o f  su ch  s tru c tu re s .
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Ü B E R  D IE  P E T R O L O G IE  D E R  V U L K A N IT E  U N D  D IE  W E C H S E L W IR K U N G  
V O N  MAGMA U N D  W A SS E R

E . S Z Á D E C Z K Y - K A R D O S S

Zusam m enfassung

N eue U n te rsu ch u n g en  in  d e r te rtiä re n  V u lkanzone  d e r  K a rp a te n  fü h rten  zu r E rk en n tn is  
e in e r sehr v e rb re ite ten  R ü c k w irk u n g  der sand ig -ton igen , m ergeligen  und pyrok lastischen  N eb en 
geste ine  sowie K ohlen a u f  das M agm a. Diese R ü ck w irk u n g , d ie als Transvaporisation  bezeichnet 
w ird , verm ag die chem ische Z usam m ensetzung  u n d  D iffe re n tia tio n s ric h tu n g  sogar von m äch tigen  
M agm akörpern  g ru n d sä tz lich  ä n d e rn . Gesteine, w ie gew isse P ro p y lite , A nalzim basalte , A nalzim - 
d iab ase , C rinanite, T esch e n ite , W eilburg ite , L a h n -K e ra to p h y re , A lk a lip eg m atite , L u g a rite , 
A nalzim syenite , sowie P e r l i te ,  Pechste ine , B im ssteine  u . a . m . en ts teh en  teils oder gänzlich  
u n te r  M itw irkung dieses P rozesses. Sie stellen ke ine  gew öhnliche  O rth o m ag m atite , sondern  
G este ine  da r, die d u rc h  e in e  s ta rk e  A usbreitung  d e r K ris ta ll isa tio n s te m p e ra tu r  bis in s h y d ro 
th e rm a le  Bereich e n ts ta n d e n  s in d . Sie werden als H ypom agm atite  bezeichnet.

A ndererseits w erd en  sy s tem atisch e  n ach träg liche  U m w an d lu n g en  der V ulkan ite  besprochen  
u n d  d abei neue G este in s ty p en , w ie O x y m etav u lk an ite , L eu k o v u lk an ite , Chloro- u n d  H y d ro - 
v u lk a n ite , sowie P seu d o ag g lo m era te  usw. —  in sg esam t M etam agm atite  — beschrieben.

Die B edeutung  d ie se r  n e u en  Begriffe bezüg lich  d e r  S y s tem atik  de r M agm atitén  w ird  
k u rz  ebenfalls e rö rte r t.

D ie E nsteh u n g  d ie se r  G este ine  steh t in  enger B ez ieh u n g  zu r E n tw ick lung  versch iedener 
K lu ftsy s te m e  der V u lk a n ite , d e ren  sy s tem atisch -g en e tisch e  B eschreibung  ebenfalls v e rsu ch t 
w ird .

D a diese A rb e it a ls  E in le itu n g  zu r n eu artigen  U n te rsu c h u n g  de r (sub)vu lkan ischen  G ebirge 
b e s tim m t ist, w ird sc h ließ lich  d e r  E insenkungsbau  d e r V u lk an g eb irg e  besprochen  u n d  eine 
n eu e  M ethode zu r te k to n isc h e n  U n tersuchung  so lcher G eb irge  vorgeschlagen.
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О ПЕТРОЛОГИИ ВУЛКАНИЧЕСКИХ ПОРОД И О ВЗАИМОДЕЙСТВИИ МАГМЫ
И ВОДЫ

Э. САДЕЦКИ-КАРДОШШ 

Резюме

Исследования, проведенные в последнее время в третичной вулканической зоне 
Карпат, привели к познанию широкораспространенного противодействия песчано-глини
стых, мергелистых и пирокластических боковых пород и угля на магму. Это противодей
ствие, названное автором «трансвапоризацией», может принципиально изменять химиче
ский состав и направление дифференциации даже громадных магматических тел. Неко
торые горные породы, как напр. отдельные пропилиты, анальцимовые базальты, аналь- 
цимовые диабазы, кринаниты, тешениты, вейльбургиты, лан-кератофиры, щелочные пег
матиты, лугариты, анальцимовые сиениты, а также перлиты, смолистые камни, пемзы 
и др. частью или полностью образовались при содействии указанного процесса. Они не 
представляют собой обычные ортомагматиты, а горные породы, возникшие вследствие 
значительного распространения кристаллизационной температуры до гидротермальной 
области. Они называются гипомагматитами.

В дальнейшем обсуждаются систематические последовательные превращения 
вулканитов, причем описываются новые типы горных пород, как напр. оксиметавулканиты, 
лейковулканиты, хлоро- и гидровулканиты, а также псевдоаггломераты и пр. — в общем 
метамагматиты.

Вкратце также излагается значение этих новых понятий в отношении систематики 
магматитов.

Возникновение указанных горных пород находится в тесной связи с развитием 
различных трещинных систем вулканитов, систематическое генетическое описание кото
рых также попытается.

Так как настоящая статья представляет собой ввод к новым исследованиям (суб)- 
вулканических гор, в заключении обсуждается прогибное строение вулканических гор 
и описывается новый метод тектонического изучения таких гор.





MICROSEISMICAL EVALUATION OF THE EARTHQUAKE 
OF JANUARY 12, 1956, AND THE CRUSTAL 
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The shock originated at Dunaharaszti on the 12th of January, 1956, permitted the 
determination of the crustal structure below the Hungarian Basin. According to results, the 
“granitic” layer lying below the sedimentary strata extends to a depth of 20,2 km, whereas 
the bottom of the “gabbroic” layer lies at a depth of 33 km. The velocities computed for the 
waves of the shock are in good agreement with the internationally used values determined 
elsewhere. The agreement is especially good for the Pn wave. The focus depth of 3,31 km 
indicates that the shock was not generated in the crust itself but rather in the sedimentary 
basement of the basin consisting of massive limestones ; most probably as a consequence of 
the rejuvenation of a fault line. This process is generally characteristic of the Hungarian basin.

The ea rth q u ak e  o rig inated  a t  0,6h 46m 09,3s (C. E. M. T.) in  th e  m o rn in g  
o f the  12th o f J a n u a ry , 1956 a t  D u n ah arasz ti, S o f  B udapest, was re g is te re d  
by  seismic s ta tio n s  a t  d istances as g rea t as 2000 k m . The E uropean  s ta tio n s  
gave good reg is tra tio n s . A m ag n itu d e  o f 5,6 w as com puted  from  th e  seism o
gram  of th e  P rag u e  A nderson— W ood in s tru m e n t. T he p relim inary  m acroseis- 
m ical ev a lua tion  gave for th e  ep icen ter a s tre n g th  of 7,5 accord ing  to  th e  
M ercalli— Sieberg scale.

In  th e  follow ing an  a tte m p t is m ade to  d e te rm in e  th e  s tru c tu re  a n d  d im en 
sions of the  c ru s t below the  H u n g a ria n  B asin  w ith  th e  aid of th is shock.

As th e  m o st in tense  effect w as re s tric ted  to  a v e ry  sm all area, th e  m a c ro - 
seism ically de te rm in ed  ep icen ter is regarded  as th e  tru e  one. The c e n te r  o f th e  
m ost severely shocked area  is characterized  b y  th e  geographical c o o rd in a te s  
47°21 ' N, 19°04' E . This is th e  very  ep icen ter. T he distance of th e  s ta tio n s  
ev a lu a ted  w as com puted  by  th e  form ula

cos Д „  =  X 0 X„ -f- Y 0  Y n -\- Z 0 Z n ,

Д я  signifying th e  ep icen tral d istance , an d  th e  fu r th e r  sym bolsbsing  g iv en  b y

X n =  cos (pn cos A„

Y n =  cos <pn sin  An

Z n =  sin cpn
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<pn  is h e re in  th e  geograph ical la titu d e , ?.n th e  lo n g itu d e  of the  s ta tio n . T h e  zero 
in d e x  re fers to  th e  ep icen te r (Fig. 1).

T h e  equation

V/\'n +  h*=v-P (tn- t 0) ( l )

w as ap p lied  to  de te rm ine  th e  relation  o f th e  sp eed  of propagation  o f  th e  d irec t 
w av e , ( V p), to  orig in  tim e , (t0), focus d e p th  (h) a n d  arriva l tim e (in).

T h e  d a ta  o f seven  o f th e  available se ism ogram s were u tilized. T h u s  seven  
e q u a tio n s  were o b ta in ed  for th ree  unknow ns. B ecause of this, th e  d e te rm in a tio n

+ Epicentrum

JASI

> вдели

F i g .  1 . Distribution of the stations whose data were utilized in evaluating the shock of January 
12, 1956. The cross indicates the epicenter

o f  th e  unknow ns was n o t unequivocal and  th e  co rrec t values had  to  be d e te rm in ed  
b y  com pensation  co m p u ta tio n . E q u a tio n  (1) can  be w ritten  in to  th e  form

F n =  - ^ V A 2„ +  A2 +  t0  — in =  0 , (2)
* P

F n b e in g  a q u ad ra tic  fu nc tion  of th ree  v a riab les  th a t  can be linearized  b y  evo lu 
tio n  in to  a series, in  o rd er to  p erm it the  ap p lica tio n  o f the  m ethod of le a s t squares. 
L e t u s  n o te  th e  ap p ro x im ate  values o f ve locity , d e p th  and tim e w ith  Vp, h' an d  
f'o, a n d  th e  corrections w ith

Í  =  h — h' 

r= = to — *0
P  -— V p  V  p



MICROSEISMICAL EVALUATION OF TH E  E A R TH Q U A K E O F JAN U A RY  12, 1956 2 3 7

then

F n F n„ d F '
8 vc.

n0 , QFn» 
3  <0

t  =  0 , (3)

th e  zero index  in d ica tin g  th e  value of th e  fu n c tio n  a t  th e  ap p ro x im ated  p o in t. 
In tro d u c in g  the  ab b rev ia tio n s

3 К
dtr

vn,
3 F n

3 h
9 F„
Э fn

n =  1. . .7

W

ind

/„ — —7 ]/ Д® -+■ F -  4~ G G
vp

T he e rro r equation  system  can  be derived o u t o f (4) :

v n  —  a n  T 4" • 4" c n  V  4" l n  П  =  1 . . .  7

(4)

n =  1 . . .  7

A pply ing  the  m ethod  o f le a s t squares, th e  no rm al equa tion  system  is o b ta ined . 
W ith  th e  no ta tions of G auss,

[a a] r  4- [я Ь] Г 4- [a  c] 4  [<*/] =  0

[ i b] T 4 - [ft ft] L, 4- [ft с] V 4- [Ы] =  0

[a с] г  4- [b с] С +  [с с] и 4 [cZ] 0

T he so lu tio n  of the  e q u a tio n  system  yields th e  co rrec tio n s to  be app lied  to  th e
ap p ro x im a ted  values. T h e  m iddle erro rs o f th e  in d iv id u a l co rrec tions and  
con seq u en tly  th e  e rro rs  o f  th e  shock p a ra m e te rs  a re  th e n

m , = I / [<’ <’]
I (n —  m) Q-i m:

\v V]
( n  i n  ) Q 22 m . j  [v  f]

( n  —  m ) Q ,3

n d en o ting  the  n u m b er o f  s ta tio n s , m  t h a t  o f  u n k n o w n s. Ql v  Q22 an d  Q33 are 
the  so lu tions of th e  w eig h tin g  equations.

(3) o b ta in s  th e  form

T he p a r tia l derivatives o f  (2) are
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F o r  th e  f irs t co m p en sa tio n  o f th e  d irec t w ave th e  au th o rs  used  th e  Vp 
v e lo c ity  v alue  5,5 km /sec on  th e  basis o f l i te ra tu re  d a ta , th e  h va lu e  10 k m  b y  
p re lim in a ry  m acroseism ic e v a lu a tio n , an d  th e  value  9,3 sec as an  a p p ro x i
m a tio n  o f origin tim e , as o b ta in e d  by  co m p en sa tin g  th e  eq u a tio n

S n - P n =  ( K - l ) ( P n - t ' 0)

on th e  basis  of th e  d a ta  o f  th e  s ta tio n s  lis ted  below .

S ta t io n p „ s» S „ —  p „

Jena 06 47 40,1 06 48 53,7 73,6

Zagreb 46 53,3 47 26,9 33,6

Beograd 46 53,0 47 30,4 37,4

C âm pulung 47 23,8 48 17,1 53,3
Bacâu 47 32,5 48 31,3 58,8

T he coefficients of th e  no rm al equation  th u s  becom e

[a a] =  5 [a b] =  256,7 [a /] =  382,7 [b b] 14243,0 ; [b l] =  21046,0.

T h e  va lu e  t ‘0 =  9,3 sec w as o b ta in ed  for th e  solu tion  of norm al eq ua tions.
T he com pensation of h , Vp  an d  t0  values w as perform ed b y  u tiliz in g  th e  

d a ta  o f th e  sta tions listed  in  th e  following tab le .

S ta t io n a „ ( k m )

B udapest ( W ) ...................... 16,3 06 46 12,3

(K r) ................... 20,0 13,0

K e c s k e m é t............................. 69,1 21,3

H urbanovo  .......................... 86,7 25,4

Kalocsa ................................. 89,2 25,6

W ie n ........................................ 240,8 52,5

C âm pulung .......................... 495,3 47 39 9

T he arrival tim es o f th e  s ta tio n s  w ith in  th e  C arp a th ian  B asin  w ere co rrec ted  
w ith  0,6 sec because of the  loose sed im ents of 1,3 km  average th ick n ess  an d  
2,2 km /sec  seismic velocity  d e te rm in ed  by  p rac tica l seismic in v estig a tio n s. The 
C âm p u lu n g  d a ta  were, how ever, left uncorrec ted , as th is  s ta tio n  is b u ilt  on th e  
b a se m e n t of the C arpath ians.

T he first com pensation  yielded too g rea t a correction for focus d ep th  
(C =  —  7,6 km ). Therefore th e  com pensation  was perform ed ag a in  w ith  th e



MICROSEISMICAL EVALUATION OF THE EARTHQUAKE OF JANUARY 12, 1956 239

ap p ro x im ate  values h' =  3 k m , =  9,3 sec a n d  Vp =  5,5 km /sec. T h e  coef
ficients th e reb y  ob tained  are  seen below.

S ta t io n “n b „ cn In

B u d ap es t ( W ) ............................................. 1 0,0319540 —  0,56430 0,1038

(K r) .......................................... 1 0,0263250 —  0,68497 0,0673

K e c s k e m é t.................................................... 1 0,0078870 —  2,28630 0,5750

H u rbanovo  ................................................. 1 0,0062877 -  2,86780 —  0,3270

K alocsa ........................................................ 1 0,0061116 —  2,95050 —  0,0010

W ie n ............................................................... 1 0,0022650 —  7,96100 0,5870

C âm pulung ................................................. 1 0,0010936 —  16,37300 —  0,5420

The no rm al equation  system  th u s  becom es

7 г +  0,81924 -  33,688 v  +  0,4631 =  0

+  0,0018688 Q -  0,12622 v  0,0082974 =  0 

+  354,4 v  +  3,7231 =  0

I ts  so lu tion  will be
l =  (— 0,99 ±  1,10) km  

v  =  (— 0,012 ^  0,024) km /sec 

r = ( — 0,01 i  0 ,03) sec

C onsequently , focus d e p th  is h =  (3,31 i  1,10) k m

origin  tim e  t0 —  (9,29 i  0,03) sec

p ro p ag a tio n  velocity  o f th e  d irect w ave V P =  (5,49 ±  0,024) k m /sec .

To be able to  com pute th e  d ep th  of d isco n tin u ity  surfaces i t  is fu r th e r  
necessary  to  know  th e  speed o f p ropaga tion  of th e  P*  and  P n waves in  th e  co rre 
sponding  layers, as de te rm in ed  from  the  trav e l-tim e  curve. P n is the  w ave re fra c te d  
a t  th e  M ohorovicic d isco n tin u ity , P* th a t  re frac ted  a t  the  Conrad su rface .

The d a ta  u tilized  to  com pensate  the  w ave a re  as follows :

S ta t io n tp*

W ie n ........................................ 240,8 06 46 48,6

B a c ä u ...................................... 607,7 47 40,5

646,6 47,4
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T he norm al equations becom e

36 -(- 1495,1 m  -|- 256 ,5  =  0

+  845375,5 m +  142221,6  =  0

T he solutions are

V P* = ------- =  (6,975 0 ,0 0 3 ) km /sec,
m

6  =  ( -  13,99 ±  1,07) sec .

T h e  com pensation  d a ta  fo r th e  P n wave w ere :

S t a t i o n à n t/>n

Szeged .................................... 156,6 06 46 34,8
W ie n ......................................... 240,8 45,6
Z ag reb ...................................... 287,7 53,3

B e o g r a d ................................. 300,0 53,0

C am pulung  .......................... 495,3 47 23,8
B a c ä u ...................................... 607,7 32,5
J a s i ........................................... 646,6 35,7

674,4 40,1

T he system  of no rm al e q u a tio n s  was

8 6  +  3409,1 m

+  1745807,8 m

+  558,8  =  0

+  274757 ,9  =  0

T h e  solutions were

V Pn =  —  —  =  (8,182 ±
m

6  =  ( - 1 8 ,0 1

The trav e l tim e  o f th e  w ave refracted a t  
focus to  th e  s ta tio n  is g iven  by

0 ,005) km /sec 

4 z 2 ,26) sec.

th e  C onrad  d iscon tinu ity  from  th e

i p .  — 10  —
2 d x —  (h  —  1,3)

Vp  cos i
A n —  [2 dx — (h — 1,3)] i

\  P *
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T he trav e l tim e o f th e  w ave refrac ted  a t  th e  M ohorovicic d isco n tin u ity  is 

2 d j—(h— 2,6) ! 2 d2 , Д л 2d 2tg i2 [2 d x (/i 2 ,6 ) ] tg i t
I p  ' I q  —

Fp cos F p . cos i2 F p n

O n  su b s titu tin g  the  com puted  values one ob tains

dj =  (18,9 ±  3,7) km

d2 =  (12,8 ±  1,2) km .

T h e  com pensation  of th e  tra n sv e rsa l S  wave was based  upon  follow ing d a ta  :

Station A n t  -s

B e o g r a d ................................. 300,0 06 47 47,0

C âm pulung .......................... 495,3 48 42,7

J a ä i .......................................... 674,4 49 32,3

T h e  n o rm al equations are

3b -f- 1469,7 m -f- 481,0 =  0

Hence

+  790137 m  +  255186 =  0

F §  = ------- =  (3,586 ^  0,002) km /sec
m

b =  ( - 2 3 , 7  ±  1,1) sec.

F ig. 2. T h e  p a th  o f th e  re frac ted  waves
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N o S* wave w as o b se rv ed  in the seism ogram s and  consequen tly  no w ave 
v e lo c ity  was com puted.

T he com pensation o f  th e  S n wave :

S t a t i o n l Sn

Z agreb ....................................... 287,7 06 47 26,9

B e o g r a d .................................. 300,0 30,4

C âm pulung ........................... 495,3 48 17,1

B a e ä u ....................................... 607,7 31,3

J e n a ........................................... 674,4 53,7

N o rm a l equations :

H en ce

5 b +  2365 ,1m  +  339,4 =  0

+  1242207 m +  187211,8 =  0.

V g n — -----— =  (4,62 -k 0,003) km /sec
m

b =  ( — 25,5 i  4 ,73) sec.

T h e  equations of the  tra v e l- t im e  curves are

P  w ave : t p  =  1  f A 2  +  3 ,3 Í 2  +  9,29 
5,49

P*1 55 t p .  =  Л  +  13,99 
6,98

Pn „ t p  =  Л  +  18,01 
" 8,18

s  „ t s  =  A  - 2 3 , 7  
3,59

„ ts  =  —  +  25,5 
n 4,62
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Fig. 3. T rav e l-tim e  curves o f th e  shock  o f J a n u a ry  12, 1956

The tab le  below gives o p p o rtu n ity  for com paring  our resu lts  w ith  those 
ob ta in ed  a t  the  H eligoland an d  H aslach  b lasts.

Carpathian Basin Heligoland Haslach

V p ............................................................. 5,49 km /sec 5,60 km /sec 5,9—  6,0 km /sec

V p * ................................................... 6,98 6,40 6,55 ,,

V P n .......................................................... 8,18 8,20 8,20

V s ............................................................. 3,59 „ 2,94

V s ............................................................... 4,62 4,40 „

C onrad s u r f a c e ................................... 20,20 km 10,70 km 20,00— 22,00 km

M ohorovicic surface ........................ 33,00 27,40 29,00— 33,00 „

A th ickness increase from  H eligoland tow ards H aslach  was estab lished  on  th e  
basis of th e  G erm any  b lasts . This th ick en in g  seem s to  continue to w ard s th e  
C a rp a th ian  B asin as well.
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E .  B I S Z T R I C S Á N Y  u n d  D . C S Ö M Ö R  

Zusam m enfassung

D as am  12. J a n u a r  1956 in  de r U m gebung v o n  D u n a h a ra sz ti s ta ttg e fu n d en e  É rd b e  
b e n  e rm ög lich te  die B estim m u n g  d e r S tru k tu r de r E rd k ru s te  im  Gebiete des U ngarischen  
B eckens. A uf Grund de r e rz ie lten  Ergebnisse re ich t d ie u n te r  der sed im entären  H ü lle  gela
g e r te  “ G ran itk ru s te”  bis zu e in e r T iefe von 20,2 k m  h e ra b , w ährend  sich das L iegende der 
“ G ab h ro k ru ste”  in einer T iefe  v o n  33 km  befindet. D ie aus dem  E rdbeben  fü r  d ie seism ischen 
W ellen  berechneten  G eschw indigkeitsw erte  stim m en m it den  in  anderen  G ebieten  gem essenen 
u n d  in te rn a tio n a l angew endeten  A ngaben  gut überein . B esonders gu t ist die Ü bereinstim m ung  
im  F a lle  der P n-W elle. D ie  3,31 k m  betragende T iefe  des H erdes w eist d a rau f h in , dass das 
E rd b e b e n  n ich t der E rd k ru s te  se lb st, sondern den  d en  B eckenboden b ildenden  m assiven 
K a lk s te in e n  en tsp rang , u . zw . a lle r  W ahrschein lichkeit n a c h  als Folge der E rn eu e ru n g  einer 
S tö ru n g slin ie . Dieser V organg  is t  fü r  das U ngarische B eck en  allgem ein  bezeichnend.

МИКРОСЕЙСМИЧЕСКАЯ ОБРАБОТКА ЗЕМЛЕТРЯСЕНИЯ 12 ЯНВАРЯ 1956 г 
И СТРОЕНИЕ КОРЫ ВЕНГЕРСКОГО БАССЕЙНА

Э. БИСТРИЧАНЬ и Д. ЧОМОР

Резюме

Землетрясение, имевшее место 12 января 1956 г. в окрестности с. Дунахарасти, 
допустило определение строения коры на территории Венгерского бассейна. По полу
ченным данным «гранитовая» кора под осадочным слоем распространяется до глубины 20,2 
км, в то время как подошва «габбровой» коры находится на глубине 33 км. Величины скрро- 
стей, рассчитанные из землетрясения, хорошо совпадают с международными данными, 
измеренными в других областях. Особенно хорошим является совпадение в скорости 
волны Р„. Глубина очага землетрясения, располагающегося на глубине 3,31 км, указывает 
на то, что землетрясение выскочило не из самой коры, а из подошвы бассейна, построен
ной карбонатными породами, по всей вероятности вследствие возобновления одной из 
сбросовых линий.
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T he s ta tis tic a l in te rp re ta tio n  o f th e  outflow  tem p e ra tu res  o f  431 wells sc a tte re d  on  the  
H u n g a rian  P la in  and  th e  co rrec tion  o f tem p era tu res , m ade  it  possible to  a scerta in  th e  average 
g ra d ie n t o f  tem p e ra tu re  o f th is  te rr i to ry . The average g ra d ie n t was found  to  be  4,76 • 10—4 
deg. C/cm. T he te m p e ra tu re  su rv ey  in ten  wells reach ing  2000 in  in d e p th  show ed th a t  th is 
g ra d ie n t seem s to be ra th e r  th e  low er lim it as the  average  g ra d ie n t va lues w ere be tw een  5 and 
7 ■ 10—1 deg. C/cm. A ssum ing th e  average  value  of co n d u c tiv ity  o f  th e  T e rtia ry  s t r a ta  bu ild ing  
up th is  basin  0,004 cgs, th e  av erage  te rre s tr ia l  h ea t flow is a t  least 1,9 • 10- 6 cal/cm 2, sec and 
i t  is p ro b ab le  th a t  th e  av erage  v a lu e  is h igher and  can be tak e n  a b o u t 2,4 ■ 10 6 cal/cm 2, sec.

As i t  is well know n, th e  H u n g a rian  P la in  m ay  be considered  as a basin  
su rro u n d ed  m ain ly  b y  M ezozoic and  Palaeozoic m o u n ta in s . T he b o tto m  o f th e  
basin  is fo rm ed  b y  p rim a ry  M ezozoic, b u t in  som e p laces P aleozoic  rocks, 
g rad u a lly  su n k  to  a d e p th  o f 3000 m , an d  in  som e p laces even d eep er, was 
filled  up  b y  T e rtia ry  se d im e n ta ry  fo rm atio n s, m a in ly  M iocene an d  P liocene 
clays, m arls , sand - an d  lim estones, m oreover th e re  a re , ch iefly  in its  N o rth e rn  
p a r t , E ocene an d  O ligocène s t r a ta  (F ig . 5.) T h is basin  has been w ell know n 
since th e  second p a r t  o f th e  la s t c en tu ry  for its  sm all g eo th erm ic  g rad ien t.

B u t u p  to  now  th e re  h av e  been no m easu rem en ts  concern ing  th e  value 
o f th e  te r re s tr ia l  h e a t flow , i.e. th e  q u a n tity  o f  h e a t s tream in g  from  th e  
in te r io r  o f  th e  e a r th  to  its  su rface . T hough  we are  in  possession o f  num erous 
d a ta  o f  te m p e ra tu re  m easu rem en ts , th e  th e rm a l c o n d u c tiv ity  o f th e  s t r a ta  has 
n o t been m easu red  up  to  now .

S Ü M E G H Y  in  th e  ’tw en tie s  o f th is  c en tu ry  m easu red  on th e  H u n g a ria n  
P la in  (F ig . 1) th e  te m p e ra tu re  o f th e  w a te r flow ing  o u t o f 431 a r te s ia n  wells 
and  in  1929 p u b lished  th e  d a ta  o f  m easu rem en t an d  th e ir  in te rp re ta t io n  [1]. 
The sam e series o f  m easu rem en ts  w ere in te rp re te d  in  1953 b y  S c h e f f e r  

and  KÁNTÁS too  [2]. T h e fu n d a m e n ta l e rro r o f  b o th  in te rp re ta tio n s  is th a t  
in  th e  ca lcu la tio n  o f th e  te m p e ra tu re  g rad ien t o f th e  wells, bo red  to  a d ep th  
of 20— 460 m , th e  d e p th  o f  th e  so-called n e u tra l s tr a tu m  (a b o u t 20 m  u n d e r  th e  
surface) w as deduced  from  th e  d e p th  o f th e  w a te r  su p p ly in g  s t r a tu m , and  
th e re fo re  th e  values o f th e  g ra d ie n t o f te m p e ra tu re , especia lly  w hen ca lcu la ted  
fo r wells o f  sm all d e p th , w ere too  h igh and co n sid e rab ly  differ from  th e ir  
tru e  value.
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F u rth e rm o re , th e  coo ling  dow n of th e  w a te r  flow ing u p w ard  in  th e  wells 
h a s  n o t  been  tak en  in to  c o n s id e ra tio n  and  th e re fo re  sm aller v a lue  sw ere calcu
la te d  fo r  th e  g rad ien t o f te m p e ra tu re . In  1956 I  in v e s tig a te d  th e  tem p e ra tu re  
d is t r ib u t io n  of flow ing w ells , a n d  the  co rrec tio n  o f te m p e ra tu re  fo r v irg in  
ro c k  te m p e ra tu re  [3] a n d  a p p lie d  th e  resu lts  to  o b ta in  th e  geo therm ic  correc
t io n  o f  one of the wells on th e  p la te a u  of th e  C olorado [4]. W ith  th e  aid  of the  
r e s u l t ,  th e  v irg in  ro ck  te m p e ra tu re s  can be ca lcu la ted  from  th e  te m p e ra tu re

Fig. 1

o f  th e  outflow ing liq u id . A cco rd in g  to  i t ,  th e  tru e  te m p e ra tu re  g ra d ie n t from  
th e  d ifferences in  te m p e ra tu re  ( t ) betw een  th e  liq u id  an d  th e  rock , m easu red  
o n  th e  surface, is

a - -
X ■ F  (tp) r

V  ■ c 1  —  exp
X F  (tp) H

V  ■ c

( 1 )

w h e re  V  is the  q u a n ti ty  o f  liq u id  flow ing in  th e  well ; c is th e  specific  h ea t o f 
th e  liq u id  ; H  th e  d e p th  o f  th e  w a te r-su p p ly in g  s tr a tu m  ; X is th e  eq u iva len t 
th e rm a l  co n d u c tiv ity  o f  th e  rocks.

F ( y )

00

- i f -
n ) j l

e - * * dß_

W + Y U ß )  ß
( 2)
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w here  гр =  ; a is th e  th e rm a l d iffu siv ity  ; t is th e  tim e elapsed  from  the

s t a r t  o f  th e  liq u id  flow  ; R  is th e  rad iu s  o f th e  borehole  ; ß  is th e  v a ria b le  o f  
th e  in te g ra l, J 0  an d  Y 0  a re  B essel-functions o f th e  f irs t an d  second  k inds of 
zero o rd e r ; th e  v alue  fo r F  (гр) can  be m ade up  from  th e  ch a rts  [5].

To com pute  th e  co rrec tion  of th e  orig inal m easu rem en ts  ca rried  o u t by 
S ü m e g h y , som e n ecessary  d a ta  are lack ing , as fo r in s tan ce  : th e  th e rm a l con-

Fig. 2

d u c tiv ity  of th e  s t r a ta ,  th e  q u a n tity  of w a te r, th e  tim e  e lapsed  fro m  th e  s ta r t  
o f  th e  liq u id  flow  an d  so on, therefo re  th e  geo th e rm ic  co rrec tion  fo r each  in d i
v id u a l well c an n o t be m ade.

T he outflow  te m p e ra tu re  d a ta  given b y  S ü m e g h y  h av e  been  recen tly  
s ta tis t ic a lly  t r e a te d  b y  S t e g e n a  [ 6 ] .  On th e  basis o f  th e  d a ta  o f m easu rem en t 
the b e s t f i t t in g  cubic p a ra b o la  was ca lcu la ted  (F ig . 2“ a ” ) fu r th e r  th e  g rad ien t 
o f  te m p e ra tu re  (cr) as a fu n c tio n  o f d ep th . I t  Was fo u n d  th a t  its  v a lu e  e x tra p o 
la te d  to  th e  surface is 4 ,76 .10 4  °C/cm, while i t  decreasing  in  d e p th  o f  500 m  to  
3,71.10 4  °C/cm. T he v a lu e  o f  th e  so-called g eo th e rm ica l g ra d ie n t (gg) is o f  
21,0 a n d  27,0 m /°C, re sp ec tiv e ly . The re la tio n  o f  th e  g ra d ie n t to  th e  d ep th  
is p a rab o lica l (F ig . 3). T he values gained  in  th is  w ay  are  av erag e  values, 
an d  can  be considered  as average  values for th e  w hole o f th e  H u n g a ria n  P la in .

T he au th o rs  [ 1 , 2 , 6 ] we re ferred  to , in te rp re te d  th e  change o f  g rad ien t 
in  such  a w ay  th a t  i t  decreases w ith  the d e p th , an d  th e y  cam e to  th e  conclusion

10 A c ta  G e o lo g ic a  V /2 .
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t h a t  th e r e  m ust be “ g e o th e rm a l zones”  an d  “ g eo th e rm a l an o m a lie s” . T here  
is n o  n e e d  for these a s su m p tio n s .

A ssum ing  th a t  th e  d ec rea se  of th e  g ra d ie n t ap p ears  as a consequence  
o f  th e  la c k  of correction  i t  m a y  be concluded th a t  th e  ca lcu la tions a re  n o t based  
on  r e a l ,  b u t  on ap p a re n t g ra d ie n ts  i. e. on th e  te m p e ra tu re  o f th e  w a te r  flow ing 
o u t  w h ic h  m ay  considerab ly  d iffe r from  th a t  o f v irg in  rock . W ith  th e  help  of 
th is  a ssu m p tio n  it  is possib le  to  m ake th e  co rrec tio n . Q uo ted  from  m y w ork

Уст cm/°C

Fig. 3

[3] th e  v a lu e  of the  c o rre c tio n  o f th e  g rad ien t o f te m p e ra tu re  can be ca lcu la ted  
f ro m  th e  ap p aren t g ra d ie n t crapp, re la tiv e  to  th e  d e p th  of th e  in flow  o f w a te r 
o n  th e  b as is  of the  fo llow ing  re la tio n sh ip

W
X ■ F  (y>) ■ H

V  - c l  — exp —
X- F  (ip)H 

V  ■ c

w h ere  W  = ----  and  th e  t r u e  g rad ien t is

a =  ip ■ a »

(3)

(4)
I t  can  be assum ed f ro m  th ese  resu lts  th a t  th e o re tic a lly  th e  t ru e  g ra d ie n t 

c a n  b e  m easured , w here th e re  is no co rrec tion  caused  b y  th e  cooling dow n
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o f  th e  w a te r, i. e. on th e  su rface , and  it  is obvious th a t  th e  tru e  v a lu e  o f the  
g r a d ie n t  is th e  e x tra p o la te d  value o f th e  cr-curve on the  su rface . A s th e  value 
o f  <7app is know n from  F ig . 3, th e  value for IF in  a d e p th  of 500 m  is :

4,76 ■ 10 “ 4  

3,71 • 10 4

1,283

O n th is  basis from  E q . 3 th e  value o f e = £ i Z ( v )
V  ■ c

m ay  be ca lcu la ted  :

£ H = P  [1 —  exp (— e H)] ( 5 )

E q . 5 can n o t be solved w ith  e, b u t its  va lu e  can  be ca lcu la ted  b y  th e  w ay of 
ap p ro x im a tio n . I t s  v a lu e  is :

e =  0,00106.

F ro m  th is  value an  av e rag e  q u a n tity  of liqu id  can  be ca lcu la ted , i f  we possess 
som e basis for th e  values o f  Я an d  t. I t  m u st be rem em bered  th a t  th e  average 
q u a n t i ty  of liq u id  —  on th e  basis o f S t e g e n a ’s calcu la tio n s —  is th e  q u a n tity  
o f  liqu id  in  an  id ea lized  w ell, bored th ro u g h  th e  th e rm a l c o n d u c tin g  s tra tu m , 
ty p ic a l of th e  av erag e  co n d itions for th e  H u n g a ria n  P la in . A ccep tin g  values 
fo r Я betw een  0,03 an d  0,05 cgs, re spec tive ly , as u p p e r an d  low er lim iting  
v a lu es , fu rth e rm o re , f ix in g  th e  v alue  for t w ith  3,6 • 10 7 and  3,6 • 10° sec as 
possible low er an d  u p p e r  lim its , th e  value o f th e  q u a n ti ty  o f l iq u id  in  th e  
idea l well can  be c o m p u ted  w ith  th e  follow ing e q u a tio n

у  =  * - F (y)
e • c

T ab le  I  gives th e  vo lum e ra te  o f  w a te r in  cm 3 /sec, ta k in g  fin a lly  in to  consider
a tio n  th e  average ra d iu s  o f th e  casing equal to  R  =  1 0  cm .

Table I

A 0 ,0 0 3 0 ,0 0 5

t c a l /c m s e c  • eC

sec V  cm 3/s e c

3,6 • 107 383 366

3,6 • 108 381 288

A ccord ing  to  T ab le  I ,  th e  th e rm a l c o n d u c tiv ity  is o f little  effect on  th e  value 
o f th e  q u a n tity  o f w a te r , w hile th e  p resum ed  tim e  (14 m o n th s, an d  11,4 years, 
resp ec tiv e ly ) h as  a m uch  g re a te r  effect on th e  re su lts  o f th e  ca lcu la tio n s . The 
p ro b ab le  q u a n tity  o f w a te r  is ab o u t 330 cm 3 /sec.

1 0 *
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I n  F ig . 3 the e x p o n e n tia l cu rv e  “ c”  rep re sen ts  th e  d is tr ib u tio n  o f  te m p e r 
a tu r e  in  th e  ideal well, c a lc u la te d  w ith  e from  E q . 5. W ith  th e  help  o f  e we g e t 
th e  d is tr ib u tio n  of te m p e ra tu re  in  the  whole le n g th  o f th e  idea l w ell, u s in g  
E q . 1 (t =  T — 11,6 deg. C)

T  =  11,6 +  —  [1 — exp (— e. z )] (7)'
s

w h e re  z =  50 000— H .
F ro m  the a b o v e -m e n tio n e d  equation  we g e t 30,1 °C, th is  be ing  th e  

v a lu e  fo r  th e  tem p era tu re  o f  th e  liqu id  flow ing o u t, w here H  =  500 m . Con
s id e r in g  th a t  S Ü M E G H Y  m e a s u re d  th e  te m p e ra tu re s  o f th e  w a te r  flow ing  o u t, 
th e  a v e ra g e  values c a lc u la te d  b y  S t e g e n a  on th a t  basis , give ou tflow  te m p e ra 
tu r e s .  F ro m  th is it  becom es o b v io u s th a t  in  d e p th  o f  500 m  th e  n o t-co rrec ted  
a v e ra g e  tem p era tu re  h as  to  b e  sam e as th e  te m p e ra tu re  of liqu id  flow ing  ov t, 
c a lc u la te d  from  E q. 7. A c c o rd in g  to  the  “ a”  cu rv e  o f  F ig . 2, th e  te m p e ra tu ie , 
w i th o u t  correction , in  d e p th  o f  500 m is 30,6 °C, w hile  th e  E q . 7 gives 30,1 °C. 
T h e  d ifference  is only 0,5 °C, w hich  shows th a t  th e  reason ing  is co rrec t and  
b e in g  su ffic ien tly  a c c u ra te  fo r  th e  calcu lation  o f  th e  te rre s tr ia l h e a t flo t/.

T h e  tru e  average te m p e ra tu re  g rad ien t o f th e  te r r i to ry  in v e s tig a te d  being 
a =  4 ,7 6  • 10 ~ 4  °C/cm, we g e t  35,4 °C as th e  av e rag e  te m p e ra tu re  o f th e  
v irg in  ro c k  in  the d e p th  o f 500  m , an d  the  te m p e ra tu re  o f th e  surface is 11,6 °C. 
T h e  t r u e  average v irg in  ro c k  te m p e ra tu re  is o f  course  increasing  lin ea rly  to  
th e  d e p th  (Fig. 2“ 6 ” ).

M y m easurem ents o f  th e rm a l c o n d u c tiv ity  p erfo rm ed  in  th e  P liocene 
a n d  M iocene sedim ents a t  N agy lengye l [7] w here  th e  cond itions are  sim ilar 
to  th o s e  o f  the H u n g a ria n  P la in ,  show ed c o n d u c tiv ity  values b e tw een  0,00307 
a n d  0,00643 cgs, an d  th e  a v e ra g e  th e rm al c o n d u c tiv ity  w as of 0,00439 cgs. 
T h e  p o ro s ity  of these s a n d s to n e s , m arls and  san d s w as b e tw een  5 an d  21 p e r cen t
13,8 p e r  cen t on th e  a v e ra g e . T h e  sedim ents b u ild in g  up  th e  H u n g a ria n  P la in  
a re  v e r y  sim ilar to  those  o f  N agy lengye l as fa r  as geological an d  p e tro g ra p h ic  
c o m p o s itio n s  are concerned . I t  m a y  be concluded  t h a t  th e  T e r tia ry  fo rm atio n s 
b u ild in g  u p  the H u n g a ria n  P la in  down to  a d e p th  o f 500 m , th e  th e rm a l con
d u c t iv i ty  o f these porous a n d  alw ays m oist fo rm a tio n s  v aries b e tw een  0,003 
a n d  0 ,006  cgs and  its  a v e ra g e  v alue  can be a ssu m ed  a t  le a s t w ith  0,004 as 
w as  th e  case in  N ag y len g y e l. S t e g e n a  coun ts w ith  a va lue  o f 0,002— 0,004, 
b u t  th e  low er value s ta n d s  fo r  d ry , porous sed im en ts . N e ith e r  in  th e  H u n g a ria n  
P la in ,  n o r elsewhere, a re  th e  porous sed im ents d ry , th e y  are w et a n d  th e ir  
p o ro u s  vo lum e is filled  u p  b y  liq u id . T herefo re, th e  th e rm a l c o n d u c tiv ity  o f  
th e  w e t rocks, in respect to  th e  d ry  rocks, acco rd in g  to  th e  vo lum e o f th e  pores, 
m a y  b e  several tim es g re a te r  th a n  has been p ro v ed  b y  m y in v es tig a tio n s  m ade 
o n  sa m p le s  tak en  a t  N a g y le n g y e l (e. g. th e  th e rm a l c o n d u c tiv ity  of low er
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P a n n o n ia n  san d sto n e , th e  p o ro sity  o f  w hich is 21 ,56 per cen t, is 0,00281 cgs 
in  d ry  co n d itio n  a n d  0,00643 cgs w hen  s a tu ra te d  w ith  w ater).

T a k in g  in to  co n sid e ra tio n  all th e  above-exposed , th e  p ro b ab le  v a lu e  
o f  th e  te r re s tr ia l  h e a t flow  is, ta k in g  a g ra d ie n t o f  4 , 7 6 . 10~4 °C/cm  a n d  a 
th e rm a l co n d u c tiv ity  o f 0,004 cal/cm , sec. deg. C in to  considera tion ,

1 ,904 -10  6  cal/cm 2, sec.

°C

T his v a lu e  is b ased  on m easu rem en ts m ade on  431 wells, p lo tte d  on  F ig . 1 
an d  th e re fo re  ch a rac te rizes  th e  average cond itions o f  th a t  p a r t  o f th e  H u n g a r ia n  
P la in , w h ich  is s i tu a te d  inside th e  p resen t b o u n d a rie s  of H u n g a ry . D u e  
to  th e  g re a t n u m b er o f m easu rem en ts  it  m ay  be considered  a qu ite  good a v e ra g e  
va lue .

S ince th e  m easu rem en ts  ex ecu ted  by  S üm eghy , betw een  1930 a n d  1945, 
m an y  deep  bore-holes w ere su n k  in  th e  H u n g a ria n  P la in  dow n to  2000 m  d e p th  
[10], fo r th e  ex p lo ra tio n  o f oil. The d a ta  o f te m p e ra tu re  m easured  in  th e se  
bore-holes give a v e ry  good ap p ro x im atio n  o f th e  o rig inal te m p e ra tu re  o f  th e  
fo rm a tio n  (m arked  in  F ig . 1 by  sm all tr ian g les). U n fo rtu n a te ly , m e a su re m e n ts  
re la tiv e  to  th e rm a l c o n d u c tiv ity  are n o t av a ilab le . F ig . 4 shows th e  te m p e ra 
tu re s  as fu n c tio n s o f d e p th , w hich lead  to  th e  fo llow ing conclusions :

1-iit : N e ith e r ta k in g  th e  Z sigm ondy-bore-hole  in  th e  to w n  p a rk  o f  B u d a 
p est, n e ith e r  th e  bore-hole o f T ard-1  in to  acco u n t w h ich  are  s itu a te d  on th e  b o r 
d e r o f tlie  H u n g a ria n  P la in  an d  show  a re la tiv e ly  h igh , respectively  low  g ra d i-
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e n t  o f  te m p e ra tu re , it  can  be  asce rta in ed  b y  d a ta  from  the o th e r six  bore-holes, 
t h a t  a t  th e  d ep th  of 500 m , th e  v irig in  ro c k  te m p e ra tu re  is b e tw een  35 and  
4 5 ° , t h a t  is to  say , th e  co rrec ted  te m p e ra tu re  o f  35,4 °C for a d e p th  o f  500 m 
a p p e a r s  to  be ra th e r  to w a rd s  th e  low er l im itin g  value, th a n  th e  a v e rag e . The 
g ra d ie n ts  o f te m p e ra tu re , ca lcu la ted  fro m  th e se , are betw een  7 • 1 0 ~ 4  and  
5 • 1 0 ~ 4  °C/cm . C alcu la ting  w ith  a c o n d u c tiv ity  o f 0,004 cgs, th e  v a lu e  o f the  
te r r e s t ia l  h e a t flow w ould  v a r y  betw een  2  • 1 0 - e  an d  2 , 8  • 1 0 ~ 6  cgs ; an  average  
v a lu e  o f  2,4 • 10 ~ 6  cgs m a y  be ta k e n  in to  co n sidera tion . B y all acco u n ts  it  
sh o w s , th a t  th e  orig inal te m p e ra tu re  of th e  fo rm a tio n s  co rrec ted  b y  m y m ethod

0 too Km

F i g .  5

on  th e  basis of the m easurem ents made b y  S üm eghy , and the assum ption  of 
an  average therm al con d u ctiv ity  o f 0,004 cgs cannot result in an exaggeratedly  
h ig h  h ea t flow . It is even  probable that th e  1,9 . 10^ 6  cgs value for the heat 
f lo w  has to be considered as rather the low er lim iting value.

2- nd : B eyond 500 m , dow n to  a d e p th  o f  1000— 1200 m  th e  te m p e ra tu re  
c o n tin u e s  to  increase in  a fa ir ly  stead ily  a n d  th e  g rad ien t o f te m p e ra tu re  rem ain s 
a lm o s t  c o n s ta n t an d  th e  sam e  as be tw een  0— 500 m . I t  m ay  be assu m ed  th a t  
c o n d u c t iv i ty  does n o t s u b s ta n tia lly  ch an g e .

3- rd : The d a ta  o f  o n ly  tw  o bore-holes a t  a d ep th  of m ore th a n  1180 m  are 
a v a ila b le  ; according to  th e se , th e  te m p e ra tu re  g rad ien t su d d en ly  increases 
to w a rd s  th e  d ep th  o f 1500 a n d  1700 m , re sp e c tiv e ly . The values fo r th e  H a jd ú 
szo b o sz ló  bore-hole are  1 1 ,2 -1 0  4  °C/cm, th o se  fo r T iszaörs 7 ,7 -1 0  4  °C/cm. 
T h e  re a so n  for th is  is c e r ta in ly  th e  low er th e rm a l co n d u c tiv ity  o f th e  s tr a ta  
(0 ,0 0 1 8  an d  0,0024 cgs, re sp ec tiv e ly ). T he bo re-ho le  of H ajdúszoboszló  crosses 
b e tw e e n  1500 and  2000 m  s t r a ta  of good th e rm a l co n d u c tiv ity  an d  th e  te m p e r
a tu r e  g ra d ie n t d im in ishes to  2,2 • 10 ~ 4  “C /cm . T he th e rm a l c o n d u c tiv ity  of 
th e s e  s t r a ta  is of a b o u t 0 ,009 cgs. B u t i t  is q u ite  possible th a t  th e  s t r a ta  of 
s u c h  h ig h  th e rm a l c o n d u c tiv ity  do n o t in  r e a l i ty  ex ist and  p re su m a b ly  the  
m e a su re m e n ts  of te m p e ra tu re  betw een  1200 an d  1950 m  w ere in a c c u ra te , 
o r  w e re  d is tu rb ed  b y  som e unknow n e ffec ts .

T ak in g  th e  m ore re c e n t an d  m ore a c c u ra te  m easu rem en ts in to  consider
a t io n ,  w hich  — th o u g h  in  a few' places o n ly  —  gave accu ra te  o rig in a l te m p e r
a tu r e s  o f  th e  fo rm atio n s a n d  ex ten d  dow n to  a d ep th  of 2 0 0 0  m , i t  m a y  be
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po in ted  o u t th a t  on th e  te r r i to ry  of the  H u n g a r ia n  P la in  the  te r re s tr ia l  h e a t  
flow  is a t  le a s t 1,9— 2 ,0 -1 0 ~ 6  cal/cm 2, sec, or ev e n  above th is  va lu e  a n d  its  
average  va lu e  is p ro b a b ly  2,4 - lO - 6  cgs. I ts  co n seq u en ce  is th a t  th e  g ra d ie n t 
o f te m p e ra tu re  in  th e  s t r a ta  o f an  assum ed a v e ra g e  co n d u c tiv ity  0,004 cgs 
(0,0018— 0,006 cgs/ on th e  average  varies b e tw een  4 ,5 -1 0 ~ e and  11,2 -1 0 - 6  

°C/cm. I t s  average  va lu e  is a b o u t 5,8 • 10 - 4  “C /cm . As th e  T e rtia ry  se d im e n ts  
of a th ick n ess  of 1000— 3000 m  on th e  w hole, d e p o s ite d  on the  p rim a ry  m o u n 
ta in  ran g e  [ 1 1 ] have  n o rm a l th e rm a l co n d u c tiv itie s , th e  im m ed ia te  cause  o f  
th e  re la tiv e ly  h igh  te m p e ra tu re  g rad ien t has to  be  so u g h t in th e  g re a t te r re s 
tr ia l  h e a t flow .

T he reason , w hy  th e  va lu e  of the  te r re s tr ia l  h e a t  flow, observed  in  th e  
G rea t H u n g a ria n  P la in  is a lm o st tw ice as h ig h  as its  average v a lu e  as fa r  
w hich w as observed  on th e  su rface  of the  earth- [ 1 2 ], has up till now  n o t b een  
exp la ined .
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G E O T H E R M IS C H E  U N T E R S Ü C H U N G E N IN  D E R  G R O SS E N  U N G A R ISC H EN  T IE F E B E N E

T . B O L D IZ S Á R  

Zusam m enfassung

A uf G rund  de r s ta tis tisc h en  In te rp re ta tio n  des A usflussw assers von 431 B ru n n e n  u n d  
u n te r  B erücksich tigung  d e r T em p era tu rk o rrek tio n  k o n n ten  d ie  d u rchschn ittlichen  g e o th e r
m ischen V erhältn isse  der G rossen U ng irischen  T iefebene g e k lä r t  w erden. D er W ert des d u rc h 
sch n ittlich en  G rad ien ten  b e lä u ft sich in  diesem  G ebiete a u f  4,76 • 10-4°C/cm. In  zehn  B o h r
löchern  bis zu  e in e r T iefe von 2000 m  durchgeführte  U n te rsu ch u n g en  ergaben ab er e inen  h ö h eren  
W ert : 5 b is  7 • 10“4 °C/cm. W ird  d e r W ert der d u rc h sch n ittlich e n  W ärm ele itfäh igkeit d e r  
te r t iä re n  Sch ich ten  m it 0,004 cgs angenom m en, ist de r te rre s tr is c h e  W ärm estrom  w en igstens 
1 ,9 -IO -6 cal/cm 2 • sec, w ahrschein lich  aber noch h ö h e r u n d  k an n  im  M itte lw erte  m it 
2,4 • 10-6 cal/cm 2 • sec angenom m en  w erden.
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ГЕОТЕРМИЧЕСКИЕ ИССЛЕДОВАНИЯ НА БОЛЬШОЙ ВЕНГЕРСКОЙ
НИЗМЕННОСТИ
Т. БОЛЬДИЖАР

Резюме

На основании статистической интерпретации температуры воды, изливающейся из 
431 колодцев и с учетом температурной коррекции делается попытка объяснить средниие 
геотермические условия Большой Венгерской Низменности. Величина среднего гради
ента на указанной территории составляет 4,76 • 1СГ4°С/см. Однако исследованиями, 
проведенными в 10 скважинах до глубины 2000 м, были предоставлены большие этого 
градиенты, а именно от 5 до 7 • 10 '4 °С/см. Принимая величину средней теплопроводи- 
мости третичных слоев равной 0,004 cgs, тепловой поток земли будет не меньше 1,9-10—6 
кал/см2. сек, но вероятно больше этой величины и составляет в среднем 2,4-10 -6, кал/см2. 
сек.
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A  k é z i r a t  n y o m d á b a  é r k e z e t t  : 1 9 5 8 . I I I .  10 . —  T e r j e d e l e m  : 1 3 ,2 5  (A /5 )  ív ,  51 á b r a  (7  s z ín e s ) ,  11 m e l lé k le t

Akadémiai Nyomda Budapest, V., Gerlóczy u. — 45072/58 — Felelős vezető : Bernât Györgv
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THE GEOCHEMISTRY OF HUNGARIAN BAUXITES

PA R T  II

T H E  V A R IA T IO N  O F  T H E  MAIN E L E M E N T S  O F  B A U X IT E

By

G y . B á r d o s s y

HUNGARIAN GEOLOGICAL INSTITUTE, BUDAPEST

In  a p rev io u s p a p e r th e  a u th o r  h a s  stu d ied  th e  q u a n ti ty  re la tio n s  o f th e  m ain  e le m en ts  
o f  H u n g a rian  b a u x ite . In  th e  p re s e n t  p a p e r  th e  v a r ia tio n s  o f  th e  d is tr ib u tio n  o f  th e  m ain  
e lem en ts  have  been  tre a te d .

To d e te rm in e  th e  in te r re la tio n  o f  th e  m ain  e lem en ts, a  tw o -v a riab le  c o rre la tio n  re c k o n 
in g  w as carried  o u t  on  83,620 p a irs  o f  analysis values. I t  h a s  b een  found  th a t ,  as r e la te d  to  
th e  v a r ia tio n s  o f a lu m in a  c o n te n t, th e  v a ria tio n s  o f th e  r e s t  o f  th e  m ain  c o m p o n en ts  sp lit  
u p  in to  th ree  sec tions, th e  f i r s t  o n e  be ing  connected  w ith  p re -b a u x itiz a tio n  p ro cesses , th e  
second one w ith  b au x itiz a tio n  i ts e l f  a n d  th e  th ird  one w ith  p rocesses su b sequen t to  b a u x it i-  
za tio n .

S u b seq u en tly , th e  a u th o r  h a s  s tu d ie d  the  v a ria tio n s  o f  th e  m ain  e lem ents in  fu n c tio n  
o f  th e  d is tan ce  o f th e  sam ple  fro m  b ed ro ck  and cover. I n  th e  course o f th is  w o rk , 87.405 
p a irs  o f analysis va lues w ere su b je c te d  to  co rre lation  re ck o n in g . I t  w as e s tab lish ed  t h a t ,  on 
th e  h a n d  of th e  v a r ia tio n s  o f th e  m a in  e lem ents, sev era l c h a ra c te ris tic  lo ca lity  ty p e s  m a y  
be d is tin g u ish ed . F rom  th e  n a tu re  o f  th e  v aria tions m e n tio n ed  in te res tin g  in feren ces cou ld  
be d raw n  as to  th e  n a tu re  o f th e  b a u x itiz a tio n  process.

F in a lly , on  th e  basis o f c o rre la tio n  reckoning, th e  in te r re la tio n  o f th e  p e rc e n ta g e s  
o f  th e  m ain  e lem en ts  and  th e  th ic k n e ss  o f  th e  b a u x ite  b o d y  w as de term ined .

T he re su lts  o f th e  in v e s tig a tio n s  above described h av e  sh o w n  th a t  in H u n g a ria n  b a u x ite  
A l, Fe  and  T i form  a geochem ically  c o h eren t group. T h eir e n r ic h m e n t and  leach ing  show s a 
m ore or less p a ra lle l tre n d . The b e h a v io u r  o f silica is, on  th e  o th e r  h an d , opposite  to  t h a t  o f  
th e  m em bers o f  th is  g roup . The a m o u n t  o f  com bined w a te r  in  b a u x ite  is to some e x te n t  in d e 
p e n d en t o f th e  v a r ia tio n  o f th e  r e s t  o f  th e  m ain  e lem ents. I t s  v a r ia tio n s  are  m ain ly  g o v e rn ed  
b y  th e  o x id a tiv e  o r red u c tiv e  p ro p e rt ie s  o f th e  en v iro n m en t.

I n  P a r t  I .  o f th is  p a p e r  we have  de te rm in ed  th e  p e rcen tu a l d is tr ib u tio n  
o f  th e  m ain  e lem ents of b a u x ite  a n d  analyzed  th is  d is tr ib u tio n  from  d iffe re n t 
p o in ts  of view [4.] In  th e  fo llow ing  we will in v e s tig a te  th e  laws g o v ern in g  
th e  changes in th e  d is tr ib u tio n  o f th e  m ain e lem en ts .

In v e s tig a tio n  in to  th is  com plex  of p rob lem s is especially  ju s t i f ie d  in  
th e  case o f b a u x ite , for, as i t  is w idely know n, o f  a ll o u r s e d im e n ta ry  rocks 
b a u x ite  has th e  m ost cap ric io u sly  variab le  ch em ica l com position .

1. Interdependence of the m ain elem ents

T he in te rre la tio n s  o f th e  m a in  elem ents a re  s tu d ie d  b y  th e  m e th o d  of 
co rre la tio n  calcu lus used in  m a th em a tica l s ta t is t ic s . This m ethod  p e rm its  
th e  precise processing on u n ifo rm  principles o f th e  h u g e  analysis m a te r ia l .  T h e  
p e r tin e n t m ethodological p ro b lem s of co rre la tio n  calcu lus were t r e a te d  in  
a sep a ra te  p ap e r [3].

1 Acta Geologica V/3—4.
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T he co rre la tio n  c o m p u ta tio n  ca rr ied  o u t  has in v o lv ed  20,905 five 
c o m p o n e n t ro u tin e  a n a ly se s , grouped in to  83.620 pairs.

A lum inium  b e in g  th e  m ost im p o rta n t e lem en t of b a u x ite , i t  w as chosen 
a s  th e  basis to  w hich  a ll o th e r  co n stitu en ts  w ere  re la ted  b y  a tw o -v ariab le  
c o rre la tio n  reckoning .

a) Interdependence o f  A l20 3 and  S i0 2

T he in te rd ep en d en ce  n am ed  m ay be b e s t cha rac terized  b y  d e te rm in in g  
th e  average  S i0 2 p e rc e n ta g e  belonging to  e v e ry  one-per-cen t in te rv a l  o f th e

A120 3 percentage sca le . T h e  co m p u ta tio n s b y  w hich these  re la tio n s  were 
d e te rm in e d  are g iven  in  s e p a ra te  co rre la tio n  tab le s .

T h e  average re su lts  o f  th e  co rre la tio n  reckon ing  were re p re se n te d  in 
re c ta n g u la r  co o rd in a tes . T h e  values of A120 3 p ercen tag e  were p lo tte d  on the  
h o r iz o n ta l  axis, th e  c o rre sp o n d in g  values o f  S i0 2 percen tage  o n  th e  v e rtica l 
a x is .

T h e  course o f th e  S i0 2 g rap h s of th e  a n a ly z e d  occurrences is sum m arized  
in  th e  average g rap h  o f  F ig . 1. The d iag ram  is d iv id ed  in to  th re e  sec tions o f
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sh a rp ly  d iverg ing  ch a rac te r. In  th e  firs t one th e re  is no unequivocal c o rre la tio n  
b e tw een  th e  p ercen tag es o f AI20 3 an d  SiO a. In  th e  second section  th e  S iO a 
c o n te n t ra p id ly  decreases w ith  th e  increase  o f  th e  A120 3 c o n ten t. F in a lly , 
in  th e  th ird  sec tion  th ere  is an  en rich m en t o f  S i0 2 w ith  increasing  a lu m in a  
c o n te n t on m ost o f th e  occurrences, w hile som e a re  characterized  b y  a s lig h t 
decrease o f  th e  S i0 2 c o n te n t (T able I).

T he f irs t  sec tion  reaches from  th e  low est ex trem es of a lu m in a  c o n te n t  
to  an  a lu m in a  c o n te n t of 36,6 p e r cen t on th e  av e rag e . This lim it p ra c tic a l ly  
coincides w ith  th e  c layey  b a u x ite -b a u x itic  c la y  b o u n d a ry  (36,7 p e r  c e n t) . 
T h is is one o f th e  m ost cogen t reasons fo r th e  d e lim ita tio n  of ro ck  ty p e s  as 
suggested  in  [4] (25 per cen t o f  free A120 3 or a silica  ra tio  o f 1,14). T he p o sitio n s  
o f th e  f irs t- to -seco n d  section  lim it fo u n d  a t  th e  in d iv id u a l occurrences a re  n o t 
m uch  d iffe ren t from  th e  above given av a ra g e  : th e  r ig h t-h an d  e x tre m e  is a t
39.5 p er cen t (Izam ajo r), th e  le f t-h an d  one a t  33,5 p er cen t (D o ro tty a -S z á r-
hegy) A120 3.

In  th e  f ir s t  sec tion  th e  silica co n ten t h a s  ex h ib ited  a decreasing  t r e n d  
in  8, an  increasin g  one in  7 o f th e  occu rrences. T he ra te s  of b o th  d ec rease  
a n d  increase  h av e  been ra th e r  low  : an  av e rag e  o f  -(- 0,49 per c en t in c rea se  
a n d  — 0,35 p e r cen t decrease re sp ec tiv e ly  o f  S i0 2 p er one per c en t in c re a se  
o f a lu m in a  c o n te n t.

T h e  low er lim it o f th e  second sec tion  is g iv en  b y  th e  above m e n tio n e d  
a lu m in a  p e rcen tag e  o f 36,6. I t s  u p p er lim it lies on  th e  average a t  54 ,6  p e r 
cen t. O n th e  in d iv id u a l occurrences a m ax im u m  lim it o f 59,5 per cen t (B a g o ly 
hegy) a n d  a m in im u m  o f 48,5 p e r cen t (M alom völgy  an d  D o ro tty a -S zá rh eg y ) 
has been  fo u n d . T he lim it is genera lly  low er w ith  th e  occurrences o f  g re a te r  
com bined  w a te r  ( tr ih y d ra te )  co n ten t (D a rv a s tó , F é lix  I I . ,  D o ro tty a -S z á r 
hegy , M alom völgy , K incses-József, R á k h e g y , N agyegyháza, Ó b a ro k -U j-  
b a ro k  ; 48,5 to  55,5 per cen t.) . In  th o se  o f  sm a lle r  com bined w a te r  c o n te n t  
(m o n o h y d ra tic  com position) th e  u p p er lim it o f  th e  second section  is b e tw e e n
55.5 a n d  59,5 p e r cen t (Izam ajo r, T áncsics I I ,  D ü lt-N y ires, Cseres, T o rm ás- 
k u t ,  Y ároslőd , B agolyhegy , N ag y h a rsán y ).

In  th e  second  section  th e re  is a p a r t ic u la r ly  close re la tion  b e tw e e n  th e  
v a r ia tio n  o f  th e  tw o co n s titu e n ts  : w ith in  th is  section , th e  a v e ra g e  S i0 2
c o n te n t decreases from  33,7 p e r cen t to  4 ,8  p e r  c en t. One per c e n t in c rea se  
in  a lu m in a  c o n te n t is eq u iv a len t to  an  a v e rag e  o f  1,62 per cent d ec rea se  in  
S i0 2. T he g re a te s t ra te  o f decrease o f SiO a h as  been  found a t  th e  M alo m 
vö lg y  o ccu rrence  (2,26 p er cen t), th e  sm a lle s t one a t  B agolyhegy (1 ,19 p er 
cen t). In  g en era l, decrease is m ore ra p id  w ith  tr ih y d ra tic  occurrences (1,77 
p e r  c en t on th e  average) th a n  w ith  m o n o h y d ra tic  ones (1,43 per c e n t) .

T h e  th ird  sec tion  ex ten d s  from  th e  u p p e r  lim it o f the  second  sec tio n  
to  th e  u p p e r ex trem es o f a lu m in a  co n te n t. I n  th is  section  th e  ra p id  d ec rease  
o f  silica  c o n te n t p revails  no m ore. In  six  o f th e  occurrences th e  d ec rea se  goes

1*



T ab le  I

The correlation o f  A120 3 and  S i0 2 content in  bauxite

O c c u r r e n c e

V a r ia t io n  o f  
S i 0 2 in  f i r s t  

s e c tio n
%

B o r d e r  v a lu e  
o f  f i r s t  a n d  

s e c o n d  s e c tio n s  
A120 3 %

V a r ia t io n  o f  
S i 0 2 in  se c o n d  

s e c tio n
%

B o r d e r  v a lu e  
o f  s e c o n d  a n d  
t h i r d  s e c tio n s  

A l + 3  %

V a r ia t io n s  o f  
SiO o in  t h i r d  

s e c tio n
%

F re q u e n c y  d i s t r i b u t io n  o f  b a u x i t e  in

f i r s t

0//о

se c o n d

s e c t i o n s
%

t h i r d

%

N y irád  : D arv astó  ................ + 0 ,2 1 35,5 - 1 ,9 6 51,5 +  0,05 8,3 54,1 37,6
N y irád  : D eáki-hegv .................. - 0 ,0 2 36,5 - 1 ,5 1 57,5 + 0 ,2 8 6,7 54,8 38,5
N y irád  : T áncsics I I ............... + 0 ,4 6 36,5 - 1 ,5 6 56,5 + 0 ,3 0 14,1 69,4 16,5
N y irád  : I z a m a jo r ................... + 0 ,1 3 39,5 - 1 ,6 4 58,5 + 0 ,2 0 12,7 74,9 12,4
Szőc : Félix I I ........................... - 0 ,0 8 3 4 ,5 - 1 ,6 0 52,5 - 0 ,0 2 4,5 89,1 6,4
Szőc : D oro ttya-S zárhegy  . . - 0 ,0 8 33,5 — 1,93 48,5 + 0 ,3 2 4,5 77,5 18,0
Szőc : M a lo m v ö lg y ................. - 0 ,9 1 36,5 - 2 ,2 6 48,5 + 0 ,1 6 15,5 66,1 18,4
H alim b a  : T o rm ásk ú t ......... + 0 ,4 6 35,5 - 1 ,2 6 58,5 + 0 ,2 5 1,8 90,3 7,9
V ároslőd : Ö re g h e g y .............. - 0 ,3 0 36,5 - 1 ,3 9 56,5 - 0 ,2 1 12,3 75,1 12+
Iszkaszen tgyörgy  : K incses- 

J ó z s e f ........................................ + 0 ,9 0 37,5 - 1 ,7 0 53,5 + 0 ,3 9 2,8 70,4 26,8
Iszkaszen tgyörgy  : R ákhegy + 0 ,5 0 35,5 — 1,85 52,5 + 0 ,0 4 1,0 34,2 64,8
G án t : B a g o ly h e g y ................ - 0 .5 8 36,5 — 1 ,1 9 59,5 —0,15 0,8 94,8 4,4
N agyegyháza ............................ + 0 ,8 0 36,5 — 1,45 54,5 —0,20 15,3 80,1 4 ,6

Ó barok—Ű jbárok—Vázsony psz. - 0 ,1 9 38,5 - 1 ,4 3 5 5 ,5 - 0 ,1 0 20,6 70,8 8,6
N a g y h a rs á n y .............................. - 0 ,6 0 39,5 - 1 ,8 1 5 5 ,5 —0,56 10,1 23,0 66,9
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o n  a t  a m uch re d u c e d  ra te  (F é lix —I I ,  V ároslőd , B ago lyhegy , N ag y eg y h áza , 
Ó b a ro k -U jb a ro k , N ag y h a rsán y ), one per cen t in c rea se  of a lum ina  c o n te n t  
being  eq u iv a len t to  a 0,02 — 0,56 p er cen t decrease  in  silica co n ten t. O n th e  
o th e r  h an d , th e  re s t  o f th e  occurrences fea tu re s  a slow  increase of silica c o n 
te n t .  T he ra te  o f  in c rease  is none too  h igh  : 0,04 to  0,39 p er cent o f silica p e r  
one per cent o f a lu m in a .

The fo rm a tio n  o f so sh a rp ly  defined  sec tio n s  o f differing c h a ra c te r  
b y  one and  th e  sam e  geochem ical process is u n im ag in ab le . In  o u r o p in io n  
th e  f irs t  section  com prises those p a r ts  of th e  b a u x ite  b o d y  w hich w ere h a rd ly  
o r n o t a t  all to u c h e d  b y  th e  b a u x itiz a tio n  p rocess in  th e  n arrow er sense . 
T h a t  is w hy th e  ro c k  o f th e  f irs t sec tion  consists  in  its  e n tire ty  o f b a u x it ic  
c lay .

The second sec tio n  com prises th e  p a r t  o f  th e  b a u x ite  series t h a t  h a s  
undergone m ore o r  less in tense  b a u x itiz a tio n . T h e  process has in d iffe re n t 
p a r ts  o f th e  b a u x ite  b o d y  a tta in e d  d iffe ren t s ta d ia . T h is explains th e  d iffe rin g  
co n cen tra tio n s o f  a lu m in a , co nnec ted  w ith  d ec reasin g  co n cen tra tio n s  o f 
silica . In  th e  co u rse  o f b a u x itiz a tio n , th e  re la tiv e  accu m u la tio n  o f a lu m in a  
h as  c learly  been  m ad e  possible b y  th e  decrease (selective leaching) o f  th e  
silica c o n ten t. T h is  is in d ica ted  b y  th e  close, a lm o s t function-like c o rre la tio n  
o f  th e  tw o co m p o n en ts .

F ina lly , th e  th ird  section  co n ta in s  b a u x ite s  in  w hich the  b a u x itiz a tio n  
process has been  com pleted . I n  th e se  th e  fu r th e r  accu m u la tio n  o f  a lu m in a  
h a s  — as will be show n  — tak en  p lace  a t  th e  ex p en se  o f iron  oxide r a th e r  th a n  
silica . In  our o p in io n  th is  phenom enon  has to  be  in te rp re te d  b y  se c o n d a ry  
processes su b se q u e n t to  an d  n o t id en tica l w ith  b a u x itiz a tio n . T he sm all- 
scale  increase o f  silica co n ten t in  som e o f th e  occurrences is in d ic a tiv e  o f  
a process of se c o n d a ry  resilifica tion . O n th e  o th e r  h a n d , a sm all-scale le a c h in g  
o f  a lum ina  in  th e  course  of secondary  processes, in v o lv in g  a re la tive  a c c u m u la 
tio n  o f silica, is also  im aginable .

F rom  th e  geochem ical p o in t o f view  i t  is e ssen tia l to  know  h o w  th e  
b a u x ite  of an  o ccu rren ce  is d is tr ib u te d  am o n g  th e  th re e  sections. F o r  th is  
rea so n  we h av e  c o n s tru c te d  th e  freq u en cy  po lyg o n s o f a lum ina  c o n te n t a n d  
jo in e d  th em  to  th e  co rre la tion  g rap h s . O u t o f  th e  d a ta  of th e  po lygons w e 
h a v e  com pu ted  th e  p e rcen tu a l shares o f th e  in d iv id u a l sections. The p e r t in e n t  
d a ta  are likew ise lis te d  in T ab le  I .

The second  sec tion  covers th e  b u lk , n a m e ly  55 to  95 per c en t, o f  th e  
b a u x ite  body . T h e  sole exceptions are  th e  R á k h e g y  a n d  N ag y h a rsán y  o c c u r 
rences, w ith  p e rcen tag es  of 34,2 a n d  23,0 re sp e c tiv e ly . L eaving th e se  o u t  
o f  co n sid era tio n , we m ay  s ta te  t h a t  th e  second  sec tio n  ch arac terized  b y  th e  
b a u x itiz a tio n  p rocess is m ost c h a ra c te r is tic  o f  o u r  b au x ite s .

The p e rc e n ta g e  o f th e  f irs t sec tion  is r a th e r  v a riab le . In  a n u m b e r  o f  
localities i t  h as  in sig n ifican t va lues o f 0,8 to  8,3 (D arv astó , D ü lt-N y ire s ,
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F é lix - I I ,  D o ro tty a -S zá rh eg y , T o rm á sk ú t, K incses-József, R á k h e g y , B agoly- 
h e g y ) . In  th e  re s t i t  occupies a p e rc e n ta g e  o f 12 to  21.

I n  general, 8 to  40 p e r  cen t o f th e  b a x i te  b o d y  belong to  th e  th i r d  section . 
T h e  im p o rta n c e  o f th is  sec tion  is due  to  th e  fa c t th a t  i t  in fo rm s us on th e  
e x te n s io n  o f se c o n d a ry  processes. T hese m u s t  have been m o st in te n se  w ith  
th e  N a g y h a rsá n y  a n d  R ák h eg y  o ccu rren ces, w here the  th ird  sec tio n  com prises
66 ,9  a n d  64,8 per c en t re sp ec tiv e ly  of th e  b a u x ite  body. T h e ir le a s t in te n s ity  
o ccu rs  in  connection  w ith  th e  B ag o ly h eg y  occurrence, w ith  a freq u en cy  of 
no  m o re  th a n  4,4 p e r cen t in  th e  th ird  sec tio n .

b) Interdependence o f  A l20 3 and  Fe20 3 content

T h e in te rd ep en d en ce  m entioned  in  th e  t i t le  has been s tu d ie d  b y  a co rre
la t io n  reckon ing  s im ila r to  th e  one d esc rib ed  in  the  foregoing c h a p te r . O u t

o f  th e  d a ta  of th e  c o rre la tio n  tab le s  we h a v e  co n stru c ted  c o rre la tio n  g rap h s . 
T h e  g ra p h s  of re sem bling  ch a ra c te r  w ere condensed  in to  th e  ty p e  g raphs 
seen  in  F ig . 2.

G rap h  1. rep re sen ts  th e  b u lk  of th e  occurrences. I t  is, s im ila rly  to  th e  
s ilica  g ra p h , su b d iv id ed  in to  th ree  sec tio n s ; th e  lim it of th e  f i r s t  one o f 
th e s e  coincides w ith  th e  f ir s t  section  o f th e  silica  d iagram . In  th is  sec tio n  th e  
iro n  c o n te n t  is in v e rse ly  p ro p o rtio n a l to  a lu m in a  co n ten t. This in v e rse  re la tio n  
p asse s  o v er a t  th e  lim it o f  th e  second se c tio n  in to  a d irec t one ; a n d  th e  
d ia g ra m  reaches a p e a k  som e per cen ts b e lo w  th e  th ird  sec tion  lim it fo r silica.
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F ro m  th is  p o in t on  th e re  is a n o th e r in te rv a l  o f inverse p ro p o r tio n a lity  
( th ird  section).

Table I I

Correlation of A120 3 and Fe20 3 content in bauxite

O ccurrence

V aria tio n  
o f  F e20 3 

in  f ir s t  
section

%

B o rd er v a lu e  
o f  f i r s t  

an d  second  
sections

A l .O , %

V aria tio n  
o f Fe-jOj 

in  second 
section

%

B o rd e r v a lu e  
o f  seco n d  
a n d  th i r d  

s e c tio n s  
Ala0 3 %

V a ria tio n  
o f  Fcj,Oa 
in  th ird
section

%

N yirád  : D arv astó  ........................ -1 ,28 35,5 +0,71 51,5 -0,79
N y irád  : D ű l t - N y ír e s ...................... -0,80 36,5 +0,57 57,5 -1,90
N y irád  : T áncsics I I ......................... -1,54 36,5 +0,67 54,5 -1 ,28
N yirád  : I z a m a jo r ............................. -1,32 39,5 +0,88 56,5 -1,40
Szőc : Félix  I I ..................................... -0,88 34,5 +0,37 48,5 -0,58
Szőc : D oro tty a-S zárh cg y  ............ -1,12 33,5 +0,34 48,5 -1 ,33
Szőc : M a lo m v ö lg y .......................... -0,40 36,5 +0,52 48,5 -1,72
H alim ba : T o rm á sk ú t ................... -1,46 35,5 +0,53 52,5 —0,98
V ároslöd : ö r e g h e g y ........................ -0,80 36,5 +0,40 53.5 -0,97
Iszkaszen tgyörgy  : K incses- 

J ó z s e f ................................................. -2 ,20 37,5 +0,30 52,5 -0 ,59
Iszkaszen tgyörgy  : R á k h eg y  . . . . -1,35 35,5 +  0,52 52,5 -0,91
G án t : B a g o ly h e g y .......................... -0,66 36,5 44,5 59,5 -0,82

N agyegyháza  ...................................... -1 ,30 38,5
+  0,66—0,13 

43,5 54,5 -0,52

Ó b aro k —TJjbarok—V ázsony  psz. -0,86 38,5
+1,42-0,22

42,5 55,5 -0 ,80

N a g y h a rs á n y ........................................ -0,57 39,5
+  1,50-0,05 

+0,84 54,5 -0 ,54

T he d a ta  c h a ra c te r is tic  o f these  th re e  sec tions h av e  been  com piled  in 
T ab le  I I ,  th e  s t ru c tu re  o f w hich is en tire ly  an a lo g o u s to  th a t  o f T ab le  I  fo r S i0 2.

In  th e  f irs t sec tio n  th e  decrease o f iro n  c o n te n t is q u ite  ra p id , w ith  an  
av erag e  decrease o f  — 1,1 p er cen t o f Fe20 3 p e r one per cen t in crease  in  a lum ina .

This decrease occurs in  all th e  lo ca lities  w ith o u t ex cep tio n  ; i t  m ay  
be th ere fo re  consid ered  to  be of overall v a l id i ty . I t  is m ost in te re s tin g  th a t  
th e  tu rn in g  p o in t o f  th e  inverse an d  d irec t re la tio n  betw een  iro n  a n d  a lum ina  
shou ld  coincide w ith  th e  firs t-to -seco n d  sec tio n  lim it of silica (36,7 p er cen t 
o f  a lu m in a). I t  is a t  th is  p o in t th a t  iro n  c o n te n t fea tu res a loca l m in im um  
w ith  an  average  F e20 3 co n ten t o f 13,2 p e r c en t.

F rom  here on , fe rric  oxide co n ten t show s an  average in c rease  o f -j-0,55 
p e r cen t, p er one p e r cen t increase o f a lu m in a . T his increase goes on s tead ily  
to  an  average  a lu m in a  co n ten t o f 52,6 p e r  c e n t, w here iron  c o n te n t a tta in s  
a  m ax im u m  o f 22,2 p er cen t on th e  av e rag e .

I t  has to  be s ta te d , how ever, th a t  so m ew h a t d ifferen t co n d itio n s  p revail 
in  th e  occurrences B ggo lyhegy , Ó b a ro k -Ü jb a ro k  an d  N ag y eg y h áza , as su m m a
rized  in  G raph  2 o f  F ig . 2. In  these  occu rrences th e  iron  c o n te n t show s a rap id  
increase  from  th e  sec tio n  lim it up  to  an  a lu m in a  co n ten t o f 42 to  44 p e r cen t. 
F ro m  here on th e re  is a h a rd ly  p e rcep tib le  decrease  (0,03 to  0,22 p e r cen t per
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o n e  p e r  cen t increase o f  a lu m in a )  up to  th e  u p p e r  lim it of th e  second  sec tio n . 
T h e  fa c t  th a t  th e  th re e  o ccu rren ces m en tio n ed  a re  s itu a te d  in  each  o th e r ’s 
close v ic in ity  can h a rd ly  b e  considered ac c id e n ta l.

O n  th e  h an d  of th e  iro n  co n ten t th e  lim it b e tw een  th e  th ird  a n d  second 
se c tio n  comes to  lie a t  52,6 p e r cen t of a lu m in a  c o n te n t. This v a lu e  is 2 per 
c e n t less th a n  th e  one o b ta in e d  from  silica (54,6 p e r  cen t). In  th e  th i r d  sec tion  
th e re  is a decrease o f fe rr ic  ox ide co n ten t a m o u n tin g  to  1,07 p e r cen t on 
th e  av e rag e  per one p e r c en t increase  of a lu m in a . T h is decrease goes on  to  th e  
u p p e r  ex trem es of a lu m in a  c o n te n t. A t th e  u p p e r  lim it iron  c o n te n t h as  an 
o v e r-a ll  m inim um  w ith  an  F e 20 3 percen tage  o f 11,3.

As a fina l re su lt, o u r  in v es tig a tio n  has rev ea led  th e  re m a rk a b le  fac t 
t h a t  th e re  exist tw o k inds o f  iro n -rich  as well as tw o  k inds of iron -poor b a u x ite  
in  th e  H u n g arian  occu rren ces.

T h e  charac teristic  iro n -p o o r b aux ites are co n n ec ted  w ith  a lu m in a  p e r
c e n ta g e s  o f 34 to  38 a n d  60 to  70 respective ly . A t th e  sam e tim e , m o st o f  
iro n -r ic h  b aux ite  occurs to g e th e r  w ith  25 to  32 a n d  48 to  55 per c en t re sp ec 
t iv e ly  o f  alum ina.

T h e  decrease o f a lu m in a  co n ten t in  th e  f ir s t  section  is ex p la in ed  by  
a s su m in g  th e  p re c ip ita tio n  o f  p rim ary  b a u x itic  c lay  to  have ta k e n  p lace  
in  a n  ac id ic  m edium  w hose p H w as, how ever, s te a d ily  increasing. C onsidering  
t h a t  in  an  acidic m ed iu m  F e(O H )3 is p re c ip ita te d  f irs t (p H =  2,2) an d  
A l(O H )3 on ly  la te r  on (p H =  3 ,8), i t  is com prehensib le  th a t  a t th e  b eg in n in g  
o f  p re c ip ita tio n  an iro n -rich  b u t  a lum ina-poor c lay  shou ld  have been fo rm ed  
(c o a g u la te d ). W ith  th e  in c re a se  o f p H th e re  h as  b een  a para lle l e n r ic h m e n t 
o f  A1 a n d  a re la tive d ec rease  o f  th e  iron co n te n t.

A f te r  th e  beginnings o f  b a u x itiz a tio n , i. e. in  th e  second sec tio n , th e re  
o ccu rs  a para lle l e n rich m en t o f  iron  an d  a lu m in a . T his paralle l in c rease  o f  
a lu m in a  a n d  iron  c o n te n t, c h a ra c te r is tic  o f b a u x ite  fo rm ation , h a s  m o s t 
p ro b a b ly  ta k e n  place a t  th e  e x p e n se  o f silica ; so t h a t  i t  is a re la tiv e  e n ric h m e n t 
d u e  to  th e  leaching of silica r a th e r  th a n  an  a c c u m u la tio n  in  th e  s tr ic te r  sense . 
T h is  com m on  en rich m en t h a s  m o st p ro b ab ly  o ccu rred  a ro u n d  a p H o f  7 to  
9 (w e a k ly  basic). The se c o n d a ry  processes su b se q u e n t to  th e  co m p le tio n  o f  
th e  b a u x itiz a tio n  process h a v e  led  to  th e  p a r tia l  re -so lu tio n  an d  leach in g  o f  
th e  a c c u m u la te d  iron. T h e  th i r d  section  is c h a ra c te riz e d  b y  th is  se c o n d a ry  
iro n  lo ss , ind ica ted  b y  a n  u n e q u iv o c a l decrease o f  th e  iron  co n ten t in  each  
o f  th e  occurrences. T he in te n s i ty  of th e  se c o n d a ry  iron-leaching  p rocesses 
w as v a r ia b le  according to  lo ca l c ircum stances. In  p laces w here th e y  h a v e  
b e e n  m o s t in tense, th e  iro n  loss was also e x te n d e d  to  th e  u p p er p a r t  o f  th e  
se c o n d  sec tio n . C onsequen tly , in  th ese  occurrences th e re  are b au x ite s  h a v in g  
su ffe re d  leach ing  of iron  p rio r  to  th e  conclusion o f th e  processes of b a u x itiz a tio n  
a n d /o r  silica  leaching. — W e consider th e  m ain  fa c to r  in  iron  loss to  h a v e  
b een  th e  o x ida tion  of p y ritic  b a u x ite .
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c) Interdependence o f  the a lum ina  and  combined water content

T he co rre la tio n  graphs co m p u te d  for com bined  w ater m a y  be condensed  
in to  tw o  ty p e  g rap h s (F ig. 3).

To th e  f ir s t  one belong th e  occurrences o f m o n o h y d ra tic  c h a ra c te r ,  o f  
sm all com bined  w a te r c o n te n t, in  w hich th e  am o u n t of co m b in ed  w a te r  
decreases v e ry  s lig h tly  up  to  th e  lim it o f th e  th ird  section  a n d  in creases  
so m ew hat m ore ra p id ly  th en ce .

36.6 b o o  52.1 5 k,6 Ő6.6 g o o

average A12 0j%
Fig. 3

To th e  second  group belong  th e  t r ih y d ra t ic  occurrences o f  m ed iu m  
a n d  h igh  com bined  w a te r c o n te n t, in  w hich  th e  am o u n t o f co m b in e d  w a te r  
ex h ib its  a s te a d y  increase th ro u g h o u t th e  f irs t  an d  second se c tio n s , w ith  
a s te a d y  decrease  in  th e  th ird  sec tio n  in  p a r t  o f th e  occurrences a n d  a sligh t 
decrease succeeded  b y  fu r th e r  increase  in  a n o th e r  p a r t  o f th e  sam e .

T he c h a ra c te ris tic  d a ta  o f  th e se  tw o  ty p e s  are su m m a riz e d  in  T ab le  
I I I ,  c o n s tru c te d  analogously  to  T ables I  a n d  I I .

To th e  f ir s t  g roup  belong 6 occurrences, n am ely  N y irád  — T áncsics I I ,  
D ü lt-N y ires , Izam a jo r, T o rm á sk ú t, V ároslőd , N ag y h a rsán y . W ith  these , 
th e  average  com bined  w a te r c o n te n t a t  th e  low er lim it o f a lu m in a  c o n te n t is
13,9 per cen t. T he su b seq u en t decrease r a te  to w ard  g rea te r a lu m in a  p e rc e n t
ages is 0,06 p e r cen t p er one p e r cen t o f in crease  in  a lum ina , u p  to  an  average  
a lu m in a  c o n te n t o f 56,6 p e r cen t. T hence  th e  am o u n t o f co m b in e d  w a te r 
ex h ib its  a slow  g rad u a l increase  u p  to  th e  u p p e r  ex trem es o f a lu m in a  co n te n t. 
T h is  increase is also v e ry  slow , av e rag in g  0,31 per cen t p er o n e  p e r  cen t
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Table I I I

Correlation o f  A120 3 and combined water content in  bauxite

O ccurrence

V ariation 
of ignition 
loss in f ir s t  
and second 

sections 
%

B o rd e r
v a lu e  of th i r d  

a n d  se c o n d  
s e c t io n s  
Al.O, %

V aria tio n  o f  
ig n itio n  loss 

in  th ird  section
%

A verage
ig n itio n

loss
%

Nyirád : Darvastó ............................ +0,19 50,5 -0,38 17,9
Nyirád : Dült-Nyíres........................ -0,12 58,5 +0,58 13,2
Nyirád : Táncsics II........................... -0,02 60,5 +0,25 13,3
Nyirád : Izamajor.............................. -0,05 56,5 +0,43 13,2
Szőc : Félix II..................................... +0,35 52,5 -1,27 +1,00 17,7
Szőc : Dorottya-Szárhegy ................ +0,52 48,5 -0,74 +3,70 20,7
Szőc : Malomvölgy............................ +0,60 47,5 -0,76 +1,93 18,8
Halimba : Tormáskút ...................... -0,10 56,5 +0,08 12,8
Városlod : Öreghegy +0,05 53,5 +0,38 13,7
Iszkaszentgyörgy : Kincses-József . . +0,35 53,5 -0,83 20,0
Iszkaszentgyörgy : Rákhegy............ +  0,27 52,5 -0,55 +0,37 17,3
Gánt : Bagolyhegy............................ +0,05 65,5 -0,32 15,4
Nagyegyháza ..................................... +0,24 52,5 -0,61 16,0
Óbarok — Üjbarok—Vázsony psz. +0,41 45,5 -0,36 16,4
Nagyharsány....................................... -0,02 54,5 +0,11 14,3

in c re a se  of a lum ina c o n te n t .  T he tw o flanks o f  th e  d iag ram  are n o t se p a ra te d  
s h a rp ly ,  th e  decrease ceases g ra d u a lly  an d  as g ra d u a lly  passes in to  a slow  rise . 
T h e  av erag e  com bined  w a te r  con ten t a ro u n d  th e  u p p e r  ex trem e of a lu m in a  
c o n te n t  am ounts to  15,5 p e r  cent.

T h e  second g ro u p  m a y  be divided in to  tw o  su b -g roups. The g ra p h s  of 
th e s e  a re  co incident in  th e  f i r s t  an d  second se c tio n s . A t th e  low er e x tre m e  
th e  av e rag e  alum ina  c o n te n t  is 13,9 per cen t a n d  th e  m ean  increase is 0 ,37 per 
c e n t  p e r  one per cen t in c re a s e  of alum ina c o n te n t . T h e  increase goes on  to  an  
a v e ra g e  of 52,1 per c e n t o f  a lu m in a . At th is  p o in t  com bined  w a te r c o n te n t  
re a c h e s  an  over-all m a x im u m  of 20,5 per c e n t.

F ro m  here on th e  tw o  groups d iverge. I n  th e  one (2/a in  th e  fig u re) 
th e r e  is an  in itia l d ec rea se  o f  th e  com bined w a te r  c o n te n t, p rio r to  th e  rise 
e x te n d in g  to  th e  e x tre m e s  o f  a lum ina c o n te n t . T h is  g roup  com prises th e  
F é l ix  I I ,  D o ro tty a -S z á rh e g y , M alom völgy a n d  R á k h e g y  occurrences.

I n  th e  o ther g ro u p  (d e n o te d  2/b) th e re  is a  m ono tonous decrease  in  
th e  com bined  w a te r c o n te n t  from  the  p eak  to  th e  e x tre m e  a lum ina  c o n te n t. 
T o  th is  group belong th e  D a rv a s tó , K in cses-Jó zse f, N ag y eg y h áza , Ó barok - 
Ű jb a ro k  an d  B ag o ly h eg y  occurrences. W h ereas  in  G roup  2/a th e re  occurs 
a t  th e  u p p er ex trem e o f  a lu m in a  conten t a n  a v e ra g e  com bined  w a te r c o n te n t 
o f  2 2 ,3  p e r cen t, th e  sa m e  v a lu e  for G roup 2 /b  is b u t  13,7 per cen t.
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T h e com m on in itia l v a lu e  o f  th e  g rap h s  (13,9 per cen t) is obv iously  
d u e  to  th e  presence of k ao lin ite , th e  th e o re tic a l com bined  w a te r  p e rcen tag e  
o f w h ich  is e x a c tly  o f th e  ab o v e  a m o u n t. I t  is in te re s tin g  to  n o te  t h a t  w hereas 
w ith  re sp ec t to  silica an d  iro n  a close co incidence o f th e  b o u n d a rie s  o f  th e  
f ir s t  a n d  second sections w as seen, th e  sam e was n o t a t  all to  be d e m o n s tra te d  
fo r com bined  w ater. This o b se rv a tio n  is in d ic a tiv e  o f th e  fa c t t h a t  th e  v a r ia 
tio n s  o f  com bined  w a te r c o n te n t w ere d e te rm in ed  b y  e x te rn a l (ox ida tive) 
c ircu m stan ces  of b a u x ite  fo rm a tio n  ra th e r  th a n  b y  th e  b a u x itiz a tio n  process 
itse lf.

T h e  lim it o f th e  th ird  sec tion  is, i f  r a th e r  vague, y e t so m e w h a t b e tte r  
d e fin ed . T his shows th a t  th e  seco n d ary  processes have  left th e ir  m a rk  also 
on  th e  com bined  w a te r co n ten t ; th e y  h av e  re su lted , acco rd in g  to  local 
c ircu m stan ces , in  som e in stan ces in  an  increase , in  o thers in  a decrease  of 
com b in ed  w a te r  c o n ten t. T he seco n d ary  processes do seem ingly fa v o u r  a m edium  
com b in ed  w a te r c o n te n t, as th e y  h av e  te n d e d  to  increase th e  a m o u n t of 
w a te r  in  w a te r-p o o rer (m o n o h y d ra tic ) b a u x ite  an d  vice versa . T h u s  secondary  
p rocesses seem  to  possess a un ifo rm izing  ten d en cy .

d) Interdependence o f  a lu m in a  and titan ia  content

T his p roblem  was a lre a d y  tr e a te d  b y  th e  a u th o r  in  an  ea rlie r  p a p e r  [1]. 
A t t h a t  tim e  th e  e v a lu a tio n  of 7668 an a ly ses  from  seven o ccu rren ces was 
c a rr ie d  o u t by  co rre la tion  m eth o d s. T h e  re su lt o b ta in ed  was t h a t  in  b au x ite  
th e  e n rich m en t of t i ta n ia  goes on p a ra lle l to  th a t  of a lu m in a . A s im ila r  rela-

Fig. 4
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t io n sh ip  w as es tab lish ed  b y  D e W e i s s e  for b a u x ite s  o f th e  Y ugoslav ian  o ccu r
ren ce  R udopo lje  [14].

T h e  estab lish m en ts  o f  th a t  earlier p a p e r  w ere  fu lly  co rro b o ra ted  b y  th e  
p re se n t c o m p u ta tio n s  b a se d  on a m uch g re a te r  n u m b e r of ana lyses. C om 
p a r in g  th e  co rre la tio n  g ra p h s  o f th e  in d iv id u a l an a ly ses  we m a y  c o n s tru c t 
tw o  c h a ra c te ris tic  ty p e  g ra p h s  (F ig. 4).

In  seven occurrences (Izam a jo r, T o rm á sk ú t, K incses-József, R á k h e g y , 
B ag o ly h eg y , Ó b a ro k -Ű jb a ro k  an d  N a g y h a rsá n y ) th e  increase o f t i ta n ia  
c o n te n t is m onotonous th ro u g h o u t (graph 1).

T h e  o th e r occu rrences are  d ifferen t in a sm u c h  as in  th e  th ird  a n d  f irs t  
se c tio n s  th e  t i ta n ia  c o n te n t is c o n s ta n t o r s l ig h tly  decreasing. H ow ever, 
in  th e  second  section  th e  in crease  prevails ju s t  as in  th e  firs t ty p e , a n d  its  
r a te  is a lm o st th e  sam e. W ith  respect to  th e se  d a ta  we refer to  T ab le  IV , 
w hose s tru c tu re  is an a lo g o u s to  th a t  of th e  th re e  foregoing ones.

Table IV

Correlation o f  A120 3 and  T iO , content in  bauxite

O ccurrence

V aria tio n  
o f  T iO a in  

f i r s t  sectio n
%

B o rd e r 
v a lu e  

o f  f ir s t  
a n d  second 

sections  
A la0 3 %

V a r ia t io n  
o f  T i 0 2 in  

seco n d  se c tio n
%

B order 
v a lu e  

o f  second 
and  th ird  

sections 
A120 3 %

V a ria tio n  
o f  T iO a 
in  th ird
sec tio n

%

Nyirád : Darvastó ..................... - 0 ,0 3 35,5 +  0,072

Nyirád : Dűlt-Nyíres.................. +  0,052 57,5 - 0 ,0 1 6

Nyirád : Táncsics II.................... +  0,051 61,5 - 0 ,0 8 6

Nyirád : Izamajor....................... +  0,034

Szőc : Félix II.............................. - 0 ,0 1 8 40,5 +  0,038

Szőc : Dorottya—Szárhegy........ - 0 ,0 0 5 39,5 +  0,045 48,5 - 0 ,0 0 5

Szőc : Malomvölgy..................... ±  0,000 36,5 +  0,056

Halimba : Tormáskút ................ + 0 ,0 5 1

Városlőd : Öreghegy...................
Iszkaszentgyörgy : Kincses-

- 0 ,0 0 1 36,5 +  0,039

Jó zse f......................................... +  0,047

Iszkaszentgyörgy : Rákhegy . . . . + 0 ,0 3 7

Gánt : Bagolyhegy..................... + 0 ,0 4 5

Nagyegyháza ...............................
Óbarok—TJj bárok—Vázsony

- 0 ,2 7 0 36,5 + 0 ,0 1 3

puszta ....................................... +  0,025

N agyharsány............................... +  0,057

As s ta te d , in  th e  seco n d  section  th e  in c rea se  o f th e  t i ta n ia  c o n te n t 
w ith  t h a t  o f  a lum ina  w as d e m o n s tra te d  for all o ccu rren ces w ith o u t ex cep tio n .
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T h e  average  increase a m o u n ts  to  0,044 p er c e n t per one per c e n t increase 
in  a lu m in a  co n ten t. In  o u r  ea rlie r p ap e r th is  v a lu e  was given a t  0 ,06 p e r  cen t. 
C onsidering th a t  th e  p re se n t d a tu m  is a re su lt  o f  a m uch g re a te r  n u m b e r  of 
an a ly ses , th e  ag reem en t m a y  be considered  good . A g rea te r d e v ia tio n  was 
o n ly  fo u n d  a t  th e  Ó b a ro k -Ű jb a ro k  a n d  N ag y e g y h á z a  localities, w ith  an 
increase as sm all as 0,013 a n d  0,025 p er cen t o f T iO a p e r one per cen t o f  a lu m in a . 
C o nsequen tly , in  th ese  localities th e  in te r re la tio n  o f t ita n ia  a n d  a lu m in a  is 
less close th a n  on th e  o th e rs .

I t  is, fu rth e r , w o r th y  of a tte n tio n  th a t  in  th e  N agyegyháza  b a u x ite  
th e  g re a te s t t i ta n ia  p ercen tag es w ere fo u n d  ju s t  in th e  low er reach es  of 
a lu m in a  co n te n t, i. e. in b a u x itic  clay . T his p h en o m en o n  is ra d ic a lly  d iv erg en t 
from  th e  genera l p rin c ip le  ; its  ex p la n a tio n  m a y  be looked fo r in  th e  fact 
th a t  in  th is  occurrence t i ta n ia  is p resen t in  a d iffe ren t m in era lo g ica l form  
(m ostly  ilm en ite).

T he p a ra lle lity  o f  t i ta n ia  a n d  a lu m in a  in  m ost of th e  o ccu rrences 
th ro u g h o u t th e  en tire  sp a n  o f a lu m in a  p e rc e n ta g es  ind ica tes th e  p resen ce  of 
a re la tio n sh ip  m ore g en era l th a n  th e  b a u x it iz a t io n  process in  i tse lf . This 
re su lt w as a lre a d y  reach ed  a t  from  a so m ew h at d iffe ren t po in t in  o u r  form er 
p ap er [ l j .T h e  ceasing o f  th e  increase o f t i ta n ia  c o n te n t in  four lo ca litie s  w ith  
th e  lim it o f th e  second to  th ird  sec tion  is d u e  to  secondary  p rocesses which 
h av e  leach ed  some o f th e  t i ta n ia  of b a u x ite  as w ell as p a r t  of th e  fe rr ic  oxide.

C onsidering th e  h y p o th esis  th a t  se c o n d a ry  processes are  g o v e rn ed  by 
th e  o x id a tio n  of p y rite , re su ltin g  in a p n o f 4 to  6, i t  is a t  once c le a r , th a t  in 
ce rta in  cases th e re  has e x is ted  th e  possib ility  o f  leach ing  of p a r t  o f  th e  ti ta n ia  
co n te n t (d isso lvable below  a p n o f 4,5).

A m ore th o ro u g h  s tu d y  o f th e  co rre la tio n  g ra p h s  will reveal th e  s im ila rity  
a n d  som etim es co incidence o f  t i ta n ia  an d  fe rric  o x id e  curves. T his c ircu m stan ce  
draw s our a tte n tio n  to  th e  p o ssib ility  o f a geochem ical in te rre la tio n  betw een  
th ese  com ponen ts.

T his re la tio n sh ip  w as, to  be su re , a lready ' illu s tra te d  by  th e  geochem ical 
m aps p u b lish ed  in  P a r t  I  o f th e  p re sen t p a p e r  : these m aps h a v e  shown 
th a t  th e  a reas  of e n rich m en t of a lu m in a , t i t a n ia  an d  ferric o x ide  w ere, w ith 
th e  ex cep tio n  of sm alle r d e ta ils , co inciden t [4 ]. T he sam e c irc u m sta n c e  was 
u n d erlin ed  b y  th e  e n rich m en t fac to rs  c o m p u te d  on th e  basis o f  th e  average 
com position  of H u n g a ria n  b a u x ite , w here T iO a w as seen to  o ccu p y  a m edium  
p o sitio n  betw een  A120 3 a n d  Fe2Oa :

A120 3 =  +  3,08 
T i0 2 =  +  2,75 
Fe20 3 =  +  2,62.

C onsidering  a ll th e  above said  we m a y  conclude th a t  th e  tita n iu m  
c o n te n t o f b a u x ite  is d ep en d en t on th e  F e20 3 c o n te n t as well as on  th e  alum ina
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c o n te n t .  F o r the  sake o f  m o re  e x a c t re su lts , th e  v a ria n c e  of A120 3 an  d  F e20 3 
in  fu n c t io n  of the  t i ta n ia  c o n te n t  was co m p u te d  fo r  four of th e  occu rren ces.

T h e  rela tionsh ip  is in d ic a te d  by  th e  n u m e ric a l d a ta  g iven  as follow s :

N yirá d -Iza m a jo r:  0 ,1  per cent in c re a se  o f  T i0 2 is e q u iv a le n t  to  
a n  increase of -f- 1 ,12 p e r  cen t of A120 3 a n d  -f- 0,54 per c en t o f  F e 20 3.

H a lim ba-T orm áskú t:  0,1 per cen t in c re a se  of T iO a is e q u iv a le n t 
to  -f- 1,53 per cen t in c re a se  of A120 3 a n d  to  -(- 0,23 per c en t o f  F e20 3.

Iszkaszentgyörgy , K in eses-Jó zse f : 0,1 p e r  cen t increase o f  T i 0 2 is 
e q u iv a le n t to  1,45 p e r  cen t increase o f  A120 3 an d  to  -f- 0 ,43 p er 
c e n t  of Fe20 3.

Nêzsa: 0,1 p e r  c e n t  increase of T iO a is eq u iv a len t to  -|- 1,72 per 
c e n t  increase of A120 3 a n d  to  -f- 0,69 p e r c e n t o f Fe20 3.
I n  tw o  fu rth e r o c c u rre n ce s  we have a p p lie d  a graphic m o d ific a tio n  

o f  th re e -v a r ia b le  c o rre la tio n  reckon ing . T h e  v a lu e  o f  th e  av e rag e  t i ta n ia  
c o n te n t  belonging to  each  s q u a re  of the  fie ld  o f  A120 3 and  Fe20 3 p e rc e n ta g es  
w as p lo t te d  in d iagram s (F ig s . 5 and  6). In  th e  case of th e  N a g y h a rs á n y  
(F ig . 5) lo ca lity  ti ta n ia  c o n te n t  is seen to  be c o n n e c te d  in th e  f irs t  p la c e  w ith  
A120 3 : th e  grea test a m o u n t  o f  t i ta n ia  o ccu rred  w ith  th e  g re a te s t a lu m in a  
p e rc e n ta g e , in connection  w ith  ra th e r  sm all p e rc e n ta g e s  of F e20 3 (4 — 6 per 
c e n t) .  N o  parallel e n r ic h m e n t o f  iron  an d  t i t a n iu m  could be d e m o n s tra te d  
a n y w h e re .

O n  th e  o ther h a n d , a  covariance  o f t i t a n i a  co n ten t w ith  iro n  w as 
e n c o u n te re d  a t th e  Ó b a ro k -U jb a ro k -V áz so n y p u sz ta  lo ca lity . In  th is  o c c u r
ren ce  t h e  t i ta n ia  co n ten t o f  t h e  b au x ite s  r ich es t in  iro n  was g re a te s t, p a ra lle l 
w ith  a  re la tiv e ly  sm all a lu m in a  co n ten t. W ith in  a  s e t  o f sam ples o f  c o n s ta n t 
iro n  c o n te n t  the  a m o u n t o f  t i t a n ia  was fo u n d  to  increase  s lig h tly  w ith  th e  
a lu m in a  percen tage, b u t  a t  a  m uch low er r a t e  th a n  w ith  iro n  c o n te n t
(F ig . 6 ).

S u m m ariz in g  th e  a b o v e  s a id  we m ay  s ta te  t h a t  w ith  th e  e x c e p tio n  of 
th e  N a g y h a rs á n y  lo ca lity  th e r e  is a geochem ical connec tion  b e tw een  t i ta n ia  
a n d  b o th  a lum ina an d  fe rr ic  o x id e . In  m ost o f  th e  occurrences th e  re la tio n  
o f t i t a n i a  to  a lum ina is a b o u t  th r ic e  as close as to  fe rric  oxide. H o w ev er, on 
th e  Ó b a ro k -U jb a ro k  a n d  N a g y e g y h á z a  occu rren ces th e  connection  to  iron  
is c lo se r . I n  our opinion, th e  re a so n  for th is  is t h a t  here  t i ta n iu m  o ccu rs  in 
iro n  m in e ra ls  (ilm enite), w h e re a s  w ith  the  re s t o f  th e  occurrences t i ta n iu m  is 
e i th e r  p re s e n t  in  in d e p e n d e n t m in era ls  (ru tile , a n a ta s e )  or fine ly  d is tr ib u te d  
in  th e  A l-F e  base gel (d o e lte r i te ? ) . The geochem ical reaso n  for th e  co v a rian ce  
o f th e s e  th re e  elem ents is th o u g h t  to  lie in th e ir  s im ila r  ionic p o te n tia l  an d  
s im ila r  so lu b ility  un d er d if f e re n t  conditions o f  p H [1 ].

T h e  rem ark ab ly  g re a t  t i ta n iu m  co n ten t o f  b a u x ite s  was la te ly  also 
s tu d ie d  b y  A. P. V i n o g r a d o v  to o  [13]. H e h a s  estab lished  a s im ila r  со-



F ig. 5. S m oothed  co rre la tio n  d iag ram  o f A L 0 3, Fe20 3 a n d  TiO., co n te n t fo r th e  N a g y h a rsán y  lo ca lity
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v a ria n c e  of A1 an d  T i fo r Soviet b a u x ite s . T h is re su lt also co rro b o ra te s  th e  
gen era l v a lid ity  o f  o u r  earlier [4] a n d  p re se n t s ta te m e n ts  concern ing  th e  
geochem ical b e h a v io u r o f tita n iu m .

e) S u m m a ry  o f  the interdependent varia tions in  the q uan tity  o f  the m a in  elements

S um m arizing  w h a t has been sa id  in  th e  ab o v e  p a ra g ra p h s  we m ay  s ta te  
t h a t  in  th e  course o f  th e  increase o f  a lu m in a  c o n te n t th e  v a r ia tio n s  o f th e  
g re a te s t  o rder of m a g n itu d e  are su ffe red  b y  silica . T his is fo llow ed b y  ferric 
ox id e  a n d  com bined  w a te r, w hile t i ta n ia  e x h ib its  th e  sm a lle s t v a ria tio n .

T h e  th ree -sec tio n  sequence o f  v a r ia tio n s  w as m ost c lea rly  p ro m in en t 
in  th e  case of silica a n d  ferric ox ide . In  th e  case o f t i ta n ia  th e  th re e  sections 
w ere discernible in  p a r t  o f th e  occurrences o n ly . C om bined  w a te r  h as  ex h ib ited  
no m ore  th a n  tw o  sec tio n s, th e  low er one com priz ing  th e  f ir s t  a n d  second 
ones o f  th e  o th e r c o n s titu e n ts .

T he fac t t h a t  th e  v a ria tio n  o f  silica w as o f  th e  sam e t r e n d  in  th e  second 
sec tio n  of all th e  occu rrences in d ica tes  an  a p p ro x im a te ly  id e n tic a l developm ent 
o f th e  b a u x itiz a tio n  process in d e p e n d e n tly  o f  th e ir  g eo g rap h ica l location . 
T h e  sam e is va lid  fo r  t i ta n ia  c o n te n t. T he second  sec tion  o f  th e  iron  g raph  
h as  also  show n a n  id e n tic a l tre n d  in  a ll th e  occu rrences, save  th e  B ago lyhegy , 
Ó b a ro k -U jb a ro k  a n d  N agyegyháza  ones. C onsidering  th e  close v ic in ity  of 
th e se , one m ay  th in k  o f a set o f  c ircu m stan ces  h av in g  a ffec ted  th e  en rich 
m e n t o f iron  in  a specia l m an n er. T hese c ircu m stan ces h a v e , how ever, no t 
b een  d e m o n s tra te d  as y e t. In  a n y  case, th e se  lo ca l d ifferences m u s t abso lu te ly  
be ta k e n  in to  c o n sid e ra tio n  w hen  an a ly z in g  b a u x ite  genesis.

T he v a ria tio n  o f  com bined w a te r  c o n te n t h a s  ta k e n  p lace , in  co n trad ic tio n  
to  t h a t  o f th e  o th e r  com ponen ts, acco rd in g  to  tw o d iffe ren t schem es, m ost 
p ro b a b ly  in  d ep en d en ce  on th e  m ono- or tr ih y d ra t ic  n a tu re  o f th e  b au x ite  
a ffec ted . This k in d  o f  d iffe ren tia tio n  is in d e p e n d e n t o f th e  process o f b a u x itiz a 
tio n  p ro p er, th is  b e in g  in d ica ted  b y  th e  id e n tic a l tre n d  o f th e  com bined  w ater 
c o n te n t in  th e  f i r s t  an d  second sec tions.

2. The variation o f the m ain elem ents in function o f the depth

T he experience  o f several decades o f H u n g a ria n  b a u x ite  m in ing  has 
sh o w n  th a t  th e re  o fte n  exists a re g u la r  v a r ia tio n  in  th e  chem ica l com position  
o f  b a u x ite  in  acco rd an ce  w ith th e  d is tan ce  from  th e  cover or bedrock .

This has in d u c e d  us to  c a r ry  o u t a d e ta iled  s tu d y  o f th e  d is trib u tio n  
o f  th e  five m a in  com ponen ts in  fu n c tio n  o f  d e p th . T h eo re tica lly  i t  w ould 
h a v e  been co rrec t to  consider th e  co m p o n en t o f d e p th  a t  r ig h t angles to  th e  
p la n e  o f s tra tif ic a tio n . H ow ever, th is  has n o t been  possib le  as p rospecting  2

2 Acta G e o lo g ic a  V /3 — 4.
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w ells  a re  of course d rilled  v e r tic a lly , in d e p e n d e n tly  o f th e  d ip  o f  th e  s t r a ta .  
I n  a c c o rd a n ce  w ith th is  f a c t ,  we have  m ade o u r e v a lu a tio n  in  th e  v e r tic a l 
se n se  th ro u g h o u t. F o r tu n a te ly ,  m o st o f our b a u x ite  d eposits  are a p p ro x im a te ly  
h o r iz o n ta l  or gen tly  d ip p in g  (5 to  15 degrees). C on seq u en tly , in  o u r op in ion  
th e  d a t a  ob tained  b y  a n  e v a lu a tio n  along th e  v e r tic a l w ill be geologically  
c o r re c t .

E v a lu a tio n  was c a r r ie d  o u t b y  a tw o -v a ria b le  co rre la tio n  reck o n in g  
a n d  h a s  covered 12 o f th e  m o s t  im p o rta n t lo ca lities h av in g  y ie ld ed  a su f
f ic ie n t  n u m b e r of d e p e n d a b le  analyses. T he m a te r ia l  covered co n sis ted  of 
87 ,4 0 5  ite m s  of 17,481 ro u t in e  analyses.

P ra c tic a l  experience h a s  sh o w n  th e  v a ria tio n  o f  th e  chem ical com position  
o f  t h e  b a u x i te  body to  be  m o s t  in ten se  a t its  to p  a n d  b o tto m . Som e in v e s tig a 
tio n s  o n  th is  point co n c e rn in g  th e  b au x ites  of th e  SW  B ak o n y  M o un ta ins 
h a v e  a l r e a d y  been carried  o u t  b y  th e  a u th o r  an d  th e  re su lts  p u b lish ed  in  th is  
p e r io d ic a l  [2].

B ecau se  of th is  we h a v e  o rgan ized  ou r re sea rch  so as to  o b ta in  th e  
g r e a te s t  possible num ber o f  d a ta  from  these  m ost changeab le  p a r ts  of th e  
b a u x i te  b o d y , while a s m a lle r  n u m b er o f ana ly ses  w as deem ed su ffic ien t 
fo r t h e  m o re  hom ogeneous c e n tr a l  p a r t . C o nsequen tly , we h av e  chosen  th e  
g re a te s t  th ickness of each  o cc u rre n ce  as th e  reference  d e p th  in te rv a l. W e 
h a v e  t h e n  divided the  a n a ly s is  m a te r ia l o f each  w ell in  tw o b y  h a lv in g  th e  
th ic k n e s s  o f  th e  baux ite  b o d y  in  t h a t  p a r tic u la r  well. I n  co rre la tio n  reck o n in g , 
we h a v e  estab lished  o n e-h a lf m e tr e  d e p th  in te rv a ls  a long  th e  reference  d e p th  
in te r v a l  : in to  the  u p p e rm o s t in te rv a l were g ro u p ed  th e  analy sis  d a ta  o f
sa m p le s  n o  m ore th a n  o n e -h a lf  m e tre  aw ay  from  th e  to p  o f th e  b a u x ite  b o d y , 
a n d  so o n . The same p ro c e d u re  w as app lied  from  th e  b o tto m  u p . In  th is  
m a n n e r  m o s t of the  an a ly se s  w ere grouped a t  th e  tw o ex trem es o f th e  
re fe re n c e  in te rv a l, while a ro u n d  th e  cen tre  th ere  w ere o n ly  a sm alle r n u m b e r 
o f a n a ly s e s  orig inating  fro m  th e  th ic k e s t p a r t  o f th e  b a u x ite  b o d y . T he 
a v e ra g e  v a lu e s  ob tained  fro m  th e  co rre la tio n  tab le s  w ere p lo tte d  in to  g rap h s .

a) The va r ia tio n  o f  A120 3 content

T h e  v a ria tio n  of a lu m in a  c o n te n t w ith  d e p th  is illu s tra te d  b y  th re e  
c h a ra c te r is t ic  ty p e  graphs. (F ig . 7 .) T he f irs t g roup  com prises fo u r occu rrences 
(Ó b a ro k -U jb a ro k , B ag o lyhegy , R ák h eg y , T o rm á sk ú t) . A verage a lu m in a  
c o n te n t  o f  b a u x ite  is low est a t  th e  b o u n d a ry  o f th e  b ed ro ck  (46,1 p e r cen t). 
F ro m  h e re  on it  shows an  in c re a se  w hich is ra p id  a t  f irs t a n d  becom es 
m ore g r a d u a l  la te r, up to  th e  c e n tre  o f th e  b a u x ite  b o d y . I t  is here  t h a t  th e  
g re a te s t  a v e ra g e  co n cen tra tio n  o f  a lu m in a  (54 to  55 p e r cen t) is e n c o u n te re d . 
In  th e  u p p e r  p a r t of th e  b a u x i te  b o d y  th e re  is a g ra d u a l decrease w ith  an  
av e ra g e  c o n c e n tra tio n  of 48,1 p e r  c en t on th e  b o u n d a ry  o f th e  cover. Con-
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seq u en tly , th e  d e p th  d is tr ib u tio n  o f a lu m in a  in  th e se  four o ccu rrences is 
a lm o st sym m etrica l.

In  th e  five  o ccu rrences o f th e  second g ro u p  (D arv as tó , T áncsics I I ,  
Iz a m a jo r, V ároslőd, N ag y eg y h áza) th e  m ax im u m  en rich m en t o f  a lu m in a  
occurs in  th e  u p p e r th i rd  o f  th e  b au x ite  b o d y  w ith  average  values o f  53 to  
54 p er cen t. T ow ards th e  to p  th e  co n cen tra tio n  o f a lu m in a  is su b jec t to  a ra sh  
d ro p . A long th e  cover b o u n d a ry  th e  average a lu m in a  co n ten t is no m ore  th a n  
44 p er cen t. T he d e p th  d is tr ib u tio n  of a lu m in a  is, co n sequen tly , to  a ce rta in  
e x te n t  a sym m etrica l.

cs V

Fig. 7

In  th e  th ird  g ro u p  o f  occurrences th e  a sy m m e try  is s till m ore p ro n o u n ced . 
S ta r tin g  from  th e  b o tto m  (39,8 per cen t o f a lu m in a ) th e re  is a g ra d u a l increase 
u p w ard s, th e  m a x im u m  being  s itu a te d  b u t  1,5 to  2,0  m etres be low  th e  to p  
(46 to  48 per cen t o f  a lu m in a). A bove, th e  a lu m in a  co n ten t decreases ju s t  
as in  th e  tw o fo rm er g ro u p s , y e t no t so a b ru p tly . T h e  average  on th e  b o u n d a ry  
o f  th e  cover is 44,4 p e r  cen t. The localities co n cern ed , th ree  in  n u m b e r, are  
F é lix  I I ,  D o ro tty a -S z á rh e g y  an d  M alom völgy.

b) The variation o f  S i0 2 content

T he v a r ia tio n  o f  silica co n ten t is m u ch  m ore  ex trem e th a n  th a t  o f 
a lu m in a  : how ever, th e  above trip le  g roup ing  is likew ise recogn izab le  (F ig .8.).

T he f irs t g ro u p  com prises th e  sam e fo u r occurrences as ab o v e  (Ó barok- 
U jb aro k , B ago lyhegy , R ák h eg y , T o rm ásk ú t). A verage S i0 2 c o n te n t is h igh 
a long  th e  b ed ro ck  b o u n d a ry  : 20,6 p e r cen t, ra p id ly  decreasing  up w ard s.

2 *
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L a te r  on  th e  decrease b ecom es less p ro n o u n ced , b u t  goes on up  to  th e  cen tre  
o f  th e  b a u x ite  profile .

T h e  m in im um  silica  c o n te n t occurs a ro u n d  th e  cen tre  o f  th e  profile , 
w ith  a n  average o f 6 p e r  c e n t. F u r th e r  u p w a rd s  th e re  is an  in c rea se  u p  to  an  
a v e ra g e  o f 15,4 p er c en t on  th e  cover b o u n d a ry .

In  th e  occurrences o f  th e  second g roup  th e  decrease of silica c o n cen tra tio n  
goes on  even in th e  u p p e r  p a r t  o f th e  b a u x ite  b o d y . The m in im u m  lies a ro u n d  
th e  u p p e r  q u a rte r  o f  th e  p ro file  w ith  an  av e rag e  co n cen tra tio n  o f  6 p e r cen t. 
F u r th e r  upw ards th e re  is a ra p id  increase a tta in in g  an  average  o f  20,3 p er 
c en t a ro u n d  th e  to p .

>  со

F in a lly , on th e  th re e  occurrences o f th e  Szőc a rea  (D o ro tty a -S zá rh eg y , 
F é lix  I I  a n d  M alom völgy) th e re  is a m o n o to n o u s decrease o f silica co n te n t 
from  th e  b o tto m  up . T h e  m in im u m  occurs som e 1,5 to  2,0 m e tres  below  th e  
to p , th e  average silica c o n c e n tra tio n  am o u n tin g  to  9 p er cen t. I n  D o ro tty a -  
S z á rh e g y  a n d  M alom völgy th e  m in im u m  is succeeded  b y  a ra p id  in c rea se , while 
in  F é lix  I I  an  in itia l in c rea se  is succeeded b y  a s lig h t decrease in  th e  u p p e r
m o s t p a r t .  The average  silica  co n cen tra tio n  a t  th e  to p  am o u n ts  to  13,4 p er 
c e n t.

c) The varia tion  o f  iron content

T h e  v a ria tio n  of iro n  c o n te n t  is m ore or less analogous to  th a t  o f  a lu m in a  
a n d  th e  v a lid ity  of th e  th re e  ty p ic a l g roups also  p rev a ils . (Fig. 9.)

I n  th e  firs t g roup  th e  low est average iro n  co n c e n tra tio n  occurs a t  th e
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b o u n d a ry  of th e  b ed ro ck  (16,7 p e r  cen t o f  fe rric  oxide). T ow ards th e  to p  
th e  co n cen tra tio n  show s a t f irs t a rap id , la te r  on  a m ore g rad u a l in c rea se .

The m ax im u m  ferric  ox ide  p ercen tage  o f  th e  R ák h eg y  a n d  Ó b a ro k - 
U jb a ro k  occurrences lies so m ew h at below th e  c e n tre  of th e  p ro file  (av e ra g in g  
22,3 an d  23,5 p e r cen t, re sp ec tiv e ly ). F o r T o rm á sk ú t an d  B ag o ly h eg y  i t  is 
s i tu a te d  close to  th e  cen te r (w ith  a n  average F e 20 3 co n ten t of 26 ,0  a n d  18,5 
per cen t respec tive ly ).

Iro n  c o n te n t in  th e  u p p e r p a r t  of th e  p ro file  shows a ris in g  decrease  
r a te  w ith  an  av e rag e  o f 17,4 p er c e n t along th e  to p . S im ilarly  to  th e  d is tr ib u tio n  
o f a lum ina , t h a t  o f iron  is likew ise m ost sy m m e tric a l on these  o cc u rre n ce s .

(\J lr>

Fig. 9

Beside th e  five  occurrences m en tioned  in  connection  w ith  th e  second 
group , th e  M alom völgy  lo ca lity  h as  also to  be classified  here. T h is  lo ca lity  
h as, as reg a rd s  th e  d is tr ib u tio n  o f  silica a n d  a lu m in a , belonged to  G roup  3. 
T he average ferric  oxide c o n te n t  o f G roup 2. a long  th e  b o tto m  is 15,3 per 
cen t, m o n o to n o u sly  rising to  a m ax im u m  in  th e  up p er th ird  o f  th e  profile  
w ith  average  p e rcen tages o f 23,5 to  25,0. T o w ard s th e  to p  th e re  is a g ra d u a l 
decrease w hose ra te  is a lm o st e q u a l for a ll th e  occurrences c o n ce rn ed , w ith  
a c o n cen tra tio n  o f ferric o x ide  am o u n tin g  to  18,2 per cen t o n  th e  cover 
b o u n d ary .

F in a lly , th e  g rea test a sy m m e try  is e x h ib ite d  b y  th e  o ccu rren ces Félix  
I I  a n d  D o ro tty a -S zárh eg y  o f  Szoc. The av e rag e  ferric oxide c o n te n t  on th e  
b o tto m  is 15,8 p er cen t. T he m ax im u m  p e rcen tag e  o f 19 to  23 p e r  c e n t occurs 
in  th e  u p p e rm o st p a r t  o f th e  b a u x ite  bo d y  a n d  th e re  is no s ig n if ican t decrease 
tow ards th e  to p  (19,5 per cen t) .
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d) T he  variation o f com bined water content

Considering th e  v a r ia t io n  of com bined  w a te r  con ten t we f in d  th a t  the  
t r ip le  grouping o b se rv ed  ab o v e  fails to  a p p ly  h e re . The occurrences m a y  be 
m o re  ad eq u a te ly  g ro u p e d  accord ing  to  th e  m a g n itu d e  of av erag e  com bined 
w a te r  co n ten t. (F ig. 10.)

T o  the  f irs t g ro u p  b e lo n g  th e  T áncsics I I ,  Izam ajo r, T o rm á sk ú t and  
V á ro s lő d  occurrences o f  sm a ll com bined w a te r  co n ten t. C onsidering  the  
n a tu r e  of the  c o n c e n tra tio n  changes th e  B ag o ly h eg y  occurrence o f  m edium

cover 3?

Fig. 10

c o m b in e d  w ater c o n te n t m a y  also be re leg a ted  h e re . O n th e  b o u n d a ry  o f th e  
b e d ro c k  th e re  occurs a n  a v e ra g e  com bined w a te r  co n ten t o f 14,0 p e r  cen t. 
F ro m  h e re  on there  is a g r a d u a l  decrease to  a m in im u m  around  th e  c e n tre  o f the  
p ro f ile . T he average a m o u n t o f  com bined w a te r  is 12,7 per cen t here . T ow ards 
th e  u p p e r  p a rt of th e  b a u x i te  body  there  is a v e ry  sligh t co n c e n tra tio n  rise, 
g o in g  o n  to  the  to p . A long  th e  cover b o u n d a ry  th e  average com bined  w a te r 
c o n te n t  is 14,6 per c e n t. T h is  group is c h a ra c te r iz e d  b y  v a ria tio n s  o f  sm all 
a m p l i tu d e  : th e  d ifference  b e tw een  m ax im um  a n d  m inim um  av erag e  com 
b in e d  w a te r  con ten t s c a rc e ly  a t ta in s  2 — 3 p e r c e n t.

In  th e  second g ro u p  th e  Félix  I I ,  D o ro tty a -S z á rh e g y , M alom völgy , 
D a rv a s tó  an d  R ákhegy  o ccu rren ces  of high co m b in ed  w ater co n ten t m a y  be 
n a m e d . In  these th e  p e rc e n ta g e  of com bined w a te r  exh ib its  a m o n o to n o u s 
in c re a se  from  th e  b o tto m  u p w a rd s . The av e rag e  b o tto m  p ercen tage  is 16,7. 
I n  R á k h e g y  and  Félix  I I  th e  in c rease  goes on to  th e  to p . In  th e  tw o rem a in in g  
o c c u rre n ce s  there  is a m a x im u m  1,5 to  3,0 m etres  b e lo w  th e  to p , w ith  a n  average  
c o m b in e d  w ater co n ten t o f  21 ,7  per cent. F ro m  h e re  on , up to  th e  b o u n d a ry
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o f th e  cover, th e re  is a s lig h t decrease of 1 — 2 p er cen t. The av erag e  co m b in ed  
w a te r c o n te n t along th e  to p  am o u n ts  to  19,9 p e r  cen t.

T he g re a te s t com bined  w a te r c o n te n t o f  a ll th e  bau x ite s  co n sid e red  
occurs, co n seq u en tly , a ro u n d  th e  to p  of th e  p ro file  o f these five  o ccu rren ces .

A t r a n s i to ry  position  b e tw een  th e se  tw o  g roups is o ccup ied  b y  th e  
b a u x ite  dep o sits  of Ó b a ro k -U jb a ro k  a n d  N ag y eg y h áza . A lik en ess  to  th e  
m o n o h y d ra tic  occurrences consists in  th e  d ecrease  of com bined w a te r  c o n te n t 
in  th e  low er p a r t  of the  b a u x ite  body . T he m in im u m  occurs below  th e  cen tre  
of th e  p ro file  w ith  a com bined  w a te r p e rcen tag e  o f  12,5 and  13,6 re sp e c tiv e ly . 
F u r th e r  u p w ard s  th ere  is, how ever, a ra p id  in c rease  up  to  a m a x im u m , s itu a te d  
som e 2 to  3 m etres below  th e  cover, w ith  com bined  w ater p e rc e n ta g e s  of 
19,4 a n d  18,4 re spec tive ly . T h is a m o u n t becom es alm ost c o n s ta n t  in  th e  
u p p e rm o st p a r t  o f th e  b a u x ite  body , w ith  s lig h t decrease o f so m e  te n th s  
o f a p er c en t. C onsequen tly , these  tw o occu rrences resem ble in  th e i r  low er 
p a r ts  th e  m o n o h y d ra tic , in  th e ir  u p p er p a r ts  th e  tr ih y d ra tic  occu rren ces.

e) The variation o f  tita n ia  content

D e  W e i s s e , in  his s tu d y  o f C en tra l E u ro p e a n  b au x ites, r e m a rk e d  th a t  
acco rd in g  to  his experiences th e re  is a m o n o to n o u s  decrease of t i t a n i a  co n ten t

c o y e r
СЭ
<n '  <n  cm'

Fig. 11

from  th e  to p  to  th e  b o tto m  o f th e  b a u x ite  b o d y . In  his o p in io n , th e re  is an 
av e rag e  decrease from  2,5 to  1,5 p er c en t o f  t i ta n ia  co n ten t f ro m  cover to  
b e d ro c k  in  th e  B ak o n y  M ountains b a u x ite s  [14]. O ur p re s e n t s ta tis tic a l 
in v es tig a tio n s  have show n th e  s itu a tio n  to  be n o t qu ite  so s im p le . W e have 
fo u n d  th a t  th is  co m p o n en t is c o v a ria n t p a r t ly  w ith  a lu m in a , p a r t ly  w ith 
ferric  ox ide . The above tr ip le  g roup ing  w as accordingly  fo u n d  to  be valid  
also  fo r t i ta n ia .  (Fig. 11.)
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In  th e  f irs t g ro u p  av erag e  TiO a c o n te n t  is sm allest a t  th e  b e d ro c k  
b o u n d a ry  (1,9 per c e n t) . T h e re  is a su b seq u en t r ise  to  a m ax im um  o f 2,5 per 
c e n t a ro u n d  th e  c e n tre  o f  th e  baux ite  p ro file . F u r th e r  upw ards th e re  is a 
g ra d u a l  decrease u p  to  th e  cover, where a v e ra g e  t i ta n ia  p ercen tage  a m o u n ts  
to  2 ,1 . T he second g ro u p  fea tu re s  an a sy m m e tr ic  t i ta n ia  d is tr ib u tio n , in a s 
m u c h  as th e  m ax im u m  o ccu rs  in  th e  upper th i r d  o f  th e  profile, w ith  an  av e rag e  
p e rc e n ta g e  of 2,5. T h e  a m o u n t of tita n ia  a t  th e  b o tto m  is 1,7 per cen t on  th e  
a v e ra g e , while above th e  m ax im u m  th ere  is a decrease  tow ards th e  to p  to  
an  av e ra g e  of 2,2 per c en t a t  th e  cover b o u n d a ry .

I t  has to  be m e n tio n e d  th a t  on th e  I z a m a jo r  a n d  Y ároslőd o ccu rren ces 
th e re  is no s ig n ifican t d ecrease  in ti ta n ia  c o n te n t  above th e  level o f  th e  
m a x im u m , no t even  in  th e  v ic in ity  of th e  co v e r.

F in a lly , for t i t a n ia  as well as for th e  o th e r  com ponents, a sy m m e try  
is m o s t p ronounced  in  th e  occurrences Félix  I I ,  D o ro tty a -S z á rh e g y  an d  M alom - 
v ö lg y , in  w hich th e  c o n c e n tra tio n  of t i ta n ia  m o n o to n o u sly  increases from  
th e  b o tto m  to  th e  to p . In  th e  v ic in ity  of th e  b e d ro c k  an  average p e rcen tag e  
o f 1,4 p reva ils , while th e re  is a  concen tra tion  o f  2 ,0  p e r cen t a ro u n d  th e  to p .

f) S y n o p s is  o f  the variations w ith  depth

F o r  th e  sake o f  su m m a riz in g  the  re su lts  o f  th e  analysis c a rr ie d  o u t 
ab o v e  se p a ra te ly  for e a c h  o f  th e  m ain  e lem ents, w e h a v e  s tud ied  th e  d is tr ib u 
tio n  o f  th e  m ain  ty p e s  o f  b a u x ite  rocks in  fu n c tio n  o f dep th .

O n  th is  basis th e  occu rren ces m ay  be re le g a te d  to  four groups (F ig .12).
T h e  f irs t  g roup  co n sis ts  o f th e  B ag o ly h eg y  occurrence in  itse lf . H ere  

b a u x ite  in  th e  s tr ic te r  sense  is s itu a te d  a t th e  c e n tr a l  an d  lower p a r t  o f th e  
p ro file  a n d  is bo rdered  u p w a rd s  b y  a w ider, d o w n w a rd s  by  a n a rro w er b a n d  
o f c la y e y  b au x ite .

In  th e  second g ro u p  th e  d is trib u tio n  is a lm o s t sy m m etrica l. T he p u re s t 
b a u x ite  occurs a ro u n d  th e  c e n tre , over- an d  u n d e r la in  b y  a sy m m e tric a l 
seq u en ce  o f  b au x ites  w ith  in c rea s in g  clay c o n te n t. S y m m e try  is d is tu rb e d  b y  
n o th in g  b u t  th e  w id th  o f  th e  b a u x ite  ty p e  s i tu a te d  fa r th e s t  from  th e  c e n tre  
(w hich is m o s tly  clayey  b a u x ite )  being less th ick  a t  th e  to p  th a n  a t th e  b o tto m . 
T he occu rrences concerned  a re  Ó b aro k -U jb aro k , R á k h e g y , T o rm ásk ú t.

I n  th e  th ird  g roup  th e  h ig hest-g rade  b a u x ite  zone is sh ifted  so m ew h at 
u p w a rd s , occupy ing  a b o u t th e  second q u a rte r  o f  th e  p ro file . There is likew ise 
a sy m m e tr ic a l sequence o f  ty p e s  of increasing c la y  c o n te n t : how ever, th e  
lo w -g rade  b a u x ite  zone a t  th e  b o tto m  is m a rk e d ly  th ic k e r  th a n  th a t  a t  th e  
to p . T h e re  are five o ccu rren ces  belonging to  th is  g ro u p , nam ely  Y ároslőd , 
Iz a m a jo r , D a rv as tó , T án csics  I I ,  N agyegyháza.

T h e  s tru c tu re  of th e  fo u r th  group shows th e  g re a te s t  asy m m etry . A  th in  
c lay ey  s t r a tu m  below  th e  co v e r is im m ed ia te ly  u n d e r la in  by  p u res t b a u x ite .
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F ro m  here d o w n w ard s th ere  is a sequence o f  in creasin g ly  c layey  b a u x ite s . 
T he g roup  com prises th ree  occu rrences : M alom völgy , D o ro tty a -S zá rh eg y ,
Félix  I I .

The above c lassifica tion  w as based  u p o n  th e  grade d is tr ib u tio n  o f 
b a u x ite , i. e. on  th e  d is tr ib u tio n  o f a lu m in a  a n d  silica. T he d is tr ib u tio n  o f 
ferric  oxide a n d  t i ta n ia  is re m a rk a b ly  s im ila r  to  t h a t  o f a lu m in a , so th a t  
these  tw o co m p o n en ts  are e n tire ly  a d a p ta b le  to  th e  above c la ss ific a tio n . 
L east com parab le  is th e  d is tr ib u tio n  of co m b in ed  w a te r  co n ten t. T h ere  is no 
co rre la tion , e x c e p t th a t  G roup 4 consists o f  exc lusive ly  tr ih y d ra tic  o ccu r-

coiner

rences. In  th e  f i r s t  group — th e  B ago lyhegy  occu rrence  — b a u x ite  is p a r t ly  
m ono-, p a r t ly  tr ih y d ra tic , w ith  no s ig n if ic a n t changes o f com bined  w a te r  
co n ten t w ith  d e p th  (see g rap h ). G roups 2 a n d  3 co n ta in  a m ixed  a sso rtm e n t 
o f m ono- an d  t r ih y d ra tic  a n d  tr a n s i to ry  ty p e s  o f  b a u x ite .

T he im p o rta n c e  of in fo rm a tio n  a b o u t th e  v e rtic a l s tru c tu re  o f  th e  
b a u x ite  b o d y  is t h a t  it  gives a ce rta in  p o ss ib ility  o f  s tu d y in g  th e  process o f  
o f b a u x itiz a tio n  as well as th e  ro le  of th e  se c o n d a ry  processes h a v in g  a ffec ted  
b au x ite .

The re g u la ritie s  of th e  d is tr ib u tio n  o f  b a u x ite  g rades, as described  
above, are, in  o u r  opinion, no p rim a ry  featvires : on th e  c o n tra ry , th e y  
m u st have  d ev e lo p ed  during  th e  b a u x itiz a tio n  o f  an  orig inally  hom ogeneous, 
arg illaceous ro c k  body.

The re su lts  described ab o v e  in d ica te  a dow nw ard  ex p an sio n  o f  th e  
b a u x itiz a tio n  p rocess w ith in  th e  b a u x ite  seq u en ce . T his s ta te m e n t is especia lly  
well illu s tra te d  b y  th e  u p w a rd  a sy m m e try  o f  th e  position  o f m o st o f h ig h -
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g ra d e  b a u x ite . I t  is so m e w h a t m ore d ifficu lt to  exp la in  b y  th is  p rocess the  
d is tr ib u tio n  show n in  g ro u p s  1. an d  2. W e h a v e  to  in tro d u ce  th e  h y p o th es is  
t h a t  b a u x itiz a tio n  h as  a lre a d y  com m enced sy n ch ro n o u sly  w ith  th e  d ep osition  
o f  p r im a ry  m a te ria l a n d  t h a t  c ircum stances h av e  g rad u a lly  becom e less and  
less fav o rab le  for b a u x itiz a tio n .

A t a n y  ra te , th e  re g u la r  v a ria tio n  o f b a u x ite  g rade  w ith  d e p th  d isproves 
th e  h y p o th eses  w hich re g a rd  th e  b au x ite  d ep o sits  as an  accu m id a tio n  o f  b a u x ite  
ag g lo m e ra te , re p e a te d ly  red e p o s ite d  u n d e r  te r re s tr ia l  c ircu m stan ces . In  th is

bedrock 200 300 400 500 600 700 — * ■

°Fe param eter
Fig. 13

case  th e re  should ex is t an  ir re g u la r  v a r ia tio n  o f b a u x ite  grade from  g ra in  to  
g ra in  o f  th e  d e tr itu s  : h o w ev er, such a ph en o m en o n  could no t be d e m o n s tra te d  
in  c o n n ec tio n  w ith  a n y  o f  H u n g a ria n  b a u x ite  bodies. On th e  o th e r  h a n d , th e  
d e g ra d e d  q u a lity  of th e  u p p e r  p a r t  of the  b a u x ite  sequence of som e o ccu rrences 
ca n  be  due  to  local red ep o sitio n . This m ay  be especia lly  valid  fo r th e  B ag o ly 
h e g y , N agyegyháza  a n d  Ó b a ro k -U jb a ro k  occurrences w here, a t  th e  to p  of 
th e  b a u x ite  body , acco rd in g  to  ou r geological ob se rv a tio n s, th e  in te n s i ty  of 
re d e p o s itio n  has been g re a te s t .

T h e  v a ria tio n s  o f b a u x ite  q u a lity  w ith  d e p th  has been s tu d ie d  by  
J .  K is s  [6] along a p ro file  o f  th e  G á n t-H a ra sz to s  open-w ork b a u x ite  p it. 
H is re su lts  do, w ith  th e  e x c e p tio n  of sm aller d e ta ils , co rrobora te  th e  s ta te m e n ts  
d e r iv e d  from  our s ta t is t ic a l  in v es tig a tio n . A p a rt o f th e  ro u tin e  p ro ced u re , 
h is sam p les  have been su b je c te d  to  a se p a ra te  te s t  concern ing  th e  FeO  c o n te n t. 
O n th e  basis of these, K is s  h a s  com p u ted  th e  0 Fe p a ram e te rs  of th e  sam p les  
a n d  p lo tte d  these in  a d ia g ra m  (Fig. 13).
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T h e 0 Fe p a ra m e te r  is seen to  increase dow nw ards, d is reg a rd in g  som e 
sm alle r f lu c tu a tio n s . T h is w as in te rp re te d  b y  K iss  as a p roo f for th e  d is tr ib u tio n  
o f  th e  Ope values being co n tem p o ran eo u s w ith  b a u x ite  deposition . C onsidering  
th e  in te n se  an d  co m p lica ted  secondary  processes th is  is th o u g h t to  be  ra th e r  
im p ro b a b le  b y  th e  p re sen t w rite r. H e considers th e  op in ion  of E . S z á d e c z k y - 

K a r d o s s  m ore to  th e  p o in t, accord ing  to  w hom  th e  u p w ard  d ec rease  o f  th e  
O pe p a ra m e te r  is due to  th e  su b seq u en t reduc ing  effect o f descend ing  so lu tions 
fro m  th e  overly ing  co a ly -p y ritic  s tra ta [7 ] .

T h e  re g u la rity  in  th e  d e p th  d is tr ib u tio n  o f b a u x ite  com position  possesses 
a p ra c tic a l as well as a g en e tica l significance. In d e e d , from  th e  p o in t  o f  view  
o f b a u x ite  ex p lo ita tio n  th e  know ledge of g rad e  d is tr ib u tio n  is o f  p rim ary  
im p o rta n c e , an d  th e  in v e s tig a tio n  m a te ria l p ro ffe red  above gives a re liab le  
basis  fo r solving p rob lem s o f th is  k ind .

3. The relation of chem ical composition to the thickness of the bauxite body

I t  has been long ago recognized b y  b a u x ite -p ro sp e c tin g  e x p e r ts  th a t  
th e re  is a ce rta in  re la tio n sh ip  betw een  th e  th ick n ess  a n d  chem ical com po sitio n  
o f  b a u x ite . I t  has been g en era lly  found  th a t  in  th e  profiles o f g re a te s t  th ick n ess , 
a lu m in a  co n ten t w as h ig h  an d  silica c o n te n t low , an d  vice v e rsa .

F o r th e  sake o f  check ing  these  resu lts  a tw o -v a ria b le  co rre la tio n  reck o n in g  
w as ca rr ied  o u t fo r fo u r o f  th e  H u n g a rian  b a u x ite  occurrences.

T h e  resu lts  o f th e  c o m p u ta tio n s  were condensed  in c o rre la tio n  tab les 
a n d  g rap h s  (Fig 14). T he ex istence  of th e  re la tio n sh ip  defined  ab o v e  is u n e q u i
v o c a lly  e s tab lished . In  a ll o f th e  fou r occurrences th e re  is an  in c rease  o f  A la0 3 
a n d  a decrease of silica c o n te n t, para lle l w ith  th e  increase of sec tio n  th ick n ess . 
I ro n  c o n te n t increases s im ila rly  to  a lu m in a , y e t a t  a so m ew h at lo w er ra te .

T he covariance o f th ick n ess  w ith  chem ical com position  w as m o s t celose 
in  th e  f irs t  five m etres . In  th is  section  a re la tiv e ly  sm all (1 — 2 m e tre s )  in cr ase 
in  th ic k n e ss  leads to  a s ig n ifican t change in  chem ical co m p o sitio n . In  the  
th ic k e r  p a r ts  o f th e  b a u x ite  bo d y  (above 10 m etres) th e  co v a ria n c e  has 
b een  m uch  less close. M oreover, in  th e  p a r ts  ab o v e  10 m e tre s’ th ic k n e s s  o f the  
D o ro tty a -S z á rh e g y  occu rrence  of th e  Szőc en v iro n m e n t, a to ta l  la c k  o f  co rre la 
tio n  w as observed.

In  o u r opinion, th e  co rre la tio n  betw een  th e  chem ical co m p o sitio n  and  
th ic k n e ss  o f th e  b a u x ite  profiles m ay  be re tra c e d -  to  th e  o b se rv a tio n  th a t  
in  th e  b a u x ite  b o d y  th e  th ick n ess  o f th e  u p p e r  an d  low er c la y e y  b a u x ite  
zones is m ost s tab le . I f  co n seq u en tly  we tra v e rse  th e  b a u x ite  b o d y  from  the  
c e n tra l , th ick es t p a r t  to w a rd s  th e  rim , we shall in  g enera l fin d  th a t  th e  th ick n ess  
o f  th e  u p p er an d  low er zones rem ains c o n s ta n t o r shows b u t a n  in s ig n ifican t 
dec rease , while th e  c e n tra l h igh-grade b a u x ite  zone g ra d u a lly  th in s  out.
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F in a l ly ,  on the  m a rg in a l p a r t s  o f th e  b a u x ite  b o d y  th e  u p p er a n d  low er low- 
g ra d e  zones will im m e d ia te ly  co n tac t each o th e r  (F ig . 15). T his p h enom enon  
is re f le c te d  by  th e  a b o v e -d e sc r ib ed  th ick n ess-co m p o sitio n  re la tio n .

с о к e r

W h e n  in te rp re tin g  th is  o b se rv a tio n  from  th e  p o in t of view  o f th e  d ep th - 
c o m p o s itio n  relation , we f in d  t h a t  on th e  d ec rease  o f  b au x ite  th ick n ess  th e  
u p p e r  a n d  lower ex trem es o f  th e  d iagram  w ill t e n d  to  be u n ch an g ed , while
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th e  c e n tra l  p a r t  will g ra d u a lly  sh r in k  in  h e ig h t. In  case o f v e ry  sm all th ic k n e ss  
o n ly  th e  tw o  ex trem es o f th e  d ia g ra m  w ill rem a in , w ith  th e  m a x im u m  silica 
a n d  th e  m in im u m  a lu m in a , ferric  ox ide an d  t i ta n ia  co n te n t.

T h is fa c t also enhances th e  co rrec tness o f o u r m e th o d  o f c o rre la tio n , 
viz . t h a t  th e  analyses w ere co nsidered  in  d ependence  o f th e ir  d is ta n c e  from  
b ed ro ck  a n d  cover, so t h a t  th e  c e n tra l p a r t  o f  th e  reference p ro file  w as o n ly  
p o p u la te d  b y  analyses from  th e  th ic k e s t p a r ts  o f  th e  b a u x ite  b o d y .

I t  h as, how ever, to  be p o in te d  o u t t h a t  th e  th ic k n e ss -q u a lity  re la tio n  
ab o v e  o b ta in e d  is o f course b u t  s ta tis t ic a l . T h u s, a lth o u g h  m ost o f th e  pro files 
o f  1 to  3 m e tre s ’ th ickness a re  c lay ey  indeed  (w ith  g re a t p ercen tag es o f  silica 
a n d  sm all ones o f a lu m in a), th e re  are  some wells in  w hich th e  rev e rse  is tru e  
fo r  b a u x ite  sections o f q u ite  sm all th ick n ess . D a ta  o f so sh a rp ly  d iv e rg e n t 
c h a ra c te r  w ill of course be fo u n d  in  a ll of o u r co rre la tio n  tab le s .

In  con n ec tio n  w ith  th e  v a r ia tio n  o f iron  c o n te n t le t us n o te  t h a t  th is  is 
a n o th e r  fo rm  o f th e  a b o v e -s ta te d  geochem ical covariance  o f a lu m in a  a n d  
ferric  o x ide . This covariance w as re p e a te d ly  d e m o n s tra te d  in  th e  course  of 
s tu d y in g  th e  in te rd ep en d en ce  o f  th e  com ponen ts an d  th e ir  re la tio n  to  d e p th .

4. Synoptic evaluation o f variations

In  th e  above changes o f th e  chem ical com position  o f b a u x ite  h a v e  been 
a n a ly z e d  from  th ree  d iffe ren t p o in ts  o f view . W ell-defined  re g u la ritie s  an d  
re la tio n s  govern ing  these  changes h a v e  been  d e m o n s tra te d .

H ow ever, these  re la tio n s  a n d  law s are  s ta tis t ic a l  in  n a tu re , i. e. th e y  
a re  o n ly  v a lid  for th e  e n tire  b u lk  o f th e  s tu d ie d  m a te ria l. C o n seq u en tly , w hen 
con sid erin g  in d iv id u a l sam ples o r p rofiles, th e  changes w ill be fo u n d  to  be 
m uch  m ore  capricious an d  irre g u la r .

T h e  th re e  m ethods o f an a ly s is  h av e  y ie ld ed , in d e p e n d e n tly  fro m  each  
o th e r, th e  follow ing in te rre la tio n s  b e tw een  th e  m ain  com ponen ts o f  b a u x ite  : 
A120 3, F e 20 3 an d  T iO a fo rm  a co h e ren t g roup , w ith  a d is tin c t co v a rian ce  of 
th e  in d iv id u a l m em bers. T he c o u n te rp a r t  to  th is  g roup  is silica, c o n tra v a r ia n t  
to  th e se  th re e  com ponen ts. T h e  accu m u la tio n  o f a lu m in a , ferric  o x id e  an d  
t i ta n ia  on  th e  one h a n d  a n d  th e  d éco n cen tra tio n  o f silica on th e  o th e r 
a re  a sp ec ts  o f one w ell-defined  p rocess : th e  process o f  b a u x itiz a tio n  itse lf. 
T h e  re su lts  o f o u r s ta tis t ic a l  in v es tig a tio n s  a re  in  com plete  a g re e m e n t w ith  
th e  th e o re tic a l s ta te m e n ts  o f  E . S z á d e c z k y - K a r d o s s  concern ing  th e  geo
chem ical m echan ism  o f b a u x itiz a tio n  [7]. H e also considers b a u x itiz a tio n  as 
h av in g  ta k e n  place b y  th e  in ten se  leach ing  o f  th e  o rig in a lly  arg illaceo u s 
m a te r ia l u n d e r  in ten se ly  ox id iz ing  c ircu m stan ces in  an  a lk a lic  m e d iu m . T h is 
leach in g  process has m ost a ffec ted  silica w hile th e  Al, F e a n d  T i co m p o n en ts  
h a v e  re m a in e d  in  situ  a n d  u n d e rg o n e  a re la tiv e  en rich m en t (pp . 334 a n d  584).
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T h e processes p r io r  a n d  su b sequen t to  b a u x itiz a tio n  are , e spec ia lly  as 
re g a rd s  iron , b u t to  a sm a lle r  e x te n t also co n cern in g  ti ta n iu m , o f a so m ew hat 
d if fe re n t n a tu re . To reco g n ize  these processes a n d  to  d is tin g u ish  th e m  from  
th e  process of b a u x it iz a t io n  is a com plica ted  a n d  h a rd  ta s k .

C om bined w a te r  c o n te n t  exh ib its a v a r ia n c e  so m ew hat d iffering  from  
t h a t  o f  th e  elem ents j u s t  d esc rib ed . T here is no u n eq u iv o ca l co rre la tio n  e ith e r  
w ith  th e  elem ents o f  th e  a lu m in u m  g roup , o r w ith  silica. T he v a r ia tio n  in  
co m b in e d  w ater c o n te n t seem s to  be g o v ern ed  r a th e r  b y  th e  o x id a tio n -re d u c 
t io n  c ircum stances o f  th e  e n v iro n m en t.

T h e  am o u n t o f c o m b in e d  w ater c o n te n t is , a ll in  all, in d ic a tiv e  o f th e  
m o n o h y d ra tic  or t r ih y d r a t ic  n a tu re  of b a u x ite  m in era ls . F ro m  th is  i t  follows 
o n  th e  s tre n g th  of th e  a b o v e  s ta tem en ts  t h a t  th e  ev o lu tio n  of a m o n o h y d ra tic  
o r  t r ih y d ra tic  m in era lo g ica l com position  w as in  th e  f irs t  p lace d e te rm in ed  
b y  th e  o x id a tiv e -red u c tiv e  c ircum stances o f th e  e n v iro n m e n t. These processes 
w ill be  d ea lt w ith  in  m o re  d e ta il  in our n e x t p a p e r .
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Zusam m enfassung

I n  seinem  v o ra n g e g a n g e n e n  A ufsatze  h a t  d e r V e rfasse r d ie q u a n ti ta t iv e  V erte ilu n g  
d e r  h a u p tsä c h lic h s te n  E le m e n te  (A l, Si, Fe, T i, O , H ) d e r  u n g a risch en  B a u x ite  u n te rs u c h t. 
I n  se in e m  vorliegenden  A u fsa tz e  u n te rz ie h t  er die V e rän d e ru n g e n  d ieser H a u p te le m e n te  e in e r 
U n te rsu c h u n g .
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Z ur F e sts te llu n g  de r zw ischen  d en  H a u p te lem e n te n  b esteh en d en  W echse lbez iehungen  
h a t  e r an  83,620 an a ly tisch en  P a a re n  eine zw eivariab le  K o rre la tio n srech n u n g  d u rc h g e fü h r t .  
Es h a t  sich  ergeben , dass im  V e rh ä ltn is  zum  A lu m in iu m g eh a lt die V erän d eru n g en  d e r  ü b rig en  
K o m p o n e n te n  den C h a rak te r e in e r D re ip h asig k e it tra g e n . D iese P hasen  k ö n n en  m it  d e n  d e r 
B a u x itisa tio n  vo ran g eh en d en  Prozessen , d en  V orgängen  de r B au x itisa tio n  u n d  d e r  n a c h 
träg lich e n  U m w an d lu n g en  e rk lä r t  w erden .

D a n ac h  h a t  de r V erfasser d ie V erän d eru n g en  d e r H au p te lem en te  in  F u n k t io n  d e r 
E n tfe rn u n g  vom  H an g en d en  u n d  L iegenden  u n te rsu c h t. Im  L aufe  dieser U n te rsu c h u n g  h a t  
e r m it zw eiv ariab ler K o rre la tio n srech n u n g  87,405 a n a ly tisch e  A ngaben  a u fg ea rb e ite t. E s h a t  
sich  e rgeben , dass die Ä n d eru n g en  d e r H a u p te lem e n te  in  bezeichnende V o rk o m m en sty p e n  
zusam m engezogen  w erden  k ö n n en . A us dem  C h a rak te r  d e r  V erän d eru n g en  k o n n ten  b ezü g lich  
des B au x itisa tio n sv o rg an g es  einige w ich tige  Schlüsse gezogen w erden. Schliesslich h a t  e r  m it 
e in e r de r v o ran g eh en d en  äh n lich en  K o rre la tio n srec h n u n g  d en  Z usam m enhang  zw isch en  de r 
B a u x itm ä c h tig k e it  u n d  de r H a u p te lem e n te  b e s tim m t.

D ie E rgebnisse  der n a ch  d re ie rle i G esich tsp u n k ten  d u rch g efü h rten  U n te rsu c h u n g e n  
h a b en  ü b e re in stim m en d  nachgew iesen , dass die E le m en te  A l, Fe u n d  T i in  d en  u n g a risc h e n  
B a u x ite n  eine geochem ische G ru p p e  b ilden . Ih re  A n re ich e ru n g  oder ih re  A b n a h m e  g e h t 
im  grossen  u n d  ganzen  in  d e rse lb en  W eise vo r. D en G egensp ieler dieser G ru p p e  s te ll t  d as 
S ilizium  d a r . D er gebundene  W asserg eh a lt des B a u x its  ä n d e r t  sich bis zu  e inem  gew issen  
G rade  u n ab h än g ig  von  den e rw äh n te n  E lem en ten . D ie Z u n ah m e  bzw . A bnahm e dieses W asse r
g eh altes  w ird  in  e rs te r  L inie d u rc h  d ie O x y d a tio n s-R ed u k tio n sv e rh ä ltn isse  des M ilieus b e s tim m t.

ГЕОХИМИЯ БОКСИТОВ ВЕНГРИИ. ЧАСТЬ II.
ДЬ. БАРДОШИ

Резюме

В своей предыдущей статье автор исследовал количественное распределение основ
ных элементов (AI, Si, Fe, Ti, О, H) венгерских бокситов. В настоящее время предметом 
его изысканий служат изменения основных элементов.

Для определения взаимосвязей основных элементов был исполнен двухперемен
ный корреляционный расчет на 83 620 аналитических пар. Было выявлено, что в отно
шении содержания алюминия изменения остальных компонентов показывают характер 
тройной фазы. Эти фазы могут быть объяснены процессами, предшествующими боксити- 
зации, бокситизацией и процессами епигенетических превращений.

Автор затем изучал изменения основных элементов в зависимости от расстояния от 
кровли и подошвы. В ходе этих исследований при помощи двухпеременных корреляцион
ных расчетов были обработаны 87 405 аналитических данных. Выявляется, что изменения 
основных элементов могут быть сведены в характерные типы месторождений. Из харак
тера изменений могли быть сделаны несколько значительных выводов относительно про
цесса бокситизации. Наконец с помощью корреляционных расчетов, подобных выше
указанным, была определена зависимость мощности боксита от содержания основных 
элементов.

Результаты исследований, проведенных по трем точкам зрения, единогласно ука
зали на то, что элементы Al, Fe и Ti в венгерских бокситах образуют одну геохимическую 
группу. Обогащение и обеднение указанных элементов в общем происходит идентичным 
образом. Антиподом этой группы является кремний. Содержание связанной воды в бокси
тах изменяется до некоторой степени независимо от указанных элементов. Повышение и 
уменьшение содержания воды главным образом определяются окислительно-восстанови
тельными условиями среды.
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As one of th e  m em b ers  o f  a co -o p era tiv e , th e  a u th o r  exam ined th e  q u a te rn a ry  m a te 
r ia l  co llec ted  b y  H . H o r u s i t z k y  and  P . T r e i t z . H e d e te rm in e d  the  m ech an ica l co m p o sitio n  
o f  th e  v a r io u s  loesses o f  th e  H u n g a rian  P la in  a n d  su g g ests  a new  nom en c la tu re  fo r  th e  desig
n a tio n  o f  th e  d eposited  b low n dust. A t th e  sam e t im e  he com pares th e  v a r io u s  a n a ly tic a l 
m e th o d s .

I n  th e  course o f th e  geological in v e s tig a tio n  of th e  Q u a te rn a ry  period  
of H u n g a ry , th e re  h a s  been  recognized from  th e  earlies t tim es a ro c k  v a r ie ty , 
in tro d u c e d  in to  l i te ra tu re  by  H .  H o r u s i t z k y  as “ m oor loess” . L a te r  on i t  
w as ca lled  b y  F . H o r u s i t z k y  “ loess o f in fu s io n ”  or flood-p lain  loess. U nder 
th e  le ad e rsh ip  of P ro f. A .  Y e n d l  a co -o p e ra tiv e  o f th e  In s ti tu te  o f  M ineralogy  
a n d  G eology of th e  B u d a p e s t T ech n ica l U n iv e rs ity  was engaged in  th e  in v es
t ig a tio n  o f loess. W ith in  th e  scope o f  th e se  in v es tig a tio n s  i t  iras  o u r  in te n tio n  
to  ex am in e  also th e  classical m a te r ia l  co llec ted  b y  H .  H o r u s i t z k y  a n d  P . 
T r e i t z . U n fo rtu n a te ly  b o th  th e  m a te r ia l  i ts e lf  a n d  th e  resu lts  o f i t s  e x a m in a 
tio n  h a d  been d e s tro y e d  b y  a ir-ra id s . O n th e  basis of m y  n o te s  I  w ish  to  
p u b lish , fo r th e  sak e  o f fu tu re  in v e s tig a tio n s , th e  d a ta  co n cern in g  th e  rock  
p ro to ty p e  in  q u estio n .

W ith  reg a rd  to  th e  considerab le  q u a n t i ty  o f th e  sm all-g ra in ed  calcium  
c a rb o n a te  co n ten t o f th ese  rocks, in  th e  cou rse  o f th e ir  m ech an ica l analyses 
I  m ad e  a t r ia l  w ith  s ilting  in alcohol, p ro p o sed  fo r th e  in v es tig a tio n  o f  cem ents 
b u t ,  as i t  can  be seen from  th e  a n a ly tic a l  ta b le , abso lu tely  w ith o u t success. 
I  m ad e  also an  a t te m p t  a t  th e  jo in t  a p p lic a tio n  o f  sodium  o x a la te  a n d  am m o
n iu m  h y d ro x y d e , b u t  w ith  ce rta in  g ra in  sizes th is  also b ro u g h t a b o u t co
a g u la tio n  (see th e  an a ly tic a l ta b le ) . T h u s  in  th e  case of a m a te r ia l  o f th is  
ty p e  i t  w as again  s iltin g  in a 0,005 n  so lu tio n  o f sodium  o x a la te  t h a t  best 
w a r ra n te d  d isp e rs ity . A t t e r b e r g ’s s iltin g  m eth o d  also su p p lie d  en tire ly  
w rong  resu lts , as th e  fine-g ra ined  a n d  co n sid erab le  calcium  c a rb o n a te  co n ten t 
d isso lved  an d  “ m ig ra te d ”  in to  th e  f in e s t-g ra in e d  fraction . T h e re fo re  A t t e r - 

b e r g ’s  m eth o d  d id  n o t prove to  be  su ita b le  fo r th e  d e te rm in a tio n  o f the  
o rig in a l g ran u lo m e tric  com position . O n th e  basis of th e  m e a su re m e n ts  it 
cou ld  be a sc e rta in ed  th a t  th e  g ra n u lo m e tr ic  com position o f th e  loess pairs 
o f  K ecskem et a n d  S zab ad k a , d ep o sited  in  w a te r  and  on la n d  respec tive ly ,

3  Acta Geologica V/3—4.
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is id e n t ic a l .  C onsequently  th e  sed im ents of id e n tic a l  g ranu lom etric  co m position  
c a n  b e  d is tin g u ish ed  on ly  on  th e  basis of th e  s t r u c tu r a l  a n d  fau n is tic  d ifferences.

I n  th e  proceedings o f  th e  Alföld C ongress, h e ld  in  1952, besid e  th e  
m a x im u m  o f th e  loess f ra c t io n , w hich is co n s id e re d  to  be c h a ra c te r is tic  of 
th e  a e o lia n  rocks dep o sited  in  w a te r , th ere  a p p e a rs  in  th e  curves of th e  “ m oor 
lo e sse s”  o f  Szeged an d  T ö rö k b ecse  also a s e c o n d a ry  m ax im um . In  co n n ec tio n  
w ith  t h e  loess pairs o f K e c sk e m e t, how ever, th is  seco n d a ry  m ax im u m  o f th e  
g ra n u lo m e tr ic  curve a p p e a rs  n o t  only  in  th e  case  o f  a “ m oor loess”  b u t  also 
in  t h a t  o f  a ty p ica l c o n tin e n ta l  loess. This, to o , d e m o n s tra te s  th a t  in  c o n n e c tio n  
w ith  t h e  d e ta iled  d e te rm in a tio n  o f th e  c o n d itio n s  o f  fo rm ation  th e  g ra n u lo 
m e tr ic  com p o sitio n  does n o t  rep re sen t a decisive fa c to r . The d e te rm in a tio n  
can  o n ly  b e  a tta in e d  b y  th e  c r ite r ia  of s t ra t if ic a t io n , th e  occasional fa u n a  a n d  
in d e x  m in e ra ls . A ccording to  th e  d a ta  o b ta in ed , th e  q u a n t i ty  of h ea v y  m in era ls  
re v e a ls  no  difference b e tw e e n  th e  aeolian se d im e n ts  deposited  in  w a te r  or 
on la n d .

T h e  co lour or m ore e x a c t ly  th e  colour d is t r ib u tio n  of a q u a tic  sed im en ts  
d iffers f ro m  th a t  of th e  se d im e n ts  deposited  on la n d .  O n th e  p ro to ty p e s , th e  
co lo u r o f  th e  aq u a tic  se d im e n t w as alw ays g rey er a n d  d id  no t show th e  ty p ic a l  
“ loess y e llo w ”  co louration . I n  th is  g rey  prim e co lo u r th e re  appeared , h o w ev er, 
lim o n itic  s ta in s  of a v iv id  y e llo w  colour, a lm o st as concretions. T ak in g  in to  
c o n s id e ra tio n  th e  rich P lanorbis  fa u n a  found  in  th e  p ro to ty p e  sam ples, one 
m u s t re c k o n  w ith  a considerab le  organ ic  co n ten t a t  th e  period  of se d im e n ta tio n . 
T h is d e c a y in g  organic m a t te r  wTas capable o f re d u c in g  th e  inorganic m a te r ia l  
an d  i t  is p ro b ab le  th a t  th e  g re y  colour of th e  ro c k  is due to  th is  fa c t. In  m y  
o p in io n  th e  yellow lim o n itic  co loura tion  cen tre s  w ere form ed seco n d arily . 
I t  is p o ss ib le  th a t  in  th e  o rig in a l sed im ent th e  iro n  p rec ip ita ted  in  a n o th e r  
fo rm , u n d e r  th e  influence o f o rg an ic  m a tte rs  p e rh a p s  as a su lphide. A fte r  th e  
d ry in g  u p  o f  th e  region, th e  p r im a ry  iron m in e ra l m a y  have been o x y d ized  
in to  l im o n ite .  This m ay  be  co n sid e red  as a possib le  e x p lan a tio n  o f th e  g rey  
re d u c tio n  co lo u r and  of th e  lim o n itic  sta ins c h a ra c te r iz in g  oxydation .

F . H O R U S I T Z K Y  a n d  th e  A lföld  Congress d iscu ssed  th e  n o m e n c la tu re  
of th e  se d im e n ts  fo rm ed  fro m  blow n d u s t. U n fo r tu n a te ly  th e  p ro p o sed  
d e n o m in a tio n s  can  in d ic a te  th e  ro ck  nam es w ith  th e  nesessary  e x a c titu d e  
only  b y  p a ra p h ra se s .

I  w ish  to  p ropound  th e  fo llow ing  n o m e n c la tu re . L e t us den o m in a te  th e  
rocks d e p o s ite d  in  w ate r from  b lo w n  du st, in  a co m p reh en siv e  w ay, as “ h y 
d ro a e ro lite s” . On th e  a n a lo g y  o f  tu ff ite s , re p re se n tin g  th e  tra n s itio n  from  
e ru p tiv e  t o  se d im e n ta ry  ro ck s , th is  d en o m in a tio n  w ishes to  include “ h y d ro 
ae ro lite s”  fo rm ed  under th e  jo in t  in fluence of a e r ia l a n d  aq u a tic  forces in to  
a s e p a ra te  g ro u p . I f  in  c o n n e c tio n  w ith  such  ro c k s  th e  p a rtic u la r  n a tu re  
(facies) o f  th e  aq u a tic  m ed iu m  c a n  be estab lish ed  b y  specific in v es tig a tio n s , 
th en  th e  fo llow ing  d en o m in a tio n s  can  be ap p lied  :
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T he blow n d u s t d ep o sited  in  r iv e r-w a te r is “ f lu v ia l or p o tam o ae ro lite ” .
T h e  b low n d u s t d ep o sited  in  a lake  is ca lled  “ lacu strin e  or lim n o - 

a e ro lite .”
In  th e  sam e m a n n e r  one can  sp eak  of “ p a lu s tr in e  or s tag n o ae ro lite s” , 

o ccasio n a lly  of “ pool or la cu n o ae ro lites”  a n d  o f  “ p ra ta e ro lite s”  d ep o s ited  
on  w et m eadow s.

T he exam ined  ro ck  ty p e s  rep resen t : 1. S z a b a d k a , la n d  loess ; 2. S z a b a d k a , 
“ m oor loess”  =  h y d ro a e ro lite  ; 3. K ecskem ét, la n d  loess ; 4. K ecsk em é t,
“ m oor loess”  =  h y d ro a e ro lite  ; 5. T örökbecse , “ m oor loess”  =  h y d ro 
ae ro lite  ; 6 . Szeged, “ m oor loess”  =  h y d ro a e ro lite  ; 7. B erzászka (L ow er
D an u b e ), “ m oor loess”  =  h y d ro ae ro lite .

M echanical analyses w ith  a K ö h n  p ipe tte . A  =  in  d istilled  w a te r , 
В =  in  95%  alcohol, C =  in  0,1 n am m onium  h y d ro x y d e , D =  in  a so lu tio n  
o f  0,1 n  am m onium  h y d ro x y d e  -f- 0,005 n  so d iu m  o x a la te , E  =  in  0,005 n  
sod ium  o x a la te . T he va lu es  rep resen t w eight p e rcen tag es .

S a m p le  N o .
1.
A Î 1.

В
2.
В

1.
С

2.
С

1.
D

2.
D

G rain  d iam ete r, m m
> 0 ,1 ............................... 0,0 9,0 0,0 0,0 4,7 0,0 0,0 0,0

0,1 - 0,05 ........................ 18,7 9,9 16,5 16,0 14,7 16,0 18,5 16,4

0,05 0,02 ....................... 46,5 48,4 70,1 72,6 44,0 50,0 42,9 46,4

0,02 - 0 ,0 1  ....................... 15,6 15,2 10,5 7,7 16,7 15,7 17,8 19,7

0,01 - 0 ,0 0 5  ....................... 5,9 6,7 3,4 2,0 6,0 7,7 4,5 4,1
0 ,0 0 5 -0 ,0 0 2  ....................... 7,5 6,5 0,4 1,3 5,2 3,8 11,4 9,5

0 ,0 0 2 -0 ,0 0 1  ....................... 4,6 4,1 1,3 0,4 2,0 2,8 5,3 2,0

< 0 ,0 0 1  ....................... 0,1 0,1 6,6 4,0 3,9

S a m p le  N o .
1.
E

2.
E

3.
A

4.
A

3.
в

4.
В

3.
С

4.
С .

G rain  d iam ete r, m m
> 0 ,1  ........................ 0,9 6,3 8,7 6,7 6,0 2,0 5,8 0,1

0,1 —0,05 ........................ 17,8 9,4 13,6 19,5 17,3 18,2 17,3 17,3

0,05 - 0 ,0 2  ....................... 45,0 47,0 39,7 39,3 42,5 60,5 34,9 45,4

0,02 - 0 ,0 1  ........................ 16,4 16,2 14,7 16,5 17,9 12,7 14,1 17,0

0,01 - 0 ,0 0 5  ........................ 6,1 8,7 15,9 10,8 7,0 3,6 8,9 7,9

0,005—0,002 ........................ 4,5 3,5 5,0 4,6 7,3 2,0 6,5 4,8

0 ,0 0 2 -0 ,0 0 1  ........................ 4,4 1,2 2,4 2,6 4,2 1,8
<

< 0 ,0 0 1  ........................ 4,7 7,7 0,0 0,0 2,0 1,0 8,4 5,7

3 *
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S a m p le  N o .
3 .
D

4 .
D

3.
Б

4 .
E

5.
A

6.
A

5.
В

6.
В

G ra in  d iam e te r, m m
> 0 ,1  ................................... 6,8 2,4 2,6 i ,6 0,9 1,4 2,5 1,0

0,1 —0,05 ....................... 11,0 14,7 17,0 13,3 6,4 14,8 6,0 15,3
0,05 —0,02 ....................... 35,0 42,4 35,3 45,4 37,0 41,5 79,3 68,3
0,02 —0,01 ....................... 18,8 20,0 14,9 17,2 30,6 21,2 8,0 10,9
0,01 —0,005 ....................... 6,8 13,9 1,8 6,0 20,5 10,0 1,1 2,7
0 ,0 0 5 -0 ,0 0 2  ....................... 17,5 3,3 18,9 12,3 2,0 6,7 2,1 0,7
0 ,0 0 2 —0,001 ....................... 0,3 0,9 8,3 2,0 1,7 2,4 1,1 1,1

< 0 ,0 0 1  ....................... 3,9 2,5 1,2 1,6 1,0 2,5

S a m p le  N o .
5.
C

6.
c

5.
D

6.
D

5.
E

6.
E

7 .
A

7.
E

G ra in  d iam e te r, m m
> 0 ,1  ....................... 4,4 0,8 0,0 2,0 0,0 3,6 4,7 2,5

0,1 —0,05 ....................... 4,6 15,1 6,6 11,6 9,6 11,7 10,9 7,4
0,05 —0,02 ....................... 36,0 40,3 32,7 37,3 31,2 40,3 25,6 27,2

0,02 —0,01 ....................... 20,3 22,3 22,9 21,4 18,8 18,0 30,1 20,1

0,01 - 0 ,0 0 5  ....................... 13,6 7,9 8,9 4,8 6,8 7,8 15,9 16,4

0,005 — 0,002 ....................... 5,5 9,2 25,8 16,0 20,4 11,6 8,5 12,8

0 ,0 0 2 -0 ,0 0 1  ....................... 5,4 1,4 2,1 2,0 10,3 5,2 2,6 3,8

< 0 ,0 0 1  ....................... 10,2 3,0 3,4 4,9 2,8 1,7 0,7 9,8

R esu lts o f  silting by  A t t e r b e r g ’ s  method

S a m p le  N o . 1. 2. 3 . 4 . 5. 6 .

G ra in  d ia m e te r , m m  

> 0 ,2  ................... 0,1 0,0 0,1 0,2 0,0 0,1
0,2 - 0 , 0 2  ................... 61,9 63,9 51,9 60,0 39,0 54,6
0,02 — 0,002 ................... 23,9 23,5 23,8 24,0 29,2 24,4

< 0 ,0 0 2  ................... 14,2 13,5 24,2 15,0 31,7 20,9

A s reg ard s  th e  d e te rm in a tio n  o f th e  q u a n t i ty  of h eav y  m in e ra ls , th e  
m e a su re m e n ts  were ex ecu ted  b y  ta k in g  as a  s ta r tin g  p o in t 80 g o f  loess. 
A f te r  th e  g ra ins exceeding  0,02 m m  h a v e  b een  sep a ra ted  in  a b ro m o fo rm  
s o lu tio n  o f  a specific w eigh t o f  2,9, th e  fo llow ing  resu lts  w ere o b ta in e d  :



HYDROAEROLITIC ROCKS 291

S a m p le
N o .

W e ig h t  o f  t h e  g ra in s  
>  0 ,0 2  m m , g

Q u a n t i t y  o f  t h e  g ra in s  o f  a  s p e c if ic  w e ig h t  e x c e e d in g  2 ,9

in  g
in  w e ig h t  p e r c e n t s  o f  t h e  

o r ig in a l  lo ess
in  w e ig h t  p e r c e n t s  o f  t h e  

g ra in s  >  0 ,0 2  m m

l . 55,8 0,3435 0,43 0,61

2. 55,4 0,3863 0,48 0,69

3. 49,6 0,3701 0,62 1,33

4. 55,6 0,2430 0,33 0,43

5. 39,4 0,0525 0,06 0,13

6. 48,4 0,1951 0,24 0,40

7. 38,6 0,0943 0,11 0,24

These m easu rem en ts  do n o t  differ from  th e  va lu es  o b ta in e d  fo r  th e  
p rev io u sly  ex am in ed  la n d  loesses, th u s  th e  q u a n t i ty  o f th e  h e a v y  m in e ra ls  
occu rring  in  th e  loess m a te r ia l d ep o sited  in  w a te r  does n o t c o n tr ib u te  to  th e  
se p a ra tio n  of th e  ty p e s , e ith e r. T h e  op tica l d e te rm in a tio n s  o f th e  h e a v y  
m inera ls  h av in g  been  d estro y ed , I  can n o t e s tab lish  a n y th in g  re g a rd in g  th e  
p ro b ab le  m od ifica tio n s of th e  m inera log ica l com position .
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H Y D R O A E R O L IT IS C H E  G E S T E IN E  IM  U N G A R IS C H E N  Q U A R T Ä R

A . F Ö L D V Á R I

Z u s a m m e n fa s s u n g

Als M itg lied  e in e r A rb e itsg em ein sch a ft u n te rsu c h te  d e r V erfasser das v o n  H . H o ru 
s itz k y  u n d  P. T re itz  gesam m elte  q u a r tä re  M aterial. E r  h a t  d ie g ran u lo m etrisch e  Z u sa m m e n 
se tzu n g  der ve rsch ied en en  L ö ssa rten  d e r  U ngarischen  T iefebene  b e s tim m t u n d  sc h lä g t z u r  
B en en n u n g  der au s fliegendem  S ta u b e  in  W asser ab g e lag e rten  B ildungen  eine n e u e  N o m en 
k la tu r  vor. G leichzeitig  g ib t er a u ch  e in en  V ergleich de r v e rsch ied en en  M ethoden  d e r  m ec h a 
n isch en  A nalyse.
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ГИДРОАЭРОЛИТИЧЕСКИЕ ГОРНЫЕ ПОРОДЫ В ЧЕТВЕРТИЧНЫХ 
ОТЛОЖЕНИЯХ ВЕНГРИИ 

А. ФЁЛЬДВАРИ

Резюме

В качестве члена научного коллектива, автор принимал участие в изучении четвер
тичных материалов, собранных X. Хорушицки и П. Трейцем. Был установлен механиче
ский состав разновидностей лёсса Венгерской Низменности. Для обозначения выпавшей 
и отложенной пыли предлагается новая номенклатура. В статье сопоставляются раз
личные методы механического анализа.



DIE VERÄNDERLICHKEIT DER KOMPLEX-ANIONEN
POTENTIALE IN ANISODESMISCHEN UND 

MESODESMISCHEN STRUKTUREN*
(V O R L Ä U F IG E  M IT T E IL U N G )

V on

G y . G r a s s e l l y

M I N E R A L O G I S C H - P E T R O G R A P H I S C H E S  I N S T I T U T  D E R  U N I V E R S I T Ä T , S Z E G E D

I n  V erb in d u n g  m it  de r U n te rsu ch u n g  d e r v o n  E . S z á d e c z k y - K a r d o s s  e in g e fü h rten  
K o m p lex -A n io n e n p o te n tia le  w eist d e r  V e rfasse r n a ch , dass in  den  v e rsch ie d en e n  anisodes- 
m isch en  bzw . m esodesm ischen  S tru k tu re n  d ie  K o m p lex -A n io n en p o ten tia le  so g ar im  Falle 
e in  u n d  desselben K om plex-A nions n ic h t als W erte  b e s tän d ig en  C h arak ters  b e tr a c h te t  w erden 
k ö n n e n . D ie V e rän d e ru n g  des P o te n tia lw e r te s  h ä n g t  in  an isodesm ischen  S tru k tu re n  v o r
w iegend  m it de r v o n  e iner chem ischen  V erb in d u n g  z u r  an d eren  m ö g lich en  V erän d e ru n g  
des Io n e n ab sta n d es  in n e rh a lb  des K o m p lex -A n io n s ab . D er V erfasser e rö r te r t  d ie  N o tw en d ig 
k e it ,  die im  fe s ten  K ris ta llg itte r  als K o m p o n e n te n  a u ftre te n d e n , in  p h y sik a lisc h e m  Sinne 
b e tra c h te te n  K om plex-A nionen  und  d ie  n u r  fo rm ellen , in  geom etrischem  S inne  genom m enen  
K o m p lex -G ru p p en  v o n e in an d er vom  G e s ic h tsp u n k te  d e r B erechnung  des V e rb in d u n g sp o ten 
tia ls  bzw . der G itte ren e rg ie  zu u n te rsch e id e n . E r  w eist n ach , dass in  S ilik a ten  m esodesm ischer 
S t r u k tu r  das K o m p lex -A n io n en p o ten tia l sich  m it dem  Io n en ab stan d  eb en fa lls  v e rän d e rt, 
doch is t die m it d e m  S ilifik a tio n sg rad e  zu sam m en h än g en d e  V erän d e ru n g  des K o m p lex - 
A n io n en p o ten tia ls  sow ohl k ra f t  ih res  n u m erisc h en  W ertes , als a u ch  ih re r  geochem ischen 
B e d eu tu n g  viel w esen tlicher. Die v o m  M asse d e r T etrae d e rv erk n ü p fu n g  a b h än g e n d e  V erän 
d e ru n g  der E ig e n sc h a ft des S i0 4-T e tra e d e rs , dieses fu n d a m e n ta len  B a u e lem e n te s  der 
versch iedenen  S ilik a te , kan n  du rch  d ie  vom  s tru k tu re l le n  T ypus u n d  vom  S ilifik a tio n sg rad e  
ab h än g en d en  V a ria tio n e n  der von d e n  N eso silik a ten  zu  den T ek to s ilik a ten  e in e  abn eh m en d e  
T en d en z  au fw eisenden  SiOj-  K o m p lex -A n io n en p o ten tia le  gekennzeichnet w e rd en . Zwischen 
d e n  E rgebnissen  d e r  in fra ro ten  re flex io n ssp ek tro sk o p isch en  U n te rsu ch u n g  d e r  S ilika te  und 
d e r  V erän d e rlich k eit d e r  S i0 4 K o m p lex -A n io n en p o ten tia le  w eist de r V erfasser eb en fa lls  Z usam 
m en h än g e  n ach . Schliesslich e rö r te r t  e r  d ie G ru n d sä tze  de r B e rech n u n g sm eth o d e  von 
v e rän d e rlich en  V’/S i0 4-P o ten tia len .

I. Einleitung

E ine d er h a u p tsä c h lic h s te n  B estreb u n g en  der G eochem iker b e s te h t in 
d e r  w om öglich v o llständ igen  u n d  q u a n ti ta t iv e n  In te rp re ta t io n  d e r sich  in  der 
N a tu r  absp ie len d en  V orgänge. H in s ic h tlic h  d er R eihenfolge des A usscheidens, 
d e r  A b la u fric h tu n g  der v ersch ied en en  m öglichen  R eak tio n en , d e r V erte ilung  
d e r E lem en te  u n d  der S ta b ilitä t d e r M inerale k ö n n te  im  a llgem einen  eine p rin 
zipiell q u a n ti ta t iv e  In te rp re ta t io n  a u f  th e rm o d y n am isch e r G ru n d la g e  gegeben 
w erden , da  a u c h  in  der N a tu r  sich  jen e  V orgänge absp ie len , die z u r B ildung  
e in e r P hase  v o n  m inim aler fre ie r  E nerg ie  fü h ren . D ie se ra rt k ö n n te n  die v e r
sch iedenen  geochem ischen V o rg än g e  in  K e n n tn is  der m öglichen  R eak tio n en , 
sow ie der W e rte  der freien E n e rg ie  oder zu m in d est (in e inem  gew issen Tem -

* V o rg e trag en  in  der am  30 . A pril 1958 g eh alten en  S itzung  d e r U n g . Geologischen 
G esellschaft in  B u d a p es t.
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p e ra tu rb e re ic h ) d er E n th a lp ie  der e n ts te h e n d e n  oder sich u m w an d e ln d en  
chem ischen  V erb in d u n g en  in  q u a n tita tiv e r  H in s ic h t in te rp re tie r t  w erden  u n d  
g e rad e  diese W erte  w ü rd e n  in  a lle re rs te r L in ie  die in  F rage  s teh en d en  
V orgänge b estim m en .

U n g e a c h te t der z u r V erfügung  s teh en d en  zah lre ich en  therm ochem ischen  
A n g ab en , s tö ss t ih re  a llgem eine  u n d  sy s tem a tisch e  A n w endung  zur I n te r p r e ta 
tio n  v o n  geochem ischen V orgängen  tro tz d e m  a u f  S chw ierigkeiten . Die v o r
h a n d e n e n  A ngaben  b ez ieh en  sich  näm lich  vo rw ieg en d  a u f  den S ta n d a rd z u s ta n d , 
d agegen  spielen  sich die m ag m atisch en  u n d  m e tam o rp h en  V orgänge im  
a llg em ein en  u n te r  von  d iesem  Z u stan d e  ab w eich en d en  U m stän d en  ab . U m sonst 
is t  es b e k a n n t, dass K i r c h h o f f s  G esetz d en  Z u sam m en h an g  zw ischen den  
E n e rg ieän d eru n g en  u n d  T e m p e ra tu rän d e ru n g e n  a n g ib t, w enn die T e m p e ra tu r
v e rh ä ltn isse  (u n d  D ru ck v e rh ä ltn isse ) n ich t b e k a n n t sin d , u n te r  w elchen  die 
in  F ra g e  s teh en d en  V orgänge s ta ttf in d e n  u n d  d a d u rc h  keine M öglichkeit 
b e s te h t , die S ta n d a rd a n g a b e n  a u f  gegebene T e m p e ra tu rv e rh ä ltn isse  u m z u 
rech n en .

W ir k ö n n te n  v e rsu c h e n , die V orgänge m it a llgem einen Z u s ta n d s 
g le ichungen  — ohne E in se tz u n g  von  n u m erisch en  A n g ab en  — d arzu ste llen , 
w ie es a u c h  V e r h o o g e n  [11] in  seinem  die T h e rm o d y n a m ik  der m ag m a
tisc h e n  G asphase  b e h a n d e ln d e n  W erke g e ta n  h a t ,  w o d u rch  w ir th eo re tisch  
ta ts ä c h lic h  a u f  das W esen  d er V orgänge, a u f  die B e d e u tu n g  u n d  die Z u sam m en 
h än g e  d e r den  V organg  b es tim m en d en  F a k to re n  h inw eisen  w ürden  ; diese 
B esch re ib u n g , diese C h a ra k te r is tik  w ürde ab e r e in en  vo llkom m en allgem einen  
C h a ra k te r  tra g e n  u n d  w ü rd e  zu r V ergleichung dem  W esen n ach  äh n lich er, 
in  ih re n  E in ze lh e iten  ab e r v o n e in an d er ab w eich en d er V orgänge gerade  in  
E rm a n g e lu n g  n u m erisch er W e rte  keine M öglichkeit b ie ten .

D ie o b en e rw äh n ten  Schw ierigkeiten  h a b e n  no tw endigerw eise  die 
G eochem iker v e ra n la ss t, versch iedene  A n n äh e ru n g sv e rfah re n  anzuw enden , 
die z u r  m it nu m erisch en  W e rte n  d u rch g e fü h rte n  In te rp re ta t io n  zu m in d est 
q u a lita tiv e n  C h arak te rs  d er versch iedenen  geochem ischen  V orgänge au ch  in  
a llen  je n e n  F ä llen  geeignet w ä ren , in  denen d er e x a k te s te  W eg, die a u f  th e r 
m o d y n am isch e r G rund lage  d u rch g e fü h rte  In te rp re ta t io n , sich in E rm an g elu n g  
e n tsp re c h e n d e r  A ngaben  o d er d e r erfo rderlichen  K e n n tn is  der die V orgänge 
b eg le iten d en  U m stän d e  als u n g a n g b a r  erw eisen w ü rd e .

W ir h a b e n  n ic h t v o r, u n s  m it den v e rsch ied en en  A n n äh e ru n g sv e r
fa h re n , bzw . deren  k ritisc h e r G eg en e in an d erste llu n g  zu  befassen , w ir w ollen 
led ig lich  k u rz  d a ra u f  h in w eisen , dass im  a llgem einen  sow ohl das eine, w ie das 
an d e re  V e rfah ren  — d a  es s ich  ja  o ft um  e rs te  A n n äh e ru n g en  h a n d e lt  — 
gewisse F a k to re n  u n d  d e ren  W irk u n g  no tw end igerw eise  u n b erü ck sich tig t 
lä ss t u n d  die gegebenen V erfah ren  schon d esha lb  n u r  eine oder andere  Seite , 
eine o d er an d e re  E in ze lh e it d e r  s ta ttg e fu n d e n e n  geochem ischen  V orgänge 
m eh r o d er w eniger a llgem ein  b e leu ch ten . G le ichzeitig  k ö n n en  aber die ver-
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sch iedenen  A n n äh eru n g sv erfah ren  — o ft an  d asse lbe  P rob lem  von v e rsc h ie 
denen  Seiten  h e ran k o m m en d  — gem ein sam  die w om öglich v o lls tä n d ig e  
E rsch liessung  u n d  darau ffo lgende L ö su n g  des P ro b lem s h e ran b rin g en .

D as w eiter oben  ü b e r  die A n n ä h e ru n g sv e rfah re n  gesag te  g a lt a n fa n g s  
au ch  fü r  die CARTLEDGEschen Io n e n p o te n tia le , h a u p tsä c h lic h  solange es sich  
n u r  u m  K a tio n e n p o te n tia le  h an d e lte . D en  B eg riff des Io n e n p o te n tia ls  h a t  
b e re its  G o l d s c h m i d t  angew endet u n d  eben  a u f  G ru n d  der Io n e n p o te n tia le  
k o n n te  er z. B . die fü r  die Sedim ente b eze ich n en d en  drei grossen G ru p p en  d e r 
K a tio n en  v o n e in an d er absondern . Z u r C h a ra k te ris ie ru n g  der v e rsch ied en en  
K a tio n en  w ar ab er das K a tio n e n p o te n tia l im  a llgem einen  noch  n ich t g ee ig n e t, 
so w ar es u . a. au ch  z u r V ergleichung d e r K a tio n e n  des E d e lg as-T y p u s u n d  
des N ich ted e lg as-T y p u s n ic h t b rau ch b a r, w o ra u f  R a m b e r g  [5] hingew iesen h a t .

D ie um fassende u n d  a llgem eingültige A n w en d u n g  der Io n e n p o te n tia le  
in  v e rsch iedenen  G eb ie ten  der G eochem ie w u rd e  a b e r n u r  m öglich, a ls die 
U n te rsu ch u n g en  von  S z ä d e c z k y - K a r d o s s  [ 8 , 9, 1 0 ] einerseits d u rc h  E in 
fü h ru n g  des A to m p o ten tia ls  die V erg le ichung  von  K a tio n en  versch ied en en  
T y p u s  a u f  G ru n d  d er K a tio n en - u n d  A to m p o te n tia le , andererse its  a b e r d u rc h  
E in fü h ru n g  des e in fach en  u n d  K o m p lex -A n io n en p o ten tia ls , sowie des V er
b in d u n g sp o te n tia ls  die A usb re itung  d e r P o te n tia lb e re c h n u n g  a u f  d ie e in 
fach en  u n d  K om plex-A nionen  und  sogar a u f  V erb in d u n g en  e rm öglich t h a b e n . 
Im  G egensatz zu den  m eistens n u r m it B e sch rän k u n g en  an w en d b aren  ü b rig en  
A n n äh e ru n g sv e rfah ren  h a t  S z ä d e c z k y - K a r d o s s  die um fassende u n d  a l l
gem eine G ü ltig k e it se in er P o te n tia la n sc h a u u n g  d u rch  die in  seinen  e in 
sch läg igen  W erken  v e rö ffen tlich ten  E rg eb n isse  erw iesen.

D er b e re its  zu r E rscheinung  gekom m ene  um fassende C h a ra k te r  d e r 
P o te n tia la n sc h a u u n g  v o n  S z ä d e c z k y - K a r d o s s  lä ss t die V erfe inerung  d e r 
P o te n tia lb e re c h n u n g en  als beg rü n d e t e rsch e in en , w o rau f übrigens S z ä d e c z k y - 

K a r d o s s  selber schon  in  seinem  den B eg riff des K o m p lex -A n io n en p o ten tia ls  
zu e rs t e rw äh n en d en  W erke die A u fm erk sam k e it ge len k t h a t .  Je  a u sd ru c k s 
fäh ig e r die P o te n tia lb e re c h n u n g  is t, d esto  m e h r k a n n  sie zufolge ih re s  u m 
fassen d en  C h a rak te rs  e in  V erb indungsg lied  zw ischen den m it v e rsch ied en en  
P a ra m e te rn  a rb e ite n d e n , aber a u f dasse lbe  P ro b lem  g erich te ten  A n n ä h e 
ru n g sv e rfah ren  w erden .

Im  w eiteren  w erd en  eben m it R ü c k s ic h t d a ra u f  die K om plex -A n io n en 
p o te n tia le  — im  F alle  e in iger w ich tiger, fü r  die an isodesm ischen  bzw . m esodes- 
m ischen  S tru k tu re n  bezeichnenden  K o m p lex -A n io n en  — in  e rs te r L in ie  au s  
jen em  G esich tsp u n k te  u n te rsu ch t, ob d as  K o m p lex -A n io n en p o ten tia l be i 
e inem  K om plex-A nion  als ein b e s tä n d ig e r  W e rt b e tra c h te t  w erden  k a n n  
oder n ich t, u n d  w enn  n ic h t, welche F a k to re n  d ie  V erän d eru n g  des K o m p lex - 
A n io n en p o ten tia ls  beein flussen . M it b e so n d e re r  R ü ck sich t a u f die W ic h tig k e it 
der S ilika te  w ollen w ir au ch  jenes P ro b lem  u n te rsu c h e n , ob bei den  S ilik a ten  
die fü r  diese so bezeichnende V e rk n ü p fu n g  d e r S i0 4-T e traed er u n d  d e ren
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M ass d u rch  das K o in p lex -A n io n en p o ten tia l gekennzeichnet u n d  a u sg e d rü c k t 
•werden könne.

II . B egriff und Berechnung des K om plex-A nionenpotentials. Veränderlichkeit 
der K om plex-A nionenpotentiale und deren Ursache besonders in  anisodes- 

m ischen  Strukturen. Form elle und in  physikalischem  Sinne genom m ene
K om plex-A nionen

D as CARTLEDGEsche Io n e n p o te n tia l  is t  der Q u o tien t d er Io n e n la d u n g  
u n d  des Io n e n ra d iu s . S z a d e c z k y - K a r d o s s  [ 8 ]  h a t  nachgew iesen , d ass  an a lo g  
z u  d em  au ch  das P o te n tia l  von  e in fach en  u n d  sogar K om plex-A nionen  b e re c h 
n e t  w erd en  k a n n  u n d  dass d er in  d ieser W eise e rh a lten e  W ert fü r  d as  b e tre f 
fe n d e  ein fache  oder K om plex-A nion  ebenso  beze ichnend  is t, wie das K a tio n e n 
p o te n t ia l  fü r  das e in fache  K a tio n . D em en tsp rech en d  is t das K o m p lex -A n io n en 
p o te n t ia l  n ich ts  an d eres , als d er Q u o tie n t d e r  freien  L ad u n g  u n d  des R a d iu s  
d e s  K o m p lex -A n ions.

B ei der e rs te n  B erech n u n g  d er K o m p lex -Io n en p o ten tia le  h a t  S z a d e c z k y - 

K a r d o s s  noch  die in  d er G eochem ie v o n  S a u k o w  [ 6 ] verö ffen tlich te  F e r s m a n - 

sche  A n io n en rad ien w erte  an g ew en d e t. D iese FERSMANschen W e rte  s te llen  
a b e r  eh e r a u f  G ru n d  der e in fachen  A d d it iv i tä t  der lo n e n ra d ie n  b e re c h n e te , 
u n d  n ic h t  a u f  G ru n d  der im  b e tre ffe n d en  K om plex-A nion  ta ts ä c h lic h  v o r
h a n d e n e n  Io n e n a b s tä n d e  angegebene R a d ie n  d a r.

D a m it im  Z u sam m en h än g e  k a n n  fo lgendes fe s tg e s te llt w erd en . 
S z a d e c z k y - K a r d o s s  h a t  den  B eg riff des K o m p lex -A n io n en p o ten tia ls  in  
e r s te r  L in ie  als e inen  fü r  das K o m p lex -A n io n  selbst b eze ich n en d en  W e rt 
e in g e fü h r t ,  d a n n  h a t  er aus den  e in fach en  K a tio n en - u n d  A n io n en p o ten tia len , 
sow ie  d en  K o m p lex -A n io n en p o ten tia len  die V erb in d u n g sp o ten tia le  a b g e le ite t, 
w elche  W erte  fü r  die E ig en sch a ften  u n d  d as  V e rh a lte n  der ganzen  chem ischen  
V e rb in d u n g  b eze ich n en d  s ind  u n d  m it w elchen  u . a. das N a c h e in a n d e r d er 
M in era le  der m ag m a tisch en  K ris ta llisa tio n , die A usscheidungsfo lge — im  
G eg en sä tze  zu d en  z. B . bei der A n w en d u n g  d er G itte renerg ie  zu  äh n lich en  
Z w eck en  a u f tre te n d e n  W id ersp rü ch en  — um fassend  u n d  e in h e itlich  in te r 
p r e t ie r t  w erden  k a n n .

D e m e n tsp re c h en d  k ö n n en  also d ie W e rte  der K o m p lex -A n io n en p o ten 
t ia le  fü r  die a llgem eine V erg le ichung  v e rsch ied en er K o m p lex -A n io n en  
— irg en d e in e  E ig e n sc h a ft b e tre ffe n d  — in  so lchen  F ä llen  d ienen , in  den en  
d a s  K o m p lex -A n io n  in  sich se lb st u n d  n ic h t a ls eine K o m p o n en te  eines fe s ten  
K ris ta l lg i t te r s  b e tra c h te t  w ird . Es is t  b e k a n n t,  dass gewisse K om p lex -A n io n en , 
u . zw . die te tra e d risc h e n  M O 4  -O x y an io n en  d e r  ein  höchstes Io n e n p o te n tia l  
b e s itz e n d e n  K a tio n e n  sich b e re its  zu A n fan g  d e r  m ag m atisch en  K ris ta llisa tio n  
im  M agm a b ild en , es is t au ch  b e k a n n t, d ass  be i der A uflösung , V e rw itte ru n g  
v o n  gew issen chem ischen  V erb in d u n g en  die im  G itte r  v o rh a n d e n e n  K o m p lex -
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A nionen u n v e rä n d e r t  in  d ie  wässerige L ö su n g  überg eh en , auch  d o r t  als 
K om plex -A n ionen  ex is tie ren  u n d  n ich t in  ih re  Io n en  dissoziieren.

W enn  es sich um  die V erg leichung d e r E ig en sch a ften  von in  e in er d e r 
a rtig en  Schm elze oder w ässerigen  L ösung  v o rk o m m en d en  se lb s tän d ig en  
K om plex-A nionen  h a n d e lt — w enn z. B . d er V erg leich  d e r re la tiv en  S ta b ili tä t  d e r  
versch iedenen  m öglichen te tra e d risc h e n  K o m p lex -O x y an io n en  e rw ü n sch t is t  
— k a n n  bei d er B erech n u n g  des K o m p lex -A n io n en p o ten tia ls  un sere r A n s ich t 
n ach  ein e inhe itliches Io n en m o d ell an g ew en d et u n d  d er R ad iu s  des K o m p lex - 
A nions ta ts ä c h lic h  a u f  G ru n d  der A d d itiv itä t  d e r  Io n en rad ien  angegeben  
w erden , bzw . k a n n  d as  K o m p lex -A n io n en p o ten tia l a u f  dieser G ru n d lag e  
b erech n e t w erden . In  d iesem  F alle  is t das K o m p lex -A n io n en p o ten tia l

V  komplax
4  —  «  'J a

2 +  rk

in  w elcher (da es sich u m  O xyan ione h a n d e lt)  n die A nzah l der O xygene u n d  
zk, za, rk, ra die L ad u n g  bzw . den  R ad iu s  des z e n tra le n  K a tio n s bzw . A nions 
d a rs te llt .

D ie d e ra r t  e rh a lte n e n  W erte  sind  im  F a lle  in  sich  selbst u n te rs u c h te r  
K om plex-A nionen  zu V erg leichungen  a llgem einen  C h arak te rs  g ee ig n e t. 
W esen tlich  an d ers  is t a b e r  die L age, w enn  w ir die K om plex-A nionen  als 
K o m p o n en ten  irgendeines festen  K ris ta llg it te rs  b e tra c h te n  u n d  au s den  
K o m p lex -A n io n en p o ten tia len , sowie aus dem  K a tio n e n p o te n tia l der im  G itte r  
v o rh an d en en  K a tio n en  d ie  fü r  die G änze d e r V erb indung  beze ich n en d en  
V erb in d u n g sp o ten tia le  v o n  S z á d e c z k y - K a r d o s s  ab zu le iten  tra c h te n .

In  d iesem  F alle  g e lten  fo lgende E rw äg u n g en . B ezüglich der K o m plex - 
A nionen e rh a lte n d e n  S tru k tu re n  w urde nachgew iesen , dass es sich in n e rh a lb  
des K om plex-A nions u m  keine B in d u n g  re in  ion ischen  C h arak te rs  h a n d e ln  
k a n n , so k a n n  d er R a d iu s  des K om plex-A nions n ic h t einfach a u f  a d d itiv e m  
W ege au s den  R ad ien  des zen tra len  K a tio n s  u n d  des O xygens an g eg eb en  
w erden . So n im m t z. B . in  der R eihe S i0 4  , P 0 4  , S 0 4  , ClOi fo r tsc h re ite n d  
m it d e r A b n ah m e des R ad iu s  u n d  der Z u n ah m e  d er L ad u n g  des z e n tra len  
K a tio n s  d er ionische C h a ra k te r  der B in d u n g  ab  u n d  d em en tsp rech en d  t r i t t  
d er k o v a le n te  C h a ra k te r  s tä rk e r  h e rv o r. In fo lge  der zunehm enden  P o la r is a 
tio n sw irk u n g  des z e n tra le n  K a tio n s  s te ig e r t sich die P o la risa tio n  des O xygens, 
d as  O xygen  w ird  in  im m er grösserem  M asse d e fo rm ie rt, was sich  in  der 
zu n eh m en d en  V erm in d eru n g  des Io n e n a b s ta n d e s  o ffen h art.

G egenüber der o b en g esch ild e rten  u n d  zufolge d er P o la risa tio n  d ie  V er
k ü rzu n g  des Io n e n a b s ta n d e s  h e rb e ifü h ren d en  W irk u n g  des zen tra len  K a tio n s  
m uss in  fe s ten  G itte rn  au ch  die k o n tra p o la ris ie ren d e  W irkung  d e r au sse r 
dem  K om plex-A nion  im  G itte r  v o rh a n d e n e n  K a tio n e n  in  B e tra c h t gezogen 
w erden . Die K o n tra p o la r isa tio n  k a n n  gerad e  die Z u n ah m e des Io n e n a b s ta n d e s
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e rg eb en  u n d  k a n n  im  gegebenen F alle  so g ar die R a d ik a lb ild u n g  v e rh in d e rn . 
Z u r  V eran sch au lich u n g  des P h än o m en s f ü h r t  H i l l e r  [1] fo lgendes Beispiel 
a n  : im  K om plex-A nion  P 0 4~ is t d er A b s ta n d  P —О d u rc h sc h n ittlic h  gleich 
1 ,56 Á  u n d  n a c h  P a u l i n g  b e s te h t die R eso n an z  der e in fachen  u n d  d o p p e lten  
k o v a le n te n , sowie d er ion ischen  B in d u n g . Im  F alle  von Ag 3 P 0 4  v e rh in d e r t der 
k o v a le n te  C h a ra k te r  der B in d u n g  A g -0  k ra f t  d er s ta rk e n  k o n tra p o la ris ie ren d e n  
W irk u n g  des S ilbers die E n tw ic k lu n g  v o n  dopp e lten  k o v a le n te n  P —O- 
B in d u n g e n  in n e rh a lb  des K om plexes, a ls E rgebn is dessen sich  der P —O- 
A b s ta n d  a u f  1,61 Â  u n d  im  F alle  von  Y P 0 4  sogar a u f 1,71 Á  e rh ö h t.

D ie V e rän d erlich k e it des Io n e n a b s ta n d e s  in n e rh a lb  des K o m plex - 
A n io n s h ä n g t also v o n  d er K o o rd in a tio n sz a h l u n d  der K o n tra p o la r isa tio n s 
fä h ig k e it  des au sse rh a lb  des K om plexes v o rh a n d e n e n  K a tio n s , sowie v o n  d er 
P o la risa tio n s fä h ig k e it des z e n tra len  K a tio n s  des K om plexes ab .

D er Ionenabstand innerhalb des K o m p lex -A n io n s  kann  also sogar im  
F alle  e in  und  desselben K o m p lex -A n io n s  von Verbindung zu  V erbindung  
variieren , demzufolge ka n n  sich auch der W ert des K om plex-A n ionenpo ten tia ls  
ändern . W enn  es sich  also u m  K o m p lex -A n io n en  des festen  K ris ta llg itte rs  
h a n d e l t ,  m uss im  F a lle  e x a k te r  U n te rsu c h u n g e n  der R ad iu s  v o n  K om plex- 
A n io n en  a u f  G ru n d  der in  d e r b e tre ffen d en  V erb indung  a u f  rö n tg e n o g ra p h i
sch em  W ege e rm itte lte n  Io n e n a b s tä n d e  b e re c h n e t w erden , w o d u rch  die 
a u f  d ie V e rän d e ru n g  der Io n e n a b s tä n d e  au sg eü b te  gem einsam e W irk u n g  
d e r o b e n e rw ä h n te n  F a k to re n  im p liz ite  in  B e tra c h t  gezogen w u rd e . A u f die 
N o tw e n d ig k e it der in  d ieser R ich tu n g  d u rch zu fü h ren d en  V erfe inerung  der 
B e re c h n u n g e n  h a t  S z á d e c z k y - K a r d o s s  in  fo lgendem  h ingew iesen  : »B ei
d e r  B e rech n u n g  von  T abelle  I I I  w u rd en  ü b rig en s  die allgem ein g eb räu ch lich en  
Io n e n ra d ie n  a n g ew an d t. Diese Z ah len  k ö n n e n  u n d  m üssen ab e r s p ä te r  v e r
fe in e r t  w erden , u . zw. m it den  von dem  k o v a le n te n  bzw. h e te ro p o la ren  V er
b in d u n g s ty p , fe rner m it den  vön  d e r K o o rd in a tio n szah l usw . a b h ä n g e n d e n  
ta ts ä c h lic h e n  Io n en ab m essu n g en  . . .«.

B ei B erü ck sich tig u n g  des ta ts ä c h lic h e n  Io n en ab stan d es  k a n n  d as  
K o m p lex -A n io n en p o ten tia l aus fo lgender G le ichung  b erechne t w erden  :

_  zk - n - z a 
г  komplex _ ’

2 «  —  rk

in  w e lch er zk, z a die L a d u n g  des K a tio n s  u n d  A nions, rk den  K a tio n e n ra d iu s  
u n d  a im  F a lle  des b e tre ffen d en  G itte rs  d en  rö n tg en o g rap h isch  e rm itte l te n , 
in n e rh a lb  des K om plexes b es teh en d en  Io n e n a b s ta n d  bezeichnet.

So lange w ir also die K om plex -A n ionen  n u r  im  allgem einen b e h a n d e ln  
o d er d ie  v e rsch ied en en  K om plex-A nionen  v o n  d en  V erb indungen  a b s tra h ie r t ,  
in  s ich  se lb s t a u f  G ru n d  der K o m p lex -A n io n en p o ten tia le  irg en d e in e r ih re r  
E ig e n sc h a fte n  en tsp rech en d  verg le ichen  w ü n sch en , k an n  die G egenüber-
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S tellung  a u f  G rund  d e r A d d itiv itä t  d er Io n en rad ien , m it aus d em  Io n e n 
m odell ausgehend  b e re c h n e ten  K om plex- A n io n en p o ten tia lw e rten  d u rc h 
g e fü h rt w erden . Dies k a n n  geschehen, w enn es sich z. B. um  e in en  in  e iner 
Schm elze oder e iner w ässerigen  L ösung  v o rk o m m en d en  K om p lex -A n io n  
h a n d e lt . W enn  w ir a b e r  das P o te n tia l  eines im  festen  G itte r  e x is tie ren d en  
K om plex-A nions e rm itte ln  w ünschen , w enn  w ir die V erb in d u n g en  se lb st 
u n te rsu c h e n  u n d  a u f  G ru n d  der K om plex -A n io n en p o ten tia le  bzw . d er aus 
d iesen  ab g e le ite ten  V e rb in d u n g sp o te n tia le  die E ig en sch aften , Ä h n lich k e iten  
u n d  A bw eichungen  d ieser V erb indungen  zu  d eu ten  tra c h te n , d a n n  m üssen  
w ir z u r  E rre ich u n g  e in e r e rh ö h ten  G en au ig k e it in  allen F ä llen  a u f  G ru n d  
d e r V erän d erlich k e it d e r K o m p lex -A n io n en p o ten tia le  u n te r  B erü ck sich tig u n g  
d e r in  d e r b e tre ffen d en  V erb in d u n g  b esteh en d en  V erh ä ltn isse  m it b e 
s tim m te n  K o m p lex -A n io n en p o ten tia len  rech n en  u n d  das K o m p lex -A n io n en 
p o te n tia l  a u f  G ru n d  d e r  le tz ta n g e fü h rte n  F o rm el berechnen .

In  d er T abelle N o . 1 w u rd en  einige sich  a u f  die fü r  an isodesm ische  u n d  
m esodesm ische S tru k tu re n  beze ichnenden  K om plex-A nionen  beziehende 
A n g ab en , u . zw. d er K o m p lex -A n io n en rad iu s  u n d  der diesem  en tsp re c h e n d e  
K o m p lex -A n io n en p o ten tia l zusam m engefasst. In  der T abelle  s in d  die von 
S z á d e c z k y - K a r d o s s  [ 8 ] angegebenen  W erte , sowie die aus dem  Io n en m o d e ll 
au sg eh en d , a u f G ru n d  d e r AHRENSschen — a u f  V iere rk o o rd in a tio n  k o rrig ie r
te n  — K a tio n e n ra d ie n  b e rech n e ten  K om plex -A n ionen rad ien  u n d  P o te n tia l
w e rte  an g e fü h rt. D ie M inim al-, M axim al- u n d  D u rc h sc h n ittsw e rte  d er a u f

Tabelle I

Die Veränderlichkeit der Radien bzw. der Komplex-Anionenpotentiale einiger Komplex-Anionen

Kom plex-
A nionen

W e rte 1 nach 
Sz a d e c  ZKY- 

K a rdoss

W e rte 2 a u f  G ru n d  
d e r  Io n en ra d ie n - 

a d d iv i tä t

U nte r  B e rü ck sich tig u n g  d e r V eränderung  d e r  Io u e n -  
a b s tä n d e  b e rech n e te  n eue  W erte2

^a
hl

 d
er

 u
n

te
r

su
ch

te
n 

ir
bi

nd
un

ge
n

г V’

г V» r V m in. m ax . durchsehn . m in. m ax . d u rch sch n . 4 ►

А10Г 3,15 1,59 3,28 1,52 2,82 3,08 2,92 1,62 1,77 1,70 10
SiO r 2,90 1,38 3,20 1,25 2,823 3,153 2,943 1,243 1,41* 1,353 133
в о ;- 2,68 1,12 3,01 0,99 2,29 2,67 2,50 1,12 1,31 1,19 11
AsOr 2,95 1,02 3,23 0,92 2,83 3,07 2,93 0,97 1,06 1,02 13
РОГ 3,00 1,00 3,13 0,95 2,55 3,09 2,79 0,97 1,17 1,07 15
c o r 2,57 0,77 2,95 0,67 2,31 2,49 2,40 0,80 0,86 0,82 8
s o r 2,95 0,68 3,08 0,64 2,60 2,92 2,76 0,68 0,77 0,72 16
СгОГ 3,00 0,67 3,29 0,60 2,71 2,85 2,74 0,70 0,73 0,72 6
N O r 2,57 0,39 2,92 0,34 2,30 2,38 2,34 0,42 0,43 0,425 4

1 Auf Grund der Kationenradien nach Go ld sc h m id t  und der Komplex-Anionenradien nach F e r s m a n . 
* Auf Grund der Kationenradien nach Ah r e n s  und des Oxygenradius nach P a u l in g .
2 Die Werte beziehen sich nur auf Nesosilikate.
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G ru n d  d e r v a riie ren d en  Io n e n a b s tä n d e  in  v e rsch ied en en  V erb indungen  ein 
u n d  desse lben  K om p lex -A n io n s b e rech n e ten  A n io n en rad ien  bzw. K om plex - 
A n io n e n p o te n tia le  s in d  in  d e r  Tabelle eben fa lls  an g e fü h rt. Diese W erte  
w u rd e n  a u f  G rund  der in  d e r  L ite ra tu r  a n g e fü h r te n  A ngaben  e rm itte lt . Die 
A n g a b e n  h ab en  w ir d en  J a h rg ä n g e n  der » Z e itsc h rif t fü r  K ris ta llo g rap h ie«  
u n d  » S tru c tu ra l R ep o rts« , sowie dem  W erke » C ry s ta l S tru c tu re s«  von 
W y c k o f f  en tnom m en .

E s  w urde  bere its  e rw ä h n t, dass S z á d e c z k y - K a r d o s s  die E ig en sch aften  
d e r V erb in d u n g en  m it V e rb in d u n g sp o te n tia le n  c h a ra k te ris ie r t  h a t  u n d  a u f  
G ru n d  d e r V e rb in d u n g sp o te n tia le  die R eihenfo lge d e r einzelnen G lieder der 
m a g m a tis c h e n  oder m e ta m o rp h e n  M inera lassozia tion  e inheitlich  zu  d e u te n  
v e rm o c h te , wobei er d a ra u s  ausg ing , dass sow eit d as  K a tio n e n p o te n tia l 
bzw . d a s  A n io n en p o ten tia l f ü r  die e n tsp rech en d en  K o m p o n en ten  beze ichnend  
s in d , sow eit is t au ch  d a s  V e rb in d u n g sp o te n tia l fü r  jen e  V erb in d u n g en  
c h a ra k te r is tis c h , die e n tw e d e r  ein  aus e in fa c h e n  K a tio n en  u n d  A nionen  
a u fg e b a u te s  einfaches K o o rd in a tio n sg itte r , o d e r e in  aus K a tio n en  u n d  
K o m plex -A n ionen  a u fg e b a u te s , also auch im  p h y sik a lisch en  Sinne genom 
m en e  R a d ik a le  e n th a lte n d e s  G itte r  haben . E s is t o ffensich tlich , dass die V er
b in d u n g sp o te n tia le  — die a u s  den  P o te n tia lw e rte n  d e r K o m p o n en ten  d e r 
V e rb in d u n g , u n te r  R e rü c k s ic h tig u n g  der A n zah l d e r  K o m p o n en ten  a d d itiv  
a u fg e b a u t sind  —  n u r  d a n n  f ü r  die V erb indung  ta ts ä c h lic h  bezeichnend  sind , 
w en n  d ie  in  der b e tre ffe n d en  V erb in d u n g  ta ts ä c h lic h  geltenden  V erh ä ltn isse  
im  L a u fe  d er B erechnung  eb en fa lls  in  B e tra c h t gezogen  w erden . W ie es aus 
d en  in  d e r  T abelle N o. 1 a n g e fü h r te n  A ngaben  zu  e n tn e h m e n  is t, k a n n  z. B. 
d as  P O ^ -  K o m p lex -A n io n en p o ten tia l (w en ig sten s in  den u n te rsu c h te n  
ch em isch en  V erb indungen) zw ischen  0,97 u n d  1,17 variie ren  u n d  dieser 
M in im al- bzw . M ax im alw ert w e is t im  V erh ä ltn is  z u m  D u rc h sc h n ittsw e rt von 
1,07 e in e  A bw eichung v o n  J z 9 %  a u f  ; oder z. B . im  F a lle  des SiOjJ is t  d er 
m in im a le  P o te n tia lw e rt v o n  1,24 im  V erhä ltn is  zu m  D u rc h sc h n ittsw e rt von 
1,35 u m  8 %  niedriger o d er im  F alle  des B O 3 -  is t  d as  m axim ale K om plex - 
A n io n e n p o te n tia l von  1,31 im  V erhältn is zum  d u rc h sc h n ittlic h e n  P o te n t ia l 
w e rt v o n  1,19 um  10%  h ö h e r , u sw . D ie A nzah l d e r u n te rsu c h te n  V erb in d u n g en  
is t  z u  gerin g  u m  v e ra llg em e in ern  zu können , diese w en igen  A ngaben  genügen  
a b e r  d a z u , u m  d a ra u f  h in w e isen  zu  können , dass es be i der B erechnung  von  
K o m p lex -A n io n en p o ten tia len , insbesondere w enn  sp ä te rh in  auch  V erb in d u n g s
p o te n tia le  berechne t w e rd en  so llen , zw eckm ässig is t , die B erechnung  a u f  
G ru n d  des ta tsä c h lic h e n  Io n e n a b s ta n d e s  des in  d e r  b e tre ffen d en  V erb in d u n g  
v o rh a n d e n e n  K om plexes d u rc h z u fü h re n . D as d ie se ra r t e rh a lten e  K om plex- 
A n io n e n p o te n tia l w ird fü r  d a s  K om plex-A nion  u n d  so m it auch  fü r  d as  d a r 
au s a b g e le ite te  V e rb in d u n g sp o te n tia l b eze ich n en d er, als w enn w ir die B e
re c h n u n g  a u f  G rund  eines d u rc h sc h n ittlic h e n  Io n e n a b s ta n d e s  d u rc h g e fü h rt 
h ä t te n ,  ob zw ar die B e re c h n u n g  auch  in  d iesem  F a lle  b is zu  einem  gew issen
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G rade einen A n n ä h e ru n g se h a ra k te r  trag en  w ird , d a  b e i d er B erechnung  des 
R ad iu s  das K om plex -A n ion  an n ä h e rn d  als k u g e lsy m m etrisch  b e tra c h te t  
u n d  seine v e rm u tlich e  D efo rm a tio n  n u r d a h in g e h e n d  in  B e tra c h t gezogen 
w ird , dass z. B . bei einem  te tra e d risc h en  K o m p lex -A n io n , in  w elchem  d er 
A b s tan d  zen tra les K a t io n — O xygen in  R ich tu n g  a lle r  v ie r E cken  versch ieden , 
d. h . der T e tra e d e r  m eh r o d er m inder d e fo rm ie rt is t ,  die D u rc h sc h n itts 
w erte  der v iererle i Io n e n a b s tä n d e  in  B e tra c h t gezogen w erden.

Die m it den  ta ts ä c h lic h e n  Io n e n a b s tä n d e n  d u rc h g e fü h rte  B erechnung  
s te ll t  ab e r — besonders vom  G esich tspunk te  d e r  B erechnung  von  V er
b in d u n g sp o ten tia len  aus — n u r  einen Teil der B erü ck sich tig u n g  der im  G itte r  
g e lten d en  V erh ä ltn isse  d a r . V on n ich t geringerer B e d eu tu n g  is t au ch  die 
F es ts te llu n g  dessen, ob d er in  d er chem ischen F o rm e l d er V erb in d u n g  ev e n 
tu e ll zum  A u sd ru ck  gelangende »K om plex-A nion«  im  K ris ta llg itte r  t a t 
säch lich  als e in  in  p h y sik a lisch em  Sinne genom m ener K om plex-A nion  zugegen 
is t, oder es sich ev en tu e ll u m  eine lediglich fo rm elle , eh er in  geom etrischem  
Sinne genom m ene G ruppe h a n d e lt .

So h a t  z. B . G o l d s c h m i d t  noch angenom m en , dass in  der S tru k tu r  des 
Spinells (Al2 M g 0 4) ein  loses K om plex-A nion, M g 0 4~, v o rh an d en  is t. A u f  
G ru n d  der U n te rsu c h u n g  d er S tru k tu r  des S pinells h a t  aber M a c i i a t s c i i k i  

[3] nachgew iesen, dass »D ie geringere R a u m b e a n sp ru c h u n g  u n d  höhere  
W ertig k e it des Ions Al3+ gegenüber dem  Io n  Mg2+ m a c h t eine k rä ftig e  K o n tra 
p o la risa tion  u n te r  B ild u n g  eines neuen R ad ik a ls  M g 0 4  im  G itte r o h neh in  
u nw ahrschein lich« . W enn  w ir das V e rb in d u n g sp o te n tia l des Spinells bei V o r
au sse tzu n g  des in  d er chem ischen  Form el fig u rie re n d e n , scheinbaren  K om plex- 
A nions b erech n en , so is t

1 X 5,88 +  1 X 1,75
V erb in d u n g    '— " 4 , 0  ,

3

w enn w ir ab e r den  Spinell n ach  M a c i i a t s c h k i  als ein  K o o rd in a tio n sg itte r  
ohne K om plex-A nion  b e tra c h te n , wie es b e re its  be i der B erech n u n g  des 
V erb in d u n g sp o ten tia ls  au ch  S z a d e c z k y - K a r d o s s  g e ta n  h a t ,  u n d  das V er
b in d u n g sp o te n tia l d em en tsp rech en d  b erech n en , so is t

2 X 5,88 +  1 X 3,22 +  4 X 1,51 0  л
У  V e rb in d u n g  ---- ^  ---- 0 , 0  ■

L e u t w e i n  u n d  D o e r f f e l  [2] h ab en  in  ih re m  W erke bezüglich  v e r
sch iedener K om plex -A n ionen  die E K -W erte  b e re c h n e t. So h ab en  sie u . a . 
im  F alle  der V erb in d u n g en  N a N b 0 3, C aT i0 3, C aSiO a u n d  K J 0 3  auch  die E K - 
W erte  d er »K om plex-A nionen«  N b 0 3  , T i0 3  , S i0 3  bzw . J 0 3  b e re c h n e t. 
In  den  e rw äh n ten  V erb in d u n g en  w ären w ir a u f  G ru n d  der F orm el w en igstens 
a u f  den e rs te n  B lick  gen e ig t, auch  in der S t r u k tu r  das V orhan d en se in  d er 
o b e n a n g e fü h rten  K om plex-A nionen  v o rau szu se tzen . Diese V orau sse tzu n g
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w ü rd e  ab er der W irk lic h k e it n ic h t e n tsp rech en . Im  G itte r  des C aS i0 3  is t 
es n ic h t  ganz r ich tig  v o n  einem  S iO | -A nion  zu  sprechen , n ic h t  a ls ob nach  
d e m  B eispiel der S p in e lls tru k tu r  in  d er S tru k tu r  K om plex-A nionen  n ic h t t a t 
s ä c h lic h  v o rh an d en  w ä re n , die S iO | K om plex-A nionen  k ö n n e n  a b e r  in  der 
T a t  n ic h t  abgesondert w e rd en , d em n ach  is t in  der S tru k tu r  n ic h t  d as  in  der 
F o rm e l figurierende A nion , so n d ern  in  W irk lich k e it S i0 4  -T e tra e d e r  v o rh a n d e n  
u n d  d a s  S i0 3  s tö ch io m etrisch e  V erh ä ltn is  e rg ib t sich n u r  k r a f t  d e r V er
k n ü p fu n g  dieser T e tra e d e r . N a N b 0 3, C a T i0 3  u n d  K J 0 3  s te llen  S tru k tu re n  
des P e ro w sk it-T y p u s d a r , in  w elchen die O k taed erk o m p lex e  N b 0 6, T i0 6  

h z w . J 0 6  ex istieren , d ie a b e r  m it den  a u f  G ru n d  der chem ischen  F orm eln  
v o ra u sg e se tz te n , ab e r in  W irk lich k e it in  d er S tru k tu r  n ic h t ex is tie ren d en  
K om plex -A n io n en  n ic h t id e n tif iz ie rt w erden  können . Die e rw ä h n te n  V er
b in d u n g e n  ste llen  e in fach e  K o o rd in a tio n ss tru k tu re n  des P e ro w sk it-T y p u s  
o h n e  R ad ik a lb ild u n g  d a r , in  w elchen ab er in  physikalischem  S inne genom m ene 
K o m p lex -A n io n en  n ic h t w ie in  den  an isodesm ichen  u n d  m esodesm ischen  
S t r u k tu r e n  abgegrenzt w erd en  kö n n en . E s is t  frag lich , inw iew eit e in  fü r  ein 
in  d e r  S tru k tu r  in  W irk lic h k e it n ich t ex is tie ren d es K om plex -A n ion  berech 
n e te r  E K -W e rt als e in  r ic h tig e r  u n d  beze ich n en d er W ert an g eseh en  w erden 
k a n n ,  u n d  in  e rste r L in ie , inw iew eit e in  au s  d e ra rtig en  E K -W e rte n  abgele i
t e t e r  G itte ren e rg iew ert e in  rich tiges B ild  ü b e r die b e tre ffen d e  V erb in d u n g  
g e b e n  k a n n .

W en n  wir z. B . im  P e ro w sk it das V orhandense in  des T iO | K om plex- 
A n io n s  vo rau sse tzen , d a n n  e rh a lte n  w ir au s  d en  E K -W erten  n ic h t  die t a t 
sä c h lic h e  — der D efin itio n  d e r G itte ren erg ie  en tsp rech en d e  — G itte ren erg ie , 
so n d e rn  bloss jene E n erg ie , die zu r Z erse tzu n g  des C a T i0 3  in  Ca2+- u n d  
T i 0 3~ -Io n e n  ben ö tig t w äre  :

UcaTio, =  Е К са -f- Е К тю , — 572 K kal/M ol.

W e n n  w ir dagegen das V o rh an d en se in  des K om plex-A nions v o ra u sse tz e n d  
d as  V erb in d u n g sp o ten tia l des C a T i0 3  b e rech n en  w ünschen , d a n n  w ürde 
s ich  d essen  K o m p lex -A n io n en p o ten tia l als 0,62 bzw . das a u f  d ieser G ru n d lag e  
b e re c h n e te  V e rb in d u n g sp o ten tia l als 1,25 ergeben .

D ag eg en  k an n  sow ohl in  H in s ich t d er B erechnung  des E K -W e rte s  u n d  
d a ra u s  d e r  G itterenerg ie, als au c h  be tre ffs  d e r B erechnung  des V e rb in d u n g s
p o te n t ia ls  ein  richtiges E rg e b n is  n u r  d a n n  e rz ie lt w erden , w enn  w ir d ie  t a t 
sä c h lic h e  L age b e rü ck sich tig en , d . h . den  P e ro w sk it als das au ffassen , w as es 
is t ,  a lso  als ein einfaches K o o rd in a tio n sg itte r  ohne K om plex -A n ionen . In  
d ie sem  F a lle  w ird die G itte ren e rg ie , die v e rm u tlic h  schon als d e r rich tig e  
G itte re n e rg ie w e rt b e tra c h te t  w erden  k a n n  :

UcATio, =  EK ca +  E K Ti -j- 3 E K o  =  3647 K kal/M ol 

u n d  d a s  a u f  dieser G ru n d lag e  b e rech n e te  V e rb in d u n g sp o ten tia l : 2,53.
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D as O b engesag te  n eb en e in an d erg es te llt k a n n  es n u r  nach  dem  S tu d iu m  
der S tru k tu r  d e r v ersch ied en en  V erb in d u n g en  u n d  des in n erh a lb  des in  der 
V erb in d u n g  an g en o m m en en  — u n d  in  d er ch em isch en  F orm el zum  A u sd ru c k  
ge langenden  — K om plex-A nions v o rh e rrsch en d en  B in d u n g sch a rak te rs  fe s t
g es te llt w erden , ob der K o m p lex  ta tsä c h lic h  als ein  K om plex-A nion  im  p h y s i
k alischen  S inne des W o rtes  b e tra c h te t  w erd en  k ö n n e  oder oh es sich  n u r  
u m  einen  fo rm ellen , in  geom etrischem  S inne genom m enen  K om plex  (S tru k 
tu re n  ohne R a d ik a lb ild u n g ) h an d le . In  fe s te n  K ris ta llg itte rn  is t also  die 
B erech n u n g  des K o m p lex -A n io n en p o ten tia ls  n u r  d a n n  b eg rü n d e t, w enn  das 
V orhan d en se in  des K om plex-A nions d u rch  die S tru k tu r ,  sowie den B in d u n g s
c h a ra k te r  b e s tä t ig t  w ird . Vom  G esich tsp u n k te  d er B erech n u n g  d e r V er
b in d u n g sp o te n tia le  aus is t die B erü ck sich tig u n g  dieses P rob lem s ebenso  
w ich tig , wie d ie  Ü b erw ach u n g  der in n e rh a lb  d e r  K om plex-A nionen  a u f tr e te n 
den  V aria tio n en  des lo n e n a b s ta n d e s .

I I I .  D er Z u sam m en h an g  der V eränderung  des SiO£ K om plex -A n ionenpo ten 
tia ls  m it dem  S ilifika tionsg rad

A u f G ru n d  des V orhergehenden  ist also d as  K o m p lex -A n io n en p o ten tia l 
v a ria b e l u n d  diese V erän d erlich k e it s te llt e in  E rg eb n is  der in n e rh a lb  des 
K om plexes a u f tre te n d e n  V aria tio n en  der Io n e n a b s tä n d e  dar.

E ine d u rc h  ähn lich e  U rsachen  h e rv o rg eru fen e  F lu k tu a tio n  k a n n  au ch  
beim  S i0 4  K o m p lex -A n io n en p o ten tia l in  v e rsch ied en en  S ilikaten  b e o b a c h te t 
w erden . N ach  d en  zu r V erfügung  s tehenden  A n g ab en  v a riie r t z. B. in  N esosili- 
k a te n  der A b s ta n d  S i—О zw ischen 1,61 u n d  1,81 À u n d  d em en tsp rech en d  
ä n d e r t  sich au ch  d e r W e rt des K o m p lex -A n io n en p o ten tia ls  zw ischen 1,42 u n d  
1,24. D er frü h e re , a u f  G ru n d  des du rch  F e r s m a n  angegebenen  S i0 4-R a d iu s  
b erech n e te  W e rt is t  1,38.

Die d u rch  die Ä n d eru n g  des Io n e n a b s ta n d e s  v e ru rsach te  P o te n t ia l 
än d e ru n g  k a n n  also  au ch  be i den  S ilikaten  b e o b a c h te t w erden , u nsere r A n sich t 
n ach  is t  ab e r e ine  m it den  s tru k tu re lle n  E ig e n tü m lic h k e ite n  zu sam m en 
h än g en d e  an d e re  V a ria tio n  des K o m p lex -A n io n en p o ten tia ls  — u. zw. n ic h t 
n u r  zufolge ih res n u m erisch en  W ertes, so n d e rn  eh e r m it R ücksich t a u f  ih re  
geochem ische B e d e u tu n g  — b ed eu ten d  w ich tig e r.

Als fü r  die S ilik a te  besonders bezeichnend  g ilt e inerseits das V o rh a n d e n 
sein  von  S i0 4-T e tra e d e rn  in  d er S tru k tu r , an d e re rse its  ab e r die V e rk n ü p fu n g sa rt 
d ieser T e tra e d e r, d er P o ly m erisa tio n sg rad .

E s k a n n  v o ra u sg e se tz t w erden , dass d e r S i0 4  K om plex-A nion  in  e in er 
S tru k tu r , in  w elcher n u r  se lb stän d ig e , n u r  m it a n d e re n  K a tio n en  v e rb u n d e n e  
S i0 4-G ruppen  V orkom m en, wie z. B . in  den  N eso silik a ten , an d ere  p h y s ik a 
lische E ig en sch a ften  au fw e ist, als in  einer S tru k tu r ,  in  w elcher alle O xygene

4 A cta Geologies V/3— 4.
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a lle r  T e tra e d e r  m it e inem  a n d e re n  T e tra e d e r  gem einsam  sin d , wie in  den  
T e k to s il ik a te n , um  n u r  die b e id e n  e x tre m e n  F ä lle  zu erw ähnen .

W e n n  das K o m p lex -A n io n en p o ten tia l die E ig en sch aften  des K o m p lex - 
A n io n s ta ts ä c h lic h  g u t c h a ra k te r is ie r t  — u n d  die von  S z a d e c z k y - K a r d o s s  

b ish e r  e rz ie lten  E rgebn isse  b e s tä tig e n  dies — d a n n  m üssen  w ir m it  den  
V a r ia t io n e n  des n um erischen  W ertes des K o m p lex -A n io n en p o ten tia ls  auch  
je n e  Ä n d e ru n g e n  der E ig e n sc h a fte n  der S i0 4 -T e traed er, dieser fu n d a m e n ta le n  
B a u s te in e  a ller S ilikate  a u sd rü c k e n  k ö n n en , d ie  sich aus der a llm äh lich  fo r t
s c h re ite n d e n  V erknüpfung , d e r  P o ly m erisa tio n  ergeben. G leichzeitig  m üssen  
w ir a b e r  d ie  R ich tigke it d ie se r V o rau sse tzu n g  m it den R e su lta te n  irg en d e in e r 
e x a k te n  physikalischen  U n te rsu c h u n g  u n te rs tü tz e n .

S c h a e f e r , M a t o s s i , W i r t z  u n d  K r ü g e r  [4, 7] h ab en  die in f ra ro te n  
R e fle x io n ssp e k tre n  v e rsch ied en en  s tru k tu re lle n  T y p en  an g eh ö ren d er S ilikate  
u n te r s u c h t ,  um  fe s tzu s te llen , ob aus dem  S p e k tru m  die E igen sch w in g u n g en  
des S i0 4-T etraeders n ach g ew iesen  w erden  k ö n n e n , u n d  im  b e ja h e n d e n  F alle  : 
w e lch en  E in fluss a u f  diese d ie P o ly m erisa tio n  a u sü b t. Es w urde  fe s tg e s te llt, 
d a ss  zw ischen  8  u n d  12 /x b e i allen  S ilik a ten  eine R eflex ionsbande  a u f t r i t t ,  
d e re n  A u fsp a ltu n g  von  e in em  S ilika t zum  a n d e re n  v a riie r t, u n d  d ass  diese 
B a n d e  m it den S chw ingungen  des S i0 4-T e tra e d ers  in  V erb in d u n g  s te h t .  Des 
w e ite re n  w urde fe s tg e s te llt, dass die W ellen länge der R eflex io n sm ax im a  
sich  b e i zunehm ender V e rk n ü p fu n g  d er T e tra e d e r  im m er m e h r gegen  die 
k ü rz e re  W ellenlänge v e rsc h ie b t. Die W ellen länge der R eflex io n sm ax im a  
v e rs c h ie b t sich von den  N eso silik a ten  zu  d en  T ek to silik a ten  v o n  12 fx a ll
m ä h lic h  b is zu 8  /X . A us d e n  E rgebn issen  d e r von  diesen V erfassern  d u rc h 
g e fü h r te n  U n te rsu ch u n g en  w u rd e  die A bb . 1 zu sam m engeste llt.

S o m it is t ein B ew eis d a fü r , dass d ie  E ig en sch aft des S i0 4-T e tra e d ers  
zu fo lg e  d e r V erknüpfung  sich  ä n d e rt, a u f  G ru n d  einer e x ak ten  p h y sik a lisch en  
U n te rs u c h u n g  gegeben. J e t z t  m üssen  w ir n o ch  M itte l u n d  W ege f in d e n , u m  
d as  K o m p le x -A n io n e n p o te n tia l zu r A u sd rü ck u n g  dieser Ä n d e ru n g  geeignet 
zu  m a c h e n .

S te llen  wir in  den  M itte lp u n k t u nsere r B e tra c h tu n g e n  den S i0 4 -T e tra e d e r , 
d e r  in  S ilik a ten  aller T y p e n  g le icherm assen  v o rk o m m t, sowie die V e rän d e ru n g , 
d ie  in  d en  S i0 4-T e traed ern  v o m  Masse d er V erk n ü p fu n g  d. h . vom  S ilifik a tio n s- 
g ra d e  a b h än g en d  e in tr i t t .  B ei der B erech n u n g  des fü r die in  v e rsch ied en en  
s t ru k tu re l le n  T ypen  v o rk o m m en d en  S i0 4-T e tra e d e r  b ezeichnenden  K om plex - 
A n io n e n p o te n tia ls  — w elchen  w ir im  fo lgenden  als y>/Si04-P o te n tia l bezeich 
n e n , w o d u rch  wir d a ra u f  h inw eisen , dass je d e r  an g efü h rte  W ert sich  a u f  eine 
e in z e ln e  S i0 4-G ruppe b e z ie h t — w ird  also au c h  d e r S ilifik a tio n sg rad  in  B e tra c h t 
g ezo g en , u . zw. m it B erü ck sich tig u n g  d er A n zah l der k ra f t  d er V e rk n ü p fu n g  
g e m e in sa m  gew ordenen O xygene. y)jS i0 4  is t  der A usd ruck  des v e rä n d e r
lic h e n  S i0 4  K o m p lex -A n io n en p o ten tia ls .

B e i der D arste llu n g  des P rinzips d e r B erech n u n g sm eth o d e  w ird  d e r
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aus d em  im  D u rc h sc h n itt sich a u f  1,62 Á b e lau fen d en  Si—O -A bstand  b e re c h n e te  
M itte lw e rt 1,40 des K o m p lex -A n io n en p o ten tia ls  v e rw en d et. B ei sich  a u f  
versch ied en e  S ilika te  beziehenden  B e rech n u n g en  m üssen  diese n a tu rg e m ä ss  
a u f  G ru n d  der in  der b e tre ffen d en  V erb in d u n g  g e ltenden  Io n e n a b s tä n d e  
d u rc h g e fü h rt w erden , w odurch  auch  die d u rc h  die Ä nderung  des Io n e n 
a b s ta n d e s  v e ru rsa c h te  P o te n tia lä n d e ru n g  b e rü c k s ic h tig t w ird.

B ei N esosilikaten  b e trä g t  das K o m p lex -A n io n en p o ten tia l, da  im  G itte r  
se lb s tän d ig e  S i0 4-T e tra e d e r ex istie ren , 1,40.

Abb. 1. V ersch iebung  d e r W ellenlänge de r R eflex io n sm ax im a  im  in fra ro ten  S p e k tru m  
der S ilika te  in  F u n k tio n  des S ilifika tionsg rades

B ei Sorosilikaten  w erden  zwei T e tra e d e r  m itte ls  eines g em eim sam en  
O xygens zu  einem  Si20 ?~  K om plex-A nion  v e rk n ü p f t. A us dem  fü r  d en  S i0 4- 
T e tra e d e r  b e rech n e ten  K o m p lex -A n io n en p o ten tia l b e läu ft sich d er a u f  ein 
O xygen  en tfa llen d e r P o te n tia lte il  a u f  0,35. D a zwei T e traed er v e rk n ü p f t 
w erd en , w ird  das D opp elte  des K o m p lex -A n io n en p o ten tia ls  genom m en  u n d  
d a ra u s  d e r a u f  ein  O xygen  en tfa llende  P o te n tia lte il  in  A bzug g e b ra c h t, d . h . 
2 X 1,40 — 1 X 0,35 =  2,45. D er d ie se ra rt e rh a lte n e  W ert s te llt  a lso  das 
P o te n tia l  des fü r  die Sorosilika te  b ezeichnenden  SigO?-  K om plex-A nions d a r . 
D a w ir d a ra u s  au sgegangen  sin d , dass w ir be i d en  versch iedenen  S ilik a ten  
die d u rc h  P o ly m erisa tio n  h ervo rgeru fenen  E ig en sch a ftsän d eru n g en  des fu n d a 
m e n ta le n  B au e lem en tes , des S i0 4-T e traed ers  m it d en  V aria tio n en  des S i0 4 
K o m p lex -A n io n en p o ten tia ls  au szu d rü ck en  t r a c h te n ,  m üssen  bei d en  S orosili
k a te n , sow ie bei a n d e ren , d u rch  die V erk n ü p fu n g  m eh re re r T e tra e d er z u s ta n d e 
gekom m enen  K om plex-A nionen  ausser dem  P o te n tia lw e rte  der K o m plex -
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A n io n é n  au c h  die fü r  die e in ze ln en  S i0 4-T e tra e d e r  der G ruppe k en n z e ic h n en 
d e n  P o te n tia lw e r te  b e re c h n e t w erden . Im  gegebenen  F alle  is t dies d ie  H ä lfte  
des a u s  d e r V erk n ü p fu n g  zw eier T e tra e d e r  en tw ick e lten  K o m p lex -A n io n en 
p o te n t ia ls ,  d . li. 1 , 2 2 .

D e r  G ang der B e rech n u n g en  is t be i d en  Inosilika ten  u n d  d en  ü b rig en  
G ru p p e n  äh n lich . G erade  in  V erb in d u n g  m it dem  bei den P y ro x e n e n  a ll
g e m e in  an g en o m m en en  Si2 Og~ K om plex -A n ion  m ö ch te  ich d a ra u f  h inw eisen , 
d a s s  es b is  zu  einem  gew issen G rade w illk ü rlich  is t , w elchen Teil d er aus 
S i 0 4-T e tra e d e rn  zu sam m en g ese tz ten  K e tte , B a n d e  oder g ar S ch ich t w ir 
g e ra d e  b e i den  P y ro x en en , a b e r  au ch  bei A m p h ib o len  oder P h y llo s ilik a ten  
h e rv o rh e b e n , als den  fü r  die G ru p p e  b eze ich n en d en  K om plex-A nion b e tra c h te n  
u n d  a u c h  in  d er chem ischen  F o rm e l a u sd rü c k e n . So k ö n n te n  w ir bei P y ro x e n e n  
a u c h  S i 0 3  oder bei P h y llo s ilik a te n  Si2 C> 5  a n s t a t t  des a llgem eingeb räuch lichen  
S i4 O f0-  sch re iben . G erade au s  d iesem  G e s ic h tsp u n k te  e rsch e in t es als b e 
g r ü n d e t ,  n ic h t den in  d er chem ischen  F o rm e l zum  A u sdruck  g e lan g en d en  
K o m p le x -A n io n  bzw . dessen  P o te n tia lb e re c h n u n g , sondern  eh e r den  in  
a lle n  S tru k tu re n  g eg en w ärtig en  u n d  d a fü r  beze ichnenden  S i0 4-T e tra e d e r 
b zw . d essen  P o te n tia lb e re c h n u n g  in  den  M itte lp u n k t der U n te rsu ch u n g en  
zu  s te l le n , beziehungsw eise als die G ru n d lag e  un serer B erech n u n g en  zu 
b e t r a c h te n .

D ie  M itte lw erte  d er fü r  die in  den e in ze ln en  s tru k tu re lle n  T y p e n  gegen
w ä r t ig e n  S i0 4-T e traed er b eze ich n en d en  y>lS i0 4  P o te n tia le  sind  in  d e r T abelle 
N 0 . 2 zu sam m en g efasst, w obei g leichzeitig  a u c h  die a u f  G ru n d  d e r D u rc h 
s c h n it ts w e r te  der in n e rh a lb  d e r einzelnen  G ru p p en  ta tsä c h lic h  b es te h e n d e n  
S i~ -0 -A b s tä n d e  b e rech n e ten  y>/Si04-P o te n tia le  a n g e fü h rt s ind . Die Ä n d eru n g en  
d e r  in  d e r  le tz te n  S p a lte  d e r  T abe lle  zu sam m en g efassten  u n d  a u f  G ru n d  der 
a n  34 S ilik a te n  u n d  5 S i0 2-M o d ifik a tio n en  fü r  die einzelnen  G ru p p en  fe s t
g e s te l l te n  Si— О Io n e n a b s tä n d e  u n te r  B e rü ck sich tig u n g  d er T e tra e d e rv e r
k n ü p fu n g e n  b e rech n e ten  y>/Si04-P o ten tia le  geben  eine gu te  B e s tä tig u n g  
je n e r  A u sg an g san n ah m e , d ass  bei A n w en d u n g  e in er geeigneten  B erech n u n g s
m e th o d e  die V erk n ü p fu n g  d e r T e tra e d e r, d e r S ilifik a tio n sg rad  in  B e tra c h t 
g ezo g en  w erden  m üsse u n d  diese au ch  m it d en  P o te n tia lw e rte n  au sg e d rü c k t 
w e rd e n  k ö n n e . Dies b e d e u te t ,  dass der S ilifik a tio n sg rad , sowie die in  den  
E ig e n s c h a f te n  der S i0 4-T e tra e d e r  d u rch  die P o ly m erisa tio n  h e rv o rg eru fen en  
u n d  d u rc h  die E rgebn isse  d e r  in fra ro te n  S p ek troskop ie  b e s tä tig te n  Ä n d e
ru n g e n  d u rc h  яр/S i0 4  P o te n tia le  a u sg e d rü c k t u n d  gekennzeichnet w erden  
k ö n n e n .

D e r  in  der T abelle  N 0 . 2  bei den T e k to s ilik a te n  an g e fü h rte  W e rt von 
0 ,70  i s t  eigen tlich  ein fü r  e in en  einzigen T e tra e d e r  des Si4 O g bzw . S i0 2  

» K o m p le x e s«  bezeichnendes P o te n tia l, d as  g leichzeitig  au ch  als d as  V er
b in d u n g s p o te n tia l  des Q uarzes b e tra c h te t  w erd en  k an n . In  e inem  seiner 
A u fs ä tz e  n im m t S z á d e c z k y - K a r d o s s  [ 8 ] u n a b h ä n g ig  von diesem  G e d a n k e n 
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gange a n , dass d as  V erb in d u n g sp o ten tia l des Q uarzes ev en tu e ll a ls 0,69 
angegeben  w erden  k ö n n e , obzw ar er fü r  d ieses im  allgem einen  den  W ert 
von  1,38 a n fü h r t .

B ei w irk lichen  T ektosililcaten , in  deren  S t r u k tu r  also auch A 104-T e tra e d e r  
zugegen sin d , k a n n  d e r G ang der B e rech n u n g en  schem atisch  im  fo lg en d en  
zusam m engefasst w erd en . So is t z. B. im  F a lle  des A lS i0 4  -K om p lex -A n io n s, 
w enn w ir das d u rc h sc h n ittlic h e  K o m p lex -A n io n en p o ten tia l des A 104_ als 
1,70 u n d  d a h e r  den  a u f  ein  O xygen e n tfa lle n d e n  P o te n tia lw e rt a ls 0 ,42 , des 
w eiteren  das d u rc h sc h n ittlic h e  A n io n e n p o te n tia l des S i0 4  als 1,40 u n d  so 
d en  a u f  ein  O xygen  en tfa llen d en  P o te n tia lw e r t als 0,35 an n eh m en , d a s  a u f  
ein  A 104-T e tra e d er b e rech n e te  P o te n tia l : 1 X 1,70 — 2 X 0,42 =  0,86, u n d  
das a u f  ein  S i0 4-T e tra e d e r  b erechnete  P o te n tia l  : 1 X 1,40 — 2 X 0,35 =  0,70. 
D a im  e rw ä h n te n  K o m p lex  Al : Si =  1 : 1  i s t ,  is t das A lS i0 4  -K o m p lex - 
A n io n en p o ten tia l 1,56, bzw . der a u f  e in  (A l,S i)0 4-T e traed er e n tfa lle n d e  
W ert, das S i)0 4 -P o te n tia l, dessen H ä lf te , d . h . 0,78.

Tabelle 2

Die Veränderung des y>/Si04 Potentials m it dem  Grade der S ilifika tio n

V'/SiO j b e r e c h n e t  a u f  G r u n d

S i : 0 S t r u k t u r t y p
K o m p lex *
A n io n e n V’ komplex d e s  d u r c h s c h n i t t 

l ic h e n  S i— 0  A b s ta n d e s  
v o n  1 ,62  A

d e s  D u r c h s c h n i t t s  
d e r  i n  d e n  e in z e ln e n  
G r u p p e n  e x is t ie r e n d e n  

I o n e n a b s t ä n d e

1 :4 N esosilikate S i o r 1,40 1,40 1 ,3 5

1 :3 ,5 Sorosilikate SiO jO ?- 2 ,44 1,22 1 ,2 0

1 :3 C yclosilikate S i0 305~

Si9O i r

3,15

6,30
1,05 1,07

1 : 3 P y ro x en e S i,O J- 2,10 1,05 1,05

1 :2,75 A m phibole S i„ o ; r 3,85 0,96 0,96

1 :2 ,5 P hy llo silik a te S i .O J r 3,50 0,87 0,89

1 : 2 T ek to silik a te  bzw . S i0 2 Al2Si20 r 3,20 0,80 0,76

A lS ijO r 2,96 0,74 0,72

Si4OS 2,80 0,70 0,72

A u f G ru n d  d er in  d er T abelle N 0 . 2 a n g e fü h rte n  A ngaben  w eist a lso  
f l S i0 4, d. h . das a u f  ein  S i0 4-T e traed er b e rech n e te  K o m p lex -A n io n en p o ten tia l 
von  den  N eso silik a ten  zu  den  T ek to silik a ten  e ine  fa llende  T endenz au f, w as 
in  an sch au lich e r W eise d u rc h  die A bb. 2 d a rg e s te llt  w ird . In  dieser A b b ild u n g
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b e z e ic h n e n  die an  der ausgezogenen  L inie s te h e n d e n  P u n k te  die fü r  d ie  N eso-, 
Soro-, In o -  u n d  an d ere  G ru p p e n  c h a ra k te ris tisch e n , a u f  G rund  des m itt le re n  
Si— O -A b sta n d e s  von  1,62 Â  b e rech n e ten  y /S i0 4 -P o ten tia le , w ä h re n d  die 
a u s s e rh a lb  d er G eraden s te h e n d e n  P u n k te  die in n e rh a lb  der einzelnen G ru p p en  
a u f  G ru n d  des M itte lw ertes d er ta tsä c h lic h e n  S i—O -A bstände b e re c h n e ten  
y / S i 0 4-P o te n tia le  angeben .

V /  SÍO 4
A b b . 2. V eränderungen  d e r »/’ S i0 4-P o te n tia le  in  F u n k tio n  des S ilifik a tio n sg rad es

S z á d e c z k y - K a r d o s s  [ 8 ]  h a t  sich b e re its  m it  dem  G edanken  b e sc h ä ftig t, 
«lass b e i den  S ilik a ten  zufo lge d er T e tra e d e rv e rk n ü p fu n g  der P o te n tia lw e r t 
im  V e rh ä ltn is  zu dem  v o n  ih m  fü r  den  se lb stän d ig en  S i0 4  K om plex -A n ion  
a n g e g e b e n e n  d u rc h sc h n ittlic h e n  P o te n tia l  v o n  1,38 m u tm asslich  sich  ver
r in g e r t ,  d am als aber, bei d e r  e rs ten  A n reg u n g  d e r F rage h a t  er d en  P o le n tia l-  
a b fa l l  in  B eziehung zu d en  in  den  v e rsch ied en en  S tru k tu re n  ken n ze ich n en d en  
v o lls tä n d ig e n  K om plex-A nionen , also d en  K om plex-A nionen  Sia0 7 , Si2 0 6^, 
S i 4 0 ? i  u n d  Si4Ojo e rw a r te t .  D ie R e s u lta te  der gegenw ärtigen  U n te r
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su ch u n g en  b e s tä tig e n  ab e r die R ic h tig k e it je n e r  A nnahm e v o n  S z a d e c z k y - 

K a r d o s s , w onach  im  V erlaufe d er V e rk n ü p fu n g  das K o m p lex -A n io n en 
p o te n tia l  a b n im m t, d ieser A bfall ab e r n a c h  den  erzielten  A n g a b e n  sich in 
den  v e rsch ied en en  S tru k tu re n  bei den a u f  e in  T e tra e d er b e rech n e ten  K om plex- 
A n io n en p o ten tia len  m an ifes tie rt, was d u rc h  d as  yi/Si04-P o te n tia l au sg e d rü c k t 
w ird .

A us der V erg le ichung  der A bb. 1 u n d  2 k an n  es fe s tg e s te llt w erden , 
dass d e r W ert d e r  die V erän d erlich k e it des S i0 4  K o m plex -A n ions au s
d rü ck en d en  ,y»/Si04-P o ten tia le  von d en  N eso silika ten  zu den  T e k to s ilik a te n  
fo rtsc h re ite n d  a b n im m t u n d  dass diese V e rän d e ru n g  als der A u sd ru c k  der 
im  L au fe  der V e rk n ü p fu n g  e in g e tre ten en  E ig en sch aftsän d eru n g en  d e r  G ru n d 
b a u s te in e  aller S ilik a te , der S i0 4-T e tra e d e r  au fgefasst w erden k a n n  u n d  dass 
die V e rän d eru n g en  d e r fü r die v e rsch ied en en  S ilik a tty p en  b e rech n e ten  
^>/Si04-W erte  m it den E rgebnissen der spek tro sk o p isch en  U n te rsu c h u n g e n  in 
vo llem  E in k lan g  s te h e n . Die R e su lta te  d e r  e x ak ten  p h y sik a lisch en  U n te r
su ch u n g en  b e s tä tig e n  die R ich tigke it d e r sich  a u f  die V e rä n d e rlich k e it des 
S i0 4  K om plex -A n ions beziehenden A n sc h a u u n g , dagegen h a t  d a s  S i0 4  

K o m p lex -A n io n en p o ten tia l in  der G e s ta lt d e r  du rch  die neue B e re c h n u n g s
m e th o d e  e rz ie lten  ^>/Si04-W erte ein e rh ö h te s  A usdrucksverm ögen  gew onnen , 
was be i der B e rech n u n g  des V e rb in d u n g sp o ten tia ls  der S ilik a te , be i der 
In te rp re ta t io n  des P ro b lem s der A usscheidungsfo lge , sowie bei d e r  a u f  G rund  
der K o m p lex -A n io n p o ten tia le  bzw . V e rb in d u n g sp o ten tia le  d u rc h g e fü h rte n  
U n te rsu ch u n g  d e r S ta b ili tä t  der S ilika te  e ine besondere B e d e u tu n g  e rh ä lt. 
D as S tu d iu m  d e r P rob lem e nach  diesen  G esich tsp u n k ten  is t g eg en w ärtig  
im  G ange.

Schliesslich  w ollen  w ir kurz  d a ra u f  h in w eisen , dass fü r die a n d e re  grosse 
G ru p p e  d er m esodesm ischen  S tru k tu re n , d ie  B o ra te , die V e rk n ü p fu n g  der 
B 0 3-G ruppe ebenso  bezeichnend  is t, w ie b e i den  S ilikaten  je n e  d e r  S i0 4- 
T e tra e d e r  u n d  d ass  bei d er B erechnung des B O 3  K o m p lex -A n ionenpo ten tia ls  
— n a c h  der A nalog ie  d e r S ilikate — die e in e rse its  durch  die V a r ia tio n e n  des 
Io n e n a b s ta n d e s  u n d  andererse its  des V erknüpfungsg rades d er B O s-G ruppen  
a u f  die P o te n tia lä n d e ru n g e n  ausgeüb te  W irk u n g  ebenfalls in  B e tra c h t  gezogen 
w erden k a n n . D ie d e ra r t  b erech n e ten  ^ )/B 0 3-P o ten tia le  w eisen  be i der 
zu n eh m en d en  K o p p e lu n g  der G ruppen  eb en fa lls  eine abfallende T e n d e n z  auf. 
Die P o ly m erisa tio n  k a n n  also auch  bei d en  B o ra ten  du rch  d as  K om plex- 
A n io n en p o ten tia l au sg ed rü ck t w erden . E s w äre  v o rte ilh a ft zu  w issen , in 
w iew eit das in fra ro te  S p ek tru m  v ersch ied en en  s tru k tu re llen  T y p e n  an g e
h ö ren d er B o ra te  m it d er nachgew iesenen P o te n tia la b n a h m e  in  V erb in d u n g  
g eb rach t u n d  ob au ch  h ier ein so lcher Z u sam m en h an g  b e o b a c h te t w erden 
könne, wie bei d en  S ilik a ten  zw ischen d e r Ä n d eru n g  des K o m p lex -A n io n en 
p o te n tia ls  u n d  d e r  vom  P o ly m erisa tio n sg rad e  abhängenden  V ersch ieb u n g  
d e r  fü r  die G ruppe  bezeichnenden  B ande .
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M ESO DESM IC S T R U C T U R E S  (P R E L IM IN A R Y  R E P O R T )
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Abstract

I n  connection  w ith  th e  in v e s tig a tio n  o f th e  c o m p le x  an io n ic  po ten tia ls , in tro d u c e d  b y  
E . Szádeczky-Kardoss, th e  a u th o r  d em o n stra tes  t h a t  in  th e  v a rio u s  anisodesm ic a n d  m eso - 
d e sm ic  s t ru c tu re s  th e  com plex  a n io n ic  p o ten tia ls  c a n n o t be  co n sid ered  as values o f p e rm a n e n t  
c h a r a c te r  e v en  in  th e  case o f th e  sa m e  com plex an io n . T h e  v a r ia tio n  o f th e  p o te n tia l  v a lu e s  
d e p e n d s  in  anisodesm ic s tru c tu re s  o n  th e  possible v a r ia tio n  o f  th e  d istance  w ith in  th e  co m p lex  
a n io n  f ro m  one chem ical c o m p o u n d  to  an o th er. T he a u th o r  d iscusses th e  n ecessity  o f  d is t in 
g u ish in g  th e  physically  in te rp re te d  com plex  an ions, a p p e a r in g  in  th e  solid c ry s ta l  la t t ic e ,  
f ro m  th e  geom etrically  in te rp re te d  fo rm al com plex g ro u p s , fro m  th e  p o in t o f  v iew  o f  th e  
c a lc u la tio n  o f  th e  com pound p o te n t ia l  an d  th e  la tt ic e  e n e rg y , resp ec tiv e ly . H e d e m o n s tra te s  
t h a t  in  s ilic a te s  o f m esodesm ic s t r u c tu r e  th e  com plex a n io n ic  p o te n tia l varies w ith  th e  m o d i
f ic a t io n  o f  th e  d istance, y e t  in  consequence  of i ts  n u m e r ic a l  va lue  as well as o f  i ts  geo 
c h e m ic a l significance th e  v a r ia t io n  o f  th e  com plex a n io n ic  p o ten tia l, connected  w ith  th e  
d e g ree  o f  s ilifica tio n  proves to  b e  considerab ly  m ore  s ig n if ic a n t. The a lte rn a tio n s , d e p e n d 
in g  o n  th e  degree of te tra h e d ra l  co n n ec tio n , o f p ro p e rtie s  o f  th e  S i0 4 te trah e d ro n , th is  f u n d a 
m e n ta l  s t ru c tu ra l  elem ent o f  th e  v a rio u s  silicates, c an  be  ch arac te rized  by  th e  v a r ia tio n s  
d e p e n d in g  on  th e  s tru c tu ra l ty p e  a n d  th e  degree o f s ilif ic a tio n  o f th e  SiO p  co m plex  a n io n ic  
p o te n t i a l s ,  show ing from  th e  neso silica tes to  th e  te c to s ilic a te s  a decreasing te n d e n c y . 
B e tw e e n  th e  resu lts  o f th e  in f ra - re d  re fle c tio n  spec tro sco p ic  e x am in a tio n  of silica tes a n d  th e  
v a r ia b i l i ty  o f  th e  S i0 4 co m plex  a n io n ic  po ten tia ls  th e  a u th o r  discloses an  in te rd e p e n d e n c e . 
F in a lly  h e  discusses th e  p rin c ip le s  o f  th e  c o m p u ta tio n  m e th o d s  o f  v ariab le  yi/Si04 p o te n tia ls
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И З М Е Н Ч И В О С Т Ь  К О М П Л Е К С Н О Г О  А Н И О Н Н О Г О  П О Т Е Н Ц И А Л А  В  А Н И З О -  
Д Е С М И Ч Е С К И Х  И М Е З О Д Е С М И Ч Е С К И Х  С Т Р У К Т У Р А Х

Д Ь .  Г Р А С С Е Л Л И

Резюме

В  связи  с изучени ем  ком плексного ани онн ого п отен ц и ал а, введенного Э. Садецки- 
Кардошшем, автор доказы вает, что ком плексны е анионны е потенциалы  в р а зл и ч н ы х  
ан и зодесм и ч еск и х и м езодесм и ческ и х с т р у к т у р а х  д а ж е  в сл уч ае  одного и того  ж е  а н и о н а  
не м о гу т  считаться величинам и постоянн ого  ха р а к тер а . И зм енени е величин п о т ен ц и а л о в  
в а н и зодесм и ч еск и х  стр у к т у р а х  главны м о бр азом  зав и си т  от возм ож н ы х и зм ен ен и й  ион 
ны х р асстоя н и й  в п р ед ел ах  к ом плексного ани она от одн ого  хим ического со ед и н ен и я  к  
д р у го м у . А втор  о б су ж д а ет  н еобходи м ость  различ ать рассм отренны е в ф и зи ч еском  п он и 
мании ком плексны е анионы , п оя вл яю щ и еся  в твердой кристаллич еской  р еш етк е в каче
стве ком понентов , и лиш ь ф орм альны е, рассм отрен ны е в геом етрическом  п он и м ан и и  
ком плексны е группы  с точки зр ен и я  расчета потен ц и ала соедин ен ия  и эн ер ги и  реш етк и . 
Он док азы вает , что в си л и к атах  м езодесм и ческ ой  стр ук тур ы  ком плексны й ани онн ы й  
потен ц и ал  и зм ен яется  вместе с изм енениям и и он ного расстоя н и я , однако и зм ен ен и е  ком 
п л ек сн ого  ани онн ого потенц иала, св я зан н ое с степенью  силиф икации, б л а го д а р я  своей  
ч и сл ен н ой  величины , а  т а к ж е  своего геохим и ческ ого  зн а ч ен и я  является  н ам н ого  бо л ее  
сущ ественны м . И зм енение свойств тетр аэдр а  SiO.,, этого основного стр ук тур н ого  эл ем ен та  
различ ны х силикатов, зави сящ ее от степени связы вания тетраэдров , м о ж ет  бы ть х а р а к 
тер изован о зави сящ и м и от стр у к т у р н о го  тип а и от степени силификации и зм ен ен и ям и  
S ió i -  к ом п л ек сн ы х анионны х потенц иалов, показы ваю щ им и ум еньш аю щ ую ся от н е зо -  
сили катов  до  тектосиликатов тен ден цию . М еж д у  р езул ь татам и  ин ф ракр асн ого  р еф л ек -  
тосп ек тр оск опи ческ ого  анал иза  сили катов  и изм енчивостью  S i0 4 ком плексны х а н и он н ы х  
потенц иалов  автор т а к ж е  о б н а р у ж и в а ет  соотнош ения. В  зак он ч ен и и  он и зл агает  п р и н ц и п ы  
м етодов, прим еняем ы х дл я  расчета изм енчивы х y/Si0 4 потенциалов.
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E Ö T V Ö S - U N I V E R S I T Ä T , B U D A P E S T

B ei d e r U n te rsu ch u n g  de r phy sik a lisch en  R e a li tä t  u n d  der D ase in sb erech tig u n g  der 
in  d e r G eochem ie gebräuchlichen  P o te n tia lb e g riffe  (V erb in d u n g sp o ten tia l u n d  R e d o x p o te n 
tia l)  s te ll t  d e r  V erfasser fest, dass die D ase in sb erech tig u n g  des B egriffes V e rb in d u n g sp o ten tia l 
b e s te h t  u n d  dass dieses eine physika lische  R e a l i tä t  h a t.  D ie D ase insberech tigung  des R e d o x 
p o te n tia ls  b e s te h t  ebenfalls, obzw ar es u n te r  den  au s  ex tre m e n , du rch  V ersuche n ach w eisb aren  
u n d  sich  in  k o m p lex er W eise v e rfle ch te n d en  F a k to re n  zusam m engese tz ten  U m stä n d e n  des 
geologischen M ilieus ih re  physika lische  R e a l i tä t  b is zu  e inem  gewissen G rade  v e r lie re n  k an n .

W en n  w ir die G eochem ie ze itgem äss, d u rc h  A bänderung  d e r  b isherigen  
B estim m u n g en  d e ra r t defin ieren , dass sie jen e  W issenschaft is t , d ie  die V er
te ilu n g  u n d  die K o m b in a tio n en  a lle r in  d e r N a tu r  vo rkom m enden  Iso to p e  in  
d e r  E rd e  u n d  im  K osm os p ra g m a tisc h  v e rfo lg t, d an n  m üssen  w ir jene  
p h y sik a lisch en  u n d  chem ischen G esetzm ässigkeiten  suchen, die d ie  e inzelnen  
Iso to p e  in  ih ren  gegenw ärtigen  Z u s ta n d  g eb ra c h t haben .

Im  L au fe  der le tz te n  J a h re  h a t  sich eine ganze R eihe v o n  F o rsch ern  
m it d er B estim m u n g  der zw ischen den  A to m en  bestehenden  B in d u n g sk ra f t 
d u rc h  e x a k te  th eo re tisch e  M ethoden  o d er a u f  em pirischem  W ege b e fa ss t. 
Z w eck d ieser B estreb u n g en  b e s ta n d  d a r in , zu r B eschreibung d e r zw ischen 
d en  A to m en  b esteh en d en  B in d u n g sk ra ft eine e x a k te  theo re tisch e  F o rm e l zu 
f in d e n , sow ie die aus der Grösse d e r B in d u n g sk ra ft h erv o rg eh en d en  p ra k 
tisc h e n  p h y sik a lisch en  u n d  chem ischen V orgänge zu verfolgen.

B ei der L ösung  w issenschaftlicher P ro b lem e prinzip iellen  C h a ra k te rs  
b e s te h t die B estreb u n g , dem  N a tu rv o rg a n g  w om öglich g en au  fo lgen  zu 
k ö n n e n . I n  solchen F ällen  w ird zu r L ö su n g  d er Problem e au ch  d ie  höhere  
M a th e m a tik  herbeigezogen, w obei die A n sch au lich k e it u n d  die M öglichkeit 
e in er e in fach en  p rak tisch en  B e rech en b ark e it u n b e tra c h te t  ge lassen  w erden . 
Im  F a lle  e in er p rak tisch en  A n w endung  is t es ab e r zw eckm ässig, e ine  e in 
fach e  m a th e m a tisc h e  F o rm u lie ru n g  zu su ch en , die se lb s tv e rs tän d lich  kein  
e x a k te s  N a tu rg e se tz  d a rs tc llt, sondern  n u r  eine g u te  p rak tische  A p p ro x im a tio n  
d e r rea len  N a tu r fa k ta  b ie te t hzw . diese in  e in fach er Form  a u s d rü c k t.

In  d e r th eo re tisch en  P h y sik  t r i t t  im  a llgem einen  die v o rs teh en d e  B e s tre 
b u n g  h e rv o r. E s w ird  d an ach  g e tra c h te t , d ie  N atu rersch e in u n g en  a u c h  d an n  
g en au , m e istens m it D iffe ren tia lg le ichungen  zu beschreiben, w en n  diese 
D iffe ren tia lg le ich u n g en  n ich t im m er eine e in fach e  Lösung h ab en .
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D ie G eochem ie su c h t d ie  p rak tisch en  A u sw irk u n g en  der physik a lisch en  
u n d  chem ischen  V orgänge u n te r  ex trem en , a u f  ex p erim en ta lem  W ege o ft 
g a r  n ic h t  verfo lg b aren  U m stä n d e n . Die G eochem ie tr a c h te t  deshalb  n a c h  
e in fa c h e n , a n n ä h e rn d e n  L ö su n g en , sie m a c h t s e lte n  von D iffe ren tia lg le i
ch u n g e n  G ebrauch  u n d  m a c h t  sich an  die E rsc h e in u n g e n  m eistens m it a lg e 
b ra isc h e n  Z u sam m en h än g en  ers ten  G rades h e ra n .

E in es  der sehr ze itg em ässen  u n d  b e d e u tsa m e n  P rob lem e der G eochem ie 
b e s te h t  d a rin , was be i d e r K ris ta llisa tio n  des M agm a die A usscheidungsfolge 
b e s tim m t. Die L ösung  m uss se lb s tv e rs tän d lich  in  m echan istischem  S inne 
g esu c h t w erden , d a ru m  m ü ssen  als g ru n d leg en d e  U rsache  die zw ischen d en  
Io n e n  o d er A tom en tä t ig e n  E nerg ien , K rä f te  o d e r d as  a u ftre ten d e  P o te n tia l  
b e ze ich n e t w erden . B ei d e r E n tsch e id u n g  dieses P rob lem s sind  die a n g e 
fü h r te n  L ösungen  au sn a h m slo s  m ehr oder w en ig er m assgebend , im  G ru n d e  
gen o m m en  is t aber k e ine  v o n  ih n en  derm assen  e x a k t ,  d ass  gegen die A n w en d u n g  
irg en d e in es  der B egriffe je m a n d , der einen  a n d e re n  B egriff an w en d e t, die 
A n k la g e  d er » U n e x a k th e it«  erheben k ö n n te . V om  G esich tspunk te  d er 
E x a k th e i t  aus k ö n n e n  d ie  e rw äh n ten  B egriffe  a u c h  d a ru m  n ic h t u n te r 
sch ied en  w erden , w eil sie, w ie wir es w e ite r u n te n  darlegen  w erden , v o n 
e in a n d e r  ab g e le ite t w e rd en  können .

N ach  der th e o re tisc h e n  physikalischen  A n sc h a u u n g  is t die B esch re ibung  
irg e n d e in e r E rsch e in u n g  d u rc h  eine m e h rv a ria b le  D ifferen tia lg leichung  im  
a llg em ein en  d an n  m ö g lich , w enn deren L ö su n g en  w illkürlich  au sg ew äh lte  
F u n k tio n e n  m it den  z u r  L ösung  des P rob lem s g ee igne ten  R a n d b ed in g u n g en  
d a rs te lle n . Die in  d e r B iochem ie g eb räu ch lich en  G leichungen k ö n n en  w ir 
e rh a lte n , w enn w ir o b en e rw äh n te  D iffe ren tia lg le ich u n g en  vere in fachen  u n d  
je n e  G lieder w eglassen , d ie  nach  unserem  E rm e sse n  bei der B esch re ib u n g  
des P h än o m en s p ra k tis c h  n ich t in  e n tsc h e id e n d e r  W eise in  B e tra c h t 
k o m m en .

D ie e rste  em p irisch e  T a tsach e , die sich  a u f  d ie  zwischen den  Io n e n  a u f
t r e te n d e n  K rä fte  b e z ie h t, b e s te h t d arin , dass d iese K rä f te  bei e rs te r A p p ro x i
m a tio n  CoULOMBsche K rä f te  darste llen . F ü r  d a s  u n te r  der E in w irkung  d ieser 
K rä f te  e n ts ta n d e n e  K ra f tfe ld  is t es b eze ich n en d , dass es w irbelfrei is t , d e m 
n a c h  k a n n  die F e ld s tä rk e  in  w elchem  P u n k te  im m e r m it dem  n a c h  dem  
A b s ta n d  b e rech n e ten  n e g a tiv e n  D iffe re n tia lq u o tien te n  der P o te n tia lfu n k tio n  
a u sg e d rü c k t w erden .

D em n ach  b e s te h t  zw ischen der F e ld s tä rk e  (E) d. h . der a u f  die E in 
h e its la d u n g  (e) w irk en d en  CouLOMBsclien K ra f t  u n d  dem  P o te n tia l (cp) fo l
g e n d e r  Z u sam m en h an g  (p u n k ta r tig e  L a d u n g e n  vo rausgesetz t) :

(1 )
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D ieselbe G leichung a u f  das P o te n tia l ge löst :

(2)

w as b e d e u te t, dass das n ach  dem  W ege b e rech n e te  In te g ra l d e r  F e ld s tä rk e  
m it d e r P o ten tia ld iffe ren z  gleich is t.

D e fin itio n sa rtig  w ird  als P o te n tia l  jen e  A rbeit beze ich n et, d ie  w ir an  
d e r E in h e its la d u n g  d u rch fü h ren , um  diese aus der U n en d lich k e it in  den 
A b s ta n d  r von  dieser L ad u n g  zu  b rin g en  (s. G leichung 2).

D ie ganze Feldenerg ie  vom  A b s ta n d  r b is zu r U n en d lich k e it e rh a lte n  
w ir d a d u rc h , dass w ir das P o te n tia l m it d e r H ä lfte  der L ad u n g sm en g e  (e/2) 
m u ltip liz ie ren .

D er e rs te  n eg a tiv e  D iffe ren tia lq u o tien t des P o ten tia ls  g ib t n a c h  dem  
A b s ta n d  die F e ld s tä rk e , w äh ren d  der zw eite  D iffe ren tia lq u o tien t des P o te n 
t ia ls  eben fa lls  n ach  dem  A b stan d  die E le k tro n e n  d ich te  a n g ib t. D ie d u rc h 
sc h n ittlic h e  D ich te  is t  in  e iner K ugel m it dem  R ad iu s  r :

O2  (p ce 

~d r2 ~  r3

„ e n tsp r ic h t dem  B egriffe der E le k tro n e n d ic h te , d a  es n ich ts  a n d e re s  is t, als 
r3

die in  e in er K ugel m it E in h e itsv o lu m en  v o rh a n d e n e  L ad u n g sm en g e .
D ie au s der CouLOMBschen A n z ieh u n g sk ra ft d u rch  D iffe renz ierung  

bzw . In te g ra tio n  e rh a lten en  G le ichungstypen  sind  in  der G eochem ie fü r  die 
C h a ra k te r is tik  d er zw ischen den  Io n en  b e s te h e n d e n  K o h ä s io n sk ra ft bzw .

e2
E nerg ie  alle gebräuch lich . Die E nerg iew erte  —  w urden  m it v e rsch ied en en  Mo-

2  r
d if ik a tio n e n  v o n  F e r s m a n ,  K a p u s t i n s k y ,  D o e r f f e l  u . a ., die P o te n tia lw e r te
e _ ce
— von  S z a d e c z k y - K a r d o s s  u n d  die E le k tro n e n d ic h te  — • von  S a n d e r s o n  
r r3

a n g ew en d e t. A lle diese W erte  h än g en  von  zw ei V eränderlichen , u . zw . von  
d er L a d u n g  bzw . W ertig k e it u n d  vom  A b s ta n d  ab , wobei r  ü b e ra ll d en  Io n e n 
ra d iu s  beze ich n et.

D ie F e ld s tä rk e  w ird  in  der G eochem ie gew öhnlich  n ich t an g ew en d e t, da 
sie im  G egensätze  zu d en  v o rh e re rw äh n ten  sk a la re n  G rössen e in e  V e k to r
grösse d a rs te ll t .  D ie A nw endung  von  V ek to rg rö ssen  is t  u n b e q u e m , da  es 
bei ih re r  S u m m ieru n g  n ic h t m öglich is t, aussch liesslich  grössenm ässige O p era 
tio n en  d u rc h z u fü h re n , so n d ern  au ch  ih re  R ic h tu n g  b e rü ck s ich tig t w erden  
m uss.

D as zw ischen den Io n en  liegende K ra f tfe ld  k a n n  ab er du rch  die C o u l o m b - 

sche K ra f t  a lle in  n ic h t c h a ra k te ris ie r t w erd en , d a  zw ischen den  Io n e n  ausser
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der CouLOMBschen K raft auch  v a n  d e r  WAALSsche K räfte auftreten ; au s
serdem  treten  zwischen den Ion en , wenn diese zu  nahe zueinander kom m en, 
auch A bstossungskräfte auf. B etrachten wir nun  die Frage, inw iew eit der 
G eochem iker berechtigt is t , d iese Kräfte unberücksichtigt zu lassen.

D ie  V A N  d e r  WAALSschen Kräfte werden den CouLOMBschen K räften  
h in zu g efü g t. Die v a n  d e r  WAALSschen K räfte entstehen dadurch, dass 
die sich  in  den Ionen form enden Dipole einander anziehen (Induktionseffekt, 
D ispersionseffekt usw .). D iese K raft steht aber nur m it der siebenten P otenz  
des A b stan d es in um gekehrtem  Verhältnis, d. h . das Potential der V A N  

D D R  WAALSschen K raft ist :

(4)

D a s  gesam te P o te n t ia l  des aus den zw eierle i A n z ieh u n g sk rä ften  sich  
e rg e b e n d e n  K raftfe ldes e rh a lte n  w ir also aus d er S um m e der zweierlei P o te n 
tia le  :

(5)

D ie zw ischen d en  A to m e n  a u ftre te n d e  A b s to ssu n g sk ra ft o ffen b a rt sich  
d a r in ,  d a ss  zwei Io n en  n ic h t  n ä h e r  als ein gew isser A b s ta n d  zue in an d er g e ra te n  
k ö n n e n , d en n  sonst w ü rd e n  ih re  E lek tro n en w o lk en  in e in an d erd rin g en , w as im  
S in n e  des PAULischen V erb o tsp rin z ip s  ohne V erw en d u n g  einer b e so n d e ren  
A rb e it  n ic h t m öglich is t .  Im  G runde  genom m en  b e d e u te t dies also, d ass  zu  
d em  b ish e r  au fgesch riebenen  P o te n tia l sich n o ch  e in  en tgegengesetztes P o te n 
t i a l  g e se llt, das fü r  das K ra f tfe ld  der A b s to ssu n g sk ra ft bezeichnend  is t . D as 
P o te n t ia l  der A b s to ssu n g sk ra ft w ird  a u f  em p irisch e r G rundlage gew öhnlich  
in  u m g e k e h rte m  V e rh ä ltn is  zu r 8 -ten  bis 1 2 -ten  P o ten z  des A b s ta n d e s  
a n g e n o m m e n .

D as  resu ltie ren d e  P o te n t ia l  (xp) g e s ta l te t  sich  also fo lgenderm assen

V = (6)

E s is t o ffensich tlich , dass der G le ich g ew ich tszu stan d  zw ischen den  
b e id e n  Io n en  d o rt e in t r i t t ,  wo das G e sa m tp o te n tia l sein M inim um  e rre ic h t, 
w o a lso  der erste  D iffe re n tia lq u o tien t v e rsc h w in d e t. D er D iffe ren tia lq u o tien t 
v o n  ( 6 ) is t also g leich  N u ll.

d xp 

ar
e
r2

6  Ae
7^ +

n Be
r n + l

=  0 (? )

A us der G leichung (7) k a n n  der A b s ta n d  b e re c h n e t w erden, bei w elchem  
zw isch en  den beiden  Io n e n  das G leichgew icht e in tr i t t .
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D a im  F a lle  v o n -— jen e  G lieder,be i w elchen  im  N enner h ö h ere  P o ten zen  
r

v o n  r V orkom m en, bei p rak tisch en  B erech n u n g en  ausser ach t ge lassen  w erden  
k ö n n e n  (A u n d  В k ö n n en  a n n ä h e rn d  als g le ich  1 angenom m en w erd en ), s in d  
w ir b e i geochem ischen E rw äg u n g en  b e re c h tig t, den  W ert des P o te n tia ls  
u n te r  W eglassung  d er w eite ren  G lieder zu  b e rech n en .

D er U m sta n d , dass n eben  den  CouLOMBschen K räften  d ie ü b rig en  
K rä f te  p ra k tisc h  v e rn ach läss ig t w erden  k ö n n e n , w ird  auch d u rch  n u m erisch e  
A n g ab en  in  an sch au lich e r W eise nachgew iesen .

Tabelle  I

(Mayer u n d  Maltbie, 1932)

S a lz
C o u lo m b s c h e

E n e r g ie
v a n  d e r W a a ls s c h e  

E n e r g ie
A b s to s s u n g s -

e n e rg ie
N u l l p u n k t 

e n e rg ie G e s a m te n e r g ie

MgO . . . - 7 6 ,3 - 0 ,1 + 1 1 ,5 + 0 ,3 - 6 4 ,7 —939

CaO . . . - 6 6 ,7 - 0 , 2 +  9,3 + 0 ,2 - 5 7 ,4 —  831

SrO . . . . - 6 0 ,6 —0,2 +  7,8 + 0 ,1 - 5 2 ,9 —766

B aO  . . . - 5 7 ,0 - 0 , 3 +  7,0 + 0 ,1 - 5 0 ,2 —  727

MgS . . . - 6 2 ,5 - 0 , 2 +  7,4 +  0,2 - 5 5 ,2 - 8 0 0

A us der T abelle  is t es ersich tlich , dass die G rössenordnung  d e r E n erg ie  
der Io n en b in d u n g e n  100 K kal/M ol is t u n d  d ass  sich  die E nerg ien  d e r ü b rig en  
B in d u n g en  höch sten s a u f  1 — 2 K kal/M ol b e lau fen .

D er V orteil d er in  d er G eochem ie üb lich en  P o te n tia lb e re c h n u n g  sc h e in t 
im  G egensätze  zu r E n erg ieb erech n u n g  d a rin  zu  liegen , dass sie b e d e u te n d  
e in fach er zu h a n d h a b e n  is t, d a  sie aus der B erech n u n g  der B in d u n g sk rä f te  
u n d  n ic h t  aus dem  E n erg ieg eh alt au sg eh t. W en n  es sich um  e x p e rim en te lle  
M essungen h a n d e lt , d a n n  k a n n  zw ar d er E n e rg ieg eh a lt e infacher v e rfo lg t 
w erden  (wie z. B . beim  HABER-BoRNschen K reisp rozess), aber als G ru n d la g e  
fü r th e o re tisc h e  E rw äg u n g en  sch e in t die P o te n tia lb e re c h n u n g  zw eckm ässiger 
zu se in , d a  sie a u f  w eniger B ed ingungen  b e ru h t.

N ach  der A nalogie  des CARTLEDGEschen K a tio n e n p o te n tia ls  h a t  
S z á d e c z k y - K a r d o s s  den  B egriff des P o te n tia ls  zu e rs t a u f  die A n ionen  u n d  
K om plex -A n ionen , d a n n  au ch  a u f  die k o v a le n te n  bzw . m etallischen  B in d u n g e n  
e rs tre c k t u n d  die B egriffe A n io n en p o ten tia l, A to m p o te n tia l u n d  V e rb in d u n g s
p o te n tia l  e in g efü h rt.

D ie phy sik a lisch e  D ase insberech tigung  d ieser Begriffe is t aus fo lg en d em  
ers ich tlich  :
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B ei d en  ty p isch en  Io n e n v e rb in d u n g en  is t  es o ffenbar, dass die chem ische 
B in d u n g  d u rc h  die CoULOMBsche A nziehung  v e ru rsa c h t w ird. Im  S inne des 
V o rh e rg eh en d en  w ird  h ie r d as  P rob lem  d u rc h  die V e rb in d u n g sp o te n tia l
b e re c h n u n g  n a c h  dem  B egriffe des k lassischen  e lek tro s ta tisch en  P o te n tia ls  
g e k lä r t .

D ie  E n erg ie  d er k o v a le n te n  B ild u n g en  k a n n  n ich t so e in fach  a u f
g esch rieb en  w erden . Z um  B eispiel fü r die e in fach ste  k o v a len te  B in d u n g  
h a b e n  H e i t l e r  u n d  L o n d o n  bezüglich  des H ydrogenm olekü ls die e rs te n  
q u a n tu m m e c h a n isc h en  B erech n u n g en  d u rc h g e fü h r t, deren  B efo lgung einen  
g rossen  A u fw an d  an  W issen e rfo rd e rt. Im  E n d e rg e b n is  is t ja  die B in d u n g sk ra f t 
a u c h  h ie r  eine e le k tro s ta tisc h e  K ra f t ,  w enn a u c h  n ic h t eine einfache C o U L O M B 

sche K ra f t ,  wie bei den  Io n en b in d u n g en . » In d essen  ist die oft d isk u tie r te  
F ra g e , ob  w ir in  ih m  eine g ru n d sä tz lich  n e u a r tig e  K ra ftw irk u n g  v o r  uns 
h a b e n , w oh l zu  vern e in en  : d en n  auch  sie k a n n  le tz te n  E ndes n u r  e le k tro 
s ta t is c h e r  N a tu r  sein , da  ja  in  der als A u sg an g  d ienenden  S c h r ö d i n g e r - 

G le ich u n g  n u r  e le k tro s ta tisc h e  K rä fte  a u f t r e te n . F reilich  b e d a rf  d a n n  der 
B e g riff  , ,e le k tro s ta tisc h e  K ra f t”  einer E rw e ite ru n g  u n d  d a rf  n ic h t a u f  die 
CoULOMBsche K ra f t  b e sc h rä n k t b leiben«  ( E u c k e n : L ehrbuch  der chem ischen  
P h y s ik . 2. A uflage , B d . I ,  S. 375, 1938).

Im  F a lle  e in er k o v a le n te n  B in d u n g  is t  d ie  G esam tenergie des M oleküls 
eine m it  H ilfe  d er ScHRÖDlNGER-Gleichung b e s tim m b are  F u n k tio n  des A b
s ta n d e s  d e r A to m k ern e . O bzw ar die D e riv ie rte  d e r  E nerg ie n ach  dem  zw ischen  
d en  b e id e n  A to m k ern en  liegenden  A b s tan d  in  d e r  M echanik  n ic h t als eine defi
n ie r te  k ra f ta r t ig e  G rösse b e tr a c h te t  w ird , is t  es doch form ell zw eckm ässig , 
n a c h  d e r A nalogie d e r Io n en v e rb in d u n g en  d as  geochem ische P o te n tia l  au c h  im  
F a lle  v o n  k o v a le n te n  V erb in d u n g en  m it d iese r E n erg ie  zu d eu ten . E in  solches 
V e rb in d u n g sp o te n tia l k a n n  also bei d er U n te rsu c h u n g  von  geochem ischen  
V o rg än g en  m it E rfo lg  an g ew en d et w erden .

A u f  G ru n d  äh n lich e r E rw äg u n g en  k a n n  auch  die Z w eckm ässigkeit 
d e r s ich  a u f  m eta llisch e  B in d u n g en  b ez ieh en d en  V erallgem einerung  des 
B egriffes des V e rb in d u n g sp o ten tia ls  a n e rk a n n t  w erd en . S e lb s tv e rs tän d lich  
is t  b e i m e ta llisch e r B in d u n g  die B erech n u n g  des V erhältn isses des L a d u n g s 
h a lb m e sse rs  frag lich  (z. B . G rap h it) , a u sse rd e m  is t auch  die A b sch ä tzu n g  
d e r in  d e r B in d u n g  f ig u rie ren d en  L ad u n g sm en g e  w illkürlich . W en n  w ir 
a b e r  d ie  P o te n tia lb e re c h n u n g  fo lgerich tig  d u rc h fü h re n , k ö n n en  w ir doch 
e ine  fü r  das V e rh a lte n  d e r E lem en te  b eze ich n en d e  u n d  dem  geochem ischen  
Z w ecke  en tsp re c h e n d e  W ertse rie  e rh a lte n .

D en  B egriff des V e rb in d u n g sp o te n tia ls  h a t  S z á d e c z k y - K a r d o s s  in  der 
A n n a h m e  en tw ick e lt, dass in  e iner V e rb in d u n g  das V erhältn is v o n  m eh reren  
L a d u n g e n  u n d  m eh re ren  R ad ien  m itte lw e r ta r tig  sum m iert w ird . D ie A b le itu n g  
g e s ta l te t  sich  fo lgenderm assen  :

W en n  w ir an n e h m e n , dass es ein  w irk lich es  V e rb in d u n g sp o te n tia l g ib t,
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das w ir m it y> bezeichnen , d an n  w erden d ie  e inzelnen  P o ten tia le  d e r d ie  V er
b in d u n g  b ild en d en  Io n en  von diesem  P o te n t ia l  abw eichen. W en n  w ir die 
Sum m e d ieser D ifferenzen  m it A  beze ichnen , d a n n  ist

A  =r- (y> —  9>i) +  (ip —  <pz) +  . . .  + ( y >  —  <pn). (8)

D azu , dass diese D ifferenzen alle g le ichnam ig  seien, m ü ssen  w ir die 
B erech n u n g  n ic h t m it den  D ifferenzen, so n d e rn  ih ren  Q u a d ra te n  d u rc h 
füh ren  :

В  — (ip —  c p ^ f  +  (W  —  < P z)2 + . . . + ( ¥ »  — f n ) 2 - (9)

N ach  dem  GAUSSschen Gesetz lieg t d e r  w irkliche W ert im  M in im um  
dieser Q u a d ra tsu m m e . D as M inim um  des A u sd ru ck es liegt b e k a n n tlic h  d o rt, 
wo sein D iffe re n tia lq u o tien t versch w in d e t, w ir m üssen  also den  v o ra n g e g a n 
genen A u sd ru ck  (9) d ifferenzieren  u n d  m it N u ll gleichstellen :

0 =  2  ( i p  —  <pi) +  2  ( ip  -  <p2 )  +  . . .  + 2  ( y > - < p 2n )  ( 1 0 )

u n d  d a ra u s  :
n W =  (Pl +  <Pz+ . . .  +<P n , (11)

yi =  Vl +  +  • • • +  Cpn (12)
n

das heisst wir gelangen zum Begriffe des SzÁDECZKY-KARDOSs’schen Ver
b indungspotentials, als zum  w ahrscheinlichsten Potentialw ert. V on der 
m athem atischen Seite des Problems nun a u f die physikalische R ea litä t über
gehend m üssen wir erklären, dass auf Grund der obenangeführten A bleitung  
das SzÁDECZKY-KARDOSs’sche V erbindungspotential richtig ist, w enn es 
angenom m en werden kann, dass die A tom potentia le  sich m ittel wert artig  
sum m ieren.

*

E in  a n d e re r, in  der Geochemie h ä u fig  an g ew an d te r P o te n tia lb e g riff  
is t das GoLDSCHMiDTsche R ed o x p o ten tia l. I n  d e r  A bfassung  von G o l d s c h m i d t  

k a n n  das geochem ische R e d o x p o ten tia l als d as  G ew ich tsverhältn is  d e r o x y 
d ie rten  u n d  re d u z ie rten  F o rm  eines im  G este in  o d er im  M ineral v o rk o m m en d en  
M etalls au sg e d rü c k t w erden . Dies is t eine d im ensionslose abso lu te  Z ah l. Es 
v e rs te h t sich von  se lb st, dass diese A bfassung  keine physikalische R e a l i tä t  
h a t  u n d  dass G o l d s c h m i d t  durch  die A n w en d u n g  der D efin ition  n u r  den 
O x y d a tio n sg rad  des G esteins au szu d rü ck en  w ü n sch te . B edauerlicherw eise  
is t der A u sd ru ck  als P o ten tia lb eg riff  ir re fü h re n d , da  in  der p h y sik a lisch en  
Chem ie m it d iesem  A u sd ru ck  ein w irkliches u n d  m essbares e lek trisches P o te n 
tia l  b ezeichnet w ird , dessen M asszahl in V olt angegeben  w erden k a n n .

5  Acta Geologica V/3—4.
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P rin z ip ie ll w äre ja  die M essung des im  physikochem ischen  S in n e  a u f 
g e fa ss te n  R ed o x p o te n tia ls  a u c h  in  der G eochem ie e rd en k b ar. W en n  m a n  
n ä m lic h  e in  G estein in  e in en  v o llkom m en  io n isch en  Z u s ta n d  b rin g en  k ö n n te , 
o h n e  d a s s  es sich ox y d ieren  o d e r red u z ie ren  w ü rd e , d a n n  w ürde e in  R e d o x 
p o te n t ia l  e rscheinen , d as  a u f  G ru n d  der NERNSTSchen Form el aus d en  K o n 
z e n tra tio n sv e rh ä ltn is se n  d e r o x y d ie rte n  u n d  re d u z ie r te n  F o rm  se iner Io n e n  
in  V o lt angegeben  w erden  k ö n n te . Im  F alle  v o n  in  S äu ren  löslichen M inera len  
u n d  G este in en  k ö nnen  die R ed o x p o ten tia le  ge legentlich  m itte lb a r  o d er 
u n m it te lb a r  gem essen w erd en , w odurch  das GoLDSCHMiDTsche R e d o x p o te n tia l 
e ine  p h y sik a lisch e  R e a litä t  e rh ä lt .

Im  F a lle  von u n lö slich en  G esteinen u n d  M inera len  k an n  diese p h y s ik a 
lische  R e a l i tä t  n ich t v e rw irk lic h t w erden. D em  B egriffe  des GoLDSCHMiDTSchen 
» R e d o x p o te n tia ls«  fä ll t  ab e r in  solchen F ä llen  tro tz d e m  eine grosse B e d e u tu n g  
zu , d e n n  es s te llt ein so zu sag en  e rs ta rr te s  D o k u m e n t jenes rea len  u n d  m ess
b a re n  R ed o x p o ten tia ls  d a r , d as  zu r Zeit d e r B ild u n g  des G esteins in  d er 
U m g e b u n g  v o rh an d en  w ar, u n d  ausserdem  a u c h  ein  D okum ent d e r in  der 
G esch ich te  des G esteins s ta ttg e fu n d e n e n  se k u n d ä re n  V orgänge (V e rw itte ru n g , 
o b e rflä c h lich e  O x y d a tio n  usw .) d a rs te llt.

D as  geochem ische R e d o x p o te n tia l v e rk n ü p f t  sich  also d e ra r t  m it dem  
im  p h y sik a lisch en  S inne genom m enen  w irk lich en  R ed o x p o ten tia l.
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P H Y S IC A L  BASES O F  T H E  G E O C H EM IC A L  P O T E N T IA L  C O M PU T A T IO N S

B . K R I B U R S Z K Y  

Abstract

I n  exam in ing  th e  p h y sic a l re a lity  and  th e  ju s t if ic a t io n  of th e  p o te n tia l n o tio n s  used 
in  g e o ch e m is try  (com pound p o te n t ia l  and  o x y d a tio n -ré d u c tio n  p o ten tia l)  th e  a u th o r  a sc e r
ta in e d  t h a t  th e  ju s tif ic a tio n  o f th e  n o tio n  o f co m p o u n d  p o te n tia l  ex is ts and  t h a t  th is  n o tio n  
h a s  a  p h y s ic a l rea lity . T he ex is te n ce  o f th e  o x y d a tio n -ré d u c tio n  p o te n tia l  is ju s t if ie d ,  to o , 
a l th o u g h  u n d e r  th e  c ircu m stan ces  o f  th e  geological e n v iro n m e n t, consisting  o f  e x tre m e , 
e x p e r im e n ta l ly  dem o n strab le  a n d  in tr ic a te ly  in te rw o v e n  fa c to rs , i t  m ay  loose i ts  p h y sica l 
r e a l i ty  to  a certa in  e x te n t.
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ФИЗИЧЕСКИЕ ОСНОВЫ ВЫЧИСЛЕНИЯ ГЕОХИМИЧЕСКОГО ПОТЕНЦИАЛА
Б. КЛИБУРСКИ 

Резюме

При изучении физической реальности и права на существование применяемых в 
геохимии понятий потенциалов (потенциала соединения и окислительно-восстановитель
ного потенциала) автором устанавливается, что существование понятия «потенциала 
соединения» является обоснованным и что оно обладает физической реальностью. Суще
ствование понятия окислительно-восстановительного потенциала также является обосно
ванным, хотя он в сложенных крайними, доказуемыми опытами и сложно переплетенными 
факторами условиях геологической среды до некоторой степени может потерять свою 
реальность.

5 *





TUNDRENERSCHEINUNGEN MIT EISLINSEN 
UND EISBLÄTTRIGKEIT IN UNGARN

Von

P . K r i v á n

EÖTVÖS-UNIVERSITÄT, B U D A PEST

Im  L au fe  de r U n te rsu ch u n g en  von T u n d ren e rsch ein u n g sfo rm en  in  U n g a rn  w urde 
die E n ts te h u n g  e in e r e ig en artig en  T u n d ra  e rk an n t. D iese  E rscheinungsfo rm  der T u n d ra  m it 
E islin sen  u n d  E is b lä t tr ig k e it ,  fe rn e r m it L im o n its tre ifen  is t  a n  lockeren, k a rb o n a ta rm e n  
S an d g eb ie ten  zu  b e o b ac h te n . Die einzige u n te rs u c h te , d o ch  von  genetischem  S ta n d p u n k t  
v ie l u m s tr it te n e  E rsc h e in u n g  k am  u n te r  dem  N am en  » K o v a rv an y « -S an d  in  d ie L i te ra tu r .  
Bei d e r E n ts te h u n g  des lim o n itg e s tre if ten  Sandes w u rd e  a n  w iederho lte  holozäne F lu g sa n d 
bew egung  u n d  B o d en b ild u n g , u n d  an  -— im  L aufe  d e r  D e b a tte  bis zu r U n e rk e n n tlic h k e it  
v e rw ick e lte  —  V a ria n te n  d ieser beiden  gedach t.

D er lim o n itg e s tre if te  S an d , de r sich im  N y írség  g e n an n ten  G ebiet U n g a rn s , a u f  
F lu g san d  geb ild e t h a t ,  g e h ö rt jed o ch  zu r G ruppe d e r im m o b ile n  T u n d ra  m it E is lin sen  u n d  
E is b lä ttr ig k e it ,  ebenso , wie jen e  B ildungen  m it L im o n its tre ifen , die au f S a n d o b e rfläch en  
versch ied en sten  A lte rs  (doch  nie aus dem  H olozän s ta m m e n d )  u n d  jedw elcher E n ts te h u n g s 
weise ü b e ra ll in  gan z  U n g a rn , als allgemeine E rsc h e in u n g  a u ftre te n .

C h arak terzü g e  d e r B ild u n g  von T u n d ra  m it E is lin se n  u n d  E isb lä ttr ig k e it s in d  : 1.
D ie L im o n its tre ifen , d ie  d ie  E islinsen  u n d  -B lä tte r  u m g eb e n , v e rlau fen  im  Z ick zack  oder 
w ellig , d e r  ehem aligen  O b erfläche  des T erra ins fo lgend . 2. D ie L im on its tre ifen  e rsch e in en  
bis zu  e in e r T iefe von  2— 3 m u n d  w erden n ach  u n te n  h in  im m e r ra re r . 3. Fe inkörnige S c h ich te n , 
die p a ra lle l oder fa s t  p a ra lle l zu r O berfläche v e rlau fen , b e g ü n stig e n  die L im o n itv e rfä rb u n g , 
die V erb ack u n g  d e r S a n d k ö rn c h en  m it E isen v e rb in d u n g en . 4. D er V erlau f d e r S tre ife n  is t 
von d en  S ch ich ten fläch en  o d er B ruch lin ien , die m it d e r  O berfläche  einen g rösseren  W in k e l 
b ild en , u n ab h än g ig . D er ep igenetische  C h arak ter d e r V e rfä rb u n g  is t  m it S ich erh e it fe s tz u 
ste llen . 5. D ie S tre ifen  e n tw ick e ln  sich n u r  im  F a lle , w en n  d e r so rtie rte  Sand b is z u r  T iefe, 
wo es n o ch  L im o n its tre ifen  g ib t,  hom ogen und  ohne b e so n d e re  V eränderung  des M a te ria ls  
is t .  In  E inzelfä llen  k ö n n e n  sie sich au ch  a u f  der O b erfläch e  v o n  g robkörn igem  S a n d , sc h o tte -  
rigem  S an d  b ilden . 6. I n  d e r  N ähe  de r O berfläche a b g e lag e rte  w asserd ich te  S c h ich te n  v e r
h in d ern  die B ild u n g  d e r  L im o n its tre ifen  ; in  solchen F ä lle n  e n ts te h e n  typ ische K ry o tu rb a -  
tio n sersch e in u n g en  an  d e r  G renze de r w asserdurch lässigen  u n d  de r w asserd ich ten  S c h ic h t. 
7. In  G eb ieten  m it k a rb o n a th a ltig e m  S and  is t die B ild u n g  v o n  L im on its tre ifen  u n b e k a n n t .

E rsch ein u n g sfo rm en  d e r  T u n d ra  m it E islinsen  u n d  E is b lä ttr ig k e it  kön n en  s ich  a u ch  
a u f  L össoberflächen  b ild en , doch  de r K ö rn ch en zu sam m en se tzu n g , dem  K a rb o n a tg e h a lt  u n d  
de r u rp srü n g lich en  S ch ich tu n g slo sig k e it des Lösses zufolge, o h n e  L im on its tre ifen . D iese  s in d , 
m it den  E rsch ein u n g en  d e r  a u f  sand igen  G ebieten  e n ts ta n d e n e n  T u n d ren  m it E is lin sen  u n d  
E isb lä ttr ig k e it  zu sam m en , w ich tige  A nzeichen gew isser k lim a tisc h en  Phasen  des P le is to z ä n s  
in  U ng arn .

D ie D e b a tte  u m  den  m it L im o n its tre ifen  durchzogenen  S an d  (in  d e r  
u n g arisch en  F a c h li te ra tu r  b isher m it dem  lo k a len  N am en  » K o v árv án y « -S an d  
bezeichnet) im  N y írség  g en an n ten  G ebiet U n g a rn s  d a u e r t  nun  schon f a s t  10 
J a h re . D ie v e rsch iedenen  E rk lä ru n g en  seines U rsp ru n g es  [1, 2, 3, 4 , 5, 6, 
usw .] s ind  jed o ch  von  d er W ah rh e it so w eit e n tfe rn t ,  d a ß  w ir die c h a ra k te r is 
tische  lim o n itg e s tre ifte  V erfä rb u n g  der F lu g san d p ro file  im  — sensu la to  — 
N yírség  m it den  geläufigen  E rk lä ru n g en  n ich t in E in k la n g  zu bringen w ü n sch en . 
In  diesen g ene tischen  E rö rte ru n g e n  wird der K o m p le x  d er gelben u n d  b ra u n e n
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S c h ic h te n  im  lim o n itg es tre iften  S an d  als eine n a c h  oben hin  sich v e rd ic h te n d e , 
S ta n d a rd -S c h ic h te n fo lg e  b e tra c h te t .  D as P r in z ip  des N ach e in an d ers  der 
S tra t ig ra p h ie  n im m t an , dass sich  B oden u n d  F lu g sa n d  n a c h e in a n d e r b ilden  
u n d  sc h lie s s t die A nnahm e d e r g leichzeitigen  u n d  n ach  der F lu g sa n d b ild u n g  
e in tr e te n d e n  E n ts te h u n g  der L im o n its tre ifen  a u s . Die aus dieser B e tra c h tu n g s 
w eise fo lg en d en  S chw ierigkeiten  b ra c h te n  s te ts  m odifiz ierte , gezw ungene 
E rk lä ru n g e n  zu s tan d e , u n d  le ite te n  die M öglichkeit der E rk en n tn is  des U rs p ru n 
ges a u f  Irrw eg e .

U n se re r  In te rp rä tie ru n g  zufolge s ind  d ie  Lim onitstreifen  E rsch e in u n g e n , 
die a u f  d ie  B ild u n g  des F lugsandes folgen, d ie gleichzeitig und zusam m enhängend  
s in d . I h r e  S u p erposition  k a n n  n ich t m it e inem  zeitlichen  N ach e in an d er e rk lä r t  
w e rd e n , sie k ö n n en  n ic h t zum  A hlesen e in e r H olozänchronologie  v e rw en d e t 
u n d  a u c h  m it ke iner H olozänchrono log ie  in  E in k la n g  g eb rach t w erd en .

H in s ic h tlic h  d er chrono log ischen  W e r tu n g  ü b te  U n g a r  [ 2 ]  v o n  einer 
a n d e re n  S eite  h e r K ritik  ü b e r die C hronologie d er L im o n its tre ifen  (» K o v ár- 
v á n y « )  [1 ] . E r  s te llte  fe s t, d a ß  die im  F lu g s a n d  erscheinenden  b eg rab en en  
B ö d e n  m it  dem  chrono log ischen  W ert der im  L öss zu b eo b ach ten d en  e in stig en  
B o d e n sc h ic h te n  n ich t zu  verg le ichen  sin d . E r  b e r ie f  sich a u f  die B ew eg lichke it 
des F lu g sa n d e s  u n d  d a m it a u f  die be lieb ig e  U n te rb rech u n g  d e r B o d en 
b i ld u n g . E s  g en ü g t, w enn  w ir v o r A ugen b e h a lte n , dass die Z ah l d e r  ü b e re in 
a n d e r  lieg en d en  L im o n its tre ifen  in  allen  P ro file n  anders, dass d er C h a ra k te r  
ih re s  N ac h e in a n d ers  v e rsch ied en  is t ; es is t  so g ar fraglich , ob d ie  d ü n n en , 
l im o n itl iä lt ig e n  S ch ich ten  ü b e rh a u p t B ö d en  sin d .

W ir  m üssen  also die — a u f  e rs ten  B lick  gefällige, gew isserm assen  an  die 
V arv en ch ro n o lo g ie  e rin n e rn d e  — L im on itstre ifen -C hrono log ie  in fo lge  d ieser 
T a ts a c h e n  aufgeben . W enn  w ir jed o ch  d ie  n a c h  der F lu g sa n d b ild u n g  e in 
t r e te n d e ,  g leichzeitige u n d  gem einsam e E n ts te h u n g  der L im o n its tre ife n  vor 
A u g e n  h a lte n , verfo lgen w ir diesen G e d a n k en g an g  ü b e rh a u p t n ic h t .

D e r  U m stan d , dass die im  N yírség  ersch e in en d en , in  Z e n tim e te rn  m ess
b a re n ,  b ra u n e n  L im o n its tre ifen  n ich t fü r  b eg rab en e  B o d en sch ich ten  gelten , 
b e d e u te t  keinesfalls, dass es in  F lu g sa n d g e b ie te n  keine b eg rab en e  B ö d en  gib t 
u n d  d a s s  sie ohne B ed eu tu n g  seien. D er lio lozäne  F lugsand  im  G eb ie t zw ischen 
D o n a u  u n d  Theiss k a n n  eb en  m it H ilfe e in e r  a u f  F lugsand  e n ts ta n d e n e n , die 
O b e rf lä c h e  bedeckenden  oder m it F lu g san d  b e d e c k te n  B o d en sch ich t geg liedert 
w e rd e n .

E in  H in d ern is  der r ic h tig e n  E rk lä ru n g  fü r  die E n ts te h u n g  w a r  neben  
d e r  A n n a h m e , die L im o n its tre ifen  w ären  in  s tra tig ra p h isc h e r R eihenfo lge 
e n ts ta n d e n ,  in  e rs te r L inie d e r U m stan d , d a ss  diese E rscheinung  d em  A nschein  
n a c h  n u r  lo k a l en tw ick e lt w a r . Es h a t te  d e n  A nschein , dass d er m it  L im o n it
s tr e i f e n  u n te rb ro ch en e  S an d  eine e ig en tü m lich e , an  den F lu g sa n d  g ebundene 
E rs c h e in u n g  des N yírség  sei, die sich  lo k a l en tw ickelte  ; d er U m s ta n d , dass 
in  d e n  G eb ie ten  um  den  N y írség  h e ru m  a u c h  solche Gebilde e rk a n n t  w u rd en ,
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ä n d e r te  w enig an  den  lo k a len  Zügen u n d  an  der A uffassung  h insich tlich  
se in er G enese [6].

A u f die besondere  B e d e u tu n g  d er G eb u n d en h e it an  ein spezielles G ebiet 
w ies K ádár  [6] h in . K o ppen— R éthly  [7] bzw . B acsó— K akas— T akács [8] 
p fe rc h te n  alle b e k a n n te n  E rsch e in u n g en  in  je  ein  B ereich ih re r  K lim a k a rte n  
(D b fx  bzw . I  a) ein, o hne  die B eo b ach tu n g en  von  Stefanovits [5] in  F lu g 
sa n d g e b ie te n  des K o m ita ts  Som ogy (A bb. 8) zu  erw ähnen . D as F lu g san d g eb ie t 
im  K o m ita t  Som ogy g e h ö rt in  das K lim ab ere ich  Cbfxz bei K ö p p e n -R éthly  
bzw . I I I  b bei B acsó—K a k a s- T akács. Die a u f  F lu g san d  e n ts ta n d e n e  E rsch e i
n u n g  der L im o n its tre ifen , die in  d ia m e tra l en tg eg en g ese tz ten  P u n k te n  U ngarns 
a u f tre te n , k ö n n en  also n ic h t als spezielle N yírséger, lokale  E ig e n tü m lic h 
k e ite n  b e tra c h te t  w erden . E in e  E rk lä ru n g , die die E n ts te h u n g  v o m  K lim a 
des N yírség  abh än g ig  m a c h e n  w ollte , is t also a u f  S an d  g e b a u t.

E s k ö n n te  also zu  e rw a rte n  sein, dass  die Fazies d er L im o n its tre ifen  
au c h  im  F lu g san d g eb ie t zw ischen  D o n au  u n d  T heiss e rsch e in t, d a s  zw ischen 
die zwei K lim abere iche  f ä l l t .  D a — u n se ren  b isherigen  B eo b a c h tu n g e n  
zufolge — die L im o n its tre ife n  zw ischen D o n a u  u n d  T heiss n ic h t  a u f tre te n , 
w ollen  w ir u n te rsu ch en , w elche U m stän d e  au sse r den an g en o m m en en  k lim a 
tisch en  G egebenheiten  u n d  d er V e rb u n d en h e it m it dem  S and  ih re  E n ts te h u n g  
b eein flu ssen  m och ten .

Die C h arak te rzü g e  des m it L im o n its tre ifen  u n te rb ro c h e n e n  Sandes 
w erd en  von  den  e ig en a rtig en , g estre iften  E isen h y d ro k a rb o n a t-N ied e rsch läg e  
v e ru rsa c h t. D ie e rs te  V o rau sse tzu n g  ih re r  E n ts te h u n g  is t die M o b ilitä t des 
E ise n h y d ro k a rb o n a ts . B ei säu rig em  p H, in  ka lk fre ien , w asserd u rch lässig en  
G este inen , wie im  k a lk fre ien , g u t so r tie r te n  F lu g san d , is t diese G egebenheit 
v o rh a n d e n .

D er k a lk - u n d  m ag n esiu m h a ltig e  F lu g sa n d  zw ischen D o n a u  u n d  Theiss 
e n ts p r ic h t d ieser A n fo rd e ru n g  n ic h t, es is t d a h e r  auch  keine L im o n it g estre ift - 
h e i t  zu  b eo b ach ten .

Ü b era ll, wo sich L im o n its tre ifen  im  S an d  b ild en , sind  d iese P räm issen , 
n äm lich  die A bw esenheit von  K a lk  u n d  die W asse rd u rch läss ig k e it, v o r
h a n d e n . Diese F es ts te llu n g  g ilt auch  u m g ek eh rt : a n h a n d  der B eo b ach tu n g en  
v o n  Stefanovits [5] u n d  u n se ren  eigenen k ö n n en  w ir aussagen , d a ss  in  den 
saueren Flugsandgebieten U ngarns die E n tw icklung  des lim onitgestreiften  
Sandes als allgemeine E rscheinung  zu erkennen ist. In  ka lk - u n d  m ag n esiu m 
h a ltig e n  F lu g san d g eb ie ten , wie zw ischen D o n au  u n d  T heiss, v e rh in d e r t  das 
a lk a lisch e  p H ih re  E n ts te h u n g . D as H in d ern is  is t jed o ch  n u r  d as  a lkalische  
p H, d a  w ir im  F lu g sa n d g e b ie t im  K o m ita t  H eves, das eben fa lls  zw ischen 
D o n a u  u n d  Theiss, in  dessen  nörd lichem  G ebiet lieg t u n d  das k a rb o n a tf re i 
is t  (A bb. 8), die L im o n itg e s tre if th e it w ieder an tre ffen .

Die E rk lä ru n g  fü r  den  M angel an  K a rb o n a t lieg t in  den  v e rsch ied en en  
D efla tio n szo n en  der zwei F lu g san d g eb ie te . D er zw ischen D o n au  u n d  Theiss
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a b g e la g e r te  F lugsand  z e ic h n e t sich , wie die aus k las tisch em  D o n aused im en t 
d e f la d ie r te n  S an d fo rm atio n en  allgem ein , m it se inem  R e ich tu m  an  K a rb o n a t 
a u s . D as M ateria l des F lu g san d g eb ie te s  im  K o m ita t  H eves s ta m m t aus den 
S e d im e n te n  des T a rn a -F lu s se s , dessen A b tra g u n g sg e b ie t die G egend des 
M átra -G eb irg es  ist.

E s  k a n n  also fe s tg e s te llt  w erden, dass d e r lim o n itg estre ifte  S an d  als 
E rsc h e in u n g  weder m it dem  heutigen, noch m it dem  — in grossen Z ügen ver-

A bb. 1. D ie L im on its tre ifen  v e rfo lg en  die O berfläche des g ro b k ö rn ig en  o b e rp an n o n isch en  
Sandes wellig bzw . im  Zickzack. Pécs. A ufsch luss D an icz-P usz ta

w a n d te n  — H olozänklim a in  Verbindung zu bringen ist, u n d  dass sein E n ts te h e n  
m it H ilfe  anderer k lim a tis c h e n  V erhältn isse zu  e rk lä ren  is t.

Z u r  E rk en n tn is  d e r E n ts te h u n g sv e rh ä ltn is se  u n d  der k lim atischen  Lage 
h ilf t  u n s  der U m stan d , d a ss  diese E rscheinung  w ed er in  holozänem  F lu g san d , 
n o c h  in  holozänem  F lu s s sa n d  b eo b ach te t w u rd e .

W ir erw ähnen d en  F lu sssa n d , da u n se ren  B eo b ach tu n g en  zufolge die 
ty p is c h e  V erfärbung d e r N y írség er L im o n its tre ifen  sich an  der O berfläche 
a ll je n e r  F o rm atio n en  b ild e n  k a n n , in  denen das E isen , neben  der K alk losigkeit 
u n d  d e r  W asse rd u rch läss ig k e it des Gebildes m ob il b le iben  k an n . W ir b eo b ach 
te n  d ie B ildung  von L im o n its tre ife n  au f der O b erfläch e  von im m obilen  ober
p a n n o n isc h e n  und  m itte lm io z ä n e m  Sand  eben fa lls  ; ih r  E rscheinen  is t also 
w o h l a n  äolischen S an d , d o ch  n ich t an die spezie llen  V erhältn isse  des N yírség  
g e b u n d e n .
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H insich tlich  d e r I d e n t i tä t  d ieser E rsch e in u n g en , die w ir a u f  d e r  O ber
fläche  von  S and  v ersch ied en en  A lters u n d  H e rk u n ft u n d  von  sch o tte rig em  
S and  b e o b a c h te ten , b e s te h t keinerle i Zw eifel. In  allen  F ällen  s te h t  fo lgendes r 
1. D er V erlau f d e r L im o n its tre ifen  is t z ickzack ig  oder wellig u n d  fo lg t der 
O berfläche  des T e rra in s  (A bb. 1). 2. Die L im o n its tre ifen  e rsch e in en  bis zu 
e in er T iefe von 2 — 3 m u n d  w erden  n ach  u n te n  h in  im m er r a r e r  (A b b . 2).
3. F einkörn ige  S ch ich ten , die p a ra lle l oder fa s t para lle l zu r O b e rfläch e  ver-

A bb. 2. D ie L im o n its tre ifen  w erden  n ach  u n te n  h in  im m er ra re r . G robkörn iger o b e rp an n o - 
n isch er Sand . Pécs, A ufschluss D an icz -P u sz ta

lau fen , b egünstigen  die L im o n itv e rfä rb u n g , die V erbackung  der S a n d k ö rn c h e n  
m it E isen v e rb in d u n g en . 4. D er V erlau f der S tre ifen  is t von  den S c h ic h te n 
fläch en  oder B ru ch lin ien , die m it d er O berfläche  einen g rösseren  W in k e l 
b ild en , u n ab h än g ig  (A bb . 3, 4). D er epigene C h a ra k te r  der V erfä rb u n g  is t  m it 
S icherhe it fe s tzu ste llen . 5. Die S treifen  en tw icke ln  sich n u r im  F a lle , w en n  d er 
so r tie r te  S an d  bis z u r  T iefe, wo es noch  L im o n its tre ifen  g ib t, h om ogen  u n d  
ohne besondere V erän d e ru n g en  des M ateria ls is t. In  E inzelfällen  k ö n n e n  sie 
sich  au ch  a u f  der O berfläche  von g robkörn igem  S and , sch o tte rig em  S an d  
b ild en . 6. In  der N äh e  d er O berfläche ab g e lag erte  w asserd ich te  S ch ich ten  
v e rh in d e rn  die B ild u n g  d er L im on its tre ifen  ; in  solchen F ä llen  e n ts te h e n  
ty p isch e  K ry o tu rb a tio n se rsch e in u n g en  an  d e r G renze der w asse rd ich ten  
u n d  der w asserdu rch lässigen  S ch ich ten  (A bb. 5). E in  h in re issendes B eisp ie l 
f in d e n  w ir in der zusam m enfassenden  A rb e it ü b e r das P le is to zän  von
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Charlesworth  [9, B d . I I ,  T a f. X X V I]. 7. I n  G eb ie ten  m it k a rb o n a th a ltig e m  
S a n d  is t  die B ildung  v o n  L im o n its tre ifen  u n b e k a n n t.

Info lge der L ag e ru n g sv e rh ä ltn is se  des F lu g sa n d e s  erscheinen die u n te r
4 . u n d  6. an g e fü h rte n  C h a ra k te r is tik a  in  d en  N y írség er P ro filen  n ic h t, u n d  
so e rw eck te  das g em e in sam e  E rscheinen  d e r L im o n its tre ifen  u n d  d er etw as 
fe in k ö rn ig e ren  F lu g sa n d sc h ic h te n  den A nschein  des gem einsam en U rsp ru n g s.

A b b . 3. Die L im o n its tre ifen  v e rla u fen  unab h än g ig  v o n  d e r  Sch ich tenoberfläche. O b e rfläch 
lic h e  F rag m en te  der m it L im o n it  zem en tie rten  S c h ich te n flä ch e  w u rd en  von  de r S o lifluk tions- 
b ew eg u n g  in  der e in le ite n d e n  P h a se  der W ü rm j-V ere isu n g  v e rsch lep p t (obere  lin k e  E cke 

des B ildes). Pécs, A ufsch luß  D a n icz -P u sz ta

D er gem einsam e V e r la u f  der S ch ich ten  u n d  d e r V erfärbung  sp ric h t gegen 
d e n  epigenen C h a ra k te r  d e r L im o n its tre ifen . D ie A nnahm e einer ep igenen  
E n ts te h u n g  is t d e n n o c h  e in fach er u n d  b e ru h ig e n d e r , als die V orste llung , die die 
F lu g san d b ild u n g  u n d  d ie  E n ts teh u n g  d e r L im o n its tre ifen  a u f  gezw ungene 
u n d  kom plizierte  W eise  einem  zeitlichen  N a c h e in a n d e r  zu sch re ib t. E s is t 
z u  bem erken , dass im  N y írség  die w ich tig sten  B ew eise des epigenen C h arak te rs  
te ils  fehlen (P u n k t 4 ), te ils  u n te rg eo rd n e t s in d  (P u n k t 5).

K Á D Á R  [1] b e o b a c h te te  im  Z u sam m en h an g  m it der E n tw ick lu n g  der 
L im o n its tre ifen  s te llen w e ise  auch  T u n d re n e rsc h e in u n g e n , die er jed o ch  im  
L ic h te  der neueren  A u ffa ssu n g  — der E n ts te h u n g  im  H olozän — als u n g e re c h t
fe r t ig t  b e tra c h te t  [6 ] . W ir können die T u n d ren e rsch e in u n g en  k a u m  m it 
d e m  H olozän in  V e rb in d u n g  bringen . U m so  eh e r jedoch  m it d en  L im o n it
s tre ife n , da diese e in e rse its  in  u nbezw eife lbarem  genetischen  Z u sam m en h an g
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m it ty p isch en  T u n d re n e rsc h e in u n g e n  s teh en  (A bb . 5) ; sie d eu ten  im  L ie
g en d en  eines w ü rm ze itlich en  K om plexes, a u f  ob erp an n o n isch em  S an d , jen en  
T u n d re n a b sc h n itt  a n , d er d er L össbildung v o ra n g e h t (A bb. 7), an d ere rse its

Abb. 4. D er V erlau f d e r  L im o n its tre ifen  is t  u n ab h än g ig  v o n  d e r  R ich tu n g  de r L ith o k lase . 
G ro b k ö rn ig er Sand des M itte lm io zän s ; sch o ttrig e r S an d . B u d a fo k , A ufschluss K eresz th eg y

w eisen sie die s tru k tu re l le n  E ig en tü m lich k e iten  d e r  re z e n te n  T u n d ren e rsch e i
n u n g en  m it E islinsen  u n d  E isb lä ttr ig k e it a u f  [10, 11, 12, 13]. D ritte n s  : den 
g rü n d lich en  S tu d ien  v o n  Schenk  [11, 12] zufolge b en eh m en  sich S ch ich ten  
m it g leichen K ö rn c h e n frak tio n en  dem  F ro s t g eg en ü b er e inheitlich . G ro b 
k ö rn ig e re  S ch ich ten  gefrie ren  schneller, als die fe in k ö rn ig en . Die G efrierung  
u n d  d ie  in fo lgedessen  ersch e in en d e  L im o n itv e rfä rb u n g  v o n  S ch ich ten  fe inerer 
K ö rn c h e n frak tio n en  u n d  g ü n stig e re r O b e rfläch en v e rh ä ltn isse  fo lgen m it 
e in ig e r V ersp ä tu n g  a u f  d a s  G efrieren d er g ro b k ö rn ig e ren  S ch ich ten  ; es 
sc h e in t also, als ob d ie  fe inkö rn igeren  S ch ich ten  u n d  die L im o n itv e rfä rb u n g
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in  S e d im e n te n , die m it d e r  O b erfläche  p a ra lle l verlau fen , sy n g en e tisch  
e n ts ta n d e n  w ären.

W e n n  in  m it W asser d u rc h trä n k te n , s c h u tth ä ltig e n  K o m p lex en , die 
in  d e r  Z one der T u n d ren e rsch e in u n g en  liegen , in  der N ähe d e r O berfläche  
die S c h ic h te n  häufig  V e rä n d e ru n g en  u n te rlieg en  u n d  sich a u c h  d ie  K ö rn 
c h e n zu sam m en se tzu n g en  u n d  d as  P o renvo lum en  oft v e rä n d e rn , b ild e n  sich 
in fo lg e  des w achsenden R a u m in h a lte s  d er P e litsch ich ten  bei w ied erh o ltem

A bb . 5. W o die fe inkörnige w asse rd ich te  S ch ich t in  die N ähe de r O b erfläche  g e rä t ,  e n ts te h t 
p a ra l le l  m it  der B ildung v o n  L im o n its tre ifen  eine ty p isch e  K ry o tu rb a tio n s la g e ru n g . Aus 

dem  A ufschluss eines M itte lm io zän k o m p lex es : B udafok , K e resz th e g y

G e frie re n  u n d  A u ftau en  K ry o tu rb a tio n s-F o rm e le m e n te . In  e in h e itlich en  
K o m p le x e n  ohne V e rä n d e ru n g  des M ateria ls  aus S and  o d er sch o tte rig em  
S a n d  geh en  m it dem  A nschw ellen  des R a u m in h a lte s  infolge d e r G efrierung  
k e in e  a te k to n isc h e n -tu n d re n a rtig e n  A b lag eru n g sv erän d eru n g en  H a n d  in  H an d .

D a  die T u n d ren e rsch e in u n g en  d er a llgem einen  A u ffassung  n a c h  m it 
S tö ru n g e n  der A blagerung  im  Z u sam m en h an g  s teh en , w urde  die E rk lä ru n g  
d e r  T u n d re n  m it E islinsen  u n d  E isb lä ttr ig k e it , die n ich t von  ih n e n  ab h än g en , 
b is h e r  a u f  anderen  W egen g esu ch t.

W ir haben  uns b ish e r k a u m  a u f  au slän d isch e  A nalogien  b e ru fe n . Die in 
U n g a rn  befind lichen  P ro file  b o ten  g enügend  viele u n d  au ssch laggebende
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A ngaben  zu r E n tsc h e id u n g  d er F rag e  des U rsp ru n g es. Die r ich tig e  E rk lä ru n g  
äh n lich e r E rsch e in u n g en  w urde  im  A u slan d  auch  e rs t je tz t ,  m it H ilfe  der 
A rb e it von  W eidenbach  [13], e rk a n n t. A uch  die rezen ten  T u n d re n e rsc h e i
n u n g en  m it E islinsen  u n d  E isb lä ttr ig k e it s in d  u ns von perig lazialen  G ebieten  
b e k a n n t [10, 11, 12.]. J e n e  S tre ifen , die in  N ordw est- u n d  N o rd d e u tsc h la n d

Abb. 6. E isb lä ttr ig k e it  im  Löss. Die wellige O berfläche des b ra u n en , m o d ifiz ie rten  Lösses itn 
L iegenden  e n ts ta n d  einer So lifluk tionserscheinung  zufolge. Pécs. A ufschluss D a n icz -P u sz ta

a u f  S a n d r-S a n d  b e o b a c h te t w urden , k ö nnen  als ih re  fossilen F o rm en  b e tr a c h te t  
w erden  ; sie w erden  von  Stefanovits [3] n a c h  H artmann [14] e rw ä h n t.

D ie T u n d ren e rsch e in u n g en  m it E islin sen  u n d  E isb lä ttr ig k e it h ab en  
sich au ch  a u f  Löss en tw ick e lt. W ir v e rd a n k e n  ih re  K en n tn is  d e r A rbeit 
W eidenbachs [13]. D iese E rsch e in u n g  b ra c h te  d er feineren  K ö rn ch en zu sam 
m ense tzung  des Lösses zufolge (dom in ierende F ra k tio n  : 0,02 — 0,05 m m  0 ),
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w 0

A bb. 7. W ied erh o lte  T u n d ren e rsch e in u n g en  m it E is lin sen  u n d  E isb lä ttr ig k e it  vom  A nfang  
u n d  v o m  E n d e  der W ü rm v ere isu n g . Die T u n d ra  im  L ieg en d en  des w ürm zeitlichen  L ö ssk o m 
p lex e s  e n ts ta n d  a u f  g ro b k ö rn ig em  o b erp an n o n isch em  S a n d , die im  H an g en d em  h in 
g eg en  in  so lchem  o b e rp an n o n isch en , g robkörn igen  S an d , de r d u rch  S olifluk tion  u m g elag ert 
w u rd e . P écs, A ufschluss D a n icz -P u sz ta . —  Legende: 1. G egen w ärtig er B oden  ; 2. T u n d re n 
e rsc h e in u n g  m it E islinsen  u n d  E is b lä ttr ig k e it  ; 3. D u rc h  S o liflu k tio n  u m g elag erte r g ro b k ö r
n ig e r o b erp an n o n isch er S an d  ; 4. M odifizierter Löss ; 5. L öss : die w iederho lte  A b tra g u n g  
d u rc h  S o liflu k tio n  (lin k er T eil des P ro fils) is t  eine E rk lä ru n g  fü r  die In k o m p le t th e it  der 
S c h ich ten fo lg e  u n d  die e ig en artig en  A b lag eru n g sv e rh ä ltn isse  ; 6. D u rch  S o liflu k tio n  ab g e 

lag e rte r  san d ig er K iese l ; 7. O b erp an n o n isch er g robkörn iger Sand

A bb . 8. D ie  V erb re itu n g  de r T u n d ren e rsch e in u n g en  m it E is lin sen  u n d  E isb lä ttr ig k e it  in  U n g a rn
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dem  m eistens v o rh a n d e n e n  K a lk g eh a lt u n d  d er u rsp rüng lichen  u n g e sc h ic h te 
te n  S tru k tu r  e n tsp re c h e n d  eine w aag erech te , e isb lä ttrig e  G lied e ru n g  ohne 
L im o n itv e rfä rb u n g  z u s ta n d e . Ä hnliche T u n d ren ersch e in u n g en  m it  E is- 
b lä t tr ig k e it ,  wie u n se r B eisp iel aus dem  M ecsek-G ebirge (A bb. 6), s in d  im 
u n g a rlän d isch en  Löss ganz  allgem ein , m an ch m al erscheinen  sie je d o c h  g e ta rn t 
u n d  le iten  in  die S o lif lu k tio n s tu n d ra  ü ber.

Die E rsch e in u n g sfo rm  d er T u n d ra  m it E islinsen  u n d  E is b lä ttr ig k e it  
in  U n g a rn  v e rä n d e rt u n se re  V orste llungen  h in s ich tlich  der Q u a r tä re rsc h e i
n u n g e n  der O berfläche U n g a rn s  u n d  — n ach  in d u k tiv e n  U n te rsu c h u n g e n  — 
h in s ich tlich  seines P a läo k lim as  [15, 16]. W ir w ollen — in E in k la n g  m it der 
E rk e n n tn is  von b a h n b re c h e n d e r  B ed eu tu n g  von  E . S z á d e c z k y - K a r d o s s  

[17] — den  allgem einen  C h a ra k te r  jen e r T u n d ren e rsch e in u n g en  b e to n e n , die 
als K u rio su m  u n d  A u sn ah m e [18, 19] b e tra c h te t  w 'orden sind . D ie e ingehende  
A n a ly se  der E iskeile  u n d  T asch en b ö d en , wie au ch  der S o lif lu k tio n s tu n d re n  
soll in  sp ä te ren  A rb e iten  fo lgen . Zugleich w erden  w ir uns auch m it d e r  ch ro n o 
log ischen  E ing lied eru n g  d er T u n d re n a b sc h n itte  befassen.

D ie T u n d ra  m it E islin sen  u n d  E isb lä ttr ig k e it  is t von  b eso n d erem  
chrono log ischen  W ert in  d en  zw eifelhaft d a tie ib a re n , im  Q u a rtä r  e n ts ta n d e n e n  
F lu g san d g eb ie ten , so im  N y írség  u n d  im  K o m ita t  Som ogy, wo d as  F lu g san d - 
T e rra in  e igentlich  als eine b esteh en d e  P le is to zän fo rm  b e t r a c h te t  w erden 
k a n n . D ieser U m sta n d  v e rm in d e r t  im allgem einen  die B e d e u tu n g  d e r  sog. 
» H ase lze it«  des H olozäns als f lu g san d b ild en d en  F a k to r .

» K o v árv án y « -S an d  is t  ein  v o lk stü m lich er A u sd ruck . D ass e r in  die 
P ra x is  d er W issenschaft ü b erg in g , b e d eu te te , dass die E n ts te h u n g  des so 
b eze ich n e ten  G esteins be i w eitem  n ich t g ek lä rt w ar. E in  w e ite re r G eb rau ch  
des A usd ruckes w äre v e rw irre n d  u n d  ebenso u n m o tiv ie r t, w ie d e r  a n d e re r  
B ezeichnungen  loka le r M u n d a rte n .
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T U N D R A  PH E N O M E N A  W I T H  IC E  LEN SES A N D  IC E  F O L IA T IO N  IN  H U N G A R Y

P . K R IV Ä N  

Abstract

I n  th e  course o f  th e  in v e s t ig a t io n  of the  m a n ife s ta tio n s  o f  tu n d ra  in  H u n g a ry , th ere  
h a s  b e e n  revealed th e  d e v e lo p m e n t o f a p a rticu la r t u n d r a .  T h is m an ife s ta tio n  o f a tu n d ra  
w i th  ic e  lenses and ice fo lia tio n , a s  w ell as w ith  l im o n itic  b a n d s  can  be obse rv ed  in  a reas of 
lo o se  sa n d s  w ith  a low  c a r b o n a te  c o n te n t. The o n ly  e x a m in e d  m an ife s ta tio n , th e  o rig in  o f 
w ic h  h a s  been m uch d iscu ssed , h a s  b een  quoted in  l i te r a tu r e  u n d e r  th e  nam e o f  » K o v á rv án y «  
s a n d s .  T h e  form ation  o f th e se  s a n d s  w ith  lim onitic  b a n d s  h a s  b een  ex p la in ed  b y  re ite ra te d  
m o v e m e n ts  of Holocene b lo w n  sa n d s  and by soil fo rm a tio n , as w ell as b y  th e  v a r ia n ts  o f 
th e s e  tw o  factors, c o m p lica te d  in  th e  course o f th e  d e b a te  p a s t  recognition .

T h e  liinonite b a n d e d  s a n d ,  w h ic h  has been fo rm ed  in  th e  reg io n  of th e  so-called  »N yírség« 
o f  H u n g a ry , belongs, h o w e v e r , to  th e  group of th e  im m o b ile  tu n d ra  w ith  ice lenses an d  ice 
fo l ia t io n  in  the  same w ay  a s  th e  l im o n ite  banded fo rm a tio n s ,  t h a t  a p p ea r in  sa n d y  a rea s of 
v a r io u s  (b u t never H olocene) a g e  a n d  m ode of fo rm a tio n  o n  th e  en tire  te r r i to ry  o f  H u n g a ry  
a s  c o m m o n  phenom ena.

T he ch aracteris tic  f e a tu r e s  o f  th e  tu n d ra  fo rm a tio n  w ith  ice lenses a n d  ice fo lia tion  
a re  a s  follow s : 1. The l im o n itic  b a n d s  surrounding th e  ice  lenses an d  leaves ru n  in  a zigzaging 
o r  u n d u la t in g  line, p u rsu in g  th e  fo rm e r surface of th e  t e r r a in .  2. T he lim o n itic  b a n d s  ap p ea r 
u p  to  a  d e p th  of 2— 3 m  a n d  b e c o m e  dow nw ards ra re r . 3. F in e  g ra in ed  layers ru n n in g  p a ralle lly  
o r  a lm o s t  parallelly  w ith  th e  s u r fa c e ,  con tribu te  to  th e  fo rm a tio n  o f lim o n itic  co lo u ra tio n  as 
w e ll a s  to  th e  cem en ta tio n  o f  th e  s a n d  grains by fe rrous c o m p o u n d s . 4. T he course o f  th e  bands 
is  in d e p e n d e n t of p a r tin g  p la n e s  o r  f rac tu re  lines, fo rm in g  a  g re a t  angle w ith  th e  su rface . The 
e p ig e n e tic  character o f  th e  c o lo u ra tio n  can be e s tab lish ed  w ith  c e r ta in ty . 5. T he b a n d s  develop 
o n ly  in  such  cases, w hen  u p  to  a  d e p th  in w hich th e re  a re  s till  lim o n itic  b a n d s , th e  g raded  
s a n d  p ro v es to be ho m o g en eo u s a n d  th e  m ateria l does n o t  sh o w  a n y  a lte ra tio n . In  in d iv id u a l 
c a se s  b a n d s  can develop a lso  o n  th e  surface  of coarse -g ra in ed  sa n d  or g rav elly  san d . 6. Im p e rm e 
a b le  la y e rs  deposited in  th e  v ic in i ty  o f the  surface p r e v e n t  th e  fo rm atio n  of lim o n itic  b an d s  ; 
in  su c h  cases there arise ty p ic a l  c ry o tu rb id i ty  p h en o m en a  a t  th e  b o u n d a ry  b e tw een  th e  p e rm e
a b le  lay e rs . 7. In  regions o f  c a r b o n a te  bearing sands fo rm a t io n  of lim o n itic  b an d s  is u nknow n.

M anifestations o f  th e  t u n d r a  w ith  ice lenses a n d  ice  fo lia tio n  can  develop  also on loess 
su r fa c e s ,  b u t in  consequence o f  t h e  g ranu lom etric  c o m p o s itio n , th e  carb o n a te  c o n te n t, as well 
a s  o f  th e  original u n s tra ti f ie d  s t a te  o f the  loess —  w ith o u t  lim o n itic  b an d s. T o g e th e r w ith  
th e  phen o m en a  of tu n d ra s  w i th  ice  lenses and ice fo l ia t io n  fo rm ed  in  sa n d y  a rea s th e y  re 
p r e s e n t  im p o rtan t in d ic a tio n s  f o r  som e clim atic p h ases o f  th e  P le istocene o f H u n g a ry .
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ТУНДРОВЫЕ ЯВЛЕНИЯ С ЛИНЗАМИ И ПОЛОСАМИ ЛЬДА В ВЕНГРИИ
П. К Р И В А Н

Р е з ю м е

В ходе изучения тундровых явлений Венгрии было обнаружено возникновение 
своеобразной тундры. Этот вид тундры, отличающийся линзами и полосами льда, а также 
лимонитовыми полосами, наблюдается в областях распространения рыхлых песков, 
бедных карбонатами. Его единственное, с генетической точки зрения спорное развитие 
приведено в литературе под названием песка «Коварвань». При обсуждении происхожде
ния этих песков с лимонитовыми полосами предполагали повторяющиеся движения 
голоценовых сыпучих песков и почвообразование, а также осложненные до неузнавае
мости в течение дискуссии варианты этих двух факторов.

Однако пески с лимонитовыми полосами, которые в области «Ниршег» Венгрии 
образовались над сыпучими песками, относятся к группе неподвижной тундры с линзами 
и полосами льда таким же образом, как образования с лимонитовыми полосами, которые 
на песчанистых поверхностях различного (но никогда не голоценового) возраста и проис
хождения появляются повсюду в Венгрии в виде всеобщего явления.

Характерными признаками образования тундры с линзами и полосами льда явля
ются : 1. Лимонитовые полосы, окружающие линзы и полосы льда, проходят зигзаго- 
или волнообразно, приспособливаясь к бывшей поверхности местности. 2. Лимонитовые 
полосы появляются до глубины 2—3 м  и с увеличением глубины становлятся все более 
редкими. 3. Тонкозернистые слои, залегающие параллельно или почти параллельно с 
поверхностью Земли, благоприятствуют лимонитовой окраске, железистой цементации 
песчаных зерен. 4. Прохождение полос является независимым от плоскостей наслоения 
или линий разрыва, образующих большой угол с поверхностью. Эпигенетический харак
тер окраски можно определить с уверенностью. 5. Полосы возникают только в том случае, 
когда сортированный песок до глубины, на который еще появляются лимонитовые полосы, 
является однородным и в нем не обнаруживаются значительные изменения материала. 
В отдельных случаях полосы могут образоваться также на поверхности грубозернистых 
или гравелистых песков. 6. Водонепроницаемые слои, залегающие близко от поверхности, 
препятствуют образованию лимонитовых полос ; в таких случаях на границе водопрони
цаемого и водоупорного слоев появляются типические явления криотурбации. 7. В обла
стях распространения карбонатных песков образование лимонитовых полос неизвестно.

Тундровые явления с линзами и полосами льда могут появляться также на лёссо
вых поверхностях, однако вследствие гранулометрического состава, карбонатности и 
первоначальной ненаслоенности лёсса — без лимонитовых полос. Наряду с тундровыми 
явлениями с линзами и полосами льда, образовавшимися в песчаных областях, они пред
ставляют собой важные признаки известных климатических фаз плейстоцена Венгрии.

6  Acta Geologica V/3—4.
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I n  th e  b r ie f  p a p e r  p re sen te d  here  th e  a u th o r  w ishes to  describe som e g e n e ra l re su lts  
o f  e x p e rim e n ta l s tu d ies  c a rried  o u t  a t  th e  M ineralogical a n d  G eochem ical L a b o ra to ry  o f th e  
I n s t i tu te  o f  M ining and  G eology o f  th e  U ra l B ra n ch  o f  th e  S ov ie t A cadem y o f  Sciences, in  
c o n n ec tio n  w ith  th e  com plex  in v es tig a tio n  o f  U ra lia n  ore  d ep o sits , m a in ly  o f  c o n ta c t 
m e ta so m a tic  origin.

I.

A ccord ing  to  th e  u p - to -d a te  p o in t o f v iew , sh a re d  b y  m ost of th e  in te re s te d  
sc ie n tis ts , th e  fo rm a tio n  o f so-called c o n ta c t m e ta so m a tic  dep o sits  is due 
to  th e  in te ra c tio n  o f m a g m a tic  em an a tio n s  a n d  so lu tions w ith  lim esto n es or 
som e o th e r  rock  w hich h a v e  com e in to  d ire c t c o n ta c t w ith  th e  m a g m a tic  
b o d y . I t  is fu r th e r  supposed  th a t  th e  gaseous e m a n a tio n s  an d  liq u id  so lu tions 
a re  d e riv in g  from  th e  sam e m ag m a m elt w hich  h as  g iven  rise to  th e  m ag m a tic  
ro ck  b o d y , in  c o n ta c t w ith  w hich  th e  ore b o d y  occurs, an d  w hich  is conse
q u e n tly  ca lled  m o th e r in tru s iv e .

T h e  d e ta ile d  s tu d y  o f  a g re a t n u m b e r o f U ra lia n  c o n ta c t-m e ta so m a tic  
dep o sits , a n d  th e  geological fac ts  o b ta in ed  th e re b y  h a v e  p e rm itte d  th e  a ssu m p 
tio n  t h a t  th e  d iffe re n tia tio n  o f iron , a n d  o th e r  m e ta ls  acco m p an y in g  i t ,  o u t 
o f th e  s ilica tic  m e lt o f th e  m ag m a to  form  an  in d e p e n d e n t p h ase , as w ell as 
th e ir  c o n c e n tra tio n  in to  ore bodies in  th e  su rro u n d in g  rocks, is a consequence  
o f a ss im ila tio n  processes. T he above view  w as checked  an d  e n tire ly  co rro 
b o ra te d  b y  la b o ra to ry  ex p e rim en ts .

I t  w as fo u n d  th a t  on fusing  some igneous rock , g ran ite , b a s a lt  or por- 
p h y r ite , w ith  lim estone , a n d  cooling th e  m e lt g rad u a lly , iron  sep a ra te s , 
as a ru le  w ith  th e  beg in n in g  o f slow re c ry s ta lliz a tio n , from  th e  s ilica te  
m e lt a n d  is tra n s p o r te d  u p w ard s . T hus i t  m a y  reach  th e  u p p e r a n d  la te 
ra l  su rfaces o f th e  m e lt an d  even is c a rried  beyond  its  lim its . T h is 
process is so reg u la r  th a t ,  even w hen lim esto n e  is alloyed w ith  a n  exp res- 
sed ly  leu co c ra tic  rock  o f no  m ore th a n  one p e r  cen t iron  c o n te n t, th e re  
ac c u m u la tes  iro n  in  considerab le  q u a n t i ty  — as re la te d  to  th e  b u lk  o f

6 *
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th e  e n t i r e  m elt, — a t  th e  m odels o f ore bod ies. I n  th e  course o f lim esto n e  
a s s im ila t io n  by  th e  m ag m a  th e  s tro n g  ca lc ium  ca tio n  expels iro n  from  th e  
b o n d s  i t  u su a lly  occurs in  : th u s  assim ila tio n  b rin g s ab o u t th e  se p a ra tio n  
a n d  t r a n s p o r t  of ore fo rm in g  com pounds.

A ccord ing  to  e x p e r im e n ta l re su lts , th is  p rocess can  be o u tlin e d  as 
fo llo w s : in  th e  course o f  fu s in g  th e  m ix  o f lim esto n e  an d  m a g m a tic  rock , 
i ro n  is  sep a ra te d  in  th e  fo im  o f v e ry  sm all d ro p le ts  even ly  d is tr ib u te d  in  th e

F ig . 1. S egregation  of m eta llic  iro n  (w h ite ) a ro u n d s gas b u b b les  (b lack). R e flec ted  l ig h t, 63 X

m e lt .  T h ese  droplets th e n  a c c u m u la te  an d  a re  tra p p e d  by  gas bu b b les , in  a m a n 
n e r  re m in d in g  of ore f lo ta t io n . A t th e  sam e tim e , th e  drop le ts b eg in  to  gain  
s ize . T h is  process is i l lu s t r a te d  b y  th e  p h o to g ra p h s  of F igs. 1 — 5 ;  in  th e  
f i r s t  o n e , sporadic iron  d ro p le ts  occur on th e  su rface  of th e  b u b b le  in  F ig . 2, 
th e s e  fo rm  a lready  an  a lm o s t con tin u o u s shell, in  F ig . 3, th is  shell h as  an  
in c re a s e d  th ickness, in  F ig . 4 th e  drop  o f iro n  ap p ears  w ith in  th e  b u b b le , 
b y  w h ic h  it  is tra n s p o r te d  u p w ard s  ; a f te r  th e  c ry s ta lliza tio n  o f th e  m e lt, 
th e s e  d ro p s form  globules, as seen in  F ig . 5.

T h ese  sm all iro n  g lobu les, h av in g  a d ia m e te r  up  to  2 m illim e tres , w ere 
in  m o s t  cases s itu a te d  a b o v e  th e  su rface of th e  c ry sta llized  m e lt, i. e. th e y  
w ere  tra n s p o r te d  o u tw a rd s . B ecause  of th e ir  w e ig h t, th e  drops o ccu p y  sm all 
d e p re ss io n s  on th e  su rface  o f  th e  slow ly cooling m e lt (F ig. 6). In  th e  co n cen tra -



E X PE R IM E N T A L  STUDY OF T H E  PROCESSES OF O RE GENESIS 339

F ig . 2. A ccum ulations o f  m eta llic  iron  (w h ite) a ro u n d  gas bubble. R eflec ted  l ig h t ,  86 X

Fig. 3. C o n cen tra tio n  o f ore m a t te r  (b lack ) a ro u n d  gas b u b b le  (w hite). T ra n sm itte d  l ig h t ,  60 X



3 4 0 L. N. OVCHINNIKOV

Fig. 4. Ore d rops (b la c k )  in  gas bubbles (w h ite ). T ra n sm itte d  ligh t, 63 X

F ig . 5. Cross se c tio n  o f  globule of m eta llic  iro n . R e flec ted  lig h t, 63 X
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t io n  o f th e  iron  d ro p le ts  su rface  tension  p lay s  a n  im p o r ta n t p a r t ,  ju s t  like 
in  th e  w ell-know n process o f accre tion  of m e rc u ry  d ro p le ts . T he im p o rtan ce  
o f  gases in  th is  p rocess is in d ica ted  b y  th e  occu rren ce  of upgrow n chrom e- 
m a g n e tite  c ry s ta ls  on  th e  w all of th e  crucib le , som e cen tim etres  above  th e  
su rface  o f th e  m e lt (F ig . 7). In  case th e  fu sion  ex p e rim en t w as c a rr ie d  ou t 
in  an  oxidizing m ed iu m , a th in  veneer o f m a g n e tite  in s tead  o f iron  drops 
w as observed  on th e  su rface  o f th e  c ry s ta llized  m e lt. T he s tru c tu re  of th is

F ig. 6. M etallic iro n  g lobules developed  a t  th e  su rface  o f  a  c rysta llized  m elt o f  a g ra n ite -
lim estone m ix tu re . 4,5 X

ven eer is m uch resem b lin g  th a t  of n a tu ra l m assiv e  m ag n e tite  (F ig . 8). In  
o th e r  cases th e  secre tio n  o f  m in u te  h e m a tite  fla k e s  could  be observed  (F ig . 9).

W e call a t te n tio n  to  th e  fac t th a t  th e  se p a ra tio n  of iron  w as observed  
n o t on ly  on m ix ing  lim esto n e  w ith  an  igneous ro c k  b u t  also w hen  g ran ite  
w as m ixed  w ith  som e calc ium -rich  igneous ro ck  su ch  as p o rp h y rite  o r  b a sa lt .

F u r th e r  e x p e rim e n ts  concerning th e  fu sio n  o f  m ag m atic  ro ck s h av e  
show n th a t  th e  p a r t  p la y e d  b y  lim estone is n o t  re s tr ic te d  to  se p a ra tin g , 
tra n sp o r tin g  an d  d ep o sitin g  iron  ore. In  cases w h ere  lim estone  pieces are  p u t  in 
to  a rb a sa lt or p o rp h y r ite  m elt, o r even w h en  th e se  m elts  a rriv e  in  c o n ta c t 
w ith  pow dered  lim esto n e , th e  la t te r  a t tr a c ts  to  i ts e lf  th e  iron  o ccu rrin g  in  
th e  m e lt. A fter th e  c ry s ta lliz a tio n  of th e  m e lt i t  is read ily  o b serv ed  th a t  
th e re  is a zone o f lig h te r  colour su rro u n d in g  th e se  pieces. T h is is caused  
b y  th e  ex trac tio n  o f th e  iro n  co n ten t o f th e  su rro u n d in g s  an d  its  a ccu m u la tio n
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F ig .  7. C hrom e-m agnetite  c ry s ta ls  on  th e  w all o f  th e  crucib le . R eflec ted  l ig h t ,  86 X

F ig . 8. M assive p an id iom orph ic  m a g n e tite  ore on th e  su rface  o f a g ran ite  an d  lim esto n e  m elt.
R eflec ted  lig h t, 190 X
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Fig. 9. A c cu m u la tio n  o f h e m a tite  f lak es (ligh t g rey ) on  th e  so lid ified  surface  o f  a  g ra n ite -  
an d  p o rp h y rite  m elt. R e fle c te d  l ig h t, 62 X

Fig. 10. In te ra c t io n  o f b a sa lt a n d  lim esto n e . Cross sec tio n  o f  th e  c rysta llized  m elt. (C rosses : 
b a sa lt . D ashed  su rface  : th e  sam e, w ith  a lig h t g reen  co lo u r becau se  o f  th e  e m ig ra tio n  o f iro n . 
B rick -s tap le  sign  : decom posed lim esto n e  ; th e  sam e w ith  dash es : lim estone im b u e d  w ith  

iro n  ; b lack  : a cc u m u la tio n  o f p u re  ore. N a tu ra l  size
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F ig . 11. Ore im p re g n a tio n s  (w h ite) in decom posed  lim esto n e . R eflected  lig h t, 86 X

F ig . 12. R ep lacem en t o f lim esto n e  by  iro n  ore (b lack ). C o n tac t o f b a sa lt w i th  lim esto n e  
a f te r  fu sio n  an d  c ry s ta lliz a tio n . 2,5 X
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in  th e  decom posed  lim estone  (F ig . 10). In  th is  lim estone, co n sisting  a t  th e  
en d  o f  th e  ex p e rim en t of an  ag g reg a te  o f  und isso lv ed  calcium  ox ide  g ra in s , 
th e re  occu r inclusions of sc a tte re d  ore g ra in s  (F ig . 11). T he a c c u m u la tio n  o f 
su ch  ore g ra in s  m ay  reach  d iffe ren t s ta g e s , som etim es y ie ld ing  fo rm s m uch  
resem b lin g  n a tu ra l  m assive ores (F igs. 12 —13). As is know n, d ep o sits  o f  th is  
k in d  a re  fo rm ed  in  n a tu re  b y  th e  s u b s titu tio n  o f lim estone x en o lith s  o f  th e  
igneous ro ck s (m e taso m atic  su b s titu tio n ) .

As seen  above, th e  ex p erim en ts  h av e  p roved  th a t  th e  ore m a te r ia l  
m a y  be  se p a ra te d  in  th e  course o f a ss im ila tio n . I t  w as fu r th e r  p ro v ed  t h a t  th e  
ore d ro p le ts  th u s  sep a ra te d  m a y  c o n c e n tra te , a n d  be tra n sp o rte d  to , o r even

F ig . 13. R e p la ce m en t o f lim estone b y  iro n  ore (b lack ). T he lim estone is in c lu d ed  b y  a n  in 
tru s iv e  (crosses). P rofile  o f th e  K am en sk  c o n ta c t m e ta so m atic  iro n  ore d ep o sit, U S SR .

across, th e  p e rip h e ry  of th e  m ag m a tic  in tru s io n  : w ith  o th e r w o rd s, th e
above  o u tlin e d  m ode o f fo rm atio n  o f c o n ta c t m etaso m atic  ore d ep o sits  w as 
show n to  be  possible.

Table 1

B ehaviour o f  some metals during the melting o f  rock m ixtures (on  the basis o f  the data o f  the q uan
titative and qualitative spectral analysis)

T e s t.
No. S ta r t in g  m ate ria l M eta l

R e la tiv e  q u a n titie s

in  th e  s ta r tin g  
m a te ria l in  th e  m e lt in  t h e  g lo b u les

50 G ra n ite  +  lim estone, 1 : 1 N ickel
Cobalt
V anad ium
M anganese
T itan iu m
T in

n o t d e t.  
n o t d e t. 
n o t  d e t. 

1,0 
1,0

n o t d e t.

n o t de t. 
n o t de t. 
no t de t. 

1,33 
2,3

n o t de t.

+
+

0,44
nil

+

55 S y en ite  +  lim estone, 1 : 1 N ickel n o t d e t. n o t de t. +  +
Cobalt n o t d e t. no t det. +  +
V anad ium n o t d e t. no t det. 4“
Copper 1,0 1,0 20,0
M anganese 1,0 1,36 0,49
T itan iu m 1,0 n il
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T h e  ex p erim en ts  a lso  show  th a t  th e re  a re  a  n u m b e r of m eta ls  o f  s im ila r 
b e h a v io u r . A ccording to  an a ly ses  th e  iron  g lobu les accu m u la ted  on to p  o f 
th e  m e lt con ta in  c o p p e r, n ickel, coba lt, m a n g a n e se , tin  an d  v a n a d iu m  
e x tr a c te d  from  th e  fu sed  g ra n ite  and  sy en ite  (T ab le  1). The co n c e n tra tio n  of 
th e s e  e lem ents in  th e  o r ig in a l rock  m ate ria l h a s  b een  so sm all as to  be sp e c tro 
sco p ica lly  u n d e m o n s tra b le , w hereas in  th e  iro n  g lobules th e y  h av e  reach ed  a 
co n sid e rab le  c o n c e n tra tio n .

I I .

T he ex p e rim en ta l d a ta  o u tlined  ab o v e  h a v e  ch a rac te rized  th e  e x 
tra c t io n , co n cen tra tio n  a n d  tra n sp o rt to  th e  su rface  of ore m a te r ia l  
in  a m ag m a m elt. N o t less im p o r ta n t, f ro m  th e  p ra c tic a l p o in t o f 
v iew , are  th e  p ro b le m s o f th e  b e h a v io u r  o f  th e  o re-bearing  flu id  
o u ts id e  th e  bounds o f th e  in tru s iv e , n am ely  th e  p ro b lem  of its  m ig ra tio n , th e  
m o d es of its  ap p e a ra n ce  in  th e  host rock , a n d  its  e n tire  fu r th e r  h is to ry  u p  to  
th e  c ry s ta lliz a tio n  o f  th e  o re  m a te ria l, i. e. to  th e  fo rm a tio n  o f th e  ore d ep osit. 
In  n a tu re ,  an im p o r ta n t  ro le  is p layed  b y  d ep o sits  considered  to  h av e  form ed 
o u t  o f  so-called p o s t-m a g m a tic  so lutions d e riv e d  from  th e  cooling m o th e r 
in tru s iv e . E ven  a t  th e  b e g in n in g  of ore m in e ra lo g y , a tte n tio n  was p a id  to  th e  
re g u la r  a rran g em en t, th e  z o n a lity  of th e  in d iv id u a l  ty p es  of deposits a ro u n d  
th e  m o th e r  m agm a. B y  e x p e rim e n ta l s tu d ies  i t  h a s  becom e possible to  define  
a n u m b e r of fac to rs  d e te rm in in g  th e  lo c a tio n  o f  th e  deposits a ro u n d  th e  
m o th e r  m agm a as w ell as th e  co n cen tra tio n  o f  th e  in d iv id u a l m e ta ls  in  one 
o r th e  o th e r of th e se  d ep o sits .

I t  was b y  th e  th e rm o d y n a m ic a l s tu d y  o f  n a tu r a l  m inera l associa tions 
t h a t  A cadem ican  D . S. K o r z h i n s k y  could d e te rm in e  th e  beh av io u r o f d iffe ren t 
su b s ta n c e s  un d er t r a n s p o r t  in  so lu tion . In  th is  con n ec tio n  he has in tro d u c e d  
th e  co n cep t of th e  g eo ch em ica l m obility  o f e le m e n ts , expressing th e  m ig ra tiv e  
a b il i ty  o f an  e lem en t in  th e  E a r th ’s c ru st. A s re g a rd s  th e  seepage o f so lu tions 
th ro u g h  th ç  rocks, d if fe re n t series of e x p e rim e n ts  w ere carried  o u t to  d e te r 
m in e  th e  in fluencing  fa c to rs . I t  has been e x p e rim e n ta lly  d e m o n s tra te d  t h a t  
th e re  arises a so-called  f i l t r a t io n  effect, i. e. p a r t  o f th e  dissolved su b stan ce  
show s a backlag  as r e la te d  to  th e  proceeding  o f  th e  so lven t. As a f irs t a p p ro x 
im a tio n , th e  f i l t r a t io n  e ffec t on a g iven  e le m e n t m a y  be considered  to  be 
a b o u t  inversely  p ro p o r t io n a l  to  th e  geo ch em ical m o b ility  of th e  sam e. 
F i l t r a t io n  effect w as fo u n d  to  depend on a n u m b e r  o f  ex te rn a l a n d  in te rn a l 
in flu en ces . E v e n tu a lly  th e  effect m ay  be q u ite  considerab le (50 p e r cen t 
a n d  m ore of th e  d isso lv ed  m ate ria l). I ts  in flu en ce  is d ifferen t on v a rious 
co m p o n en ts  : c o n se q u e n tly , i t  brings a b o u t a d iffe re n tia tio n  of th e  la t te r ,  i. e. 
th e  in d iv id u a l c o m p o n en ts  o f  th e  so lu tion  w ill m ove w ith  d ifferen t ve locity  
a n d  will be d ep o sited  a t  d ifferen t places in  a ro ck  series o f v a ry in g  p e r 



EXPERIMENTAL STUDY OF TH E PROCESSES OF ORE CENESIS 347

m e a b ility . E x p e rim e n ta l s tu d ies  h av e  rev ea led  a n u m b er o f h i th e r to  u n 
kn o w n  fac to rs  in flu en c in g  th e  f i l tra tio n  o f  so lu tions and , as a m a t te r  o f fac t, 
g o v ern in g  th e  d ev e lo p m en t o f  ore d ep o sits .

I t  has been fo u n d  o u t t h a t  th e  in te n s i ty  o f th e  f i l tra tio n  e ffec t depends 
on th e  p o ro sity  an d  te m p e ra tu re  of th e  h o s t rock , on th e  p re ssu re  con fin ing  
th e  so lu tion  an d  on  th e  com position  o f th e  so lu tio n . In  th is  la s t  re sp e c t th e  
sizes o f th e  dissolved p a rtic le s  — in  th e  case o f e lec tro ly tes th e  r a d i i  o f th e  
h y d ra te d  ions — h a v e  to  be ta k e n  in to  a cco u n t, as well as th e  d iffusion  
co effic ien t an d  th e  c o n c e n tra tio n  o f th e  so lu tio n . T he m ost im p o r ta n t  of

c.

F ig . 14. E x am p les fo r th e  fo rm a tio n  o f ore dep o sits  (b lack ) in  fro n t o f sem ip e rm eab le  la y e rs :  
a :  according to  I r v i n g ,  b :  according to  S p e n c e r ,  c : according to  S m i r n o v

th e se  fin d in g s is th a t  th e  f i l tra tio n  effect depends in  th e  f irs t  p lace  on  th e  
ra d ii  o f th e  h y d ra te d  ions on th e  one h a n d , a n d  on th e  a m o u n t a n d  n a tu re  
o f  th e  p o ro s ity  o f th e  ro ck  on th e  o th e r.

T h e  q u a n ti ty  o f su b s ta n c e  held  b a c k  from  th e  so lu tion  d ep en d s  on th e  
d is tr ib u tio n  of th e  m in u te s t u ltrap o re s  o f  th e  rock . The g rea te r th e  p e rcen tag e  
o f  u ltra p o re s  sm aller th a n  50 /л/л, th e  m ore in ten se  th e  f i l tra tio n  e ffec t. T he 
g re a t  pores are tra v e rse d  b y  th e  so lu tion  w ith o u t its  losing an y  o f th e  d isso lved  
su b s ta n c e s . On th e  o th e r  h a n d , com pact rocks w ith  b u t a sm all n u m b e r  of 
m in u te  pores will le t th e  w a te r  pass b y  a n d  w ill c ap tu re  o n ly  th e  d isso lved  
m a te r ia l. These rocks w ill p re sen t a n a tu ra l  b a rr ie r  to  th e  d isso lv ed  su b 
s ta n c e s , w hich will be p re c ip ita te d  in  f ro n t o f th e m . In  th is  w ay , o re  deposits 
m a y  be fo rm ed  o u t o f m eta llife ro u s so lu tio n s. Geological l i te r a tu r e  know s 
a b o u t a n u m b er o f cases w here ore dep o sits  w ere form ed in  f ro n t  o f  such 
sem i-perm eab le  b a rrie rs . In  such  cases th e  so lv en t has seeped  across th e  
ro ck , w hile th e  d issolved m a te r ia l was d ep o sited  on th e  b o u n d a ry  o f  th e  sam e 
(F ig . 14).
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I t  is p ro b ab ly  b y  su ch  a m echanism  th a t  th e  fo rm atio n  of th e  b a n d e d  
b a ry t ic ,  su lphid ic  ore a lo n g  th e  co n tac t o f s id e r ite  a n d  m arl in  R u d a b á n y a , 
H u n g a ry , m ay  be e x p la in e d .

O n th e  o th e r h a n d , th e  f iltra tio n  effect also  d ep en d s on th e  com position  
o f  th e  so lu tio n  itse lf. I n  t r u e  solu tions, g en era lly  o ccu rrin g  in  th e  processes o f 
th e  te r re s tr ia l  c ru s t, th e  v a le n c y  re la tions a n d  th e  in te n s i ty  of h y d ra ta t io n  
p la y  a n  im p o r ta n t p a r t .  H y d ra te d  ionic ra d iu s  w as found  to  be one o f  th e  
p a ra m e te rs  d e te rm in in g  th e  f i l tra tio n  effect. T h e  g re a te r  th e  h y d ra te d  ion ic  
r a d iu s ,  th e  g rea te r th e  f i l t r a t io n  effect — i .e .  th e  m ore read ily  th e  d isso lved  
m a te r ia l  will be k e p t b a c k . In v es tig a tio n s  h a v e  sh ow n , a t  th e  sam e tim e , 
t h a t  th e  m ob ility  o f co llo ide  solutions in  ro ck s  is ex trem ely  sm all. T h is 
c irc u m sta n c e  is due  to  j u s t  th e  f i ltra tio n  e ffec t described .

W h en  considering  th e  geochem ical m o b ility  o f  a g iven  set o f e lem ents from  
th e  p o in t o f view  of f i l t r a t in g  th ro u g h  a g iven  k in d  of rock , i t  is th e  h y d ra te d  
io n ic  ra d iu s  of a g iven  e le m e n t th a t  has to  be  considered  in  th e  f i r s t  p lace . 
I t  m a y  be assum ed t h a t  th e  f i ltra tio n  of a g iv en  e lem en t th ro u g h  a  g iven  
k in d  o f  rock  is co n tro lled  b y  th e  h y d ra te d  ion ic  ra d iu s  of the  e lem ent a n d  b y  
th e  size o f th e  m icropores o f  th e  rock. M ost p ro b a b ly , these  are  th e  fa c to rs  
d e te rm in in g  th e  zonal d is tr ib u tio n  of m e ta l ions a ro u n d  th e  m o th er m ag m a . 
T h is  m a y  be th e  re a so n  w h y  th e  elem ents w ith  th e  g rea te s t h y d ra te d  ionic 
r a d i i  a re  s itu a te d  c lo sest to  th e  in tru sive .

T h e  com parison  o f  h y d ra te d  ionic r a d i i  m akes possible v a lu e  th e  
k n o w n  fac ts  of c o n c e n tra tio n  o f th e  in d iv id u a l e lem en ts . T hus i t  is e n tire ly  
p ro b a b le  th a t ,  because  o f  th e i r  g rea t h y d ra te d  io n ic  ra d ii a n d  th e ir  co rres
p o n d in g ly  sm all geo ch em ical m o b ility , ch ro m iu m  a n d  ti ta n iu m  w ill a c c u m u la te  
in  th e  in tru s iv e  itse lf .

T h e  s im ila rity  o f  th e  h y d ra te d  ionic ra d ii  e x p la in s  th e  close connec tion  
b e tw e e n  iron , n ickel, c o b a lt ,  m anganese a n d  co p p e r in  m agm atogene d ep o sits . 
T h ese  elem ents, h a v in g  h y d ra te d  ionic ra d ii o f  a b o u t th e  sam e size, w ill pass 
th ro u g h  th e  rocks w ith  a b o u t  equal p ro b a b ilitie s  o f being f i l t ra te d . T he 
h y d r a te d  ionic ra d iu s  o f  co p p er is som ew hat less th a n  th a t  of fe rric  iro n . 
T h is  ex p la in s  th e  so m e w h a t in ten ser se p a ra tio n  o f  copper from  th e  above 
n a m e d  group of e lem en ts  a n d  its  occurrence a t  so m ew h at g rea te r d is tan ces  
fro m  th e  m o th er m a g m a , as  observed in a n u m b e r  of localities.

T h e  close co n n ec tio n  b e tw een  th e  a c c u m u la tio n  of copper a n d  zincum  
m a y  also  be ex p la in ed  b y  th e  alm ost e x a c t co incidence of th e ir  h y d ra te d  
io n ic  ra d ii. On th e  o th e r  h a n d , th e  m uch  g re a te r  geochem ical m o b ility  o f  
le a d  is due  to  th e  m u c h  sm a lle r  ionic rad iu s  o f  th is  e lem ent. L ead  is conse
q u e n t ly  deposited  f a r th e r  o ff  th e  m o ther m a g m a  a n d  is co n cen tra ted  m a in ly  
in  th e  la te  h y d ro th e rm a l fo rm atio n s . In  th e  l a t t e r  th e  connection  w ith  th e  
m o th e r  in tru s iv e  is m u c h  less m anifest th a n  in  th e  case of e. g. c o n ta c t 
m e ta so m a tic  copper d e p o s its .
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T he c o n c e n tra tio n  o f ra re  e a r th s  as w ell as b e ry lliu m  a n d  som e o ther 
e lem ents in  p e g m a tite s  is due  to  th e ir  g re a t h y d ra te d  ionic ra d ii .  B ecause o f 
th e ir  sm all m ig ra tiv e  a b ili ty  th e y  c o n c e n tra te  in  th e  re s id u a l m e lt . On th e  
o th e r  h a n d , th e  g re a t geochem ical m o b ility  o f a lkali m e ta ls , as s ta te d  by  
A cadem ician  K o r z h i n s k y ,  m a y  be ex p la in ed  b y  th e  sm allness o f  th e i r  h y d ra te d  
ionic rad ii.

I t  w ould  be possib le to  en u m era te  a n u m b e r o f o th e r  ex am p le s , b u t  even 
on  th e  basis o f th e  ab o v e  sa id  th e  g rea t im p o rta n c e  of th e  f i l t r a t io n  effect 
in  in tra c ru s ta l  processes a n d  especially  in  th e  genesis o f ore d ep o sits  is em erg
in g  q u ite  c learly . O f course, th e  sign ificance of ex p e rim en ta l re su lts  m ust 
n o t be o v e rra te d . O re genesis in  n a tu re  is governed  b y  a g re a t  n u m b e r of 
fac to rs  o f w hich th e  f i l t ra t io n  effect above described  is b u t  one.

T he la b o ra to ry  ex p erim en ts  described  in  th e  p resen t p a p e r  a re  regarded  
o n ly  as a beg inn ing , w hich  does cover b u t  a sm all p a r t  o f th e  possib le  aspects 
o f  th e  m a tte r . M oreover, i t  is p rin c ip a lly  im possib le  to  rep ro d u ce  geochem ical 
processes b y  ex p e rim en ts , as a t  least one o f th e  con tro lling  fa c to rs  — tim e  — 
c a n n o t even be a p p ro x im a te d . T hus th e  ex p e rim en ts  are  o n ly  a b le  to  clear 
th e  possib ility  in  p rinc ip le  o f a given phen o m en o n .
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Z usam m enfassung

Im  vorliegenden  k u rzg efa ss ten  A ufsatz  w ü n sch t d e r  V erfasser die a llg em ein en  E rg eb 
nisse  je n e r  E x p e rim en ta lu n te rsu ch u n g e n  darzu legen , d ie  in  e rs te r  L inie bezü g lich  des K o n ta k t-  
m e ta so m atism u s im  L a b o ra to r iu m  des M ontangeologischen In s t i tu te s  de r U ra le r  F ilia le  d e r 
A kadem ie de r W issenschaften  d e r  U dSSR  in  V erb in d u n g  m it  de r K o m p lex u n te rsu ch u n g  
d e r  E rz la g e rs tä tte n  des U ra l-G eb irges d u rc h g efü h rt w u rd en .
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ЭКСПЕРИМЕНТАЛЬНОЕ ИЗУЧЕНИЕ ПРОЦЕССОВ РУДООБРАЗОВАНИЯ
л. н. овчинников

Резюме

В настоящем кратком докладе излагаются некоторые общие результаты экспери
ментальных исследований, проводимых в Лаборатории минералогии и геохимии Горно- 
Геологического Института Уральского филиала Академии Наук СССР, в связи с комп
лексным изучением рудных месторождений Урала, главным образом контактово-метасо- 
матического происхождения.



HYDRATED IONIC RADII AND HYDROTHERMAL 
ORE GENESIS FROM THE POINT OF VIEW 

OF THE GEOCHEMICAL POTENTIALS

By

E . S z á d e c z k y - K a r d o s s *

E Ö T V Ö S  U N I V E R S I T Y ,  B U D A P E S T

T he lec tu re  o f D o c to r L . N . O v c h i n n i k o v * * ,  repo rts  on tw o  series of 
ex p e rim en ts  of g re a t im p o rta n c e  for geology. B o th  series give re su lts  to u c h in g  
th e  essence o f th e  p rob lem s an d  are c h a ra c te r iz e d  b y  sim plicity  a n d  c la r ity . 
B o th  series of ex p e rim en ts  a re  im p o r ta n t c o n tr ib u tio n s  to  th e  so lu tio n  o f  th e  
b asic  p rob lem  o f th e  m ig ra tio n  of e lem ents.

O ne o f th e  sets o f ex p erim en ts  concerns th e  series of m obility  o f  e lem en ts  
as d e te rm in ed  b y  K orzhinsky  [4] an d  offers a possib ility  o f so lv ing  th e  
p ro b lem  o f in te r re la tio n  b e tw een  ionic ra d iu s  a n d  m obility , th e  so lu tio n  of 
w hich  w as h ith e r to  h a n d ic a p p e d  by serious c o n tra d ic tio n s . W egm ann , B ack- 
l u n d , La pa d u -H a r g u es , A lderm ann  [5 — 8] a n d  o thers have  p o in te d  o u t 
th e  p o ssib ility  o f an  in v erse  re la tio n  b e tw een  m o b ility  an d  ion ic  ra d iu s . 
T h e y  h a v e  reck o n ed , how ever, m o stly  w ith  io n ic  ra d ii de te rm in ed  in  ion ic  
space la tt ic e s . T he p re se n t a u th o r  h as , in  c o n n e c tio n  w ith  a s tu d y  o f  K o r - 

zh in sk y ’s m o b ility  series, p o in ted  ou t in  1954 th e  u n te n a b ility  of su ch  a v iew  
[9], s ta t in g , t h a t  som e o f th e  m ost m obile ion s as e. g. O H , Cl, К  possess 
th e  g re a te s t ionic ra d ii. I t  w as found  th a t  th e  m o b ility  series o f  e lem en ts  
show s a q u ite  u n eq u iv o ca l para lle lism  to  th e  series o f ionic densities (“ Io n e n - 
w ich te” ) on th e  one h a n d  a n d  of ionic p o te n tia ls  o n  th e  o ther. The m o n o to n o u s  
in te r re la tio n  w ith  ionic p o te n tia l  in d ica tes  t h a t  th e  m obility  of th e  e lem en t 
is depend ing  on its  “ re la tiv e  so lu b ility”  or “ re la tiv e  fu sib ility”  i. e. on  th e  
read in ess  o f its  lib e ra tio n  o u t of a solid m in e ra l b o n d . The g rea te r th e  ion ic  
p o te n tia l , th e  m ore r ig id ly  is th e  ion b o u n d  in  th e  c ry sta l la ttic e , i. e. th e  
sm alle r w ill be i ts  m o b ility . On th e  o th e r h a n d , th e  co rrelation  w ith  ion ic  
d ensities seem s to  su g g est a n  effect o f g ra v ity  o n  th e  ions m oving  u p w a rd s  
b y  f i l tra tio n  from  g re a te r  d ep th s  [9].

T he in v es tig a tio n s  o f O v c h i n n i k o v  h av e  c la rif ie d  th e  m odes o f t r a n s p o r 
ta t io n  o f  a free ion  in  so lu tio n . A ccording to  h is r e s u lts  th e  m obility  o f d isso lved

* P re s id e n tia l c o n tr ib u tio n  to  th e  lec tu re  “ S tu d y  o f  th e  processes o f ore gen esis”  d e li
v e red  b y  D octo r O vch in n ik o v  before  th e  G eochem ical C ouncil o f th e  H u n g a rian  A c ad e m y  
o f  Sciences.

** P u b lish ed  in  th e  p re se n t n u m b er o f A c ta  G eologica.

7 A ota Geologica V/3— 4.
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ions is in v e rse ly  p ro p o r tio n a l to  th e  h y d ra te d  ionic rad ii. T he th e o re tic a l 
c o rre c tn e s s  o f th is  a s su m p tio n  is ev id en t, as th e  ions of an  aqueous so lu tio n  
o c c u r in  th e  h y d ra te d  fo rm , n o t w ith  th e  ion ic  ra d ii  observed in  th e  la tt ic e . 
S u ch  t r a n s p o r ta t io n  m a y  be  assum ed  in  th e  m etam orphosis  o f c ry s ta llin e  
sc h is ts  a n d  in  th e  fo rm a tio n  o f  m ost of th e  o res. T h u s K orzhinsky  [4] con
s id e rs  th e  fo rm a tio n  of c ry s ta llin e  sch ists, a n d  Mackay  [10 ,11], th e  d is tr ib u tio n  
o f  o re s , to  be governed  b y  f i l t ra t io n  d e p e n d e n t on  h y d ra ted  ionic ra d ii .

T h e  a ssu m p tio n  o f K orzhinsky  is c o rro b o ra te d  b y  th e  d a ta  o f  F ig . 3. 
o f th e  p a p e r  [9]. This d ia g ra m  show s th a t  th e  m o b ili ty  of elem ents as d e te rm in e d  
b y  K o rzh insk y  is a m o n o to n o u s  fu n c tio n  n o t  o n ly  of ionic p o te n tia ls  an d  
io n ic  d e n s itie s , b u t also o f  th e  h y d ra te d  ion ic  ra d ii.

T h e  v a lid ity  o f Mack ay ’s a n d  Ov c h in n ik o v ’s assu m p tio n  re g a rd in g  
th e  f i l t r a t iv e  d iffe ren tia tio n  o f ores, m a y  be checked  in  th e  know ledge  of 
th e  n u m e ric a l values o f th e  h y d ra te d  ion ic  ra d ii  o f th e  ore-fo rm ing  h eav y - 
m e ta l  io n s. H ow ever, m o s t o f th e  n ecessa ry  d a ta  are u n k n o w n  h ith e r to . 
Ma c k a y  m entions, w ith o u t g iv ing  n u m erica l v a lu es , a decrease o f  h y d ra te d  
ion ic  r a d i i  in  th e  sequence  Sn-C u-Pb-(H g) on  th e  basis of h y d ro p h y lic  or 
h y d ro p h o b ic  p ro perties. Ovchinnikov  gives n u m erica l values of th e  h y d ra te d  
io n ic  r a d i i  o f Co, Zn a n d  Cu [1] only .

H o w ev er, an  em p irica l re la tio n sh ip  d iscovered  recen tly  [12] offers 
a g e n e ra l so lu tion  of th is  p rob lem . On th e  b asis  o f  th is  re la tio n sh ip  h y d ra te d  
io n ic  ra d i i  m ay  be c o m p u te d  of th e  ra d ii  m easu red  in  th e  sp ace  la ttic e  
a n d  th e  ion ic  p o ten tia ls . T h e  ionic p o te n tia l  v a rie s  d irec tly  w ith  th e  sq u are  
o f  th e  th ic k n e ss  of th e  h y d ra tio n  m an tle  a ro u n d  th e  ion in  aqueous so lu tio n .

O n th e  h a n d  of th is  re la tio n  we h a v e  c o m p u te d  th e  h y d ra te d  ion ic  rad ii 
o f th e  m ore  im p o rta n t ore fo rm ing  h e a v y  m e ta l  ions (Table I ) , a n d  lis ted  
th e  sa m e  in  a decreasing  o rd e r (T able I I ) .*

I t  is seen in  T ab le  I I  t h a t  th e  series o f  h y d ra te d  ionic ra d ii  possesses 
a c e r ta in  s im ila rity  to  th e  av erag e  ore fo rm a tio n  sequence. T he decreasing  
o rd e r  o f  h y d ra te d  ionic ra d i i  of th e  m ore  im p o r ta n t  ore fo rm ing  e lem en ts 
ro u g h ly  corresponds to  th e  sp a tia l  an d  te m p o ra l  succession of ore fo rm a tio n . 
T h e  s im ila r ity  to  th e  seq u en ce  o f E mmons-B erg  :

(W , Sn, M o), Bi, As, C u, Z n , P b , Sb, H g

* A s th e  d ifference b e tw e e n  h y d ra te d  a n d  la t t ic e  ra d ii is sm aller fo r th e  io n s w ith  
e ig h te e n -e le c tro n  shells th a n  fo r th o se  w ith  an  o c te t  co n fig u ra tio n  (see th e  d a ta  o f  Co2, N i2, 
F e 3, C r3), i t  is possible t h a t  th e  co rre c t h y d ra te d  io n ic  ra d ii  values are, in  case  o f  ions o f 
g re a te r  io n ic  p o ten tia ls , so m e w h a t less th a n  g iv en  in  th e  tab les.

T a b le  I  a n d  especially  T ab le  I I  shows t h a t ,  th e  h y d ra te d  ionic rad ii m o s tly  ex h ib it 
a  c o v a r ia n c e  w ith  th e  v a le n cy  o f  th e  ion. H y d ra te d  io n ic  ra d ii  being d e te rm in ed  b y  th e  rad ii 
o b se rv e d  in  th e  ionic la t t ic e  a n d  b y  th e  ionic  p o te n t ia l ,  w ith  th e  increase o f th e  io n ic  p o te n 
t ia l  th e  la t t ic e  ionic rad iu s  b ecom es a lm o st neg lig ib le  as re la te d  to  th e  h y d ra te d  o n e , so th a t  
th e  io n ic  p o te n tia l  will p la y  a decisive  role in  d e te rm in in g  th e  num erica l v a lu e  o f  th e  h y 
d r a te d  io n ic  rad iu s . Ion ic  p o te n t ia l  is, how ever, d ire c tly  p ro p o rtio n a l to v a len cy  a n d  in v erse ly  
p r o p o r t io n a l  to  ionic ra d iu s , w h ic h  generally  decreases w ith  th e  increase o f  v a le n c y . T hus 
th e  h y d r a te d  ionic rad iu s  w ill b e  ro u g h ly  p ro p o rtio n a l to  th e  valency  o f th e  io n .
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Table I

Ion ic  rad iu s  
in th e  space 
la t t ic e  r(A )

Io n ic
p o ten tia l

V

H y d ra te d
ionic

rad iu s
r» /A

Ion ic  rad iu s  
in  th e  space 
la ttic e  r(A )

Io n ic
p o te n tia l

V'

H y d ra te d
ionic

rad iu s
r» /A

Cd2+ 1,03 1,94 3,3 F - 1,33 0,75 1,6

In 3+ 0,92 3,26 (4,1) S2“ 1,74 1,15 2,8

Sn2+ 2,15 (0,93) 2,8 C l- 1,81 0,55 1,2

S n 4+ 0,74 5,41 4,8 Sc3+ 0,83 3,62 4,1
Sb3+ 0,90 3,33 4,2 Cr3+ 0,64 4,69 4,3

T ea~ 2,11 0,94 3,0 F e 3+ 0,67 4,48 4,3

I- 2,20 0,45 1,2 T i3+ 0,69 4,35 4,3

L a3+ 1,22 2,46 (3,9) T i4+ 0,64 6,25 5,0

Ce3+ 1,18 (2,54) (3,9) уз+ 0,65 4,62 (4,4)

G d3+ 1,11 (2,70) (3,9) Cu+ 0,96 1,04 1,7
T a 5+ 0,68 7,25 5,5 Cu2+ 0,83 2,41 3,5

W 4+ 0,68 (5,88) 4,9 Zn2+ 0,83 2,41 3,5

P t 4 + 0,52 (7,69) (5,4) Ga3+ 0,62 4,84 (4,4)

Au+ 1,37 0,73 1,4 Ge4+ 0,44 9,09 -

H g 2+ 1,12 1,79 3,3 As3+ 0,69 (4,34) 4,3
T1+ 1,49 0,67 1,4 A s5+ 0,47 10,64 —
P b 2+ 1,32 1,51 3,2 Se2- 1,91 1,05 2,9
P b 4+ 0,84 4,77 (4,6) Y 3 + 1,06 2,83 (3,9)
B i3+ 1,20 (2,50) 3,9 Z r4+ 0,87 4,60 4,6
T h 4 + 1,10 3,64 4,4 N b5+ 0,69 7,25 5,5

U 4 + 1,05 3,81 4,5 Mo4+ 0,68 5,88 5,0

B e2 0,34 5,88 4,6 Mo,+ 0,62 (9,67) —
o2 1,32 1,51 3,1 A g+ 1,13 0,89 1,7

an d  to  t h a t  o f F e r s m a n  :

Mo, Z n , F e , Cd, P b , Cu, H g , Ag

is a p p a re n t. (In  th e  E m m o n s - B e r g  sequence (W , Sn, Mo) re p re se n t a b o u t 
sy n ch ro n o u s  depositions. A u, n o t rep re sen ted , is d is tr ib u te d  b e tw een  th e  
s tag es  up  to  Cu, an d  Ag b e tw een  th e  s tag es  Cu to  Pb.)

M oreover, th e  sequence o f h y d ra te d  ionic ra d ii, m ore ore less co inc id ing  
w ith  th e  sequence of c ry s ta lliz a tio n , m ay  be e x te n d e d  to w ard s h ig h e r te m p e ra 
tu re s , up  to  th e  p eg m atitic  e lem en ts , i. e. to  th e  beg inn ing  of th e  c ry s ta lliz a tio n  
o f a q u eo u s  so lu tions (13). T h u s , th e  series begins w ith  th e  m a in  p e g m a tit ic  
e lem en ts  h av in g  g rea tes t h y d ra te d  ionic rad ii.

In  th is  w ay  our new  d a ta  co rro b o ra te  th e  v iew  of M a c k a y  a n d  O v c h i n 

n i k o v ,  t h a t  th e  processes o f  p e g m a titic -p n e u m a to ly tic  a n d  h y d ro th e rm a l

7*
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Table I I

H y d ra te d  ionic rad iu s  гд

N b 5

T a 5

5.5

5.5
1 P e g m a titic

M o4 5,0

T i4 4,9

W 4 4,9

S n 4 4,8

Z r4 4,6 О

B e2+ 4,6 £
U 4 4,5 <L>

T h 4 4,4
CJ

у з 4,4

A s3 4,3 a
Sc3 4,1

hD
<ü

CL,

L a 3+ 3,9

G d3+ 3,9

Ce3+ 3,9
B i3 3,9

Cu2 3,5

Zn2 3,5

F e 2 3,5

H g 2(!) 3,3

Cd2 3,3 "5
P b 2 3,2 s

f-4

Т е2 3,0 A+->
О

Se2“ 2,9

S2 2,8 a
Cu+ 1,7
Ag+ 1,7
A u + 1,4
T1+ 1,4

o re  fo rm a tio n  are p a r t ly  g o v ern ed  b y  th e  f i l t r a t io n  effect of th e  m eta llic  ions 
a c c o rd in g  to  th e  succession  o f  th e ir  h y d ra te d  ion ic  ra d ii.

H ow ever, th e  co in c id en ce  betw een  th e  tw o  sequences is n o t com plete . 
T h u s  p eg m a titic  Z r4 a n d  T i4, ra re  ea rth s , h y d ro th e rm a l A u, a n d  Cu as seen 
in  th e  E m m o n s - B e r g  seq u en ce , a c tu a lly  c ry s ta lliz e  ea rlie r, while H g  a c tu a lly  
c ry s ta lliz e s  la te r  th a n  p o s tu la te d  b y  th e  seq u en ce  o f h y d ra te d  ionic rad ii.
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( I t  w ill be p e rh a p s  possible to  in te rp re t  som e o f th e se  d ifferences b y  
v a len cy  tra n s it io n s , i. e. b y  th e  a ssu m p tio n  o f a m ore th a n  u n iv a le n t A u 
occurring  in  m e ta llife ro u s so lu tions, o r b y  th e  p resence o f a u n iv a le n t, h ith e r to  
u n o b serv ed , b u t  th e o re tic a lly  possible v a r ie ty  o f H g. D ifferences m a y  also 
to  som e e x te n t be d u e  to  th e  fo rm atio n  o f  com plexes o f h e a v y  m e ta l ions 
[14].)

In  a n y  case, th e re  w ill rem ain  serious d iscrepancies b e tw een  th e  sequence 
o f h y d ra te d  ionic ra d ii  a n d  th e  succession o f ore fo rm atio n . I t  m a y  he con
seq u en tly  assum ed  t h a t  fa c to rs  o th e r th a n  th e  h y d ra te d  ionic ra d ii  are  also 
effective in  d e te rm in in g  th e  sequence o f ore genesis.

One h as  to  ta k e  in to  acco u n t, in  th e  f i r s t  p lace , th a t  th e  f i l t ra t io n  o f a 
g iven  se t of ions does n o t necessarily  im p ly  th e  c ry s ta lliz a tio n  o f  th e  ore or 
m e tam o rp h ic  m in era ls . C ry sta lliza tio n  is e q u iv a le n t to  b o n d -fo rm a tio n  b e 
tw een  opposite ly  c h a rg ed  ions, an d  th is  is in d e p e n d e n t o f th e  m o b ility  b y  
f i l t ra t io n  a n d  of h y d ra te d  ionic rad ii. C ry sta lliz a tio n  is d e te rm in e d  b y  th e  
forces of th e  chem ical b o n d , th e  a p p ro x im a te  geochem ical exp ression  o f  
w ich  is given, b y  th e  ion ic  p o ten tia l. T h u s  th e  succession o f  c ry s ta lliz a tio n  
depends on th e  co m p o u n d  p o te n tia l o f th e  g iven  m inera l to o  [13], o b ta in ed  
b y  averag in g  th e  p o te n tia ls  o f th e  in d iv id u a l ions of th e  co m p o u n d .

T hus th e  m ig ra tio n  o f e lem ents is in flu en ced  b y  th e  ionic p o te n tia l  a t 
le a s t in  th ree  w ays : f ir s t ly , in  th e  course o f th e  lib e ra tio n  o f th e  ions from  
solid com pounds, b y  th e  fa c t  th a t  e lem ents o f sm all p o te n tia l a re  m ore  read ily  
lib e ra te d . S econdly , in  th e  course of th e ir  t ra n s p o r t  in  th e  form  o f so lu tions 
o f h eav y -m e ta l ions, b y  th e  fa c t th a t  th e  h y d ra te d  ionic rad ii o f th e  e lem ents o f 
sm aller p o te n tia l w ill be sm aller, co n seq u en tly  th e se  e lem ents m a y  h a rd ly  be 
f i l t r a te d  an d  th u s  th e y  w ill tra v e l fa r th e r . T h ird ly , in  th e  course o f th e  re c ry s ta l
liz a tio n  of free ions, b y  th e  fac t th a t  ions o f sm all p o te n tia l w ill e n te r  th e  
c ry s ta llin e  b o n d  la te r ,  a n d  are  there fo re  m ore easily  tra n s p o r te d .

The geochem ical ro le o f h y d ra te d  ionic ra d ii in  m ag m atic  silica tic  m elts 
c an n o t be p roved . T h e  sep a ra tio n  o f Cr a n d  T i ores in  th e  course  o f p re 
c ry s ta lliza tio n  c a n n o t be, as seen in  T ab le  I I ,  derived  from  h y d ra te d  ionic 
rad ii. E v id e n tly , in  th e  w ate r-p o o r silica te  m elt o f h igher te m p e ra tu re , th e  
ions do n o t occur in  th e  h y d ra te d  s ta te .

*

The second se t o f ex p erim en ts  of D octo r O v c h i n n i k o v  concerns th e  s im u l
ta n e o u s  fusion  o f m a g m a tic  rocks an d  lim esto n e . T he e x p e rim e n ta l re c o n 
s tru c tio n  o f th e  fo rm a tio n  o f  m e taso m atic  iro n  ore deposits in  a crucib le  is 
a rem ark ab le  re su lt o f  ex p erim en ta l geology. I t  shows th a t  m e ta so m a tic  
iro n  o res  m ay  be fo rm ed  w ith o u t special p o s tm a g m a tic  o re -b ea rin g  so lu tio n s, 
b y  th e  im m ed ia te  s e p a ra tio n  of iron  ions from  th e  liq u id  m ag m a b y  a d ja c e n t 
lim estones.
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T h e  answ er to  th e  p ro b le m , as to  w hy  iro n  w ill he se p a ra te d  in  th e  
f i r s t  p la c e  from  th e  m e lt, m a y  be given as follow s. I n  th e  m agm a (i. e. in  th e  
fu s e d  m a g m a tité  of th e  e x p e rim e n ts )  iron  is th e  p re v a ilin g  v a ria b le  v a len cy  
e le m e n t .  Therefore b y  th e  s h if ts  in  red o x  p o te n tia l, d u e  to  th e  rise in  te m p e ra 
tu r e ,  th e  iron  com pounds b eco m e u n s tab le . T h is in it ia l  m ob iliza tion  o f iro n  
is a  p ro cess  analogous to  t h a t  described  b y  th e  p re se n t a u th o r  in  con n ec tio n  
w i th  th e  fo rm ation  of p se u d o o p a c itic  v o lcan ite s , as th e  f irs t s tag e  o f th e  
f o rm a t io n  of m e ta m a g m a tite s  [15]. This a ssu m p tio n  is co rro b o ra ted  also b y  
th e  f a c t  t h a t  accord ing  to  th e  ex p erim en ts  of D o c to r O v c h i n n i k o v  all o th e r  
c o n c e n tra te d  elem ents (Co, N i, M n, V, Cu) are  also o f  v a riab le  v a len cy .

A n o th e r  fac to r  w h ich  m a y  p la y  a role is th e  presence o f ca lc iu m  in 
su p e rf lu o u s  quan titie s .

I f  th e  gas b u b b les  m e n tio n e d  in  con n ec tio n  w ith  th e  ex p e rim en t are  
d e r iv e d  from  th e  d isso c ia tio n  o f  ca lc ite , a special case o f th e  tra n sv a p o riz a tio n  
p ro c e s s  is also, to  som e e x te n t ,  ex p erim en ta lly  co rro b o ra ted  [15]. N am ely , 
a c c o rd in g  to  the  idea  o f  tr a n s v a p o r iz a tio n , th e re  is m o s tly  no d irec t in c o rp o ra 
t io n  o f  su rro u n d in g  rocks b y  m e ltin g  in  th e  case o f th e  so-called  “ a ss im ila tio n ”  ; 
in s te a d ,  th e  h ig h -p ressu re  v o la tile  C 0 2, p ro d u ced  in  th e  lim estone  b y  th e  
h o t  m a g m a , p e n e tra te s  in  th e  m ag m atic  m elt o f sm alle r p ressu re , p ro d u c in g  
th e  tra n s v a p o r iz a to ry  e ffe c t. O n ly  th e  o th e r  p ro d u c t o f d issocia tion , CaO, 
is r e a l ly  dissolved in  th e  m a g m a  ren d ered  less v iscous an d  m ore so lv en t b y  
tra n sv a p o r iz a tio n .

T h e  experim en t o f  D o c to r  O v c h i n n i k o v  i l lu s tra te s  also w h y  th e  ore 
b o d y  is form ed a t th e  m a rg in  in s te a d  of in  th e  in side  o f th e  in tru s iv e  m ass. 
T h e  f in a l  resu lt of tra n s v a p o r iz a t io n  is an  eq u a liz in g  of p ressu re , re su ltin g  
in  a n  u p w a rd  m ig ra tio n  o f  t h e  sm a ll-d en sity  gases. T h u s  th e  ore tra n s p o r te d  
b y  th e  gas bubbles w ill, in  th e  f irs t p lace, c ry sta llize  above th e  in tru s iv e  b o d y . 
T h e  recogn ition  of th e  g r e a t  p ra c tic a l im p o rta n c e  t h a t  m ost o f th e  c o n ta c t 
d e p o s its  occur in  such a p o s itio n , is in  good ag reem en t w ith  th e  d irec t geological 
o b se rv a tio n s  (see e. g. th e  p ro files of S c h n e i d e r h ö h n ’s te x tb o o k  1941).

I t  is u n necessary  to  a ssu m e  a m ig ra tio n  o f th e  h e a v y  m e ta l ions from  
g r e a t  d is tan ces  b y  th e  fo rm a tio n  of ore bodies b y  tra n sv a p o riz a tio n . T he 
a v e ra g e  to ta l  iron ox ide  c o n te n t  o f g ran ite  is 3,2 p e r cen t, th a t  of q u a r tz  
d io r i te  a b o u t 5 — 6 p e r c e n t . T h e  m ass of a g iven  ox id ic  iro n  ore d ep o sit m a y  
b e  th u s  derived  from  a q u a r tz  d io rite  m ass 20 tim es  (or 40 tim es b y  assu m in g  
a 50  p e r  cen t efficiency) as g re a t. W ith  o th e r w ords, th e  rad iu s  o f th e  q u a r tz

d io r i te  b o d y  y ield ing  th e  iro n  deposit h as  to  be on ly  a b o u t 3,4 (y4o) 
t im e s  as g rea t as t h a t  o f th e  ore body  (considering  50 p er cen t effic iency). 
T h u s  th e  problem  of fo rm a tio n  o f a co n tac t m e ta so m a tic  iron  ore d eposit m a y  
h e  re a d i ly  solved b y  c o n s id e rin g  th e  th ickness o f th e  m a g m a tité  rim  in  c o n ta c t 
w i th  th e  ore body.
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H ow ever, th e  new w ay  o f d eriv in g  c o n ta c t deposits has y e t to  ex p la in  
a n u m b er o f p rob lem s. W h y  is no F e C 0 3 fo rm ed , in  sp ite  of th e  a b u n d a n c e  
o f C 0 2? Does C 0 2 e v a p o ra te  th e  m elt before  th e  c ry s ta lliz a tio n  o f  F e C 0 3 
cou ld  ta k e  p lace , in  consequence o f th e  eno rm ous p ressu re  of tra n sv a p o riz a tio n , 
loosening  th e  su rro u n d in g  rock?

W h y  does th is  k ind  o f ore occur in  n a tu re  ch iefly  only  in  co n n ec tio n  
w ith  c a rb o n a tic  rocks?  P e rh ap s  because  on ly  lim estone  d issoc ia tion  m ay  
y ie ld  enough  oxygen  to  increase th e  red o x  p o te n tia l  b y  th e  am o u n t n ecessa ry  to  
m obilize iro n  a n d  th e  o th e r e lem ents of v a ria b le  v a len cy ?

T h e  sep a ra tio n  an d  tra n sv a p o r iz a tio n a l c o n cen tra tio n  of o re  b od ies is 
possib le also in  case of o th e r  h e a v y  m e ta l ions o f va riab le  v a len cy . P e rh a p s  
th e  fo rm a tio n  of c o n tac t-m e tam o rp h ic  u ra n iu m  deposits, describ ed  la te ly  
b y  A m erican  geologists, m ay  be also ex p la in ed  in  th is  w ay.

A ll th is  u n derlines th e  im p o rtan ce  o f th e  ex p erim en ts  of D octo r O v c h i n 

n i k o v . I  c o n g ra tu la te  an d  th a n k  h im  for h is in te re s tin g  lec tu re  in  th e  n a m e  of 
th e  G eochem ical C ouncil o f th e  A cad em y  of Sciences.
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Die A rb e it »Ü ber einige V e rfah re n  zu r th eo re tisch e n  K lä ru n g  g eochem ischer P ro zesse  
u n te r  beso n d ere r B erü ck sich tig u n g  d e r G itte ren erg ie«  von  F . L eu t  w e in  u n d  K . D o e r f f e l  
[G eologie, 5 (1956) 65— 100] e n th ä l t  —  ausser k le ineren  M issverständn issen  —  ein ige  g ru n d 
legende  I r r tü m e r ,  die eine B e rich tig u n g  b enö tigen . D ie w ich tig s ten  p rin z ip ie llen  I r r tü m e r  
s in d  d ie fo lgenden :

1. L e u t w e in  u n d  D o e r f f e l  h a tte n  die G rund idee  des V e rb in d u n g sp o ten tia ls  m is s 
v e rs ta n d e n  u n d  sind  de r M einung , dass das V e rb in d u n g sp o ten tia l gew isserm assen  e in  B eg riff  
e tw a  zu m  E rsa tz  de r G itte ren e rg ie  sei.

2. Z um  V ergleich des V e rb in d u n g sp o ten tia ls  u n d  de r G itte renerg ie  g eb en  sie  eine 
m ath e m a tisc h e  A b le itung , w elche d re ifach , n äm lich  de fin itio n sm ässig , m a th e m a tis c h  u n d  
p h y sik a lisch  u n rich tig  is t  u n d  d em en tsp rech en d  zum  irr tü m lic h e n  R e su lta t  fü h r t .  A us diesem  
R e s u l ta t  w erden  w eitgehende F o lg e ru n g en  gezogen, die fo lg lich  ebenfalls i r r tü m lic h  sind .

3. Ih re  A rb e it b e tra c h te t  d ie  G itte ren erg ie  e in e rse its  u n d  die freie  E n erg ie  bzw . freie  
E n th a lp ie  anderse its  als in  P ra x is  g leich b ed eu ten d e  B egriffe .

4. Sie sind  der M einung, d ass au s de r G itte renerg ie  die R ich tu n g  der ch em isch en  R e a k 
tio n e n , also z. B. die K ris ta llisa tio n sfo lg e  im  allgem einen ab zu le iten  sei.

In  d e r  A rbeit von P ro fesso r F . L e u t w e i n  u n d  seinem  S chü ler K . D o e r f 
f e l : » Ü b er einige V e rfah ren  zu r th eo re tisch en  K lä ru n g  g eochem ischer P r o 
zesse, u n te r  besonderer B erü ck sich tig u n g  der G itte renerg ie« , w ird  e in  V erg leich  
d e r v o n  einem  von ih n e n  b esch rieb en en  V a ria n te  d er F ERSMANschen E K -B e - 
re c h n u n g  m it m einem  V erb in d u n g sp o ten tia l-V e rfah ren  gegeben. D ie sich  zu 
ä lte re n  A rb e iten  von L e u t w e i n  v e rk n ü p fen d en  B em ü h u n g en  D o e r f f e l s , die 
G en au ig k e it der E K -M eth o d e  zu  erhöhen , is t e rfreu lich .

In  ih re r  gem einsam en  A rb e it erb licken  ab e r L e u t w e i n  u n d  D o e r f f e l  
in  d e r neu en  F orm  d er E K -M eth o d e  u n d  in  d er P o te n tia lb e re c h n u n g  zwei 
M ethoden  gleicher Z ie lse tzu n g . Sie denken  d a h e r  zw ischen b e id en  M ethoden  
w äh len  zu m üssen, w obei sie n a tü r lic h  dem  eigenen  V erfahren  d en  V o rzu g  zu 
geb en  w ünschen . Es is t gew isserm assen  v e rs tä n d lic h , w enn sie d a b e i n ic h t 
genü g en d e  O b je k tiv itä t d e r als G egnerm ethode b e tra c h te te n  V e rb in d u n g s
p o te n tia lre c h n u n g  schenken  kö n n en .

D ie A rb e it m an g e lt je d o c h  n ic h t n u r  an  V erstän d n is  fü r  d as  W esen  des 
V erb in d u n g sp o ten tia ls , so n d e rn  e n th ä lt  auch  einige tiefgreifende p h y s ik a lisc h 
chem ische  M issverständnisse . E s w ar an zu n eh m en , dass diese M issverstän d n isse  
u n d  d a m it die S te llu n g n ah m e zu dem  V erb in d u n g sp o ten tia lp ro b lem  v o n  den

* Diese A rbeit w ird g le ichze itig  auch  in  de r Z e itsch rif t .»Geologie’' p u b liz ie r t .
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A u to re n  selbst in  k u rz e r  Z e it e rk an n t u n d  v e rb e sse r t w erden . D a jed o ch  dies 
b in n e n  an d e rth a lb  J a h r e n  n ic h t geschah, m ü ssen  w ir se lb st ein ige B em erk u n 
g e n  diesbezüglich h ie m it pub liz ie ren .

Die p rinzip iellen  H a u p tir r tü m e r  der A rb e it v o n  L e u t w e i n  u n d  D o e r f f e l  
s in d  die folgenden:

1. Sie h a tte n  d ie  G ru n d id ee  des V e rb in d u n g sp o ten tia ls  m issv e rstan d en  
u n d  s ind  der M einung, d a ss  das V erb in d u n g sp o ten tia l gew isserm assen ein B e
g r if f  e tw a  zum  E rs a tz  d e r  G itterenerg ie  sei.

2. Zum V erg leich  des V erb in d u n g sp o ten tia ls  u n d  der G itterenerg ie  
g e b e n  sie eine m a th e m a tis c h e  A bleitung, w elche g rund legende F eh le r e n th ä lt 
u n d  d em en tsp rech en d  zu  fa lschem  R esu lta t f ü h r t .  A us diesem  R e su lta t  w erden 
w e itg eh en d e  F o lg e ru n g en  gezogen, die fo lg lich  eben fa lls  irr tü m lic h  sind .

3. Ih re  A rbeit b e t r a c h te t  die G itte ren erg ie  e inerse its u n d  freie  E nergie 
b zw . freie E n th a lp ie  a n d e rse its  als in P ra x is  g le ich b ed eu ten d e  B egriffe.

4. Sie sind  d er M ein u n g , dass aus d e r G itte ren e rg ie  die R ic h tu n g  der 
ch em isch en  R e a k tio n e n , a lso  z. B . die K ris ta llisa tio n sfo lg e  im  allgem einen  
a b z u le ite n  sei.

Z unächst m ö c h te n  w ir  allerdings ü b e r  d en  p o sitiv en  W ert d er A rbeit 
E rw ä h n u n g  tu n , w elch er d u rc h  die Z u sam m en ste llu n g  von  e x a k te re n  R a d ie n 
w e r te n  von k o m plexen  A n io n en  erreich t w u rd e . D u rch  diese D a te n  können  
a u c h  die V e rb in d u n g sp o te n tia le  genauer b e re c h n e t w erden als m it d en  F e r s - 
MANschen R ad ie n w e rte n . W ir können die V erfasse r zu diesen D a te n  n u r  b e 
g lü ck w ü n sch en , t ro tz d e m  diese  durch  die A rb e it  von  G y . G r a s s e l l y  [8]  
b e re its  überho lt s ind .

W ir folgen n u n  P u n k t  fü r  P u n k t der A rb e it von  L e u t w e i n  u n d  D o e r f 
f e l , m it der B em erk u n g , d a ss  ihre e rw ä h n te n  ir r tü m lic h e n  A n sich ten  h a u p t
sä c h lic h  im P u n k t 5 ih r e r  A rb e it d a rg es te llt w u rd e n , u n d  d em en tsp rech en d  
b e i B esprechung d ieses P u n k te s  b ehande lt w erd en .

D ie E in leitung  g ib t  e in e  G egenüberste llung d e r  geochem ischen u n d  p h y sik a lisch 
ch em isch en  A rbeitsw eise. Sie i s t  im  W esen die W ie d e rh o lu n g  de r E in le itu n g  m ein er eigenen, 
v o n  L e u t w e in  u n d  D o e k f f e l  k r i tis ie r te n  A rbeit [1955. S. 115— 116], (Siehe d ie B esp rechung  
d e s  P u n k te s  5. 11).

P u n k t 1 und 2  d e r  L e u t w e in — DoEHFFELschen A rb e it  fü h ren  d ie D e fin itio n  u n d  die 
m e is t  allgem ein b e k a n n te n  th e o re tis c h e n  B e s tim m u n g sa rte n  de r G itte ren erg ie  bei versch ie
d e n e n  B in d u n g sarten  v o r . E s  w ird  v e rsu ch t, zu zeigen, d a ss  d ie  G itte ren erg ien  im  allgem einen 
—  also  auch  im  Falle  v o n  k o v a le n te n  und  m eta llisch en  B in d u n g en  —  aus k a lo rim etrisch en  
D a te n  zu  berechnen sin d .

P u n k t 3 b esp rich t d ie  E K -M eth o d e  von Febsman, m it  de r e rw äh n ten  b e ach ten sw erten  
Z u sam m en ste llu n g  n e u e re r  R a d ie n an g a b e n  von k o m p le x e n  A nionen. (D ie h ie r  n u r  nebenbei 
e rw ä h n te  A uffassung ü b e r  d ie  E K -W e rte  der k o m p lex en  A n ionen  w ird  bei B esp rech u n g  des 
P u n k te s  5 näher e rö rte r t.)

Im  P u n k t 4 w e rd e n  a n d e re  M ethoden  z u r  C h a rak te ris ie ru n g  d er B in 
d u n g sv e rh ä ltn isse  d e r Io n e n  besprochen, m it d e r r ic h tig e n  B em erkung  (S. 76), 
d a s s  »das Io n e n p o te n tia l zu m  Vergleich v o n  Io n e n  solange gu t geeignet (ist,) 
a ls  m a n  sich a u f Io n e n  g le icher A u ssen e lek tro n en zah l b e sch rän k t . . . D er 
V erg le ich  von Io n en  v o n  versch iedenem  Io n e n ty p  w ird  jed o ch  u n g en au ,«  . . .
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E s w ird  h ier a lle rd in g s n ich t b em erk t, dass diese Schw ierigkeit eben  d u rch  
die E in fü h ru n g  des A tcm p o ten tia lb eg riffe s  überw iegend  schon b e se itig t is t. 
D ie U n te rsch e id u n g  d er A tom - u n d  Io n e n p o te n tia le  erm öglich te , d ie z u r  ko 
v a le n te n  B in d u n g  ne igenden  Ionen  m it 18 A ussene lek tronen  ih re r m eist k o v a 
len ten  B in d u n g  e n tsp re c h e n d  m it A to m p o te n tia lw e rte n  zu b e rech n en  u n d  
d a d u rc h  von  den  m it Io n e n p o ten tia len  zu b e rech n en d en  Ionen  von  äh n lich en  
W ertig k e iten  u n d  R ad ien , ab e r n u r m it 8 A u ssen e lek tro n en , zu u n te rsch e id en . 
D ieser U m sta n d  is t  h ie r d a ru m  e rw äh n en sw ert, d a  L e u t w e i n  u n d  D o e r f f e l  

offen b ar als w ich tiges A rg u m en t gegen das V e rb in d u n g sp o ten tia l b e tra c h te n , 
dass d as  CARTLEDGEsche Io n e n p o te n tia l e in  n ic h t genügend feines K e n n 
zeichen  der Io n en e ig en sch aften  sei. D ieses A rg u m en t fä llt ab er in fo lge der 
V erfe inerung  d er Io n e n p o te n tia le n  d u rch  A to m p o te n tia le n  weg. D ie b e id en  
e x tre m e n  M öglichkeiten  w erden d u rch  die io n a re n  u n d  k o v a len ten  V erb in 
d u n g sp o te n tia le  g ekennze ichne t u n d  k ö n n en  a u f  G rund  des p ro zen tu a len  A n 
te ils  der K ovalenz  au ch  v erfe in e rt u n d  e x a k te r  a u sg e d iü c k t w erden . D a d u rc h  
k o m m t d er au ch  vom  P a r tn e r  abhäng ige  G rad  d er H e te ro p o la ritä t-K o v a le n z  
d e r V erb in d u n g  zum  zahlenm ässigen  A u sd ruck .

D er rich tig e  G esich tsp u n k t von D o e r f f e l , dass die G itte ren e rg ie  
n ic h t e in fach  als Sum m e einzelner, fü r  jed es  Io n  c h a rak te ris tisch e r, k o n s ta n te r  
G rössen au fzu fassen  is t , d a  die E n e rg iean te ile  d er versch iedenen  einzelnen  
Io n en  vom  jew eiligen  P a r tn e r  abh än g ig  s in d  ( D o e r f f e l , 1956. S. 33), fa n d  
som it schon  v o rh er d u rch  die U n te rsch e id u n g  d e r Io n en - u n d  A to m p o te n tia le  
bzw . d e r io n a ren  u n d  a to m a re n  V erb in d u n g sp o ten tia le  einen A u sd ruck .

D asselbe b ez ieh t sich  auch  a u f  den  V erg leich  der Io n e n p o te n tia le  m it 
den  V alenzenerg iekoeffiz ien ten  (P u n k t 4 .4 , S. 78—79), wo L e u t w e i n  u n d  
D o e r f f e l  ü b e r den  V orte il der V alenzenerg iekoeffiz ien ten  g eg en ü b er den 
Io n e n p o te n tia le n  sp rech en . Die Io n e n p o te n tia le  ste llen  fü r  sich ta ts ä c h lic h  
w eniger em p fin d lich e  W erte  als die V alenzenerg iekoeffiz ien ten  d a r , ih re  
E m p fin d lic h k e it w ird  jed o ch  du rch  die U n te rsch e id u n g  der A to m p o te n tia l
w erte  s ta rk  e rh ö h t.

(N ebenbei sei h ie r  a u ch  t in e  M issv ers tän d lich k eit in  de r A bfassung d e r Leutw ein—- 
DoERFFELschen A rb e it e rw äh n t : es w ird z u n äc h s t d ie A nalogie de r Io n e n p o te n tia le  u n d  
d e r V a len zenenerg iekoeffiz ien ten  a u f  G rund  de r G le ichheit de r beiden A u sgangsw erten  z und 
r fe s tg es te llt  ; in  dem  fo lgenden  S atz  w ird a b e r d a rg e leg t, dass die V alenzenerg iekoeffiz ien ten  
au s th erm o d y n am isch en  W erten  a u fg eb au t sind).

P u n kte  4 .5, u n d  4 .6 , beschäftigen sich mit dem GRUNERschen und mit dem H uggins— 
SuNschen Verfahren, hauptsächlich in der von mir 1955 angegebenen Weise.

M issvers tänd lich  is t  de r P u n kt 4.7, m it  d e r V o rfü h ru n g  de r Io n en w ich ten  u n te r  jen e n  
B e rec h n u n g sa rte n , die d ie  E n erg iev e rh ä ltn isse  de r n a tü r lic h e n  chem ischen B in d u n g en  k e n n 
zeichnen , da  die Io n en w ich ten  d a m it n ich ts  zu  tu n  h a b en .

L e u t w e i n  u n d  D o e r f f e l  an erk en n en  im  P u n k t 4.7  die B ra u c h b a rk e it 
des v o n  m ir e in g e fü h rte n  Begriffs der Io n en w ich ten , sie denken  ab e r, dass 
»die G en au ig k e it, m it d er diese Ionen - bzw . A to m w ich ten  e rm itte lt  w erden  
k ö n n en , rech t gering  is t,«  da  »die Io n e n ra d ie n , die selbst n ich t e x a k t b e k a n n t
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s in d , in  d ieser D efin itio n sg le ich u n g  in  der d r i t te n  P o ten z  erscheinen .«  Sie b e 
m e rk e n  also  n ich t, dass es sich  h ie r n ich t u m  ab so lu te  W erte , so n d ern  u m  die 
m it  w esen tlich  höh eren  G en au ig k e it b e k a n n te n  re la tiv en  V erh ä ltn issen  der 
R a d ie n  h a n d e lt , u n d  d a h e r  d ie  — eigen tlich  e x a k t ü b e rh a u p t n ic h t d e fin ie r
b a re n  — ab so lu ten  W erte  d e r  Io n e n ra d ie n  h ie r  ziem lich irre le v a n t s in d  (siehe 
a u c h  d ie  B esp rechung  des fo lg en d en  P u n k te s ) .

D e r  folgende P u n k t 5  b ild e t allein  e tw a  ein  D ritte l der ganzen  A b h a n d 
lu n g  u n d  b esch ä ftig t sich  m it  d er P o te n tia lb e re c h n u n g . D er P u n k t f ä n g t  fo l
g e n d e rw e ise  an  (5. 11, S. 81): » S z á d e c z k y - K a r d o s s  g ib t fü r  seine Io n e n p o te n 
t ia le  e in e  G enau igkeit v o n  ^  0,01 abs. a n . E in e  solche G en au igke it d ü rf te  
w e se n tlic h  zu hoch  gegriffen  sein .«  T a tsä c h lic h  schreibe ich  aber d iesb ezü g 
lic h  (1955 , S. 120): ». . . A u f d iese W eise« (n äm lich  a u f G rund  eines n eu en  Z u 
sa m m e n h a n g e s  zw ischen E le k tro n e g a tiv i tä t  u n d  Io n en p o ten tia l)  » k ö n n en  die 
sc h w e r b e rech en b aren  u n d  n u r  von  0,7 b is  4,0 v a riiren d en  E le k tro n e g a ti
v i tä ts w e r te  le ich t aus dem  em p fin d lich en , b is zu  einer G enau igkeit b is von  
e in e m  H u n d e r ts te l  b e re c h e n b a re n  Io n e n p o te n tia lw e rte n  e rm itte lt  w erden .«  
D ie Io n e n p o te n tia lw e rte  w e rd en  in  der L i te r a tu r  ta tsä c h lic h  s te ts  b is zu  e iner 
Z a h le n g e n a u ig k e it von  0,01 angegeben , e n tsp re c h e n d  der G en au ig k e itsan g ab e  
d e r  Io n e n ra d ie n . (Siehe z. B . R a n k a m a  u n d  S a h a m a : G eochem istry , 1950. 
S o g a r D o e r f f e l  g ib t sie m it  e iner G en au ig k e it von  0,01 an  [1956, S. 70]). 
W e n n  versch ied en e  R a d ien b e rech n u n g en , z. B . d iejen igen  von  G o l d s c h m i d t ,  

W y c k o f f , P a u l i n g  u n d  K o r d e s  verg lich en  w erd en , d an n  w ird  n a tü r lic h  die 
G e n a u ig k e it  von e tw a e in er G rö ssen o rd n u n g  v e rrin g e rt. D a ab er die R a d ie n 
w e r te  in  dem  geschlossenen S y stem  der V e rb in d u n g sp o te n tia lb e rec h n u n g  n u r  
a ls r e la t iv e  V erg leichszahlen  B ed eu tu n g  h a b e n , is t der V ergleich v e rsch ie 
d e n e r  R ad ien w erten  ir re le v a n t , sogar ir re fü h re n d . — Es w erden  fe rn e r  bei 
m ir  im  allgem einen  keine »eigenen«  K a tio n e n p o te n tia lw e rte  angegeben , v ie l
m e h r  v e rw en d e  ich d iejen ige v o n  R a n k a m a  u n d  S a h a m a . — E s w ird  bei m ir 
a u c h  n irg e n d s  ü b er » ab so lu te  G en au ig k e it«  d e r  Io n e n p o te n tia le  gesch rieben : 
d ie  d iesb ezü g lich e  A ngabe v o n  L e u t w e i n  u n d  D o e r f f e l  ( » S z á d e c z k y - K a r 

d o s s  g ib t  fü r  seine Io n e n p o te n tia le  eine G en au ig k e it von  ^  0,01 abs. an«) h a t  
a lso  k e in e n  G rund.

E s  w ird  im  G egenteil b e i m ir k la r  au sg esp ro ch en , dass die Z ah len an g ab e  
in  d ie sem  A n fan g ss tad iu m  d e r  E n tw ick lu n g  d e r P o ten tia l-Id ee  n u r  als B e i
sp ie le  f ü r  die R echnungen  d ien en  u n d  k e in en  A n sp ru ch  an  G enau igke it h a b e n .

D e r  A u sg an g sp u n k t m ein e r A rb e it is t eb en  d ie  K la rste llu n g  de r au g en b lick lich en  
U n m ö g lic h k e it, eine ex ak te  B e rec h n u n g  geochem ischer P rozessen  se lbst du rch  B eg riffe  d e r  p h y 
s ik a lisc h e n  Chem ie d u rc h zu fü h re n . D iesbezüglich  sch rieb  ich  (1955. S. 115— 1 1 6 ): »D ie  Geo
c h em ie  d a r f  eine L ösung ih re r  G ru n d p ro b lem e  n ic h t e in fach  v o n  den ph y sik a lisch -ch em isch en  
b zw . a to m p h y s ik a lisc h en  W issen sch aften  e rw arte n , d a  sie sich  in  ih rem  A rb e itsk re is  g ru n d 
leg e n d  v o n  je n e n  u n te rsch e id e t. D ie  ph y sik a lisch en  W issen sch aften  tra c h te n  n ä m lic h  d ie bei 
d e n  ch em isch en  E rscheinungen  w irk en d en  K rä f te  v o lls tä n d ig , m it g rösste r G en au ig k e it zu 
e r fa s s e n , w esh a lb  sie sich in  d e r R eg el m it de r A b le itu n g  d e r E ig en sch aften  de r E le m en te  u n d  
d e r  e in fa c h s te n  V erb in d u n g en  (A lk a lihalogen ide) b eg n ü g en  m üssen . D agegen b ild e n  die 
m in e ra lisc h e n  P hasen  de r E rd k ru s te  ü b erw iegend  F e ld sp a te  u n d  and ere  S ilikate  —  die eine
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v ie l v e rw ick e lte re  Z u sam m en setzu n g  aufw eisen  —  den H a u p tg eg e n stan d  d e r G eochem ie. 
V on e in e r v o lls tän d ig  gen au en  th eo re tisch e n  A b le itu n g  ih re r  E ig en sch aften  k a n n  e instw eilen  
ke ine  R ede  se in .«  » . . .D e m e n ts p re c h e n d  m uss d ie Geochem ie o f t von  a llg em ein eren  u n d  
a n n ä h e rn d e n  B e h au p tu n g en  ausgehen .«

D as Ü b ersehen  m einer A u ffassu n g  b ezüg lich  des geringen  G e n au ig k e itsan sp ru ch s  
geochem ischer A b le itu n g en  is t  h ie r desto  au ffa lle n d e r, da  d ie K a p ite ln  » E in le itu n g «  u n d  
» S ch lussbem erkungen«  de r A rb e it von  Leutwein u n d  D oerffel diese A u ffa ssu n g  sehr 
t r e u  —  w enn a u ch  ohne A ngabe d e r Quelle —• w iederho len .

D er fo lgende P u n k t 5.12  fü h r t  den  T ite l: » Io n en p o ten tia le  u n d  E nerg ie - 
k o effiz ien te«  u n d  s te llt e igen tlich  einen  V erte id igungsversuch  d er D o e r f f e l - 

sch en  M ethode als G itte ren e rg ieb erech n u n g  d a r. Ic h  wies näm lich  (1955, S. 120) 
b ezüg lich  d er E K -B erech n u n g  — d eren  V a ria n t die DoERFFELsche b ild e t — 
n a c h , dass sie in  jen en  F ä llen , wo spezielle W erte  fü r  fertige  kom plexe  A n ionen  
a n g ew en d e t w erden , keine w irk lichen  G itte ren e rg ien  ergeben  u n d  dass die A n 
w en d u n g  d er G itte ren erg ien  bezüg lich  d er K rista llisa tio n sfo lg e  » b eso n d ers  im  
F a lle  v o n  V erb in d u n g en  m it ko m p lex en  Io n en  zu  unm öglichen  E rg eb n issen  
fü h r te .«  Es m u sste  d a h e r » d er A usw eg in  d er A u fste llung  von  b eso n d e ren  
„ G itte ren e rg iew erten ”  g esuch t w erden , w obei die kom plexen  Io n en  als E in h e it 
b e tra c h te t  w erden .«  F e r s m a n  jed o ch  n a n n te  diese W erte  selbst r ic h tig  n ic h t 
G itte ren e rg ie , sondern  »en erg y  of th e  fo rm a tio n  o f b in a ry  co m pounds from  
co m p lex  ions« , ( F e r s m a n , 1935, S. 276). Sie w u rd en  e rs t von  L a e m m l e i n  

als G itte ren e rg ie  bezeichnet.
L e u t w e i n  u n d  D o e r f f e l  w ollen m eine B e h a u p tu n g e n  fo lgenderw eise 

e n tk rä f te n  (S. 83) »W ie w e ite r oben  (2.5) gezeig t w urde , b e s tim m t in  h e te ro - 
desm ischen  u n d  an isodesm ischen  V erb in d u n g en  die schw ächste  d e r  v o rh a n 
d en en  B in d u n g en  das physika lische  V erh a lten  des Stoffes. Es is t d a h e r  v o ll
k o m m en  g e re c h tfe rtig t u n d  keinesfalls eine „ N o tlö su n g ” , w enn F e r s m a n  die 
G itte ren e rg ie  zw ischen K a tio n  u n d  kom plexen  A nion an g ib t. (Ü brigens g ib t 
au ch  S z a d e c z k y  t ro tz  der „ N o tlö su n g ”  P o te n tia lw e rte  fü r solche K om plexe  
an )« . A n d e r z itie r te n  S telle  (2.5, S. 68 — 70) besch re iben  L e u t w e i n  u n d  
D o e r f f e l  zu n äch st r ich tig , dass bei den  h e te ro d erm isch en  V erb in d u n g en  die 
B erech n u n g  d er G itte ren erg ie  in  zwei S tu fen  erfolgen k a n n , e tw a  n a c h  fo l
g en d em  Schem a:

L a  (B a [S 0 4]) —*■ B a 2+ -f- (S 0 4)2-

I .h  B a2++  (S 0 4)2- - ^ B a 2++ S e++ 4 0 2-

I.c  (B a [S 0 4]) —»- B a2+ -f- S6+ -f- 402-

D iese rich tig e  B eh a u p tu n g  w ird  ab e r d a n n  u n rich tig  u m g ed eu te t. S ta t t  der 
B erech n u n g  d er G itterenerg ie  I.c  w ird  n äm lich  einfach  die e rs te  S tu fe  (I.a ) 
b e re c h n e t u n d  sp ä te r  ebenfalls als G itte ren erg ie  g ed eu te t, s te ts  n u r  m it fo l
g en d e r B eg rü n d u n g : »Da fü r  das p h y sika lische  V erh a lten  je d e r  V e rb in d u n g  
d ie sch w äch sten  B indungen  b es tim m en d  sin d , is t die B erechnung  d e r e rs te n  
S tu fe n  der G itte renerg ie  fü r  geochem ische Zw ecke ganz besonders w ich tig .«
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(S. 70). L e u t w e i n  u n d  D o e r f f e l  b em erk en  also  n ic h t, dass solche B e rech 
n u n g e n  der e rs ten  S tu fe n  zw ar fü r das p h y s ik a lisch e  V erh a lten  d er K ris ta lle  
b eze ich n en d e  W erte  lie fe rn , aber n ich t d ie  v o rh e r  de fin ie rte  G itte ren e rg ien  
(I.c ) d a rs te llen . Solche B ildungsenerg ien  eb en fa lls  G itte ren erg ie  zu n en n en , b il
d e t e ine  w illkürliche U m d e u tu n g  des B egriffes d e r G itte renerg ie  u n d  fü h r t  
nö tig e rw e ise  zu V erw irru n g en . D ie B ew ah ru n g  d e r FERSMANschen b eg riff
lic h e n  K la rh e it is t je d o c h  desto  nö tiger, d a  die E rw e ite ru n g  der fü r  die e in 
fa c h s te n  Io n e n v e rb in d u n g e n  e rd ach te  u rsp rü n g lic h e  D efin ition  d er G itte re n e r
gie a u f  V erb in d u n g en  m it kom plexen  Io n en  zu  gew isser Z w eideu tigkeit fü h ren  
k a n n . E s m ag n äm lich  e v en tu e ll d isk u tie rb a r  e rsche inen , w elches K rite riu m  
d ieser D efin itio n  a n g e w e n d e t w erden  soll, d a s je n ig e , n ach  w elchem  die G it te r 
en erg ie  die G esam tenerg ie  au s  gasförm igen  e in ze ln en  (einfachen) Io n en  d a r 
s te l l t ,  o d e r w elches sie als d ie  E nerg ie e iner b in ä re n  Io n en v e rb in d u n g  c h a ra k 
te r is ie r t .  Im  ers ten  F a ll  b e d e u te t die G itte ren e rg ie  e iner V erb in d u n g  des T y p  
B a S 0 4 o ffenbar die B in d u n g sen erg ie  aus g asfö rm ig en  B a2+, S6+ u n d  0 2~ Io n e n , 
im  zw eiten  die aus B a 2+ u n d  (S 0 4)2 -Ionen . Z u e rs t n en n en  se lb st L e u t w e i n  

u n d  D o e r f f e l  — d em  FERSMANschen G eb rau ch  e n tsp re c h e n d  — den  e rs te n  
W e rt G itte ren erg ie , s p ä te r  jed o ch  den  zw eiten . A lle beide k ö n n en  ab er o ffen
b a r  n ic h t  als G itte ren e rg ie  b ezeichnet w erd en , d a  eine u n d  dieselbe S u b stan z  
n ic h t  zw eifache G esam ten erg ie  h ab en  k a n n .

Z u  dem  fo lg en d en  S a tz  von L e u t w e i n  u n d  D o e r f f e l : »es is t v o ll
k o m m en  g e re c h tfe rtig t . . . w enn  F e r s m a n  die  G itte ren e rg ie  zw ischen K a tio n  
u n d  kom plexen  A n ion  a n g ib t« , sei n u n  a u sd rü c k lic h  b e to n t, dass F e r s m a n  

so lche »G itte ren erg ie«  ü b e rh a u p t n ich t an g eg eb en  h a t .  E r  w usste  seh r w ohl, 
dass d ie a u f  G ru n d  d e r  W ertig k e it u n d  R a d ie n  d e r kom plexen  A nionen  b e 
re c h n e te  » B in d u n g sen erg ien  von b in ä ren  V e rb in d u n g e n  m it K om plexan io - 
n en «  (U fc) keine G itte re n e rg ie n  im  Sinn d e r e in fa c h e n  V erb in d u n g en  sind . E r  
h a t t e  d a h e r  die b e id en  B egriffe  e indeu tig  a b g e tre n n t , wie aus seiner fo lgenden  
—• im  G egensatz z u r  w irk lich en  G itte ren e rg ie  U  gefassten  D efin ition  ganz  
k la r  e rs ich tlich  is t. »C om plex  ions, b o th  c a tio n s  a n d  an ions, can  be ca lc u la ted  
a cco rd in g  to  th e  fo rn m la  (I)  an d  (2)* a n d  th e y  m ake possible to  ca lcu la te  
th e  geochem ically  v e ry  im p o r ta n t  energy  v a lu e , Uk, th e  energy  o f th e  fo r
m a tio n  o f b in a ry  co m p o u n d s  from  com plex io n s, i f  we know  th e  ra d iu s  o f th e  
co m p lex  ion« (1935. S . 267).

D ass die A n w en d u n g  d er G itte ren erg ie  z u r  B eh an d lu n g  d er K r is ta ll i
sa tio n sfo lg e  ta ts ä c h lic h  eine »N otlösung« w ar, w u ss te  F e r s m a n  se lb st au ch  
seh r w ohl, wie seine fo lg en d en  B em erkungen  zeigen: »A nalysing  th e  sequence o f

тг“
* F o rm u la  (1) is t  : E K  =  -  D • 0,75 (R  +  0,20)

2 К

ív 2
F o rm u la  (2) is t  : E K  =



BEMERKUNGEN ZU EIN ER ARBEIT VON F. LEUTWEIN UND K. DOERFFEL 365

c ry s ta lliz a tio n s  from  th e  s ta n d p o in t  o f th e  law s o f energetics, w e re a c h  th e  
q u ite  in ev itab le  conclusion , t h a t  th is  sequence is d ep en d en t on th e  v a lu e  of 
free  energy  (en tropy) o f th e  sy stem . W e c a n n o t as y e t m easu re  th is  m ag n i
tu d e , n o r can  we m easu re  th e  h e a t  effect o f  th e  n a tu ra l  p rocess itse lf : b u t 
w ith  a ce rta in  degree o f a c c u ra cy  we can  m ake use o f th e  n e tw o rk  en e rg y  for 
p u rp o se  of d ed u c tio n , ta k in g  as o u r basis B o r n ’s cycle w ith  his s im p lifica tio n  
fo r so lu tions h av in g  free ions.«  ( F e r s m a n , 1935, S. 268)

Die u n m itte lb a r  fo lgende B em erkung  von  L e u t w e i n  u n d  D o e r f f e l  —  

» Ü brigens g ib t auch  S z a d e c z k y  t ro tz  d er „ N o tlö su n g ”  P o te n tia lw e r te  fü r  
so lche K om plexe an«  — zeig t n u n  m it vo ller K la rh e it, dass die b e id e n  A u to ren  
d as  W esen der Y e rb in d u n g sp o ten tia lb e rech n u n g  v o lls tän d ig  m issv e rs ta n d e n  
h a t te n  u n d  der M einung s in d , dass die P o te n tia lb e re c h n u n g  v ie lle ich t ein 
E rs a tz  der G itte ren e rg ieb erech n u n g  w äre. Sie sehen  n ic h t, dass d a s  V erb in 
d u n g sp o te n tia l e tw as ganz  an d eres  d a rs te ll t , als die G itte ren e rg ie  n ic h t n u r 
in  seinem  ta tsä c h lic h  BoRN schen, sondern  au ch  in  dem  von L e u t w e i n  und  
D o e r f f e l  m issg ed eu te ten  S inn .

W ir m öch ten  d a h e r ü b e r das W esen d er V e rb in d u n g sp o te n tia lb e re c h 
n u n g  h ie r e tw as au sfü h rlich e r sp rechen . D ie B erech n u n g  d er G itte ren e rg ien  
is t im  allgem einen aus re in  a to m isch en  D a te n , — wie dies die u rsp rü n g lic h e  
B o R N s c h e  G leichung fü r  die e in fach sten  h e te ro p o la ren  V erb in d u n g en  a n g ib t 
— n ic h t m öglich. A uch  fü r  die e in fach sten  h e te ro p o la ren  V e rb in d u n g e n  b e 
n ö tig t sie ausser der L ad u n g szah l u n d  Io n en rad ien  spezielle D a te n , w ie Ma - 
DELUNGsche K o n s ta n te , A b sto ssu n g sex p o n en t. M eist k a n n  sie n u r  m it B e
rü ck sich tig u n g  ko m p liz ie rte r k ris ta llch em isch er bzw . a to m p h y s ik a lisc h e r  N e
b e n fa k to re n  e rm itte lt w erden . Viel le ich te r k a n n  sie jed o ch  im  a llg em ein en  
u n te r  A nw endung k a lo rim e trisch e r D a te n  b e rech n e t w erden . S o m it erw ies 
sich d er B egriff der G itte ren e rg ie  auch  als eine w ichtige B rü ck e  zw ischen  
T herm ochem ie  u n d  G eochem ie. Es zeig t sich ab er desto  in te n s iv e r  d ie  N o t
w end igkeit einen A u sd ru ck  d e r k ris ta llch em isch en  H a u p tb in d u n g s k rä f te  zu 
f in d e n , w elcher e in d eu tig  die r ic h te n d e n  k ris ta llch em isch en  H a u p tfa k to re n  der 
K ris ta llisa tio n  u n te r  den  versch iedenen  verw icke lten  n a tü r lic h e n  V e rh ä lt
n issen  zah lenm ässig  an g eb en  u n d  som it eine s tän d ig e  B rücke zw ischen  K ri
s ta llch em ie  u n d  G eochem ie b ild en  soll. D ieser A u sd ru ck  m u sste  o ffe n b a r  von  
dem  B egriff G itterenerg ie  u n ab h än g ig  g e s ta lte t w erden , da  le tz te re  e inen , in 
d e r N a tu r  n ich t v o rh a n d e n e n , m eist sogar p ra k tisc h  u n m ög lichen , gew isser- 
m assen  fik tiv en  Prozess k en n ze ich n e t, n am e n tlic h  die u n m itte lb a re  B ildung  
fe s te r  V erb indungen  aus gasfö rm igen , in  d er U nen d lich k e it b e fin d lic h e n  ele
m e n ta re n  io n aren  B a u s te in e n .

E ine  A rt v e re in fach te r  G itte ren e rg ieb erech n u n g  k a n n  zu d iesem  Zw eck 
ab er h au p tsäch lich  d a ru m  n ic h t en tsp rech en , weil die G itte ren e rg ie  keine 
M asszah l der freien E nerg ie  bzw . der fre ien  E n th a lp ie  is t u n d  d em e n tsp re c h en d  
n ic h t die B ich tu n g  der (geo)chem ischen Prozesse im  allgem einen a n g ib t. In  ge
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w issen  F ä llen  eng b e s c h rä n k te n  Bereiches fü r  ro h e  S ch ä tzu n g en  k a n n  die G it
te re n e rg ie  s ta t t  der fre ien  E n e rg ien  angew endet w erd en , diese N o tlö sung  zum  
v e ra llg e m e in erte n  G e b ra u c h  anzuw enden  is t a b e r sow ohl p rinzip iell, als auch  
p ra k t is c h  u n a n w e n d b a r u n d  fü h r t  zu g rö ssenordnungsm ässig  fa lschen  E rg e b 
n is s e n , w ie am  B eispiel des F e W 0 4 gezeigt w ird . D a ra u f  k eh ren  w ir au ch  bei 
d e r  B esp rech u n g  des P u n k te s  5.22 u n d  6.1 zu rü c k .

M an  sollte d a h e r  fre ie  E nerg ienw erte  zu r L ö su n g  solcher geochem ischer 
F ra g e n  gebrauchen . D ie B e rech n u n g  der fre ien  E n erg ie  bzw . freier E n th a lp ie  
f ü r  N a tu rp ro zesse  s te l l t  je d o c h  noch grössere S chw ierigke iten  d a r , als die der 
G itte re n e rg ie . Es m u ss te  d a h e r  ein  g ru n d leg en d  an d eres  V erfah ren  gew ählt 
w e rd e n . D a die k r is ta llch em isch e  D eu tung  geochem ischer P rozesse — in sb eso n 
d e re  d ie K rista llisa tio n sfo lg e  — n ich t u n m itte lb a re  A ngabe ü b e r E n e rg ie b e d arf  
id e a lis ie r te r  z. B. d u rc h  d ie  G itterenerg ie  d a rg e s te ll te r  P rozesse fo rd e r t, son 
d e rn  sich  m it der F e s ts te llu n g  der H a u p tb in d u n g sk rä f te  begnügen  k a n n , 
w u rd e  zum  CARTLEDGEschen K a tio n e n p o te n tia l als e in fachstem  A usg an g s
p u n k t  zurückgegriffen . A lle in  genüg te  das K a tio n e n p o te n tia l  a llerd ings n ic h t, 
s o n d e rn  es m usste  m it d e r  E in fü h ru n g  des A n io n p o ten tia lb eg riffs  v e rv o ll
s t ä n d ig t  w erden. A us d en  so vera llg em ein erten  W e rte n  k o n n te  n u n  der ge
s u c h te  einfache A u sd ru c k  a u fg e b a u t w erden. W ir n a n n te n  den  so en tw ick e lten  
A u s d ru c k  » V erb in d u n g sp o ten tia l«  u n d  e rh ie lten  d a m it einen Z ah lenw ert, w el
c h e r  gew isserm assen a u c h  zu m  E rsa tz  der u n b e k a n n te n  V erhältn isse  d er fre ien  
E n e rg iew erte  (n ich t a b e r  d e r  G itterenerg ien!) be i dem  K ris ta llisa tio n sp ro zess  
d ie n te ,  ohne die h y p o th e tis c h e  u n d  gem ischt a to m is tisch -k a lo rim e trisch e  E le 
m e n te  d er E K -B erech n u n g  z u  e n th a lte n . W ä h re n d  die D arste llu n g  von  N a tu r 
p ro zessen  m it G itte re n e rg ien  oder m it E K -W e rte n  m eist n u r  a p p ro x im a tiv  
e rfo lg e n  k an n , ste llen  die V erb in d u n g sp o ten tia le  e in  hypo thesen fre ies, in  sich 
geschlossenes S ystem  d e r jew eiligen  H a u p tb in d u n g s fa k to re n  der K ris ta llisa tio n  
d a r .  D as V e rb in d u n g sp o te n tia l g ib t som it d as  P o te n t ia l  der H a u p tb in d u n g s 
k r ä f te  u n d  n ich t E n e rg ie w e rte  an .

L e u t w e i n  u n d  D o e r f f e l  h a tte n  diese L ö su n g  des P rob lem s o ffenbar 
n ic h t  v e rs tan d en  u n d  s u c h te n  einen E rsa tz  fü r  d en  G itte ren erg ieb eg riff in  dem  
V e rb in d u n g sp o te n tia l.

I n  dem  folgenden  P u n k t  5.13 suchen die b e id en  A u to ren  eine E rk lä ru n g  
z u r  T a tsach e , dass d a s  A to m p o te n tia l im  a b so lu te n  N u llp u n k t se lb st e tw a 
g le ich  N u ll w ird. N a c h  u n se re n  A u sfü h ru n g en  b ezüg lich  des A n n äh e ru n g s
c h a ra k te rs  der geoch em isch en  A bleitungen  is t  ih r  E rgebn is: »w ahrschein lich  
i s t  d ie  gefundene lin e a re  B eziehung  n u r eine in  e inem  b es tim m ten  B ereich  
g ü ltig e  N äherungslösung«  — vo llständ ig  se lb s tv e rs tä n d lic h  u n d  e n th ä lt  n ich ts  
N e u e s . D er N ä h e ru n g sc h a ra k te r  eines solchen N u llw erte s  b en ö tig t ebenso keine 
b e so n d e re  E rk lä ru n g , w ie z. B . der N ullw ert des P ro d u k te s  pv  im  G esetz der 
id e a le n  Gase, w elches a llg em e in  b ek an n tlich  re in  fo rm al is t. H ier h a t  das Ge
s e tz  ke in en  Sinn m ehr.
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A uch bezüglich  d e r ung en ü g en d en  V erg le ich b ark e it d er M oHSschen H ä r te 
s tu fen  m it den  V erb in d u n g sp o te n tia je n  (P u n k t 5.14) is t  das von  m ir F e s t
g este llte  w ied erh o lt, je d o c h  w ieder n ich t als B e s tä tig u n g , so n d ern  e tw a  als 
eine n eg a tiv e  K r it ik  m e in e r F es ts te llu n g en  v o rg e tra g e n . Ich  sch rieb  (1955,
S. 134): »D a die e inze lnen  S tu fen  der M oHSschen H ä r te sk a la  w illkü rlich  sind  
u n d  n ich t g leichm ässige A b stän d e  d a rs te llen , e rw eis t sich  d ieser Z u sam m en 
h a n g  auch  n ic h t als lin e a r .«  W enn  d an ach  L e u t w e i n  u n d  D o e r f f e l  diesel
ben  B e h a u p tu n g e n  in  fo lg en d er A rt w iederho len  (1956, S. 84 — 85): »D ie B e
n u tz u n g  der H ä r te  eines S toffes im  allgem einen  u n d  die H e ran z ieh u n g  der 
MoHSschen H ä r te  im  b eso n d eren  als e x a k te r  P a ra m e te r  d ü rf te  w ohl w enig 
g ü n stig  sein . . .  E s is t  d a h e r  n ich t g e re c h tfe rtig t, bei den  en tsp rech en d en  D ia 
g ram m en  die A chse m it d er MoHSschen H ä r te  g leichförm ig zu  te ilen . D er 
V ersuch , a n n ä h e rn d  gerad lin ige  A bhäng igkeit d e r H ä r te  n ach  M o h s  vom  V er
b in d u n g sp o te n tia l a b zu le iten , h a t  ebenso w enig  ph y sik a lisch e  A ussage«  . . . 
usw . — so e rsch e in t diese W iederho lung  n u r  d a z u  geeignet, die F es ts te llu n g en  
der k ritis ie r ten  A rb e it als n ich tex is tie ren d  v o rz u tä u sc h e n , so g ar dieselben 
in  einem  gerade  en tg eg en g ese tz ten  S inn zu v e rd reh en .

Im  P u n k t 5 .15  ü b e r » Io n en p o ten tia le  u n d  S ed im en tg es te in e«  können  
L e u t w e i n  u n d  D o e r f f e l  die Lage ein iger A nioné in  dem  A n io n en p o ten 
tia ld ia g ra m m  d e r S ed im en tg este in e  n ich t e rk lä ren  — so z. B . die des W 0 4 bei 
den E v a p o rite n , A s 0 4 bei den  K a rb o n a te n  — u n d  denken  d ah e r, dass »dieses 
D iag ram m  n ic h t a ls e in  M itte l zum  B eschreiben  d er G eochem ie d e r S ed im en t
gesteine anzusehen  is t« , fe rn e r dass es » v e rm ein tlich e  E n tsp re c h u n g e n  zu  den 
K a tio n e n  u n d  A nionen«  d a rs te lle . L e u t w e i n  u n d  D o e r f f e l  m einen  also offen
b a r , dass säm tlich e  Io n e n  an  der du rch  das D iag ram m  angegebenen  Stelle 
u n b e d in g t au sfa llen  m ü ss ten . B ek an n tlich  ebenso lche U n stim m ig k e iten  des 
N ich tau sfa llen s  s in d  au ch  in  dem  u rsp rü n g lich en  K a tio n e n d ia g ra m m  d er Sedi
m en tg este in e  von  G o l d s c h m i d t  v o rh an d en , (w as a llerd ings v o n  L e u t w e i n  

u n d  D o e r f f e l  n ic h t b em än g e lt w ird). E b e n  diese sch e in b aren  U n stim m ig 
k e iten  des n ic h t A usfa llens w erden  d u rch  die B e tra c h tu n g  des G eg en p artn ers , 
d. h . d u rch  die E in fü h ru n g  des V erb in d u n g sp o ten tia lb eg riffes  k la rg e leg t, was 
n u n  zeig t, dass das A u sfa llen  eines Ions n ic h t n u r  von  seinem  eigenen  P o te n 
t ia l ,  sondern  au ch  von  dem  des en tg eg en g ese tz t ge ladenen  P a r tn e rs  a b h ä n g t. 
E rs t  d u rch  diese V e rv o lls tän d ig u n g  des P o te n tia ld ia g ra m m s w ird  die V erte i
lung  der E lem en te  n a c h  P o te n tia lw e rte n  in  d en  S ed im en tg este in en  in  einer 
a llgem einen W eise ge löst. A ll dies w urde a b e r  v o n  L e u t w e i n  u n d  D o e r f f e l  

offenbar n ich t e rk a n n t.
Im  P u n k t 5 .2  wird zunächst bem ängelt, dass angeblich dem  Verbin

dungspotential ebenso keine physikalische R ea litä t zukom m t, wie den C a r t - 

LEDGEschen Ionenpotentia len . Bekanntlich wurde die Frage der physika
lischen R ealität der Ionenpotentiale nach C a r t l e d g e  zuerst von G o l d s c h m i d t  

aufgeworfen, der trotz seiner diesbezüglichen B edenken, grundlegende Zusam-

8  Acta Geologica V/3—4.
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m e n h ä n g e  der Geochem ie d e r  S ed im en tb ild u n g  v o n  diesen P o te n tia le n  ab le i
t e t e .  W e n n  also der P o te n tia lb e g r if f  sich als b ra u c h b a r  erw ies u n d  diese 
B ra u c h b a rk e it  du rch  E in fü h ru n g  d er A nion- u n d  V e rb in d u n g sp o te n tia ls  e r
w e i te r t  w erden  k o n n te , so i s t  ih re  w eitere A n w en d u n g  in  d er G eochem ie b e 
g r ü n d e t .  D agegen sch e in t m ir  eine S te llu n g n ah m e bezüglich  d er re in  th e o re 
tisch -p h y s ik a lisch en  F ra g e  d e r  physik a lisch en  » R e a litä t«  des P o te n tia lb e 
g riffe s  se itens des G eochem ikers n ic h t besonders au ssch lag g eb en d . D iese F rage  
w ird  — m it B erü ck sich tig u n g  ein iger w eiteren  k ritis ie rb a re n  A n n a h m e n  von 
L e u t w e i n  und  D o e r f f e l  — v o n  B. K l i b u r s z k y  in  e iner b eso n d eren  A rb e it [9] 
b e sp ro c h e n . M einerseits m ö c h te  ich  n u r b em erk en , dass w enn  d en  Io n e n p o 
te n t ia le n  keine ph y sik a lisch e  R e a l i tä t  zu k o m m t, w ie L e u t w e i n  u n d  D o e r f f e l  

m e in e n , so bezieht sich  d a sse lb e  au ch  a u f  das gan ze  DoERFFELsche »S ystem  
d e r  Io n enenerg ien« , w eil d ieses se lb st au f dem  Io n e n p o te n tia lb e g riff  a u fg e b a u t 
is t :  in  se in e r R ech n u n g sa rt w e rd en  näm lich  »die E n e rg iean te ile  d er A n ionen  . . . 
v o n  L a d u n g  und  R ad iu s  ( =  Io n e n p o te n tia l)  des K a tio n s  ab h än g ig  an g ese tz t« . 
( D o e r f f e l , 1956, S. 33)

W ir  stim m en u n d  s t im m te n  v o lls tän d ig  m it L e u t w e i n  u n d  D o e r f f e l  in  
d e r  A n s ic h t überein , d ass  d a s  V e rh in d u n g sp o ten tia l n ich t als e x a k te  Mass- 
z a h l d e r  freien Energie a n g eseh en  w erden  k a n n . (P u n k t 5.21) W ir se lb s t sch rie 
b e n , d a ss  die V e rb in d u n g sp o te n tia le  »zum  E rse tzen «  der n ic h t b e k a n n te n  
fre ie n  E nerg iew erten  (a lle rd in g s  n ic h t aber zum  E rs a tz  der g e sam ten  in n eren  
E n e rg ie !)  geb rauch t w erd en  k ö n n e n . S iegeben  n äm lich  die R ic h tu n g  d e r (geo)- 
c h e m isc h e n  Prozesse a n , zu  deren  e x a k te r  B estim m u n g  die K e n n tn is  der 
f re ie n  E n erg ien  (bzw. fre ien  E n th a lp ie n )  n ö tig  w äre.

W e n n  aber L e u t w e i n  u n d  D o e r f f e l  sich die M ühe n a h m e n , e in  grösse
res  Z a h le n m a te ria l zum  V erg le iche  d er beiden  W erten  v o rzu fü h ren , so h ä tte n  
sie a u c h  bem erken  sollen , d a ss  eine P a ra lle litä t zw ischen den von  ih n e n  v e r
g lic h e n e n  W erten  th e o re tis c h  ü b e rh a u p t n ic h t v o rh a n d e n  sein k a n n , d a  die 
V e rb in d u n g sp o te n tia le  sich  a u f  die V erhältn isse  des sich b ild en d en  K ris ta ll
g i t te r s ,  d ie  th e rm o d y n a m isc h e n  W erte , wie E n th a lp ie , freie E n erg ie  ab e r sich 
a u f  d ie  sog. » s ta n d a rd e n «  Z u s tä n d e  der S toffe bez iehen , d. h . a u f  je n e  Z u 
s tä n d e ,  in  w elchen die f ra g lic h e n  S toffe sich bei 1 a tm . D ru ck  u n d  25° C T em 
p e r a tu r  befinden . (G itte re n e rg ien , Ion isierungs- u n d  D issozia tionsenerg ie  sind  
so g a r  a u f  den abs. N u llp u n k t bezogen.) W enn  L e u t w e i n  u n d  D o e r f f e l  

d a h e r  e in en  Vergleich zw isch en  V erb in d u n g sp o ten tia len  u n d  fre ien  E nerg ien  
d u rc h fü h re n  w ollten, so m ü s s te n  sie auch  die fre ien  E nerg ien  a u f  die T em p e
r a t u r  u n d  D ru ck v erh ä ltn isse  d e r  jew eiligen K ris ta llisa tio n  u m rech n en .

N u n  fo lg t P u n k t 5 .22  b e i L e u t w e i n  u n d  D o e r f f e l  ein  V erg leich  des 
V e rb in d u n g sp o te n tia ls  m it d e r  FERSMANschen G itte ren e rg ie  m it e in er m a th e 
m a tis c h e n  A bleitung , w obei sie  zu  fo lgendem  E rg eb n is  gelangen  (S. 88): » G it
te re n e rg ie  u n d  V e rb in d u n g sp o te n tia l s teh en  zu e in an d e r im  V erh ä ltn is  von 
S ta m m fu n k tio n  und  e rs te r  A b le itu n g  nach  z. M it A usnahm e eines P ro p o r
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t io n a litä ts fa k to rs  u n te rsch e id en  sich die b e id en  G rössen n u r  noch  um  den  
F a k to r  z ( u ~ z 2/r , ^ = 2 / r ) .  D ieser U n te rsch ied  is t belanglos so la n g e  es sich 
n u r  um  den  „ G a n g ”  d er b e tre ffen d en  G rösse h a n d e lt.«

D iese m a th e m a tisc h e  A b le itu n g  von  L e u t w e i n  u n d  D o e r f f e l  is t d re i
fach  u n rich tig : defin itionsm ässig , m a th e m a tisc h  u n d  physika lisch .

D efin itionsm ässig  is t sie u n ric h tig , da  d ie  beiden  e rw äh n ten  A u sg an g s
w erte  z  u n d  r d er A b le itu n g  in  d e r z itie r te n  F o rm el von F e r s m a n  e tw as  a n 
deres b ed eu ten  als in  d er F orm el des V e rb in d u n g sp o ten tia ls . In  d e r  F o rm el 
d e r G itte ren e rg ie  (U) bei F e r s m a n  b e d e u te n  näm lich  z  u n d  r  W e rtig k e ite n  
u n d  R ad ien  der s te ts  u n d  prinzip ie ll e in fach en  Io n en . In  der F o rm el des V er
b in d u n g sp o te n tia ls  (ip) dagegen  s te llen  z  u n d  r W ertig k e iten  u n d  R ad ien  der 
v o lls tän d ig en  R au e in h e it der k ris ta llis ie ren d en  P h ase  d a r, u n a b h ä n g ig  d av o n , 
ob diese ein fache  oder kom plexe Io n en  sin d . W en n  m an  in  den  FERSMANschen 
B erech n u n g en  D a te n  von kom plexen  Io n en  b ra u c h t , so e rh ä lt m a n  n ic h t die 
G itte ren e rg iew erte  ( U ), sondern  die » B in d u n g sen erg ien  von b in ä re n  V erb in 
d u n g en  m it kom plexen  Ionen«  ( Uk), wie dies bei der B esp rechung  des P u n k 
te s  5.12 d a rg e leg t w urde .

D a in  den  m eisten  F ällen  n a tü r lic h e r  S ystem e — u. a . in sä m tlich en  
S ilik a ten  — z u n d  r R ad ien  u n d  W ertig k e iten  von  kom plexen  Io n en  b e d e u te n , 
so s te llt  diese B egriffsverw echslung  von  L e u t w e i n  u n d  D o e r f f e l  n ic h t n u r  
p rinz ip ie ll, so n d ern  auch  zah lenm ässig  schw erw iegende, g rö ssen o rd n u n g s- 
m ässige A bw eichungen  erzeugende F eh le r d a r , wie dies a u f  dem  B eisp ie l des 
F e W 0 4 e rsich tlich  is t, dessen sog. G itte ren e rg ie  K a tio n  A nion 689 kcal/M ol, 
seine w irk liche G itterenerg ie  ab e r 6400 kcal/M ol is t, n ach  B e rech n u n g  von  
D o e r f f e l  (1956).

M ath em atisch  is t die A b le itung  von  L e u t w e i n  u n d  D o e r f f e l  d a ru m  
u n ric h tig , weil m an  n u r n ach  s te tig en  F u n k tio n e n  d ifferenzieren  k a n n . In  d er 
G leichung der G itte ren erg ie  k a n n  m an  d a h e r  n u r  nach  r d iffe ren z ieren  u n d  
n ic h t n a c h  z ,  d a  z keine s te tig e  F u n k tio n  is t ,  sondern  g an zzäh lig e  W e rtig 
k e ite n  b e d e u te t.

P h y sik a lisch  is t ih re  L ösung  d a ru m  u n ric h tig , weil m an  d u rc h  das r ic h 
tig e  — also n ach  dem  v e rän d erlich en  r d u rc h g e fü h rte n  — D iffe ren z ieren  d er

. 2

G itterenergie die CouLOMBsche A nziehungskraft
2r2

e rh ä lt, w as ein  p h y 

sikalisch  a llgem ein  b e k a n n te r  Z u sam m en h an g  is t. D as P o te n tia l  s te l l t  dagegen  
e in en  defin itionsm ässigen  B egriff d a r, deren  D iffe ren tia lq u o tien t n a c h  r die 
F e ld s tä rk e  e rg ib t.

L e u t w e i n  u n d  D o e r f f e l  b e tra c h te n  die u n ab h än g ig en  V e rän d e rlich en , 
w o n ach  sie ih re  D ifferenzierung  u n ric h tig  d u rc h fü h r te n , als » F a k to r« , u n d  b e 
h a u p te n  dass die F u n k tio n  u n d  sein D e riv a t sich  n u r in  einem  F a k to r  u n te r 
sch e id en . Dies is t ab e r o ffen b ar sow ohl m a th e m a tisc h  wie au ch  p h y s ik a lisc h  
u n m ö g lich .

8*



370 E. SZÁDECZKY-KARDOSS

D ie U n rich tig k e it d ie se r A b le itung  m a c h t n u n  au ch  die w e itg eh en d en  
F o lg e ru n g e n  von L e u t w e i n  u n d  D o e r f f e l  im  P u n k t  5.22  u n d  w e ite r in  d er 
g a n z e n  A rb e it irr tü m lic h . G ru n d leg en d  u n r ic h tig  is t  d ah e r die B e h a u p tu n g : 
» G itte re n e rg ie  u n d  V erb in d u n g sp o te n tia le  s te h e n  also zu e in an d er im  V er
h ä l tn is  d e r  S ta m m fu n k tio n  u n d  e rs te r  A b le itu n g  n a c h  г«, ferner ». . . d a s  V er
b in d u n g s p o te n tia l  is t also  e ine  aus der G itte re n e rg ie  abge le ite te  G rösse« u n d  
». . . D ie  K ris ta llisa tio n sfo lg e  — wie sp ä te r  a u s fü h rlic h  gezeigt w erden  w ird  — 
h ä n g t  m it  der G itte ren e rg ie  des Stoffes z u sam m en «  usw . (Die U n ric h tig k e it 
le tz te r e r  B e h a u p tu n g  w ird  w e ite r  u n te n  b esp ro ch en .)

W e n n  h ier L e u t w e i n  u n d  D o e r f f e l  b e h a u p te n , dass im  F alle  d e r k o v a 
le n te n  B in d u n g  m a n  d u rc h a u s  m it der G itte re n e rg ie  rechnen  k a n n , so sind  
sie a u c h  m it ih re r e igenen , a u f  e iner a n d e ren  S te lle  (S. 60) fe s tg e s te llten  B e
h a u p tu n g  im  W id ersp ru ch , w o n ach  »eine B e a n tw o rtu n g  dieser F rag e  is t  e x a k t 
n u r  m ö g lich , w enn die fre ie  E nerg ie  der R e a k tio n  v e rm itte lt w erden  k a n n . 
D a z u  is t  jed o ch  der G eochem iker bei seinem  v ie lfä ltig e n  u n d  ko m p lex en  S y
s te m  f a s t  n ie  in  der L age.«

Im  P u n k t 5.23  f in d e n  L e u t w e i n  u n d  D o e r f f e l  die B ezeichnung  » D o p 
p e lp o te n t ia l  u n d  ih re  D e fin itio n «  (p. 86) » n ic h t s e h r  g lücklich .«  »M an m ü sste  
e in  b e so n d e re s  P o te n tia l  a n g eb en , w enn diese V e rb in d u n g en  au fg eb au t w erden  
u n d  e in e n  an d e ren  P o te n tia lw e r t,  w enn sie a b g e b a u t w erden . D as w id e rsp rich t 
je d o c h  g an z  o ffenkund ig  d e r e rs te n  H a u p ts a tz  d e r  T h erm o d y n am ik , w onach  
d ie  S u m m e  aller E n erg ien  in  e inem  abgesch lossenen  S ystem  u n a b h ä n g ig  vom  
W ege is t .«

D iese  B em erkungen  v o n  L e u t w e i n  u n d  D o e r f f e l  zeigen, dass sie a b 
gesch lo ssen e  K reisprozesse d o r t  an n eh m en , wo k e in e  v o rh a n d e n  sin d . D o p p e l
p o te n t ia le  bezeichnen  solche M ineralien , d e ren  A u sg an g ss tad iu m  beim  K r is ta l 
lis ie re n  n ic h t dasselbe is t , w elches beim  v o lls tä n d ig e n  A bb au  des G itte rs  
e r re ic h t  w ird . Ich  w e s  schon  in  m einer A rb e it (1955, S. 138— 141) d a ra u f  h in , 
d a ss  d ie  S te llu n g  gew isser M inera lien  in  der K ris ta llisa tio n sfo lg e  m it d en  d u rch  
ih re  S ch m e lzp u n k te  u n d  H ä r te  d a rg es te llten  P o te n tia lv e rh ä ltn is se n  n ic h t im  
E in k la n g  is t . Dies is t d a r a u f  zu rü ck zu fü h ren , d a ss  diese M ineralien n ic h t u n 
m it te lb a r  aus den e le m e n ta re n  B au ste in en  k r is ta llis ie re n . Q uarz k r is ta llis ie r t 
z. B . in  d en  M ag m atitén  au s S i0 4-T e tra e d e rn , u n d  n ic h t aus Si u n d  О Io n en . 
D e r A u sg a n g sp u n k t bei d e re n  K ris ta llisa tio n  is t  also  o ffenbar e in  a n d e re r  
a ls d e r  se ines v o lls tä n d ig e n  A b b a u s .

D a  ss dieser U m sta n d  v o n  L e u t w e i n  u n d  D o e r f f e l  n ich t v e rs ta n d e n  
w u rd e , is t  desto  au ffa llen d er, w eil selbst D o e r f f e l  andersw o  (1955. S. 27 — 28) 
e ine S te lle  von  K a p u s t i n s k y  z itie r t  u n d  k o m m e n tie r t , wo le tz te re r  die E n erg ie  
des S y s te m s  im  A u sg a n g sz u s ta n d  H 1 von  d er des E n d z u s ta n d e s  H 2 eb en fa lls  
u n te r s c h ie d , da  die Io n en  im  K r is ta llg itte r  a u fe in a n d e r  einw irken.

E s  w u rd e  in  m e in e r A rb e it auch d a ra u f  h ingew iesen , dass bei V erb in 
d u n g e n , d ie  m it D o p p e lp o te n tia le n  zu k en n ze ich n en  sin d , auch  gewisse G renz
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läge zw ischen io n a ren  u n d  k o v a len ten  B in d u n g sa r t v o rh a n d e n  is t, w elche be i 
d er K ris ta llisa tio n  ü b e rsc h ritte n  w ird . B ere its  in  m einer e rs ten  v o rläu fig en  
M itte ilu n g  1954 ü b e r das V e rb in d u n g sp o ten tia l w urde  die F rag e  au fgew orfen , 
»ob m an  in  solchen F ä llen  ü b e rh a u p t von  ko m p lex en  A nionen  sp rechen  k a n n , 
wo die E le k tro v a len z  — d. h . der Q u o tien t d e r K a tio n e n la d u n g  u n d  die Z ah l 
d er u m gebenden  A nionen  — grösser als 1 is t u n d  som it die B in d u n g  der S a u e r
sto ffan io n en  zu den  äusseren  K a tio n en  a n n e h m b a r s tä rk e r  is t als ih re  B in d u n g  
zum  in n e ren  K a tio n  des kom plexen  A nions«  K om plexe  A nionen  d er k r is ta l 
lis ie renden  flüssigen  P h asen  w erden  beim  Ü b e r tr i t t  in  feste  V erb in d u n g en  o ft 
d e fo rm ie rt, p o la ris ie rt. Bei der E in v erle ib u n g  des kom plexen  A nions in  d ie  
feste  V erb in d u n g  k a n n  also der die flüssige P h ase  bezeichnende K o m p lex io n 
c h a ra k te r  ein iger so g en an n ten  kom plexen  A n ionen  even tu e ll sogar v o lls tä n 
dig v erlo ren  gehen. D ie V e rb in d u n g sp o ten tia lrech n u n g  b ez ieh t sich a u f  
den  n a tü rlich en  A ufbauprozess der K r is ta llg itte r . Sie b e rü ck sich tig t d ah e r die 
m eist flüssige (geschm olzene oder gelöste) A usgangsphase  m it ih ren  h äu fig en  
kom plexen  A nionen bei der K ris ta llis ie ru n g . D ie (einfache) V e rb in d u n g sp o ten - 
tia lw e rte  beziehen  sich a u f  diese V erh ä ltn isse , sind  ab er m eistens e tw a  auch  
fü r  die A bbauprozesse  g ü ltig . Im  F alle  s tä rk e re r  D efo rm ation  eines u rsp rü n g 
lichen  kom plexen  A nions im  K ris ta llg itte r , k ö n n en  jed o ch  d u rch  spezielle — 
ab e r aus denselben  P rin z ip ien  ab ge le ite te  — Z ah len w erte  auch  die A b b a u 
v e rh ä ltn isse  gekennze ichne t w erden . M an e rh ä lt  d ah e r in  so lchen F ä llen  einen 
a n d e ren  P o te n tia lw e r t fü r  den  A bbauprozess, als fü r  den  A u fb au . Dies w urde  
insbesondere  am  B eispiel des Q uarzes gezeigt ( S z Á d e c z k y , 1955, S. 139). Diese 
V erän d eru n g  der B in d u n g sv erh ä ltn isse  bei d er K ris ta llisa tio n  w ird  d u rch  das 
D o p p e lp o ten tia l a u sg e d rü c k t, was a llerd ings v o n  L e u t w e i n  u n d  D o e r f f e l  

n ic h t v e rs ta n d e n  w u rd e . W enn  also ü b e r e in  Ü bersehen  des e rs te n  H a u p t
sa tzes d er T h e rm o d y n am ik  gesprochen w erd en  d a rf, so w u rd e  das se itens 
L e u t w e i n  u n d  D o e r f f e l  begangen  u n d  so g ar w en igstens zw eim al: e inm al 
w enn sie geschlossene S ystem e an n eh m en , wo solche n ic h t v o rh a n d e n  sin d , 
ein anderes M al, w enn  sie bei B erechnung  d er G itterenerg ie  die vo lls tän d ig en  
u n d  die T eilprozesse verw echseln .

Im  P u n k t 5.24  (D as V e rb in d u n g sp o te n tia l von  » B ertho lliden«) z itie ren  
L e u t w e i n  u n d  D o e r f f e l  die in  m einer v o rläu fig en  M itte ilu n g  u n te r  den 
e rs ten  ro h en  N äh eru n g srech n u n g sb eisp ie len  v o rg e fü h rte  V e rb in d u n g sp o ten 
tia lre c h n u n g  des P y r its ,  ohne jedoch  zu e rw äh n en , dass d ieselbe in  d er zw eiten  
A rbeit n ä h e r b esp ro ch en  u n d  gen au  in  derse lben  A rt v e rb esse rt w u rd e , wie 
sie es als rich tig  » en td eck en .«  Ich  schrieb  1955 (S. 140) w örtlich :

» T atsäch lich  sin d  in  de r P y r i ts t ru k tu r  zw eierle i seh r versch iedene  B in d u n g sa rte n  
v o rh an d en  : eine zw ischen den Fe- u n d  S-A tom en, d ie an d ere  zw ischen den  beiden  S-A tom en. 
Als k o v a len tes  V e rb in d u n g sp o ten tia l de r Fe—S -B in d u n g en  e rg ib t sich  e in  W e rt v o n  1,76-— 1,78 
(Ü brigens w ürde  m an  e tw a  dense lben  P o te n tia lw e rt v o n  1,8 e rh a lte n , w enn  m an  ih n  a u f  
G ru n d  A to m p o te n tia le  eines F e- u n d  zw eier S -A tom e b e rech n e te .)  D ie B in d u n g  d e r be id en  
S-A tom e a n e in an d e r e n ts p r ic h t  dem  P o te n tia lw e rt v o n  0,96, da  die beiden  S-A tom e n u r  d u rch  
ein  einziges E le k tro n e n p a a r  an e in an d e r g eb u n d en  sin d . B ei B estim m u n g  der H ä rte a n g a b e n
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w e rd e n  m o lek e la rtig en  S—S -B in d u n g e n  o ffen b a r n o c h t n ic h t zerrissen . D er E n e rg ie b e d a rf  
be i d e r  H ä r te p rü fu n g  w ird also e in fa c h  d u rc h  den P o te n tia lw e rt 1,76— 1,78 der F e—S -B in d u n g  
b e s t im m t.  T atsäch lich  e n tsp r ic h t d e r  P o te n tia lw e r t 1,76— 1,78 e tw a  dem  W e rt v o n  6 — 6,5 
d e r  M o tts -H ä r te  des P y rits  a u f  G ru n d  d e r A bb. 14. D agegen  w irk t die E rh itz u n g  g leichm ässig  
a u f  b e id e  B in d u n g sa rte n  : bei d e r  B e stim m u n g  des S ch m elzp u n k te s  is t  also d e r P o te n tia l 
m i t te lw e r t  1,36 der beiden  in  g le ic h e r  M enge v o rh a n d en e n  B in d u n g en  en tsch e id en d . Die 
L o c k e ru n g  d e r S—S-M olekülen b e i d e m  E n erg ien iv eau  0,96 v e rm in d e rt  jed o ch  a u c h  d iesen  
W e r t .  E r  e n ts p r ic h t  som it a u f  G ru n d  des in  den A bb. 11 u n d  13 d a rg es te llten  Z u sam m en h an g es 
g e n a u  d e m  S ch m elzp u n k t von  685° C des P y rits« .

D ieselbe  A uffassung d e r  k o v a le n te n  B in d u n g  zw ischen d er Fe- u n d  d e r  
b e id e n  S -A to m e n  (m it dem  P o te n tia lw e r t 1 ,76— 1,78) w ird  d a n n  au c h  von 
L e u t w e i n  u n d  D o e r f f e l  als  r ic h tig  g eh a lten  (1956, S. 89): »N ach  K r is ta l l
s tru k tu rb e s t im m u n g e n  h a u t  sich  d as  G itte r  des P y r its  aus Fe u n d  S2 T eilchen  
a u f . D iese  T eilchen k a n n  m a n  — e tw a  zu r b eq u em eren  B erech n u n g  d e r zw i
sc h e n  ih n e n  w irkenden  B in d u n g sk rä f te  — als F e 2 K a tio n  u n d  als S2 A nion 
a n s e h e n .«

I n  d ieser B eziehung w e n d e n  also L e u t w e i n  u n d  D o e r f f e l  die schon  von 
m ir  v o rh e r  festgeste llten  A n s ic h te n  an . D en D o p p e lc h a ra k te r  des P y r i tp o te n 
t ia ls  e rk e n n t  jedoch  L e u t w e i n  u n d  D o e r f f e l  schon  n ic h t. In  m einer A rb e it 
v o n  1955 (S. 157) sind  in  d e r T ab e lle  beide W erte  m it der B em erk u n g  an g e 
g eb e n , (S. 140) dass »bei d er B ild u n g  dieses M inerals kom m en  säm tlich e  zwi
sc h e n  d e n  E x trem w erten  1,8 u n d  0,96 liegenden  P o te n tia le  zu r G eltung« .

E b e n so  sind auch bei d e n  a n d e re n  v e rw a n d te n  M ineralien  solche E x tr e m 
w e rte  m itg e te il t , um  so m eh r d a  d ie B erechnung  ih re r  V e rb in d u n g sp o ten tia len  
z u r  Z e it  n u r  an n äh ern d  e rfo lg en  k a n n .

P u n k t 5.25 w iederho lt b ezü g lich  des V erb in d u n g sp o ten tia ls  d er S ilik a ten  
e b e n fa ls  e in  von m ir au sg esp ro ch en es B edenken  über m eine eigene d iesbezüg
lich e  v o rlä u fig e  L ösung, o h n e  eine bessere geben zu  k ö n n en . Ich  schrieb  (1954,
S. 289  — 290): »M an s te h t je d o c h  g rösseren  th e o re tisc h e n  Schw ierigkeiten  gegen 
ü b e r , w e n n  sich gewisse k o m p lex e  A nionen , in sbesondere  die S i0 4- u n d  A 104- 
T e tr a e d e r  m it ih ren  g em ein sam en  E cken  zu grösseren  G ruppen  a n e in a n d e r
re ih e n  b zw . sich in  ein , zwei o d e r d re i R ich tu n g en  u n en d lich  v e rk n ü p fen « . . . 
»D ie  Z a h len w erte  dieser A n io n e n p o te n tia le  s ind  ab e r v o rläu fig  noch  n ic h t b e 
k a n n t .  I n  e iner ersten  N ä h e ru n g  lä ss t sich au ch  h ie r m it dem  kom plexen  A n io 
n e n p o te n t ia l  der S i0 4- u n d  A 1 0 4-T e tra e d er rech n en , u . zw. so, dass m a n  diesen  
W e r te n  e in e  allm ählich  g rösser w erdende Rolle v e rle ih t, w odurch  der k le inere , 
z a h le n m ä ss ig  jedoch  u n b e k a n n te  W ert der u n en d lich en  S i0 4-T e traed erg ru p - 
p e n  e n tsp re c h e n d  a p p ro x im ie r t w ird .«  Z u r B esorgnis von  L e u t w e i n  u n d  
D o e r f f e l  (1956, S. 90): »D ie an g eg eb en en  N äh e ru n g sw erte  liefern  zw ar ganz 
p a s s e n d e  E rgebnisse , sie s in d  a b e r  n ich t re c h t b e fried ig en d  . . .« m ö ch ten  w ir 
b e m e rk e n , dass die e x a k te re  L ö su n g  d ieser F rag e  se itd em  schon g e fu n d en  
w u rd e  (siehe die A rbeit von  G r a s s e l l y  [8] in  derse lben  H eft).

Im  folgenden P u n k t 6.1 »G ru n d sä tz lich e  E rw äg u n g en  zu r A n w en d u n g  
d e r  G itte ren e rg ie«  w erden d ie  p rinz ip ie ll ir r tü m lic h e n  A n sich ten  von  L e u t 
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w e i n  u n d  D o e r f f e l  ü b e r d as  V erh ä ltn is  des V erb in d u n g sp o ten tia ls  u n d  der 
G itte ren e rg ie , sowie ü b er die v e rm ein te  A bgeschlossenheit n a tü r l ic h e r  k r is ta l
lis ie ren d er System e nochm als e in d eu tig  zusam m engefasst. M it e in em  w ieder
h o lten  H inw eis a u f  das tib e rse h e n d e s  e rs ten  H a u p tsa tz e s  der T h e rm o d y n a m ik , 
w ird  d a n n  folgender, th e rm o d y n a m isc h  au ffa llen d  u n h a ltb a re r  S ch lu ss  gezo
gen: »W ie eben gezeigt, besitzen  also S toffe m it s ta rk  n eg a tiv e r G itte re n e rg ie  
h ohe  S ch m elzpunk te  u n d  geringe L öslichke iten . Sie w erden also in  e in em  Ge
m isch au s versch iedenen  S u b stan zen  zuerst ausfa llen . Die G itte re n e rg ie  is t 
som it v o n  diesem  B lick p u n k te  aus geeignet z u r  B ehand lung  d e r K r is ta ll is a 
tionsfo lge  im  allgem einen u n d  der m ag m a tisch en  R eihe im b eso n d e ren .«  D am it 
bew eisen  n u n  L e u t w e i n  u n d  D o e r f f e l , dass sie der M einung s in d , d ie  K ri
sta llisa tio n sfo lg e  w äre e in fach  d u rch  die S ch m elzp u n k te  der M inera lien  b ed in g t, 
fe rn e r, d ass  sie die freie E nerg ie , bzw . freie E n th a lp ie , m it d er G itte re n e rg ie  
au c h  h ie r  verw echseln .

D ie Irr tü m lic h k e it d er A uffassung , dass die K ris ta llisa tio n sfo lg e  bei den 
m ag m atisch en  G este in sb ildungen  ein fach  d u rc h  die S chm elzpunk te  d e r  M inera
lien  b e d in g t w äre, k a n n  m an  seit langem  als allgem ein b e k a n n t a n n eh m en , 
d a rü b e r  m öch ten  w ir d a h e r  auch  h ie r n ich t n ä h e r  sprechen.

D ie A nsich t von  L e u t w e i n  u n d  D o e r f f e l , dass die K r is ta ll is a tio n s 
folge a u f  G rund  der G itte ren e rg ien  im  a llgem einen  zu » b eh an d e ln «  u n d  som it 
d ie  freie E nerg ie  m it d er G itte ren erg ie  zu e rse tzen  w äre, is t o ffe n b a r  a u f  eine 
ir r tü m lic h e  V era llgem einerung  einer fü r  spezielle Fälle e rd a c h te n  ä lte re n  N ä
h eru n g srech n u n g  zu rü ck zu fü h ren . In  den  e rs te n  Ja h re n  der E n tw ic k lu n g  der 
G itte ren e rg ieb e rech n u n g en  h a t te n  näm lich  H . G. G r i m m  u n d  K . F . H e r z 

f e l d  eine geistvolle N ä h e ru n g srech n u n g  z u r  B eurte ilung  d er R ic h tu n g  ge
w isser chem ischer R e a k tio n e n  fü r  spezielle F älle  durch  die G esam ten erg ie , 
bzw . d u rch  die B ildungsw ärm e s t a t t  der fre ien  Energie a n g e w e n d e t. H . G. 
G r i m m  u n d  K. F . H e r z f e l d  schrieben  diesbezüglich  w örtlich  [10, S. 1 4 3 —-144] :

»U m  zu b eu rte ilen , ob  ein g e d ac h te r  chem ischer V organg im stan d e  is t  e in e m  M etallatom  
E le k tro n e n  zu en tre issen , m ü ssen  w ir ein q u a n ti ta t iv e s  Mass fü r die ,ch em isch en  K rä f te ’ 
h a b e n . D ie in W irk lich k e it b estim m en d e  Grösse is t  d ie  Ä nderung  der fr e ie n  E nergie; n im m t 
d ie  freie  E n erg ie  ab , so v e r lä u f t  de r V organg freiw illig . D a  es sich im fo lgenden  n u r  u m  N äbe- 
ru n g sre ch n u n g e n  han d eln  k a n n , so g en ü g t es, w enn w ir z u r V ereinfachung de r Ü b e rleg u n g e n  die 
Ä n d e ru n g  de r G esam tenerg ie , also die B ildungsw ärm e , b e tra ch te n . D enn n a c h  d em  N ernst- 
schen  T heorem  n im m t bei de r B ildung  eines festen  K ö rp e rs  (z. B. MgCl2) au s  e in em  anderen  
(z. B. M g) und  einem  Mol Gas (Cl2) von A tm o sp h ä ren d ru c k  bei Z im m e rte m p e ra tu r  d ie freie 
E n erg ie  n u r  um  e tw a  10 k ca l p ro  Mol Gas w eniger a b  als die G esam tenerg ie . W e n n  w ir also 
bei den  folgenden R ech n u n g en  fin d e n , dass bei de r B ild u n g  eines H alogenids, O x y d s , Sulfids, 
eine p o sitiv e  W ärm etö n u n g  von  m eh r als ru n d  15 k c a l, bezogen a u f  1 g A to m  des Anions, 
a u f t r i t t ,  d an n  können  w ir s icher sein, dass bei d e r B ild u n g  dieser V e rb in d u n g  au s  den E le
m en te n  u n te r  n o rm alen  U m stä n d en  die fre ie  E n erg ie  ab n im m t, die B ild u n g  a lso freiwillig 
e rfo lg t. D a rau s  dü rfen  w ir a b e r n u r  schliessen , dass d ie E n ts te h u n g  de r V e rb in d u n g  au s den 
E le m en ten  an  sich m öglich  w äre  : es k ö n n te  n ä m lich  Vorkom m en, d ass s ich  s t a t t  dieser 
V e rb in d u n g  eine and ere  b ild e t u n d  dass ein  Teil des einen E lem en ts u n v e rb u n d e n  b leib t, 
w enn  bei diesem  V orgänge eine grössere  W ärm em en g e  fre i w ird . So e rg ib t z. B . d ie  B erechnung  
fü r  den  V organg :

(M g) +  i/2(Clä) -  MgCl
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e in e  p o sitiv e  B ildungsw ärm e v o n  18 kcal. T ro tzdem  is t  M gC l n ich t s tab il, weil d e r  V organg 
(M g) +  (Cl2) —» MgCl2 151 k c a l  l ie fe r t ,  also bei d e r R e a k t io n

(Mg) +  y2(Cl2) =  i/2(M g) +  1/2(C12) +  y2(M zlg) -  i/2(MgCls) +  y2(Mg)

——— =  75 kcal frei w erd en , a lso  w esen tlich  m ehr als bei d e r  B ild u n g  vom  MgCl : d. h . diese

le tz te r e  V erbindung w ü rd e  in  M gC l2 und  Mg zerfa llen . H ie rn a c h  d a rf  allgem ein d ie B ild u n g s
w ä rm e  von  MCI (M =  M e ta ll)  n ic h t  wesentlich k le in e r se in  a ls die H älfte  von de r B ild u n g s
w ä rm e  des MC12 bzw. als e in  D r i t te l  von der B ild u n g sw ä rm e  des MC13, d a m it MCI ex is ten z-

2
fä h ig  se in  soll, und  ÇMCh d a r f  n ic h t  wesentlich k le in e r a ls  —  УмсЧз sein, d a m it MC12 n ich t

i n  MC13 u n d  M e ta ll  z e r f ä l l t .  S in d  d ie  A b w e ic h u n g e n  d e r  B i ld u n g s w ä r m e n  v o n  d e n  a n g e g e b e n e n  
G r e n z e n  n u r  k le in ,  so r e ic h t  d a s  v o n  u n s  b e n u tz te  B E R T H E L O T s c h e  P r in z ip  n ic h t  a u s  : m a n  
m u s s  d a n n  s t a t t  d e r  G e s a m te n e r g ie  d ie  fre ie  E n e rg ie  b e t r a c h t e n ,  u n d  es h ä n g t  d a n n  v o n  d e r  
T e m p e r a t u r  u n d  v o m  C h lo r d r u c k  a b ,  w e lc h e  V e r b in d u n g  s t a b i l  is t .

F in d en  wir h ingegen b e i u n se re n  R echnungen e ine  n e g a tiv e  B ildungsw ärm e v o n  m eh r 
a ls  r u n d  15 kcal, gezogen a u f  1 g  A to m  Anion, so m ü sse n  w ir  a u f  eine Z unahm e d e r  freien  
E n e rg ie  u n te r  norm alen  U m s tä n d e n ,  also die N ic h te x is te n z  d e r V erbindung schliessen . Bei 
B ild u n g sw ärm en  zw ischen + 1 5  u n d  —  15 kcal e r la u b e n  d ie  U nsicherhe iten  de r R e ch n u n g  
k e in e  A ussage.«

G r i m m  und H e r z f e l d  sprachen also g a n z  k la r  aus, dass die g esam te  
E n e rg ie  s ta t t  der fre ien  E n e rg ie  n u r d ann  z u r  B e u rte ilu n g  des V erlau fs von  
ch em isch en  V orgängen a n z u w e n d e n  ist, w enn es ü b e r  die B ildung eines O xyds, 
S u lf id s  oder H alogenids m it  e in e r  positiven W ä rm e tö n u n g  von m ehr als 15 kcal 
b e z o g e n  a u f  1 g A tom  des A nions handelt.

D iese N äh eru n g slö su n g  w urde dann  d u rc h  E . S c h i e b o l d  1931 fü r  Ü b e r
sch lag srech n u n g en  b e z ü g lic h  d e r  B eständ igkeit d e r  F e ld sp ä te  an g e w a n d t. A us 
ä q u iv a le n te n  Mengen fre ie r  Io n e n  (also aus K + —A l + 3—|—3Si+4-(—8 0  2 u n d  n ic h t 
au s  K  + -f-Al+3-kom plexen  S ilik a tio n  wie L e u t w e i n  u n d  D o e r f f e l  m ein en  !) 
b e re c h n e te  er durch  d en  BoRN-HABERschen K re isp ro zess  m it B en u tzu n g  der 
B ild u n g sw ärm e  (Q) die G itte ren e rg ie  der K a life ld sp a te . Zur B eu rte ilu n g  d er 
S u b s titu tio n sv e rh ä ltn isse  v o n  F eldspaten  m it a n d e re n  K a tio n en , v e rfu h r  er — 
s ich  a u f  das erw ähn te  G r i m m - H e r z f e l d s c I i c  V e rfa h re n  beziehend — in  d er 
W eise , dass er als » ganz  ro h  ab sch ä tzb ar«  b e t r a c h te te  »ob das S ilik a t geg en 
ü b e r  d e r  freien O xyden  s ta b i l  is t ,  wenn 2 Q O x y d e  is t.«  (S. 293).

N u n  w endete a u c h  F e r s m a n  die G itte re n e rg ie n  bew usst n u r  a ls eine 
N o tlö su n g  zur U n te rsu c h u n g  d e r  K ris ta llisa tionsfo lge  an . E r w usste w ohl, d ass  
d ie  K ris ta llisa tionsfo lge  v o n  d e r  freien Energie u n d  n ic h t  von der G itte ren e rg ie  
a b h ä n g t ,  wie das auch au s  d e m  bei B esprechung des P u n k te s  5.12 v o rg e fü h rte n  
Z i t a t  e rsich tlich  ist.

F e r s m a n  w usste so g a r  au ch , dass die K ris ta llisa tio n sfo lg e  h a u p ts ä c h 
lic h  v o n  den  beiden G rössen : W ertig k e it u n d  Io n e n ra d iu s  abhäng t:

» I  em pirically  a p p ro ac h ed  th e  fu n d am en ta l fu n c tio n  d e te rm in in g  th is sequence, n a m e ly  
th e  d ir e c t  p ro p o rtio n a lity  to  v a le n c e  a n d  inverse p ro p o r t io n a l ity  o f  th e  ionic ra d iu s .«  (1935. 
S. 268). » D irect p ro p o rtio n a lity  to  valence  and in v erse  p ro p o r t io n a lity  to th e  ra d iu s  w ith  
d u e  r e g a rd  to  all th e  co n d itio n s  a n d  corrections m en tio n ed , c o n s t itu te  the  fu n d a m e n ta l a n d  
p r in c ip a l  law  governing th e  a n a ly s is  o f  geochemical p rocess . T h e  a p p lica tio n  of th e  E K  v a lu e  
to  th e  a b o v e  m entioned c a lc u la tio n s ,  tak in g  in to  c o n s id e ra tio n  a ll th e  pecu liarities o f  a c tiv e  
s o lu t io n , m akes i t  possible to  d e te rm in e  definite  p a rag e n e tic  co effic ien ts  for all th e  e le m en ts , 
w h ic h  I  h a v e  nam ed paragene. T h e y  include the c o rre c tio n  co effic ien ts for th e  c la rk e  o f  a  
g iv e n  e le m e n t and for th e  s y m m e tr y  o f  stru c tu re .«  (S. 269).
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F e r s m a n  sp rich t also  ganz e in d eu tig  aus, dass e r n ic h t die G itte re n e r
g ien , sondern  seine P a ra g e n w e rte  als die K ris ta llisa tio n sfo lg e  b estim m en d e  
G rössen b e tra c h te t .  Seine P a rag en w erte  k o n n te n  jed o ch  info lge  ih res rein  
em pirischen , teilw eise au s  d e r K rista llisa tionsfo lge  se lb st ab g e le ite te n  C h a rak 
te rs  keine allgem eine A n w en d u n g  fin d en .

In  der L A E M M L E i N s c h e n  A rb eit w ird  die a u f  die S k e le tte in h e it bezogene 
(re la tiv e) K ris ta llen e rg ie  d . h . d u rch  die Z ah l d er (Si, Al) A tom e in  d e r Mole
k u la rfo rm el d iv id ie rte  K ris ta llen e rg ie  als ein  m it d er A usscheidungsfo lge  a n 
n ä h e rn d  p ara lle ler W ert fü r  versch iedene M inera lg ruppen  an g eg eb en . Die B e
rech n u n g  der G itte ren e rg ien  geschah  d em en tsp rech en d  n u r  g rössen o rd n u n g s- 
m ässig  u n d  ganz roh  fü r  die 6 H au p tfam ilien  der m ag m a tisch en  S ilik a tm in e ra 
lien , n ich t aber fü r  e inzelne  M ineralien. In  d ieser A rb e it w ird  a b e r  h a u p t
säch lich  a u f die a llm äh lich e  V erknüpfung , V erfilzung  zu K e tte n  d er S i0 4- 
T e tra e d e r  im  m ag m atisch en  Schm elze zum  e rs ten  M ale h ingew iesen , w odurch  
die Z unahm e der V isk o sitä t u n d  die A usscheidungsfolge der S ilik a tm in era lien  
e rk lä r t  w ird.

A bw eichend von a ll diesen V erfahren  denken  L e u t w e i n  u n d  D o e r f f e l  

die G itterenerg ie  als M ass d er K rista llisa tionsfo lge  v e ra llg em ein ern  zu  können . 
D ies is t aber ganz o ffen b ar u n d  u n b ed in g t u n rich tig . E in  solches V erfahren  
w äre  schon m it den  N äh e ru n g sw erten  der u rsp rü n g lich en  FERSMANschen E K - 
B erech n u n g  u n h a ltb a r , u m  so m eh r is t es m it den  neuen  G itte ren e rg iew erten  
v o n  D o e r f f e l ,  die doch  A n sp ru ch  a u f  e inen  h ö h eren  G rad  d e r G en au igke it 
h a b e n . B esonders ir re fü h re n d  is t es aber in  e iner A rb e it, die in  e inem  ansche i
n en d  s tren g  m a th e m a tisc h e n  G ew and e rsch e in t. D ie G itte ren e rg ie  U  — die 
se lb st n ach  D o e r f f e l  ( 1 9 5 6 ,  1 1 )  die G esam tenerg ie  des G itte rs  a n g ib t — ste h t 
b e k a n n tlic h  m it d er fre ien  E nerg ie  F , bzw . m it d er fre ien  E n th a lp ie  G in 
B eziehung

F =  U -  T  S

G =  U -  T S  +  P V

w obei S die E n tro p ie  b e d e u te t. Die G esam tenerg ie  u n d  so m it die G itte r
energ ie  is t von der fre ien  E nerg ie  d em en tsp rech en d  desto  m eh r abw eichend , 
je  g rösser der E n tro p ie w e rt d er b e treffenden  V erb in d u n g en  u n d  je  h ö h er die 
T em p  e ra tu r  is t.

Diese k lassischen  G leichungen  der T h e rm o d y n am ik  m ögen au ch  L e u t 

w e i n  u n d  D o e r f f e l  zeigen, dass die Inn ere -E n erg ie  u n d  d a m it d ie  G itte r
energ ie  n ich t e in fach  m it d er freien E nergie g leichgestellt w erden  kö n n en .

E ine gewisse P a ra l le l i tä t  der E K -W erte  m it d er K ris ta llisa tio n sfo lg e  ist 
n u r  d a n n  zu e rw arten , w enn  das P ro d u k t der E n tro p ie  u n d  d e r a b so lu te n  T em 
p e ra tu r  (d. h . die g eb u n d en e  Energie) bei den  verg lichenen  M ineralien  e tw a 
gleich bleiben. Dies f in d e t  — en tsp rech en d  d er A uffassung  von  G r i m m  und
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H e r z f e l d  — h a u p tsä c h lic h  b e i gewissen e in fach en  S u lfid en , O xyden  u n d  teils 
H a lo g e n id e n , oder — e n ts p re c h e n d  dem  V erfah ren  von  S c h i e b o l d  — bei 
V e rb in d u n g e n  m it u n te re in a n d e r  ähnlichen  A u fb a u  s t a t t .  S obald  ab er der 
E n tro p ie w e r t  in  v e rsch ied en  au fg eb au ten  K r is ta l lg i t te r  s tä rk e r  zu n im m t, is t 
e in e  P a ra lle li tä t  auch  a n n ä h e rn d  n ich t m eh r m öglich . Solche grosse u n d  
v e rä n d e r lic h e  E n tro p ie w e rte  s in d  h au p tsäch lich  eben  fü r  die V erb indungen  
m it  ko m p lex en  A nionen  b eze ich n en d , wie dies au s  fo lgender Z u sam m en ste l
lu n g  (T abelle  I. nach  A n g a b e n  von  W . M. L a t i m e r )  e rsich tlich , ab e r auch  
th e o re t is c h  leicht zu v e r s te h e n  is t.

T a b e lle  I

E ntrop iew erte  bei 293,15° К  (cal ° m ol)

Ba Cd Ca Cu Fe Pb Mg Mn К Na H Zn

E le m e n t 15,1 12,3 9,9 7,97 6,5 15,5 7,76 7,3 15,2 12,2 10,2 9,95

O x y d 16,8 13,1 9,5 10,4
(C uO )

14,2
(FeO)

16,9 6,66 14,4
(M nO)

— — 29,09 10,4

24,0
(C u ,0 )

21,5
(Fe20 3)

13,9
(M n 0 2)

S u lf id 23,03 15,0 — 15,9
(C uS)

6,1 21,8 — 18,7 — — 35,0 13,8

28,9
(C u2S)

F lu o r id - — 16,4 — — — — — — — — -

C h lo rid - 31,5 — 29,8 29,4 32,6 — — 11,75 17,3 22,97 24,3

K a r b o n a t 26,8 25,2 21,2
(A rag )

17,7 22,2 31,3 15,7 20,5 — 32,5 40,0 19,7

22,2
(K a ie )

N i t r a t 51,1 — — — — — — — 31,78 27,87 33,68 —

S u lfa t 31,5 — 25,6 25,3 — 35,2 — — 44,8 35,73 47,8 30,6
W asse rh a ltig e
S u lfa te — — 76,4 — — - — — — 142,2 — —

Im  P unkt 6.2 b e m ü h e n  sich  L e u t w e i n  u n d  D o e r f f e l  obigen S atz  der 
A b le i tb a rk e it  der K ris ta llisa tio n sfo lg e  aus d er G itte ren e rg ie  m it einem  B ei
sp ie l  d e r  F reiberger B le ie rz fo rm atio n  zu u n te rs tü tz e n . H ie r w erden  M ineralien 
m i t  ty p is c h  kov a len te r b zw . m eta llischer B in d u n g  m eist w illkürlich  einfach 
a ls  h e te ro p o la r  b e tra c h te t .  E in  an d erer » B erth o llid e«  — A rsenkies — w ird 
a b e r  a ls  eine L egierung a u s  F eS  u n d  e lem en ta ren  As b e rech n e t (S. 93). Die 
K ris ta llisa tio n sfo lg e  v o n  12 M ineralien  ab zu le iten , v e rw en d en  sie 6 v ersch ie 
d e n e , te ils  w illkürlich u n te rsc h ie d e n e  » G itte ren erg ien « , u n d  zw ar:
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die w irkliche G itterenerg ie ,
eine » G itte renerg ie«  zw ischen K a tio n  u n d  kom plexem  »A nion«, 
eine » G itte ren erg ie«  g e te ilt d u rch  die Z ah l d er A nionen , 
eine » G itte renerg ie«  fü r  P o ly su lfid e , die w illkürlich  m it d enen  d er 

e in fachen  Su lfiden  ein fach  g leichgestellt w ird,
die fü r  A rsenkies geschaffene e x tra  » G itte ren erg ie«  als L eg ie rung  au s 

FeS u n d  e lem en ta rem  As,
eine K o v a len t b erech n e te  G itte ren erg ie , w elche ab er se lb st fü r  k o v a 

len te  V erb in d u n g en  n ich t b e rü ck sich tig t w erden , da  sie » n ich t gu t m ite in a n d e r  
verg lichen  w erden  k ö n n en «  ( L e u t w e i n  u n d  D o e r f f e l , S. 93).

D a n a c h  e r sc h e in t  ih re  B e m e rk u n g : ». . . d ie  B e sc h r e ib u n g  der K r is t a l l i 
s a t io n s fo lg e  s u lf id is c h e r  E rze  d u rch  d a s  SzÁDECZKYsche V e r b in d u n g s p o te n t ia l  
e r sc h e in t  n ic h t  g a n z  w illk ü r fre i«  (S . 9 3 ) , z ie m lic h  g e w a g t . D ie s b e z ü g lic h  is t  
fo lg e n d e  B e m e r k u n g  der b e id e n  A u to r e n  b e z e ic h n e n d :  » W ä h r e n d  a lso  SzÁ- 
DECZKY n u r  d u rch  K o m b in ie r e n  v o n  Io n e n -  u n d  A to m p o te n t ia le n  e in  g le ic h -  
m ä ss ig e s  S in k en  se in e r  P o te n t ia lw e r te  er m ö g lic h e n  k a n n , lie fe r t  d ie  R e c h n u n g  
m it  G itte r e n e r g ie n  d a s  g le ic h e  E r g e b n is  u n a b h ä n g ig  d a v o n , ob  m a n  v o n  d er  
k o v a le n te n  o d er  h e te r o p o la r e n  B in d u n g  a u s g e h t«  (S . 9 3 ) . S ie  b e m ä n g e ln  a lso ,  
d a ss  ic h  k o v a le n te  B in d u n g e n  a ls  k o v a le n t ,  h e te r o p o la r e  a ls  h e te r o p o la r  b e 
re c h n e , u n d  n ic h t  — w ie  s ie  es t u n  — k o v a le n te  w illk ü r lic h  a ls  h e te r o p o la r  

b e tr a c h te .

Darin haben sie allerdings recht, dass in meiner Arbeit — unter mehr als 150 neuen 
Verbindungspotentialrechnungen — etwa 3 Potentiale nicht richtig angegeben wurden. 
Allerdings wurden diese Daten von mir selber teils schon bemerkt und verbessert.

Im P u n k t  6 ,3  wenden L e u t w e in  und D o e r f f e l  meine Ableitung bezüglich der doppel
ten Rolle des Aluminiums je nach seiner vierer oder sechser Koordination zur Erklärung 
der mit der Gitterenergieberechnung gefundenen Abweichungen von der tatsächlichen Kri
stallisationsfolge an. Wenn sie mir aber hier folgen, so sollten sie auch den Begriff Doppel
potential vorher nicht verwerfen.

P u n k t  6 ,4  b e h a n d e lt  d e n  s e it  d e n  S c H lE B O L D s c h e n  u n d  F E R S M A N sche n  A r b e i te n  b e k a n n 
te n  Z u s a m m e n h a n g  z w is c h e n  » G it te r e n e r g ie  u n d  Is o m o r p h ie f r a g e n « ,  m i t  E r w ä h n u n g  e in e s  
F a lle s ,  w o  d ie  u r s p r ü n g lic h e n  FE R S M A N sche n  E K - W e r te  n ic h t ,  d ie  D o E R F F E L s c h e n  a b e r  a n g e 
w e n d e t  w e rd e n  k ö n n e n .

P u n k t  6 ,5  beschäftigt sich mit dem von beiden Autoren mehrmals schon besprochenen 
Beispiel der Gitterenergie der Wolframate.

D ie »S ch lussbem erkungen«  (P u n k t  7.) von  L e u t w e i n  und  D o e r f f e l  

b eg in n en  m it d er B em erkung , dass die be iden  M ethoden  — offenbar also  die 
R ech n u n g  m it den  V erb in d u n g sp o ten tia len  u n d  die m it den G itte ren erg ien  
zu sam m en  n ich t genügen  »um  die G esam th e it a lle r F rag en  der M inerogenese 
n u r  in  e inem  seh r e in fachen  F alle  zu  k lä ren«  (S. 98.). (H ier ta u c h t  a lle rd in g s 
die F rag e  au f, w ozu d a n n  die in  v e rsch iedener W eise w illkürlich  u m g eän d e rten  
ang eb lich en  G itte ren e rg ieb erech n u n g en  d ienen?) Es w ird  a n n e rk a n n t, dass 
» das von  S z á d e c z k y  geschaffene Schem a . . .  is t e in  Schem a von K ennziffern  
zu r B eu rte ilu n g  geochem ischer P rozesse und  in  diesem  S inne is t es geschlossen 
u n d  d a h e r  n a tü r lic h  rich tig . A ber es is t ein S ystem  von K ennziffern  ohne 
d ire k te  physika lische  R e a litä t. Seine Z ahlen  sind  n u r  in d irek te s  A bbild  p h y -
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s ik a lis c h e r  R e a litä te n .«  (S. 98.). »Die e x a k te  B eh an d lu n g  der M inerogenese 
im  s tre n g e m  Sinn d er p h y sik a lisch en  C hem ie, insbesondere  d er T h e rm o d y 
n a m ik  u n d  der R e a k tio n sk in e tik  b le ib t se lb s tv e rs tä n d lic h  das Z iel so lcher A r
b e i te n . A m  n ä ch s ten  k o m m t m a n  ihm  — ab e r au ch  eben n u r  in  N äh eru n g ! — 
w e n n  m a n  die oben  g e n a n n te n  G ed an k en g än g e  der g itte ren e rg e tisch en  B e
tra c h tu n g sw e ise  zu g ru n d e  leg t. W o diese aus irgendeinem  G ru n d  n ic h t  a n 
w e n d b a r  sind , is t es m it H ilfe  der so g en an n ten  „ P o te n tia lre c h n u n g ”  m öglich , 
n äh e ru n g sw e ise  die m in era lo g isch  fe s tg e s te llte n  T a tsach en  zu  in te rp re tie re n . 
I n  d ie se r  H in sich t is t  d a s  S ystem  von  S z á d e c z k y - K a r d o s s  ein  d u rch au s  
b ra u c h b a re s  H ilfsm itte l.«

B ezüglich  d er » p h y sik a lisch en  R e a li tä t«  der Io n en  u n d  V e rb in d u n g s
p o te n t ia le n  u n d  in sb eso n d ere  der DoERFFELschen Ionenenerg ien , sowie bezüg
lic h  d e r  » g itte re n e rg e tisch e n  B e trach tu n g sw e ise«  von  L e u t w e i n  u n d  D o e r f - 

f e l  w u rd e  das N ö tig s te  schon  bei der B esp rech u n g  der P u n k te  5.2 u n d  6.1 
d a rg e le g t. H ier m ö ch ten  w ir n u r  d a ra u f  h inw eisen , dass n a c h  obigen B em er
k u n g e n  v o n  L e u t w e i n  u n d  D o e r f f e l  a lle rd in g s  die U nm öglichke it d e r e x a k 
te n  B e rech n u n g  der m e is te n  geochem ischen T a tsa c h e n  se lb st a u f  G ru n d  von 
e x a k te n  th e rm o d y n a m isc h e n  B egriffen h ie r  au c h  von  ih n en  a n e rk a n n t w ird, 
w o ra u s  m an  v ielle ich t a n n e h m e n  k a n n , d ass  au ch  sie die N o tw en d ig k e it einer 
e in fa c h e n  B e rech n u n g sa rt em p fin d en , die die k rista llchem ische  B e d in g th e it 
d e r  w ich tig s ten  geochem ischen  E rsch e in u n g en  u n m itte lb a r  verm essend  k la rleg t.

I n  vorliegender A rb e it b em ü h te n  w ir u ns zu  zeigen, dass dieses B e d ü rf
n is  d u rc h  die V e rb in d u n g sp o te n tia lb e rec h n u n g  v e rw irk lich t w urde . D iese R ech 
n u n g  d rü c k t die W irk u n g  b e id e r bew iesenen  H a u p tb in d u n g s fa k to re n  d e r K ri
s ta l l is a t io n , W ertig k e it u n d  R ad ien , zah len m ässig  aus u n d  is t u n a b h ä n g ig  von 
f ik t iv e n  B ild u n g sh y p o th esen  d er K ris ta llg it te r  aus fre ien  gasförm igen Io n en . 
W ä h re n d  die R ech n u n g  d e r v e rw icke lten  n a tü r lic h e n  V erhältn isse  m it G itte r 
e n e rg ie n  u n d  m it a n d e re n  th e rm o d y n a m isc h  b e rech n e ten  W erten  — die zw ar 
s e h r  w ich tige  D a ten  zu r B e u rte ilu n g  von Z u sam m en h än g en  m it a n d e ren  E n e r
g ie w e r te n  liefern — n u r  e ine A p p ro x im a tio n  b le ib t, au ch  w enn m a n  sich  noch 
so v ie l K o rre k tu re n  e r la u b t , s te llen  die V erb in d u n g sp o ten tia le  ein h y p o th e se n 
fre ie s  geschlossenes S y stem  d e r H a u p tb in d u n g s fa k to re n  d a r. D ie w ich tig sten  
H a u p tf ra g e n  der th e o re tisc h e n  G eochem ie k ö n n e n  som it d u rch  le ich t b e rech en 
b a re n  P o te n tia lw e rte  e in fach  u n d  schnell e r le u c h te t w erden , w o d u rch  eine 
s tä n d ig e  B rücke zw ischen  geochem ischen  u n d  k rista llch em isch en  F o rsch u n g en  
z u r  V erfü g u n g  s te h t.

D iese E ig en sch aften  d e r  P o te n tia lb e re c h n u n g  w u rd en  von  ein igen  fü h 
re n d e n  F o rschern  d er g eo eh em isch en -p e tro lo g isch en -lag e rs tä tten k u n d lich en  
W isse n sc h a fte n , wie H . S c h n e i d e r h ö h n  u n d  P . E s k o l a  so fo rt (1956) e rk a n n t, 
so g a r  z u r  Lösung g ru n d le g e n d e r p e tro log ischer F rag en  angew endet [13,14].

I c h  b in  allerd ings H e rrn  Professor D r. L e u t w e i n  u n d  D r. D o e r f f e l  

d a n k b a r ,  dass sie m ir G elegenheit gaben , e in ige Ideen  ü b e r das V e rb in d u n g s
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p o te n tia l  in  einer m ehr a llg em e in v e rs tän d lich en  F o rm  zu b esp rech en , n m  so 
m eh r, weil ich die F rag en  d e r P o te n tia lre c h n u n g  — infolge m einer a n d e rse i
tig e n  d rin g en d en  F a c h a rb e ite n  m it geologischen K o llek tiven  m e in e r H e im a t 
— se it d er e rs ten  B esch re ib u n g  derse lben  v o r 3 bzw . 4 Ja h re n  b is j e t z t  n ic h t 
w e ite rfü h re n  k o n n te .

A u f G ru n d  obiger A u sfü h ru n g  m öch te  ich  P rofessor D r. L e u t w e i n  u n d  
D r. D o e r f f e l  d azu  an reg en , die K la rh e it v o n  so g rund legenden  B egriffen  
w ie die d e r G itterenerg ie  n ic h t m it m isszu v ersteh en d en  U m d eu tu n g en  zu  ge
fä h rd e n , fe rn er die seit lan g em  v e re in b a rt angenom m ene p h y s ik a lisc h -c h e 
m ische  A bgrenzung  der B egriffe »freie E n erg ie«  u n d  »innere E n e rg ie «  in  
ih re n  geochem ischen S tu d ie n  b ew ahren  zu  w ollen . Dies is t zu r V e rm e id u n g  
sp ä te re r  B egriffsverw echslungen  u n d  zur F ö rd e ru n g  einer g la tte n  u n d  f ru c h t
b a re n  Z usam m en w irk u n g  d er geochem ischen  u n d  p h y sik a lisch -ch em isch en  
F o rsch u n g en  zu erw ünschen .
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C O M M E N T S  O N  A  P A P E R  B Y  F .  L E U T W E I N  A N D  K .  D O E R F F E L

E . S Z Á D E C Z K Y - K A R D O S S  

Abstract

T he p a p e r »O n som e m eth o d s  fo r th e  th e o re tic a l c la rific a tio n  o f geo ch em ical processes 
w i th  spec ia l considera tion  o f  th e  la tt ic e  energy«  (Ü b e r einige V erfahren  z u r  th e o re tis c h e n  
K lä ru n g  geochem ischer Prozesse , u n te r  b eso n d ere r B erü ck sich tig u n g  der G itte re n e rg ie )  by  
F .  L e u t w e i n  an d  K . D o e r f f e l  (Geologie, 5, 1956, p p . 65— 100) co n ta in s b e s id es  m in o r
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misunderstandings some fundamental errors, that require rectification. The most important 
errors relating to matters of principle are as follows :

1. L e u t w e in  and D o e r f f e l  misunderstood the basic idea of the compound potential 
and are of the opinion tha t the compound potential is to a certain extent a concept replacing 
the lattice energy.

2. For the comparison of the compound potential with the lattice energy they publish 
a mathematical deduction, which proves to be trebly viz. definitionally, mathematically and 
physically incorrect and consequently leads to an erroneous result. They draw from this 
result far-reaching conclusions, which consequently proved to be erroneous, too.

3. Their paper considers lattice energy from the one side and free energy and free 
enthalpy, respectively, from the other side as virtually synonymous notions.

4. They are of the opinion that the direction of the chemical reactions, thus for instance 
the course of crystallization can generally he deduced from the lattice energy.

ПРИМЕЧАНИЯ К ОДНОЙ ИЗ РАБОТ Ф. ЛЕЙТВЕЙНА И К. ДЁРФФЕЛЯ
Э. САДЕЦКИ-КАРДОШШ

Резюме

Работа «О некоторых способах, применяемых для теоретического выяснения гео
химических процессов, уделяя особое внимание энергии решетки» (Über einige Verfahren 
zur theoretischen Klärung geochemischer Prozesse, unter besonderer Berücksichtigung der 
Gitterenergie) Ф. Лейтвейна и К. Дёрффеля (Geologie, 5 [1956], стр. 65—100) содержит —  
наряду с небольшими недоразумениями — несколько основных ошибок, требующих 
исправления. Самые значительные принципиальные ошибки заключаются в следующем :

1. Лейтвейн и Дёрффель неправильно поняли идею потенциала соединения и они 
того мнения, что этот потенциал до некоторой степени представляет собой понятие, заме
няющее энергию решетки.

2. Для сравнения потенциала соединения с энергией решетки они приводят мате
матический вывод, который является втрое неправильным, а именно по своему опреде
лению, математически и физически, и вследствие этого приводит к ошибочному резуль
тату. Из этого результата они выведут широкие заключения, которые следовательно 
также являются ошибочными.

3. В работе указанных авторов с одной стороны энергия решетки и с другой стороны 
соответственно свободная энергия или свободная энтальпия рассматриваются как на 
практике равнозначающие понятия.

4. Они того мнения, что из энергии решетки вообще можно определить направление 
химических реакций, как например последовательность кристаллизации.



DIE SUBSTITUIERBARKEIT DER IONEN UND ATOME 
VON GEOCHEMISCHEM GESICHTSPUNKTE AUS

II . Ü B E R  E IN E  A N N Ä H E R N D E  B ESTIM M U N G  D E R  D IA D O C H IE N E IG U N G

Von

M. Ve n d e l

I N S T I T U T  F Ü R  G E O L O G I E  U N D  L A G E R S T Ä T T E N L E H R E  D E R  T E C H N I S C H E N  U N I V E R S I T Ä T , S O P R O N

W ir hab en  d ie B edeutung der Diadochie in  der B ild u n g  von Lagerstätten , besonders 
magm atischen U rsprungs , h e rv o rg eh o b en  und d a m it im  Z usam m en h än g e  d a ra u f  h ingew iesen , 
wie n ü tz lich  es w äre, w enn  w ir d ie D iadochieneigung der E lem ente m it num erischen W erten 
ang eb en  k ö n n ten , w elche W erte  u n s  dan n  in  de r B e u rte ilu n g  der In te n s itä t  d e r  »Seihungs- 
v o rgänge« , die im  L au fe  d e r K ris ta llisa tio n  e in tre te n  u n d  in  de r A nreicherung  d e r E le m en te  
eine w ichtige  Rolle sp ie len , w eite rhelfen  k ö n n ten . Z u d iesem  Zweck h ab en  w ir a u f  G ru n d  
des V olum ens von Io n en  (im  F a lle  von Io n g itte rn )  o d e r  d e r A tom e (im  Falle  von  A to m 
g itte rn  m it A usnahm e d e r m eta llisch en  G itte rn ) u n d  a u f  den  der PAULlNGschen E le k tro n e - 
g a tiv i tä te n  die D iadoch ieneigung  de r lone oder d e r A to m e num erisch  au szu d rü ck en  v e rsu c h t. 
In  de r B eu rte ilu n g  d e r sch w äch eren  oder s tä rk e re n  D iad och ieneigung  spielen  de r R a u m a n 
sp ru c h  und  de r B in d u n g sc h a ra k te r  de r v e rtre ten d en  T eilch en  eine g rundlegende R olle . I)a  beide 
B egriffe du rch  fü r d ie P ra x is  en tsp rech en d e  n u m erisch e  W erte  c h a ra k te ris ie rt w erden  k ö n n en , 
so h ie lten  w ir es fü r m öglich , a u f  d ieser G rundlage In d ize s  zu  b ilden , die die W ah rsch e in lich 
k e it de r S u b s titu tio n  a u sd rü ck e n . Im  Falle  von iso v a le n te r  S u b s titu tio n  h aben  w ir d en  »S u b 
s ti tu ie rb a rk e itin d e x «  e in fach  m it dem  P ro d u k t des Volum enquotienten  de r su b s ti tu ie re n d e n  
u n d  su b s titu ie r te n  T eilchen  (Io n en , A tom e) —  w obei d e r  g rössere  V o lum enw ert im m e r in  den 
Z äh ler g e s te llt — u n d  des so g en an n ten  reduzierten E lektronegativitätsverhältnisses  g e b ild e t. 
D as red u zierte  E le k tro n e g a tiv itä tsv e rh ä ltn is  is t  im  w esen tlich en  ebenfalls ein Q u o tie n t u n d  
seine B ildung  e rfo lg t so, d ass m an  von den E le k tro n e g a tiv i tä te n  de r su b s ti tu ie re n d e n  u n d  
su b s titu ie r te n  T eilchen (Io n en , A tom e) den k le in e ren  W e r t  fü r  1 n im m t, w äh ren d  d en  g rö sse 
ren  m it dem  W ert, d e r  z u r  E rg än z u n g  des W ertes  v o n  d e r  k le ineren  E le k tro n e g a tiv i tä t  zu 
1 n ö tig  w ar, v e rg rö sse rt o d e r v e rm in d e rt und von d iesen  be iden  W erten  einen w e ite ren  Q u o 
tie n te n  b ild e t, so d ass in  den  Z äh ler im m er de r g rö ssere  W e rt k om m t. D ieser Q u o tie n t is t 
d e r  red u zierte  E le k tro n e g a tiv itä tsq u o tie n t, den  m a n  m it  dem  V o lu m en q u o tien ten  m u lt i 
p liz ie rt um  den In d e x  H e , d e r  die W ah rschein lichkeit d e r  D iadochieneigung  a n ze ig t, zu  e r 
h a lte n . E ine geringere  o d e r grössere  A bw eichung dieses W ertes  von 1 m ac h t u n se rer A u ffa ssu n g  
n ach  eine k leinere o d e r g rössere  D iadochieneigung w ah rsch ein lich . D u rch  die ob en  g esch il
d e r te  B ildung  des re d u z ie r te n  E le k tro n e g a tiv itä tsq u o tie n te n  w ar es zu e rre ichen , d ass im  F a lle  
von  zwei (su b s titu ie re n d e n  u n d  su b s titu ie rten ) P a r tn e rn  von  jed e r E le k tro n e g a tiv i tä t  a b e r 
von g leicher E le k tro n e g a tiv itä tsd iffe re n z  der W ert, d e r  die Io n i tä t  de r B in d u n g  v e rä n d e r t ,  
im m er u n v e rä n d e rt  b le ib t. D an n  h aben  wir die H a u p t ty p e n  de r S u b s titu ie ru n g en  d e r R eihe  
n ach  b e h an d e lt und  d ie  B ra u c h b a rk e it  unserer In d ize s  a u c h  an  k o n k re ten  B eisp ie len  g eze ig t 
u n d  zw ar n ich t n u r  in  d en  iso v a len ten , sondern  a u ch  in  d en  h e te ro v a len ten  g e k o p p e lten , ja  
so g ar auch  in den A d d itio n s- u n d  S u b s tra k tio n s su b s titu ie ru n g e n  und  zw ar sow ohl in  den 
Io n en - wie au ch  in den  gew öhn lichen  (im  w esen tlichen  hom ö o p o la ren ) A to m g itte rn . In  den 
h e te ro v a le n te n  g e k o p p e lten  S u b s titu ie ru n g en  h a b e n  w ir  die S u b s titu ie rb a rk e its in d iz e s  so 
b e rec h n e t, dass w ir fü r  je d e s  su b s titu ie ren d es  u n d  su b s ti tu ie r te s  T eilch en p aar e in ze ln  d ie 
V o lu m en q u o tien ten  sow ie d ie red u z ie rten  E le k tro n e g a tiv itä tsq u o tie n te n  e rre c h n e t u n d  diese 
m u ltip liz ie rt hab en . D ie F o rm e ln  fü r die S u b s tra k tio n s -  u n d  Ä d d itio n ssu b s titu tio n en  h ab en  
w ir aus dem  vorigen  s inngem äss um geb ildet an g egeben .

D ass das gezeig te  V e rfah ren  in  der B ildung  d e r  S u b s titu ie ru n g sin d ize s , also d ie B ild u n g  
des P ro d u k ts  von V o lu m q u o tie n te n  und  von re d u z ie r te n  E le k tro n e g a tiv itä tsq u o tie n te n  fü r  
die P rax is  zu fried en s te llen d  is t ,  also auch  unsere  A n n a h m e , dass beide F a k to ré  (V o lu m q u o 
t ie n t  u n d  red u zierte  E le k tro n e g a tiv i tä t)  p ra k tisc h  u n g e fä h r  denselben E in flu ss  fü r  die D ia 
dochieneigung  au sü b e n , v e rsu c h te n  w ir auch  m it k o n k re te n  B eispielen zu u n te r s tü tz e n .
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1. E inleitung

U n te r  den vielen  F a k to re n , die eine A nre ich eru n g  von v ie len , m e istens 
n u r  k le in e ren  M engen v o rk o m m en d en , vom  G esich tsp u n k te  d e r P ra x is  aus 
a b e r  w ich tigen  E lem en ten  b eg ü n stig en , sp ie lt besonders im  F alle  d e r L ag e r
s t ä t t e n  m agm atisch en  U rsp ru n g s  die T a rn u n g  eine w ichtige R olle. B ere its
У . M . Goldschmidt h a t  d a r a u f  h ingew iesen , dass die E lem en te , g an z  gleich 
o b  d ie  M inerale sich aus d em  flüssigen  M agm a oder aus e iner w ässerigen  
L ö su n g  oder aus G asen k ris ta llis ie ren , sich  n a c h  ih ren  A tom - o d er Io n e n 
g rö sse n  so rtie ren , u n d  d a ru m  is t eines d e r w ich tig sten  P rin z ip ien  diese 
S o r tie ru n g  der Grösse n a c h , w obei die G rössen  m it den A tom - bzw . Io n e n 
g rö sse n  der h äu fig sten  E le m e n te  in  den  g este in sb ild en d en  M ineralien  v e rg li
c h e n  w erd en . In  das G itte r  k ö n n e n  n u r  so lche T eilchen  e in tre ten , d e ren  G rösse 
e n ts p re c h e n d  is t. A u f diese W eise is t also d er K r is ta ll  e tw a wie ein so r tie re n d e r 
o d e r  »seihender M echan ism us« zu b e tra c h te n , d e r das E in tre te n  v o n  gew issen 
T e ilc h e n  zu lässt, w äh ren d  er d ie jen igen  T eilchen , die n ich t e n tsp re c h e n d e  
M asse b esitzen , aussch liesst [1, vgl. noch  2]. D ie A nreicherung  v o n  so lchen  
E le m e n te n  in  se lb s tän d ig en  L a g e rs tä tte n  w ird  o ffenbar du rch  die T a rn u n g , 
b zw . d u rc h  die E le m e n te n su b s titu tio n e n  b ee in flu ss t. Im  G ange d e r K r is ta l 
l is a t io n  v erm in d ern  sich in  d en  R estlö su n g en  die ta rn b a re n  E le m e n te  im m er 
m e h r , w äh ren d  die n ic h t ta r n b a r e n  sich m e h r u n d  m ehr a n re ich e rn . D iesem  
P ro z e ss , der als » Seihung« b eze ich n e t w erd en  k a n n , m uss b eso n d ers  in  der 
B ild u n g  von  m ag m atisch en  L a g e rs tä t te n  eine grosse Rolle zu g esch rieb en  
w e rd e n . M it der B ed eu tu n g  d e r Seihung  vom  la g e rs tä tte n k u n d lic h e n  G esich ts
p u n k te  aus h a t  sich b e re its  e tw a  v o r 10 J a h re n  ausser dem  V erfasser d ieser 
S tu d ie  [3] auch  C. J .  Su llivan  [4, 5] au sfü h rlich e r befasst, u n d  die Rolle 
d e r  T a rn u n g  von  einem  a n d e re n  G esic h tsp u n k te  aus, aber m it äh n lich em  
Z w eck  w u rd e  auch  von  H . D . B . W ilso n , m it d e r B ild u n g  von E rz la g e r s tä t te n  
in  V e rb in d u n g  g eb rach t [6 ]. D ie T a rn u n g  is t  also eine E rsch e in u n g , die von  
la g e rs tä tte n k u n d lic h e m  G e s ich tsp u n k te  aus n ic h t vern ach lässig t w erd en  k a n n . 
E in e  m ög lich st q u a n t i ta t iv e  B eh an d lu n g  is t  gerad e  d a ru m  seh r e rw ü n sc h t. 
Im  fo lg en d en  w ünschen  w ir u n s also w ieder m it diesem  w ich tig en  P ro b lem  
v o m  G esich tsp u n k te  der S u b s titu ie rb a rk e it  d e r E lem en te  zu  b efassen . D ies
b e z ü g lich e  U n te rsu ch u n g en  fü h r te n  w ir ü b rig en s  auch  schon f rü h e r  d u rc h
[7 , 8 , 9].

D ie A tom e, die in  d en  M ischkrista llen  sich  s tru k tu re ll  te ilw eise  oder 
g ä n z lic h  su b stitu ie ren  k ö n n e n , h a t  P . NlGGLl als d iadoch  b eze ich n e t 
[10 , 12 ]. Im  ersten  Teil m e in e r A rb e it [7] h a b e  ich  — in  e rs te r L inie fü r  lager- 
s tä t te n k u n d l ic h e  Zwecke — v e rsu c h t, e in ige  von  je n e n  F a k to re n , d ie  in  der 
A u sb ild u n g  der D iad o ch ien e ig u n g  d er E le m e n te  (Ionen  u n d  A tom e) eine 
w ic h tig e  Rolle spielen k ö n n e n , au szu w äh len  u n d  d a n n  u n te r  B e rü ck sich tig u n g  
d e rse lb e n  solche Ind izes zu  b e rech n en , die als an n ä h e rn d e s  Mass d e r D iadoch ie -
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neigung  b e tra c h te t  w erd en  können . Diese N eig u n g  k a n n  eine s tä rk e re  oder 
eine schw ächere sein , u n d  diesen graduellen  U n te rsch ied  v e rsu ch te  ich  d u rch  
num erische  W erte  au szu d rü ck en , bei denen d as  V erh ä ltn is  gew isser E le m e n t
e igenschaften  v o n  su b s titu ie re n d e n  zu s u b s ti tu ie r te n  T eilchen eine  g ru n d 
legende Rolle sp ie lt.

Die B ed in g u n g en  d er D iadochie  w erden  v o n  H . Strunz in  e in e r  z u tre f 
fenden  Z usam m enfassung  im  allgem einen fo lgenderw eise angegeben  [11, 13] : 
B ed ingungen  d er D iadoch ie  sin d  der äh n lich e  Io n en - bew . A to m rad iu s  (F . 
Zam bonini [14]), d er äh n lich e  B in d u n g sc h a ra k te r  in  d er speziellen K r is ta l la r t  
u n d  die B e ib eh a ltu n g  des e le k tro s ta tisch en  G leichgew ichtes (im S in n e  von  
F uchs, T schermak , Go ssner  u s w . ) .  Die d iad o ch e  S u b s titu ie ru n g  k a n n  n ach  
ih m  im  Sinne von  Sch eerer  (1948) eine m onom ere  oder eine p o ly m ere  sein. 
Im  e rs te n  F a ll is t die A n zah l der T eilchen, die su b s titu ie re n , gleich, d .h .  m A  
T eilchen  w erden  in  d e r S tru k tu r  d u rch  m B  T e ilch en  su b s titu ie r t. Im  le tz te re n  
F a ll dagegen  is t die A n zah l der T eilchen  n ic h t g leich , d. h . m A  T eilchen  
w erden  d u rch  die A u sfü llu n g  von leeren  oder d u rch  die F re ila ssu n g  von 
b e se tz te n  G itte rs te lle n  d u rc h  n B  T eilchen s u b s ti tu ie r t .

D as K ris ta llg it te r  k a n n , wie b e k a n n t, e in  Io n en -, A tom -, M eta ll- u n d  
M olekü lg itte r sein. V om  la g e rs tä tte n k u n d lic h e n  u n d  p e tro g rap h isch en  G esich ts
p u n k t aus b e s itzen  in  d e r U n te rsu ch u n g  d e r D iadoch ieneigung  d as  Ionen - 
u n d  das A to m g itte r  die g rösste  W ich tigke it. E in  M e ta llg itte r f in d e t  sich  n u r  
se lten , u n d  das M o lek ü lg itte r k a n n  vom  G esich tsp u n k te  der D iad o ch ie  aus 
p ra k tisc h  a u f  G ru n d  des C h arak te rs  der B in d u n g e n  in n erh a lb  d e r M olekeln 
als Io n en - oder A to m g itte r  b e h a n d e lt w erden . I n  d ieser S tu d ie  w erd en  die 
D iad o ch iev erh ä ltn isse  d er M e ta llg itte r noch  n ic h t besprochen .

2. Die D iadochie und die D iadochieneigung in den Ionengittern

In  den Io n e n g itte rn  w echseln sich p o sitiv e  u n d  nega tive  Io n e n  ab , die 
B in d u n g  is t ih rem  W esen  n a c h  eine h e te ro p o la re . W ie b e k a n n t, is t  in  den  
Io n e n g itte rn  die e in fach e  iso v a len te  S u b s titu tio n  (einfache S u b s titu tio n )  am  
m eisten  v e rb re ite t. A n  d er D iadochie n im m t in  so lchen  F ällen  ein  Io n e n p a a r  
von  gleicher L a d u n g  te il. A ls Beispiel d a fü r k a n n  die S u b s titu tio n  F e2+ ■<— N i2+ 
im  O livin a n g e fü h rt w erd en . Die iso v a len te  S u b s titu ie ru n g  is t g leichzeitig  
au ch  m onom er.

In  den  Io n e n g itte rn  h ab e n  w ir es, wie d as  b e k a n n t is t, au ch  m it e iner 
h e te ro v a le n ten  S u b s titu tio n  zu tu n . In  so lchen  F ä llen  is t von e in e r gegen
se itigen  S u b s titu tio n  d er Io n en  von  v e rsch ied en er L ad u n g  die R ed e , w obei 
ab e r das e le k tro s ta tisc h e  G leichgew icht g esich ert b le iben  m uss. Im  e in fach sten  
F a ll is t die D iadoch ie  m onom er, d. h . die A n z a h l der su b s titu ie re n d e n  u n d  
d e r s u b s ti tu ie r te n  Io n e n  is t  gleich. D am it h a b e n  w ir es im  Falle d e r gekoppel-

9  Acta Geologica V/3—4.
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t e n  D iadochie  (g ek o p p e lten  S u b stitu tio n ) v o n  H . Strunz [13] zu  tu n .  E in  
B e isp ie l d a fü r k a n n  d ie  v o n  H . Strunz u n d  I .  D . B orneman-Starynkew itsch  
an g eg eb en e  D iadochie Ca2+Ti4+ ч— N a1 + N b 5+ im  T ita n it  lie fern  [11, 15]. 
Im  a llgem einen  is t im  g ek o p p e lten  D ia d o c h ie ty p u s  die g leichzeitige h e te ro 
v a le n te  S u b stitu tio n  v o n  zw ei, doch  zu m in d est p rinz ip ie ll, auch  v o n  m eh reren  
Io n e n , v o rste llbar, fe rn e r  n eb en  der h e te ro v a le n te n  S u b s titu tio n  au c h  eine 
(o d e r m ehrere) w eite re  g leichzeitige , iso v a len te  S u b s titu tio n . (E ine  solche is t 
ü b rig e n s  auch in  F a lle  v o n  p o ly m eren  h e te ro v a le n te n  S u b s titu tio n e n  m öglich.) 
E in  B eispiel dafü r is t  d ie S u b s titu tio n  Ca2+Mg2+F e3+ ч—N a1 F e2+T i4+ im  
Ä g ir in a u g it, die in  e ine — in  einer g ekoppelten  D iadoch ie  a u f tre te n d e  — h e te ro 
v a le n te  Ca2+F e3+ <— N a 1+T i4+ u n d  in  eine g le ichzeitige Mg2+4—F e2+ iso v a len te  
S u b s ti tu t io n  aufgelöst w e rd en  k a n n .

I n  der gekop p elten  D iadoch ie  k a n n  die S u b s titu tio n  n u r  die K a tio n e n  
o d e r  ab e r, zu m in d est im  P rin z ip , n u r  die A n ionen  betreffen , m a n  f in d e t 
a b e r  n ic h t selten au c h  g ek o p p e lte  K a tio n en - u n d  A n io n e n su b s titu tio n . E in  
B e isp ie l fü r  die S u b s ti tu t io n , die n u r  die K a tio n e n  b e tr iff t, is t d ie bere its  
o b e n  an g efü h rte  Ca2 + T i4+ ч— N a1+N b5+-D iad o ch ie  im  T ita n it .  F ü r  den 
z w e ite n  T ypus, als B eisp ie l fü r  die gekoppelte  K a tio n e n -A n io n e n su b s titu tio n  
k a n n  die von N. W . B jelo w  angegebene Ca2+F 1—4— SE 3+0 2— S u b s titu tio n  
im  A p a t i t  (SE =  se lten e  E rd e n ) a n g e fü h rt w erd en  [15]. A uch in  d iesem  F a ll 
i s t  d ie  S icherung des e le k tro s ta tisc h e n  G leichgew ichtes d er S t r u k tu r  n ö tig  
u n d  d a ru m  m uss die L ad u n g ssu m m e der su b s titu ie re n d e n  u n d  s u b s titu ie r te n  
Io n e n  gleich sein ; in  u n se re m  F alle  —]—2 — 1 =  -f-3—2 =  1, die B ed in g u n g  
w ird  also  erfü llt. E in e  g le ichzeitige  iso v a len te  S u b s titu tio n  is t ü b rig en s  auch  
in  d iesem  T ypus m ög lich , z. B . d a n n , w enn im  A p a tit  neben  d er oben  an g e 
f ü h r te n  S u b stitu tio n  a n  d ie  Stelle von P 5+ a u c h  eine gewisse M enge von 
A s5+ t r i t t .  Da aber P 5+ u n d  As5+ sich in  e inem  kom plexen  A nion  b e fin d en  
u n d ,  w ie b ek an n t, die k o m p lex en  A nionen im  allgem einen  von  se lb s tän d ig em  
C h a ra k te r  sind, k a n n  d a ru m  die le tz te  iso v a le n te  S u b s titu tio n  a u c h  als eine 
S u b s ti tu t io n  der b e id en  k o m p lex en  A nionen  au fg efasst w erden , d . h . m an  
k a n n  a n  Stelle der Р 5+ ч— A s5+ D iadochie  an  eine  ( Р 0 4)3~ ч — (A s0 4)3— V er
t r e tu n g  denken. A uch  u n se re  D iad o ch ie -U n te rsu ch u n g en  sp rech en  d a fü r, 
d a ss  d iese le tz te re  A u ffa ssu n g  r ich tig e r is t.

D en  K a tio n e n -A n io n e n su b s titu ie ru n g s ty p u s  d er gekoppelten  D iadoch ie  
k a n n  m a n , w enn w ir v o n  d e n  K a tio n en  au sg eh en , also w enn w ir fü r  diese ein 
In te re s s e  haben , als e ine A n ionen k o m p en sa tio n sd iad o ch ie , im  en tg eg en g e 
s e tz te n  F a ll als K a tio n e n k o m p e n sa tio n sd ia d o c h ie  bezeichnen.

W enn  wir n u n  die p o lym ere  h e te ro v a le n te  D iadochie b e tra c h te n , so 
is t  fe s tzu ste llen , dass in  m a n c h e n  S tru k tu re n  eine h e te ro v a len te  K a tio n e n 
s u b s t i tu t io n  m it A n io n en k o m p en sa tio n  so m öglich  is t, dass die H e rs te llu n g  
des g e s tö r te n  e le k tro s ta tisc h e n  G leichgew ichtes d u rc h  den E in t r i t t  des A nions 
in  e in e  leere G itte rs te lle  (A d d itio n ) gesichert w ird . N ach  V. M. Goldschmidt
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[16, 17, 18, 19, 20] is t im  F lu o rit die S u b s titu ie ru n g  Са2+ч—Y 3+ m öglich . 
D er positive L ad u n g sü b ersch u ss , der d u rch  d en  te ilw eisen  E in t r i t t  v o n  Y 3+ 
h e rg este llt w ird , w ird  d u rc h  den E in tr i t t  von  e in e r en tsp rech en d en  M enge von 
F 1— ausgeglichen . D ieses ausg leichende F 1— n im m t w ahrschein lich  die leere 
S telle  zw ischen 6 Ca, Y  ein , w odurch  das G itte r  n u r  in  geringem  M asse d e fo r
m ie rt w ird . B ei d ieser S u b s titu ie ru n g  w ird  o ffe n b a r die gegenseitige D iadoch ie- 
ne ig u n g  von  Ca2+ u n d  Y 3+ m assgebend sein.

F ü r  die d u rch  A d d itio n  erfo lg te po lym ere  u n d  h e te ro v a len te  D iadoch ie  
k a n n  als B eispiel die von  F . Zam bonini u n d  F . Laves gezeigte Iso m o rp h ie  
des Mg2 S i0 4 O livins u n d  des L i3( P 0 4) a n g e fü h r t  w erden [21]. D ie O liv in 
s t ru k tu r  w ird  b e k a n n tlic h  [22] als eine sch w ach  defo rm ierte  h ex ag o n a le  
d ic h te s te  K u g e lp ack u n g  von  S auersto ffionen , in  den  te tra e d risc h e n  K o o r
d in a tio n szen tren  m it k le inen  K a tio n en  (Be, Si, P ), in  den  o k taed risch en  ab er 
m it g rösseren  K a tio n e n  (Mg, Fe, Mn, Li), au fg e fa ss t. Im  F alle  h ex ag o n a le r 
d ic h te s te r  K u g e lp ack u n g  is t  die A nzahl d er o k taed erisch en  Z w ischen räum e 
gleich der der K ugeln . D a ru m  ist es m öglich, o h n e  eine w esentliche D efo rm atio n  
d er S au ers to ffan o rd n u n g  in  den o k taed risch en  Z w ischen räum en  des L i3( P 0 4)- 
G itte rs  alle drei L i1+ so e inzufügen , dass in  je d e m  Z w ischenraum  h ö ch s ten s  
ein L i1+ s itz t. Im  O liv in  s ind  zwei V ierte l d e r Z w ischenräum e, im  L i3( P 0 4) 
d re i V ierte l derselben  m it K a tio n en  b ese tz t u n d  diese A bw eichung v e ru r 
sa c h t keinerlei D e fo rm atio n . In  diesem  F a ll is t 2M g2+(S i0 4)4 - 4—3 L i1+( P 0 4)3— 
das Schem a der D iadoch ie  und  das e le k tro s ta tisc h e  G leichgew icht is t d abei 
gesich ert.

A uch  die S u b s titu ie ru n g  von Ca2+ +  leere  S telle  ч— 2N a1+ im  T rem o lit 
is t eine d u rch  eine leere G itte rs te lle  vor sich geh en d e , po lym ere h e te ro v a le n te  
D iadochie . N ach  N . S u n d iu s  [23] k an n  die S u b s titu ie ru n g  so z u s tan d e  k o m m en , 
dass das eine N a1+ an  die Stelle eines Ca]+ , w ä h re n d  das an d ere  in  die e n t
sp rechende  leere S telle  d e r S tru k tu r  t r i t t .  D u rch  die S u b stitu ie ru n g  w ird  das 
e lek tro s ta tisch e  G leichgew icht n ich t g e s tö rt. A u f  diese W eise k a n n  au s dem  
C a2Mg5Sig0 22( 0 H ) 2 =  T rem olit das N a 2CaM g5Si80 22(0 H )2 =  R ic h te r it  a b 
g e le ite t w erden . N ach  N . S undius  is t ab er a u c h  d er F a ll m öglich, d ass  in  der 
T re m o lits tru k tu r  n u r  in  die leere G itte rs te lle  N a 1+ e in tr i t t ,  w ä h re n d  die 
M enge Ca2+ u n v e rä n d e r t  b le ib t. In  diesem  F a ll e n ts te h t ab er im  K a tio n - 
a n te il l-(- L ad u n g sü b ersch u ss , der nach  ih m  d u rc h  die S u b s titu ie ru n g  eines 
Si4+ d u rch  ein A l3+ ausgeglichen  w ird. In  d iesem  F a ll is t aber die D iadoch ie- 
n e igung  von Si4+ u n d  A l3+, bzw. rich tig e r d er kom plexen  Ionen  (S i0 4)4 u n d  
(A104)5— w ich tig , es k o m m t aber auch  die G rösse d er leeren G itte rs te lle  in  
B e tra c h t, die o ffenbar d u rch  die Grösse des Io n s  Ca2+ geregelt w ird . So k a n n  
vom  T rem olit E d e n it N a C a 2Mg5AlSi70 22( 0 H ) 2 ab g e le ite t w erden .

E ine  po lym ere h e te ro v a le n te  S u b s titu ie ru n g  is t auch so m ög lich , dass 
die H erste llu n g  des e lek tro s ta tisch en  G leichgew ichtes du rch  die B ild u n g  
e iner leeren G itte rs te lle  erfo lg t (S u b tra k tio n ). E in  Beispiel d a fü r  s te ll t  das

9*
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V e rh ä ltn is  von  S illim anit A l(A lS iO s) zu  M ullit A l4[A l4(AlSi3) 0 19 5] d a r  [24, 25]. 
Im  e r s te n  erfo lg t, wie b e k a n n t ,  die S u b s titu ie ru n g  der (S i0 4)4~ G ruppen  
d u rc h  (A 104)5_ neben dem  A u s tr i t t  von  O2 - , w o durch  M ullit e n ts te h t  u n d  
in fo lg e d e sse n  kom m en leere  G itte rs te llen  z u s ta n d e . In  diesem  F a lle  w ird  
d ie  S u b s titu ie ru n g  m eines E ra c h te n s  im  w esen tlich en  d u rch  gegenseitige  
D ia d o c h ie n e ig u n g  der b e id e n  G ruppen  bzw . d e r kom plexen  Io n e n  (S i0 4)4 - 
u n d  (A 1 0 4)s— geregelt.

D ie  w ich tigsten  T y p e n  d er S u b s titu ie ru n g e n , die in  d en  Io n e n g it
te r n  b e o b a c h te t  w erden k ö n n e n , w u rd en  im  oben  G esagten  zu sa m m e n 
g e fa s s t .

E s  is t  b e k a n n t, dass fü r  die M öglichkeit u n d  fü r  das M ass d e r S u b s ti
tu ie r u n g ,  also  kurz fü r die D iad o ch ien e ig u n g , in  e rs te r  Linie gewisse spezifische 
E ig e n s c h a f te n  der an  d e r S u b s titu ie ru n g  te iln eh m en d en  T eilchen  (Ionen  
o d e r  A to m e ) m assgebend s in d , so bei den  S tru k tu re n  m it h e te ro p o la re r  B in 
d u n g  b e so n d e rs  gewisse E ig e n sc h a fte n  der Io n e n . L eider sp ielen in  d e r  A us
b ild u n g  d e r  D iadochie z ah lre ich e  E ig en sch a ften  bzw . F a k to re n  eine k le inere  
o d e r  g rö sse re  Rolle, w o d u rch  d ie  B estim m u n g  des M asses der D iad o ch ie  sehr 
e rs c h w e r t ,  bzw . au f G ru n d  u n se re r  h e u tig e n  K en n tn isse  eine g anz  exakte  
B e s tim m u n g  derselben so g ar un m ö g lich  w ird . A uch  w ir d a c h te n  n ic h t a n  eine 
s t r e n g  e x a k te  Lösung, w ir h a b e n  n u r  v e rsu c h t, die D iadoch iene igung  der 
Io n e n  u n d  der A tom e u n te re in a n d e r  n u m erisch  in  einer F o rm el so zum  
A u s d ru c k  zu bringen , d ass  die Z a h len an g ab en  in  der B e u rte ilu n g  der 
I n t e n s i t ä t  d er S u b s titu ie ru n g e n  zu m in d est a n n ä h e rn d  uns b eh ilflich  sein 
k ö n n te n .

D e r  e rs te , g ru n d leg en d  w ich tige  F a k to r  in  d er D iadochie  is t , w ie das 
b e re its  v o m  F . Zam bonini [14] u n d  V. M. Goldschmidt [1] h erv o rg eh o b en  
w u rd e , d e r  Radius des Teilchens  (des Ions o d er ab e r des A tom s) bzw . sein 
R a u m b e d a r f .  E r  is t eine E ig e n sc h a ft des T eilchens, die n u m erisch  au sg e
d r ü c k t  u n d  gerade d a ru m  g u t g eb rau ch t w erd en  k a n n . Im  Z u sam m en h än g e  
m it  d e n  R a d ie n  m uss a b e r  b e m e rk t w erd en , dass einesteils zw ischen  den 
R a d ie n , d ie  a u f  versch iedene W eise ab g e le ite t oder b e s tim m t w u rd en , b e re its  
gew isse  A bw eichungen  v o rh a n d e n  sind , a n d e re n te ils  fü h ren  au ch  die v e r
s c h ie d e n e n  P o la risa tio n sv e rh ä ltn isse , v e ru rsa c h t d u rch  versch iedene  E le 
m e n tk o m b in a tio n e n  d er T e ilch en u m g eb u n g , zu  gewissen A bw eichungen . 
D iese T a ts a c h e n  dürfen  also in  d e r B ew ertu n g  d e r R ad ien  bzw . in  den  B erech 
n u n g e n  m it  denselben n ic h t au sse r A ch t ge lassen  w erden , die R a d ie n w e rte  
k ö n n e n  a lso  n ich t als s tre n g  e x a k t  b e tra c h te t  w erden .

D u rc h  die Grösse des T eilchens (Ionen - oder A tom grösse) w erd en  im  
a llg e m e in e n  übrigens au ch  d ie  K o o rd in a tio n sv e rh ä ltn isse  b e s tim m t. D aru m  
b e f r ie d ig t  die en tsp rech en d e  G rösse auch  d ie  d u rc h  die K r is ta l ls tru k tu r  
b e s t im m te  K oord in a tio n . V o rläu fig  nehm en  w ir an , dass je  m eh r die G rösse 
des su b s ti tu ie re n d e n  T eilchens v o n  der des s u b s ti tu ie r te n  en tw ed er in  p o sitiv e r
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o d e r in  n eg a tiv e r R ic h tu n g  ab w eich t, u m  so schw ächer die D ia d o c h ie , also 
d ie  S u b s titu ie rb a rk e it sein w ird .1

Im  w eite ren  w erden  w ir die G rösse bzw . das V olum en des T e ilch en s 
als eine a u f  G rund  ih res R ad iu s  b e rech en b are  K ugel b e tra c h te n . D e r  G ru n d  
d a fü r , dass w ir d ab e i n ic h t den  R ad iu s  so n d e rn  das V olum en in  B e tra c h t  
z iehen , w ird  sp ä te r  e rö r te r t . In  u n se ren  B e rech n u n g en  der D iad o ch ien e ig u n g  
w ird  d e r E in flu ss  der Grösse der T eilchen  in  F o rm  ihres V o lu m e n q u o tie n te n  
g e b ra u c h t u n d  zw ar, u m  B ru ch w erte  zu v e rm e id e n , kom m t im m er d a s  grössere 
V olum  in  den  Z ähler. D as V erh ä ltn is  d e r V o lu m in a  w ird e in fach  d u rc h  das 
V erh ä ltn is  der d r i t te n  P o ten z  d er R ad ien  gem essen , weil d er W e r t  4 /3  л , 
d e r  sow ohl im  Z äh le r w ie au ch  im  N en n e r v o rk o m m t, a u s fä llt . W e n n  der 
grössere  R a d iu s  m it rn u n d  der k le in ere  m it bezeichnet w ird , so is t  der 
Q u o tie n t R  der V olum ina r„ /rfc u n d  w ir n eh m en  a n , dass je  m ehr d ie se r  Q u o tie n t 
v o n  1 ab w eich t, u m  so sch lech te r vom  G esich tsp u n k te  der T e ilch en g rö ssen  
aus die S u b s titu ie rb a rk e it is t.

I n  d er D iad o ch ieu n te rsu ch u n g  der K a tio n e n  w ird auch die Io n is ie ru n g s
span n u n g  fü r  w ich tig  g eh a lten . A u f die B e d e u tu n g  der Io n is ie ru n g ssp a n n u n g  
fü r  die B eu rte ilu n g  d er D iadoch ieneigung  v o n  den  Ionen  h a t im  Z u sa m m e n 
h än g e  teilw eise m it der P o la risa tio n , te ilw eise  m it dem  Iso m o rp h ism u s b e re its  
V. M. G o l d s c h m i d t  hingew iesen [2 6 ,1 ] . N ach  ih m  ist im  Iso m o rp h ism u s  der 
E le m e n te  ausser d er Ü b ere in stim m u n g  d er Io n en rad ien  auch  d ie  Ü b e re in 
s tim m u n g  bzw . Ä h n lichke it der Io n is ie ru n g ssp a n n u n g  des W ertig k e itse le k tro n s  
n o tw en d ig . In  der B eu rte ilu n g  der geochem ischen  K ohärenz von d e n  E le m e n te n  
b ra u c h t auch  L. H . A h r e n s  die Io n is ie ru n g ssp an n u n g  I  des W e rtig k e its 
e lek tro n s , die A n io n a ffin itä t (== die an io n an z ieh en d e  F äh ig k e it des freien  
K a tio n s  im  Ü b erg an g szu stan d ) u n d  fü r  d as  M ass d er geochem ischen K o h ären z  
b e tr a c h te t  er den  Q u o tien ten  derse lben , d en  A n iona ff in i tä t index  cp =  J n/ J k 
(in  den  Z äh le r k o m m t im m er die grössere Io n is ie ru n g ssp an n u n g ). A u sse rd em  
w en d e t e r auch  im  fü r  die C h a rak te ris ie ru n g  d e r elektrischen I n t e n s i t ä t  von 
zwei Io n en  angegebenen  V erh ä ltn is  J / r  d ie  Io n is ie ru n g ssp an n u n g  I  des W ertig 
k e itse lek tro n s  m it dem  Io n en rad iu s  r an . E r  w eis t w eiterhin  au ch  n o c h  d a ra u f  
h in , dass der A n io n a ffin itä t, d. h . der Io n is ie ru n g ssp an n u n g  des W e rtig k e its 
e lek tro n s  au ch  in  der A usb ild u n g  des B in d u n g s ty p u s  eine R o lle  zu k o m m t, 
in d em  grössere A n io n a ffin itä t eine k o v a le n te , k le inere  aber eine io n a re  B in d u n g  
b e v o rz u g t [27].

1 H . S t r u n z  sch re ib t [11] : »W ie a n  d en  M ineralien  der D esc lo iz itg ru p p e  e tw a  an  
РЬСи(ОН V0 4) zu b eo b ach ten  w ar, sch e in t a u ch  z u  g e lte n , dass bei p a r tie lle r  D ia d o c h ie  jed e  
T e ilch e n a rt eh er d u rch  eine solche m it k le inerem  als m it  grösserem  R a d iu s , a lso  e h e r  C a' ' 
d u rc h  F e ' • im  CaC03, w eniger F e' ' d u rc h  C a' ' im  F eC 0 3, v e rtre tb a r  is t .«  E s  b e s te h t  kein  
H in d e rn is  dagegen , dass w ir unsere  fü r  die D iadoch ie  angegebene F orm el, n a c h  d e r  E rw ei
te ru n g  u n se re r  d iesbezüglichen gen au eren  K e n n tn is se , sp ä te r  nach  B e d a rf  n o c h  d u rc h  einen 
e n tsp rec h en d e n  F a k to r  ergänzen .
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I n  der B eu rte ilu n g  d e r D iadoch ieneigung  w ird  an  Stelle der Io n is ie ru n g s 
s p a n n u n g  des W ertig k e itse le k tro n s  auch  d e r  v o llen  Io n is ie ru n g ssp an n u n g  
des K a tio n s  eine R o lle  zugeschrieben . D iese w ird  z. B. von W . E i t e l  [28] 
in  B e tr a c h t  gezogen u n d  A . E . F e r s m a n  w e n d e t in  e in er B erech n u n g sm eth o d e  
se in e r  b e k a n n te n  E nerg iek o effiz ien ten  E K  d ie se lb e  an  [29, 30, 15], au sse rd em  
is t  a u c h  d er grosse E in flu ss  d ieser Spannung  a u f  d ie  G itterenergie b e k a n n t (s. 
d en  HABER-BoRNschen K re is lau f) . Im  e rs te n  T e il m einer S tud ie  h a b e  au ch  
ich  in  gew issen fü r  die B e s tim m u n g  der D iad o ch ien e ig u n g  angegebenen F o rm e ln  
d ie  v o llen  Io n is ie ru n g ssp an n u n g en  in  B e tra c h t  gezogen  [7]. An S telle  m einer 
f ü r  d ie  gekoppelte  D ia d o c h ie  do rt angegebene  F o rm el habe ich  ü b rig en s  
n e u e rd in g s  eine m e h r en tsp re c h e n d e  g eb ild e t. D a rü b e r  m öchte ich  b e i e iner 
a n d e re n  G elegenheit b e r ic h te n . Die E K -W e rte  v o n  F e r s m a n  le is ten  in  d er 
B e u r te ilu n g  der d ia d o c h e n  S u b s titu ie rb a rk e it, w ie  ich  d a ra u f  in  m e in e r an g e 
fü h r te n  S tu d ie  ganz k u rz  b e re its  hingew iesen u n d  in  d e r ich m ehrere S tö ru n g e n  
e rw ä h n t h ab e , in  v ie len  F ä lle n  gute D ienste  [7 ]. K . D o e r f f e l  h a t  d ie  E K -  
W e r te  d e r Ionen  m it g ro sse r  Sorgfalt und  U m s ic h t neu  berechnet u n d  au ch  
ih re  A n w en d b a rk e it in  d e n  isovalenten  S u b s titu ie ru n g e n  besp rochen  [31].
F . L e u t w e i n  u n d  K . D o e r f f e l  verw enden m it  E rfo lg  eine g itte ren e rg e tisch e  
A n sc h a u u n g sm e th o d e  f ü r  die D eu tung  v o n  gew issen F ragen  d e r Iso 
m o rp h ie  [32].

E . S z a d e c z k y - K a r d o s s  s tü tz t  sich in  d e n  d iad o ch en  S u b s titu ie ru n g e n  
a u f  d ie  von  ihm  e in g e fü h r te n  V e rb in d u n g sp o te n tia le . Zwei V erb in d u n g en  
k ö n n e n  d a n n  zusam m en  k ris ta llis ie ren , w enn ih re  G itte ren erg iew erte , g e n a u e r 
g e sa g t ih re  V e rb in d u n g sp o ten tia le , ähnlich  s in d  [33, 34].

E in e  w esen tliche R o lle  w ird in  der D ia d o c h ie  auch dem  B in d u n g s 
c h a ra k te r  zugeschrieben  (s. z. B. die oben  a n g e fü h r te  D efin ition  v o n  H . 
S t r u n z  ü b e r die B e d in g u n g e n  der D iadochie). I n  d e r  p e tro g rap h isch en  u n d  
la g e rs tä tte n k u n d lic h e n  P ra x is  haben  wir es m e h r  m it Io n en g itte rn , se lten e r 
m it k o v a le n te n , h o m ö o p o la ren  A to m g itte rn , fe rn e r  m it M olekü lg itte rn  u n d  
n u r  u n te rg e o rd n e t m it M e ta llg itte rn  zu tu n . W ie  sch o n  oben e rw ä h n t, h a b e n  
w ir u n s  b e i dieser G e leg en h e it n u r  m it den D iad o ch iev e rh ä ltn issen  d e r b e id en  
e rs te n  G itte r ty p e n  b e fa s s t . D ie  durch schw ache V A N  d e r  WAALSsche K rä f te  
e rfo lg te  B in d u n g en  d e r M olekü len g itte r k ö n n e n  w ir  vom  G esich tsp u n k te  d e r 
D ia d o c h ie  aus ausser A c h t la ssen , weil in n e rh a lb  des M oleküls, wie w ir das 
a u c h  sch o n  e rw äh n t h a b e n , die A tom e d u rc h  k o v a le n te  oder ionare  K rä f te  
(b e id e  in fo lge der m ö g lich en  R esonanz in  e in e r  grösseren oder k le in e ren  
R e in h e it)  zu sam m en g eh a lten  w erden. D arum  n e h m e n  w ir an , dass vom  G esich ts
p u n k te  d e r P rax is au s  es g en ü g t, w enn w ir n u r  je n e  sta rk e  B in d u n g en  in  
B e tr a c h t  ziehen, die in  d en  A tom gruppen  se lb s t  e rscheinen .

D ie B indung  is t  so w o h l in  den h e te ro p o la re n  Io n en g itte rn  wie au c h  in  
den  hom öopo laren  A to m g it te rn  bekann tlich  n ic h t g an z  rein  ionar bzw . k o v a 
le n t, so n d e rn  gem isch t. A u f  den  ionaren  T eil d e r  B in d u n g  k an n  m a n  n a c h
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L. P a u l i n g  au f G ru n d  d e r  D ifferenz der E le k tro n e g a tiv itä te n  d e r  beiden  
an  der B indung te iln e h m e n d e n  P a rtn e r  bzw . T eilchen  Хд  — x B a n n ä h e rn d  
fo lgern  [35, 36, 37]. In  e inem  stab ilen  M olekül v e r t r i t t  n ach  L. P a u l i n g  die 
E le k tro n e g a tiv itä t die E lek tro n an z ieh u n g  des n e u tra le n  A tom s. J e  grösser 
die D ifferenz der E le k tro n e g a tiv itä te n  der be id en  P a r tn e r , die die B in d u n g  
b ild en , is t, um  so grösser is t  n ach  ihm  der ionare  Teil der B in d u n g . D er Z usam 
m en h an g  zw ischen d er Io n i tä t  der B in d u n g  u n d  den  E le k tro n e g a tiv itä te n  
d er beiden  P a r tn e r  w u rd e  von  L .  P a u l i n g  au ch  in  e iner K u rv e  d a rg es te llt

—  — ilek tronegohyifa tsd ifferenz  
(XA-Xß)

{K urve von Nü.Honnay und C.P S m y th  nach A.F. Wells)
A bb.

Abb. l

[35]. A uf G rund von  rich tig e ren  A usgangsw erten  h a t  neuerd ings N . B . H a n n a y  

u n d  С .  P . S m y t h  fü r  d en  frag lichen  Z u sam m en h an g  eine an d ere , e tw as  abw ei
ch en d e  K urve e rh a lte n  [90]. Diese le tz te re  K u rv e  is t in  A bb . 1 d a rg es te llt. 
W enn  w ir nun  in  B e tra c h t  ziehen, dass m an  in  d er P rax is  bei d iadochen  
S u b s titu tio n e n  h ö c h s te n s  m it einer E le k tro n e g a tiv itä tsd iffe re n z  von  2,0, 
m e istens aber n u r  v o n  w en iger als 1, also sozusagen  n u r  m it dem  A nfangste il 
d e r K u rv e  zu re ch n en  h a t  u n d  w enn m an  b e d e n k t, dass d er Z u sam m en h an g  
zw ischen der D ifferenz d e r P A U L l N G s c h e n  E le k tro n e g a tiv itä t  u n d  dem  io n aren  — 
k o v a len ten  C h a ra k te r  d e r  B indung  n u r a n n ä h e rn d  e rfü llt is t, k a n n  es unseres 
E ra c h te n s  fü r die P ra x is  als genügend g e lten , w enn w ir die V erän d eru n g  
des B in d u n g sc h a ra k te rs  in  einem  lin earen  Z u sam m en h an g  m it d e r  E le k tro 
n e g a tiv itä tsd iffe ren z  b eh a n d e ln .

A u f die R olle d e r  B ed eu tu n g  d er E le k tro n e g a tiv itä t  in  d e r  B ildung  
d e r B indung  vom  G es ich tsp u n k te  der d iad o ch en  S u b s titu ie ru n g e n  au s, h a t 
b e re its  W . S. F y f e  [39] hingew iesen. A uch  H . R a m b e r g  b efass te  sich  m it



390 M. VENDEL

d e r  E le k tro n e g a tiv itä t ,  w o b e i er die B e d e u tu n g  d er E le k tro n e g a tiv itä tsw e rte  
in  d e r  chem ischen A ff in i tä t  u n d  in  den B in d u n g s ty p e n  gezeigt h a t  [40]. 
A u c h  v o n  J . W . G r ü n e r  w u rd e n  die PAULiNGschen E le k tro n e g a tiv itä te n  
in  s e in e n  B erechnungen  fü r  d ie  E nerg ieind izes a n g e w a n d t [41]. Ü brigens w urde  
sie a u c h  in  den F o rm eln , d ie  w ir  fü r  einen n u m e risc h e n  A u sd ru ck  d e r D iado- 
c h ie n e ig u n g  der E lem en te  a u fg e s te llt  h ab en , in  B e tra c h t gezogen [7]. N eu er
d in g s  b eh an d e lte  А. E . R i n g w o o d  [42] die W ic h tig k e it d er E le k tro n e g a ti
v i t ä t  sow ohl in  der D iad o ch ie  wie auch in  d er m ag m a tisch en  D iffe ren tia tio n .

W ir  m öchten b e m e rk e n , dass m an  n eu e rd in g s  die R ic h tig k e it d e r P ro 
z e n tz a h le n  des io n aren  T eiles d e r B indung , die m a n  a u f  G rund  des P A U L iN G 

sc h e n  V erfahrens b ek o m m en  k a n n , wie d as  au s  e iner a n d e ren  S tu d ie  von 
W . S. F y f e  hervo rgeh t [4 3 ], anzw eife lt, obw ohl es a n e rk a n n t w ird , dass d as  V er
f a h r e n  in  der rich tigen  R ic h tu n g  w ertvolle q u a li ta t iv e  A n g ab en  lie fe rt. A n  Stelle 
d e r  D ifferenzen  der E le k tro n e g a tiv i tä te n  w ird  n u n  fü r  die B estim m u n g  der 
G rö sse  des hom öopolaren  u n d  h e te ro p o la ren  Teiles d er B in d u n g  die räu m lich e  
Ü b e rd e c k u n g  der E lek tro n e n w o lk e n  beider a n  d er B ild u n g  te iln eh m en d en  
P a r t n e r  gerechnet u n d  m it d e m  M ass der Ü b e rd eck u n g  d er B in d u n g sc h a ra k te r  
b e s t im m t.  Je  grösser die Ü b erd eck u n g , um so grösser is t der k o v a le n te  Teil 
d e r  B in d u n g . W ir n eh m en  a n , d ass  die B e rü ck sich tig u n g  des a u f  diese W eise 
b e re c h n e te n  B in d u n g sc h a ra k te rs  in  der A u sb ild u n g  der D iadoch ieneigung  
k e in e  unlösliche A ufgabe d a r s te l l t ,  u n d  w ir w erd en  sp ä te r  v ie lle ich t noch 
v e r s u c h e n , sie zu k lä ren .

D ie  grosse B e d e u tu n g  d e r E le k tro n e g a tiv itä t  in  der D iadoch ie  sehen 
w ir  d a r in ,  dass m an  m it ih r e r  H ilfe  nach  L. P a u l i n g  die ionare  V e rän d e ru n g  
d e r  B in d u n g , die w äh ren d  d e r  S u b s titu tio n  e in t r i t t ,  a n n ä h e rn d  b estim m en  
k a n n  [35 , 36, 37, 38]. D ie G rösse dieser V e rän d e ru n g  k a n n  a u f  G ru n d  der 
А х =  Х д  —  Xß E le k tro n e g a tiv itä tsd iffe re n z  vom  s u b s titu ie r te n  A - u n d  su b s ti
tu ie r e n d e n  В -P a rtn e r  (A to m , Ion ) aus der fü r  d iesen  Zw eck k o n s tru ie r te n  
PAULiNGschen oder aus d e r  H a n n a y —SMYTHschen K u rv e , von  d en en  die 
le tz te r e  a ls genauer b e t r a c h te t  w ird , abgelesen w erd en . J e  ab w eich en d er die 
E le k tro n e g a tiv i tä t  der b e id e n  a n  der S u b s titu ie ru n g  te iln eh m en d en  P a r tn e r  
(A to m , Ion ) bzw. ih re  D iffe ren z  is t, um  so u n g ü n s tig e r  is t die S u b s titu ie ru n g  
v o m  G esich tsp u n k te  d er B in d u n g  aus b e tr a c h te t .  D as in  e iner gew issen 
F o rm e l ausged rück te  V e rh ä ltn is  d e r beiden E le k tro n e g a tiv itä te n , in  w elchen 
ih re  D iffe renz  e n th a lte n  is t ,  k a n n  den E in flu ss derse lb en  fü r  die D iad o ch ie 
n e ig u n g  ausdrücken . W en n  w ir  das V erh ä ltn is  d e r E le k tro n e g a tiv itä t  der 
b e id e n  P a r tn e r , die w ir m ite in a n d e r  verg le ichen  w ollen , in  B ru ch fo rm  als 
e in e n  Q u o tien ten  so b ild en , d a ss  w ir die k le in e re  E le k tro n e g a tiv itä t  im m er 
f ü r  1 n eh m en  und  in  d en  N e n n e r  stellen  u n d  die an d ere , grössere v o rh e r 
sc h o n  so u m ändern , dass d e n  f ü r  die B ildung d e r k le ineren  E le k tro n e g a tiv itä t  
a ls  1 n ö tig e n  W ert s in n g em äss  d a z u  ad d ie ren  o d er d av o n  su b tra h ie re n  u n d  
d e n  so  gew onnenen E rn W e r t  in  den  Z äh ler s te llen , d a n n  k ö n n en  w ir fü r
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jed es  a u f  diese W eise vom  G esich tsp u n k te  d er D iadoch iene igung  au s u n te r 
su ch te  E le m e n te n p a a r  die io n are  V e rä n d e ru n g  in  der B in d u n g  a u f  eine 
e in h e itlich e  G ru n d lag e  g eb rach t in  B e tra c h t ziehen . D er so b e re c h n e te  
W ert w ird  m it E r b eze ich n et u n d  als re d u z ie r te r  Elektronegativitätsquotient 

E
b e n a n n t. E r =  - , d . h . E r =  E ,n.

N ehm en  w ir z. B . an , dass K 1+ von  A g1+ su b s ti tu ie r t  w ird . D ie E le k tro 
n e g a tiv i tä t  von  К  is t 0,8, die von  Ag ab er 1,8. D ie E le k tro n e g a tiv itä tsd iffe re n z  
die die w äh ren d  d er S u b s titu tio n  e in tre te n d e  io n a re  C h a ra k te rä n d e ru n g  
m isst, is t  1,8 — 0,8 =  1,0, w elcher W ert a u f  G ru n d  d e r H a n n a y —SMYTHschen 
K u rv e  e in er Io n itä ts c h a ra k te rv e rm in d e ru n g  v o n  20 %  e n tsp r ic h t. E benso  
gross is t ab e r die V erm in d eru n g  auch  in  dem  F a ll, w enn z. B . F 1— v o n  Cl1— 
s u b s titu ie r t  w ürde . D ie E le k tro n e g a tiv itä t  v o n  F  b e trä g t  4 ,0 , d ie  v o n  CI 
3,0, so dass die D ifferenz d er be iden  1,0 a u sm a c h t. W enn  w ir n u n  im  F a lle  
v o n  beid en  P a a re n  die k leinere  E le k tro n e g a tiv itä t  fü r  1 n ehm en , d ie  grössere 
d em en tsp rech en d  u m b ild en  u n d  aus den  so gew onnenen  zw ei W e rte n  einen  
Q u o tien ten  E r b ild en , w ü rd e  e r im  F alle  von  b e id en  P a a re n  d ense lben  n u m e 
risch en  W ert ergeben . D ieser W ert w ird  ü b rig en s ein fach  m it dem  W ert 
d e r u rsp rü n g lich en  E le k tro n e g a tiv itä tsd iffe re n z  -f-1 gleich sein , d . h . E r 
— x n — x k -f- 1. D ieser le tz te re  Z u sam m en h an g  m a c h t die B e rech n u n g  von  
E r noch  e in facher. Im  a llgem einen , w enn m it x n d ie grössere u n d  m it xk die 
k leinere  E le k tro n e g a tiv itä t ,  fe rn e r m it D  d ie D ifferenz zw ischen x k u n d  1 
b eze ich n e t w ird  u n d  w enn  xk <  1 is t, d a n n  w ird  D  — 1 — xk. W en n  x k >  1 
i s t ,  d a n n  is t D  =  x k — 1, so dass le tz te n  E n d e s  im  e rs ten  F a ll

u n d  im  zw eiten

K  =
x n +  D

1,0

E r =
x n — E>

1,0

is t . O der ab e r aus den  u rsp rü n g lich en  E le k tro n e g a tiv itä tsd iffe re n z e n  g e rech n e t 
e rh ä lt  m an  die F o rm el

E r =  (x n — x k) +  1.

Im  F alle  der oben  a n g e fü h rte n  P a a re  K 1+ -<—A g1+ u n d  F 1— <— Cl1— e rh ä lt  
m an  n a c h  der e rs te n  M ethode folgendes E rg eb n is  :

= M+M _ 2,0 
0,8 +  0,

bzw.
4.0 -  2,0

3.0 — 2,0
=  2,0

oder n ach  der zw eiten  F o rm el g erechnet

E r =  ( 1 ,8 - 0 ,8 )  +  1 =  2,0 bzw . E r =  ( 4 ,0 - 3 ,0 )  +  1 =  2,0.
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I n  m e in e n  früher a n g eg eb en en  F orm eln  [7] h a b e  ich  n u r  den  Q u o tien ten  
d e r  ursprünglichen  E le k tro n e g a tiv itä te n  in  B e tra c h t  gezogen. M an e rh ä lt 
a b e r  a u f  diese W eise k e in e  e inw andfre ie  G ru n d la g e  fü r  eine V erg le ichung , 
w eil im  F a lle  von P a r tn e rn  b eso n d ers  k le iner o d er grosser E le k tro n e g a tiv itä t  
(z. B . im  Cs1+4—R b 1+ o d e r im  F 1+-<—Cl1— P a a re )  ein  gew isser F eh le r e n ts te h t . 
Im  F a lle  eines S u b s titu tio n sp a a re s  von  k le iner E le k tro n e g a tiv itä t  (Cs1+ ч—R b 1+) 
e r h a l te n  w ir näm lich  e in en  grösseren , im  F a lle  v o n  grosser E le k tro n e g a ti
v i t ä t  ( F 1 - -*— CI1“ ) e inen  k le in e re n  W ert als d e r W ert von  E r, den  w ir a u f  
o ben  g esch ilderte  W eise b e re c h n e t h ab en .

D ie  A bleitung  des W e rte s  E r k a n n  au ch  fo lgenderm assen  geschehen  : 
x Kl so ll die E le k tro n e g a tiv itä t  des K a tio n s К г, Х д ,  die des sich m it ih m  v e r
b u n d e n e n  Anions A  u n d  х Кг, d ie des an  die S telle  des K a tio n s  K x t re te n d e n  
K a t io n s  K 2 bedeu ten . N e h m e n  w ir an, dass x Ki u n d  x Ki k le iner als Х д  sind  
u n d  x Kx k le iner is t als х Кг u n d  dass die S u b s titu ie ru n g  eine iso v a len te  is t. 
D ieses b e d e u te t, dass das A n io n  A  u n v e rä n d e r t  b le ib t, so dass die Io n itä ts -  
v e rä n d e ru n g  der B in d u n g , d ie  sich zw ischen d en  fü r  die Io n itä t  c h a ra k te r i
s t is c h e n  Х д  —  x Kl u n d  x A —  x K i  zeigt, da Х д  gem einsam  is t, d u rch  d en  W ert 
x Kz — x K 1 gemessen w ird . W e n n  m an  diese D ifferenz zu dem  G ru n d w ert 
1 a d d ie r t ,  so is t die gew o n n en e  Z ah l m it dem  w e ite r oben g e rech n e ten  re d u 
z ie r te n  E le k tro n e g a tiv itä tsq u o tie n te n  ü b e re in s tim m e n d , weil aus d er F orm el 
E r =  (x A — x Ki) — (xA — x K2) + 1  der W ert x A a u s fä llt , so dass E r =  x Ki — 
— x Ki -|- 1 is t. Es zeig t s ich  also , dass die E le k tro n e g a tiv itä t  des A nions in  
d e r  B e rech n u n g  n ich t u n m it te lb a r  n o tw en d ig  is t .  (D as b e d e u te t ab e r noch 
n ic h t ,  d a ss  sie in den S u b s titu ie ru n g e n  vo llk o m m en  w eggelassen w erden  k a n n , 
d a  in  d e r  B eurte ilung  d e r A r t  der in  d er S u b s titu ie ru n g  zu v erw en d en d en  
R a d ie n  — Ion- oder A to m ra d ie n  — die E le k tro n e g a tiv itä tsd iffe re n z  A nion  — 
K a t io n  u ns behilflich is t . E in e  kleinere E le k tro n e g a tiv itä tsd iffe re n z  w eist 
a u f  e in e  kovalen tere , eine g rössere  a u f  eine m e h r io n a re  u rsp rü n g lich e  B in d u n g  
h in .)

N a c h  dem  gezeig ten  R e c h n u n g sv e rfa h ren  w ird  d er E in flu ss  d er E le k tro 
n e g a tiv itä tsd iffe re n z e n  A x  als  G lieder der Z ah len re ih e  1, 2, 3, 4 usw . in  die 
R e c h n u n g  eingetragen . (A x =  0, 1, 2, 3 usw ., w äh ren d  die e n tsp re c h e n d en  
E r d e r  R e ih e  nach  1 ,2 , 3, 4 u sw . b e trag en .) Die G lieder der Z ah len re ihe  1, 2, 3, 4 
u sw . w u rd e n  zur B e rech n u n g  d er F orm el d a ru m  gew äh lt, w eil diese Z a h le n 
re ih e  d ie  e in fachste  F o rm  b e s i tz t .  N euere e rfah ru n g sm ässig e  R e su lta te  k ö nnen  
d ie se  Z ah lenre ihe  m o d ifiz ie ren , u nsere r A u ffassu n g  n a c h  ab er w erd en  sie in  
d e n  S u b s titu ie ru n g e n  — in fo lg e  der vom  G esich tsp u n k te  der P ra x is  aus in  
B e t r a c h t  zu  ziehenden, im  allgemeinen nicht zu  grossen E le k tro n e g a tiv itä ts 
d iffe re n z e n  — dieselben k a u m  w esentlich  b ee in flu ssen .

Im  Sinne des oben  g e sa g te n  können  w ir fe s ts te llen , dass in  d er S u b s ti
tu ie r b a r k e i t  der E lem en te  d ie  V o lu m en v erh ä ltn isse  u n d  der B in d u n g sc h a ra k 
t e r  e in e  g rundlegende R olle  sp ielen , so dass von  den  in  der D iadoch ie  einen
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E in flu ss  a u sü b en d en  F a k to re n  vom  s ta tisch en  G esich tsp u n k te  aus in  e rs te r 
L inie diese beiden  in  B e tra c h t  gezogen w erden  m ü ssen . W enn w ir also die 
W ahrsch e in lich k e it d e r D iadoch ieneigung  n u m erisch  angeben  w ollen, d an n  
m üssen  in  der d azu  d ien en d en  F orm el die G rössen- u n d  B in d u n g sv erh ä ltn isse  
d er in  der S u b s titu ie ru n g  eine Rolle sp ie lenden  T eilchen  (Io n en , A tom e) 
m it e n tsp rech en d en  n u m erisch en  W erten  e n th a lte n  sein . W ie b e re its  e rw ä h n t, 
g lau b en  w ir, dass d e r von  den  R ad ien  der b e id en  P a r tn e r  zu berech n en d e  
V olum en q u o tien t R  fü r  e inen  num erischen  A u sd ru c k  d er G rössenverhältn isse  
geeignet sein k a n n , w ä h re n d  das B in d u n g sv e rh ä ltn is  d u rch  die E r bzw . E nr 
W erte , die w ir n ach  d en  obigen  aus den E le k tro n e g a tiv itä te n  der zwei P a r tn e r  
g eb ild e t h ab en , en tsp rech en d erw eise  c h a ra k te r is ie r t  w erden  k a n n . D a w ir 
es ab e r n ich t gen au  w issen, wie gross in  der A u sb ild u n g  der D iadoch ieneigung  
d er E in flu ss  des V erh ä ltn isses  von den V olum ina u n d  wie gross das d er re d u 
z ie rten  E le k tro n e g a tiv itä te n  is t , v e rfah ren  w ir e in fach  so, dass w ir die beiden  
Q u o tien ten  m ite in a n d e r  m u ltip liz ie ren  u n d  d e r so gew onnene W ert H E 
w ird  als Wahrscheinlichkeitscharakteristik  der D iadoch ien e ig u n g  angenom m en . 
A lso im  Falle d er e in fa c h s te n  m onom eren D iad o ch ie  1A 1B w ird

r3 E  r3
HE = ^ -  •  ■ ( * n - * * + l ) = R - E r

rk f Tn

wo rn den  R ad iu s  des k le in e ren , rk den des g rösseren  T eilchens (Ions bzw . 
A tom s), x n die grössere , xk die kleinere un d E nr d ie grössere fü r die k le inere  als 
fü r  E in h e it re d u z ie rte  E le k tro n e g a tiv itä t  u n d  R  den  V o lu m en q u o tien t b e 
d e u te t .  E n, is t ü b rig en s , w ie w ir schon gesehen h a b e n , gleich E r. W aru m  wir 
in  d er F orm el fü r  H E m it dem  V olum en q u o tien ten  u n d  n ich t m it dem  R ad ien 
q u o tie n te n  rech n en , k a n n  d a m it e rk lä rt w erden , d ass  n ach  den  E rgebn issen  
u n se re r U n te rsu ch u n g en  die a u f  die D iadoch ie  e inen  E in flu ss  au sü b en d e  
W irk u n g  des Q u o tie n te n  d e r V olum ina sowie des Q u o tien ten  d er re d u z ie rten  
E le k tro n e g a tiv itä te n  als a n n ä h e rn d  gleich b e t r a c h te t  w erden  k a n n . E m pirisch  
k a n n  diese A n n ah m e d a d u rc h  b e s tä tig t w erden , dass w ir die D iadoch ie  von 
so lchen  Io n e n p a a ren  u n te rsu c h e n , in  denen e n tw e d e r  der Q u o tien t d er V olu
m in a  oder ab er d e r d e r re d u z ie r ten  E le k tro n e g a tiv itä te n  gleich 1 oder ab er 
a n n ä h e rn d  1 is t, so dass in  d er D iadochie von  d iesen  Io n e n p a a ren  p rak tisch  
n u r  die W irkung  des e inen  V erhältn isses zu r G e ltu n g  k o m m t. W enn  ab er 
diese U n te rsu ch u n g en  zu den  R e su lta t fü h re n , dass im  F alle  e x tre m ste r  
S u b s titu ie rb a rk e it die sich  m it abw eichendem  E in flu ss  au sb ild en d en  W erte  
H E im  allgem einen  m ite in a n d e r  an n äh ern d  ü b e re in s tim m en , so k a n n  auch 
ih r  E in flu ss a n n ä h e rn d  gleich  w erden, so dass d ie  B ildung  des W ertes  H E 
als M u ltip lik a t p ra k tis c h  als genügend e rk lä r t  w erden  k a n n . A uch  in  der 
B eu rte ilu n g  der E le k tro n e g a tiv itä te n  m uss m a n  ab e r b e a c h te n , dass sie 
b e k a n n tlic h  n ich t e tw a  w ie E le m e n te n k o n s ta n te n  au fgefasst w erden  können  
u n d  auch  die an g eg eb en en  s ind  n ich t als s tre n g  e x a k t  anzu seh en , u m  so m ehr
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a ls  sie  ausserdem  im  gew issen  M asse in  den  v ersch ied en en  B in d u n g e n  von  
d e n  angegebenen  W e rte n  ab w eich en  kön n en  [44, 39]. M an k a n n  ab er n ich t 
a b le u g n e n , dass sie d och  O rien tie ru n g sw erte  d a rs te llen . In  d e r B eu rte ilu n g  
d e r  I o n i tä t  der B in d u n g en  h a t  noch  in  le tz te re r  Z eit sow ohl L . P a u lin g  [37] 
w ie  a u c h  A. F . W ells [38] d ie  PAULiNGschen E le k tro n e g a tiv itä te n  a n g ew an d t. 
F ü r  d iesen  Zweck w erd en  sie auch  von  K . D oerffel  em p fo h len . [31] Die 
e rw ä h n te n  V erhältn isse , ä h n lic h  den  b e k a n n te n  A bw eichungen  d e r Io n en 
r a d ie n  beeinflussen a b e r  n ic h t  die R ich tig k e it u n se re r G ed an k en g än g e  und  
d ie  d e r  a u f  diese g eb au te  F o rm e l fü r  H E. H ö ch sten s w erden  sich n u r  die d arau s 
b e re c h n e te n  W erte im  gew issen  G rade ä n d e rn , w enn  e in m al die G rössen  der 
Io n e n ra d ie n  bzw. d e r E le k tro n e g a tiv i tä te n  g en au e r b e k a n n t w erd en .

B ei norm aler T e m p e ra tu r  f in d e t b e k a n n tlic h  keine b e d e u te n d e  S u b sti
tu ie r u n g  N a1+-<—K 1+ s t a t t ,  w äh ren d  sie be i m ag m a tisch e r T e m p e ra tu r , 
in  d e r  die S u b s titu ie rb a rk e its to le ra n z  v iel g rösser is t, vo r sich gehen  k an n . 
(E s  w äre  na tü rlich  g ü n s tig e r , die Io n en rad ien — en tsp rech en d  d e r jew eiligen 
T e m p e ra tu r  und  dem  D ru c k , w enn  w ir solche zuverlässlichen  W erte  h ä t te n  —-, 
a n  S te lle  der bei n o rm a le r  T e m p e ra tu r  u n d  n o rm alem  D ru ck  b e s tim m te n  
W e r te ,  in  B e trach t zu  z ieh en .) Die E le k tro n e g a tiv itä t  vom  N a tr iu m  b e trä g t 
0 ,9  u n d  die des K aliu m s 0 ,8 , so dass also beide W erte  a n n ä h e rn d  gleich  sind. 
D ie  Io n e n ra d ie n  sind  n a c h  W yckoff : r Nai+ =  1,00 Â, r Ki+ =  1,33 Â,
w ä h re n d  sie nach  Goldschm idt  : r Nai+ =  0,98 Â , rKi+ =  1,33 Â  b e trag en .
W e n n  w ir nun  den W e rt R  bzw . den  In d e x  H e b e rech n en , w ird  a u f 
d e r  Io n e n ra d ie n  n a c h  W y ck o ff  R  =  2,4 u n d  H E =  2,6 b e tra g e n  u n d  au f 
G r u n d  d er GoLDSCHMiDTschen A ngaben  2,5 bzw . 2,7 au sm a c h e n . D ieser 
R -  b z w . H E-W ert k a n n  a lle r  W ahrsche in lichke it n ach  bere its  fü r  eine ziem 
lic h  e x tre m e  S u b s titu tio n  g e h a lte n  w erden , da  w ir be i n o rm a le r T e m p e ra tu r  
k a u m  v o n  einer b e d e u te n d e re n  N a tr iu m — K alium -D iad o ch ie  sp rech en  können .

V on den Io n e n ra d ie n re ih e n  der v e rsch ied en en  A u to ren  g eb en  w ir den 
e m p ir is c h  gew onnenen d e n  V organg  v o r denen , die th e o re tisc h  b erech n e t 
w o rd e n  sind . Als solche g e lte n  die A ngaben  v o n  W yckoff u n d  Goldschm idt . 
W e ite r  u n te n  w erden w ir in  m eh re ren  F ä llen  ab e r au ch  m it b e id e n  A ngaben  
d ie  IT ^-W erte  b erech n en , u m  zu  zeigen, w elche D ifferenzen in  denselben  
d ie  A bw eichungen  in  d e n  W e rte n  der R ad ien  v e ru rsach en .

Z usam m en ste llu n g en  v o n  Io n en rad ien  f in d e t m an  z. B . in  d en  T abellen  
d e r  A rb e ite n  47, 31 (R ad ien  v o n  W yckoff) 45, 55 (R ad ien  von  Goldschm idt).1 
I n  d e r  Tabelle I  sehen  w ir  w e ite r die E le k tro n e g a tiv itä te n  zusam m en g este llt 
n a c h  L . P auling (35), n a c h  M. H aissin sk y  (44) u n d  n ach  W . S. F y fe  (39).

D ie K 1+ N a1+-D ia d o c h ie  k a n n  z. B. im  P a a r  K C l—N aC l u n te rsu c h t 
w e rd e n . Bezüglich d e r iso m o rp h en  M ischbarkeit von  KCl u n d  N aC l sind

1 D ie  Io n en rad ien w erte  a n d e re r  F o rsch er (L . H . Ahrens, L. Pauling, К . Stockar, 
W . H . Zachariasen) f in d e t  m a n  z. B. in  den  T abellen  v o n  Landolt—Börnstein [88].
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m ehrere  U n te rsu c h u n g e n  d u rc h g e fü h rt. (D ie R e su lta te  sind  z u sa m m e n 
gefasst in  [46] zu  sehen.) Bei e iner T e m p e ra tu r  von  ü b er 660° is t  e in e  v o ll
kom m ene M ischung m öglich, um  500° C is t  ab e r bere its  eine E n tm is c h u n g  
zu b e o b a c h te n ; in  d er e rs ta rre n d en  N aC l— K Cl-Schm elze k a n n  a b e r  w äh 
re n d  d er A b k ü h lu n g  bei e iner T e m p e ra tu r  v o n  60° C, wie E . J ä n ec k e  zeig te  
[48], noch  M ischkrista lle  m it 0 —5 bzw . 95 — 100 Mol %  K C l-G ehalt b e s te h e n . 
N ach  d en  U n te rsu c h u n g e n  von R . J .  H avig h urst , E . Mack j r .  u n d  F . C. 
B lake [49] k ö n n en  die sich aus e iner Schm elze ausscheidenden  u n d  la n g sa m  
a b k ü h le n d e n  N aC l- u n d  K C l-K rista lle  v o n  a n d e ren  K o m p o n en ten  ein ige 
P ro zen te  e n th a lte n , w äh ren d  n ach  den  R ö n tg en u n te rsu ch u n g en  v o n  E . B . 
T homas u n d  L. J .  W ood [50] NaCl u n d  K Cl, w enn  sie aus einer a u f  die Z im m e r
te m p e ra tu r  p lö tz lich  abg ek ü h lte  N aC l— K Cl-Schm elze e n ts ta n d e n  s in d , s ind  
bei d ieser T e m p e ra tu r  in e in an d er v o llk o m m en  u n lösbar. B . Gossner  [51] h a t  
das spezifische G ew icht von  NaCl- u n d  K C l-K ris ta llen , die bei Z im m e rte m 
p e ra tu r  aus e in er w ässerigen L ösung  ausgesch ieden  w aren , b e s tim m t u n d  
d a ra u s  ein  F eh len  d er Isom orph ie  gefo lg ert. N ach  den  u ltram ik ro sk o p isc h e n  
U n te rsu c h u n g e n  v o n  W . E itel [52] ab e r erw ies sich ein K C l-K ris ta ll, d e r 
0 ,20%  N aC l e n th ie lt , als vo llkom m en h o m o g en , w äh ren d  in  e inem  K r is ta l l  
m it 0 ,39%  N aCl die S puren  einer E n tm isc h u n g  bereits zu e rk e n n e n  w aren . 
A u f G ru n d  ih re r  R ö n tg en an a ly sen  n eh m en  T . B arth u n d  G. Lu n d e  [53] an , 
dass die N aC l-K ris ta lle , die sich aus au ch  K C l e n th a lte n d e r  w ässeriger L ö su n g  
von  N aCl bei 100° C ausgesch ieden  h a b e n , in  e iner k leinen M enge a u c h  KCl 
e n th a lte n  k ö n n en , die sich aber im  L aufe  d er A b k ü h lu n g  en tm isch en .

A u f G ru n d  d ieser U n te rsu ch u n g en  k ö n n e n  w ir aber sagen , d a ss  eine 
sehr schivache D iadoch ie  auch  bei e iner n ied rig e ren  T e m p e ra tu r  a ls  w a h r
schein lich  angenom m en  w erden k a n n . D a ra u f  k a n n  v ielleich t au ch  d ie  r ic h 
te n d e  N ah w irk u n g  hinw eisen, die sich  be i n o rm a le r  T e m p e ra tu r  im  p a ra lle le n  
Z usam m enw achsen  von  NaCl u n d  K C l-K ris ta llen  o ffen b art [54].

D ie Io n en  Ca2+ u n d  B a2+ s te h e n  e in a n d e r  bezüglich der E le k tro n e g a ti
v i tä t  v e rh ä ltn ism äss ig  noch nah e , w eisen ab e r in  d er Grösse ih re r  Io n e n ra d ie n  
eine grosse A bw eichung  auf. (Die Io n e n ra d ie n  n a c h  W yckoff s in d  rBa2+  —  

=  1,38 Â, rca2+ =  1,05 Â u n d  die E le k tro n e g a tiv itä te n  x Ba =  0,85, л:са =  1,0). 
D as B a2+-Ion  w ird  schon fü r  viel zu  gross g e h a lte n , um  das Ca2+-Io n  in  M ine
r a ls tru k tu re n  su b s titu ie re n  zu k ö nnen  [55]. T ro tzd em  ist in  den C a-M ineralien  
im  a llgem einen  eine geringe, m an ch m al so g ar au ch  etw as m ehr B a v o rh a n d e n , 
o ffen b ar e in  Z eichen  d a fü r, dass eine gew isse schw ache S u b s ti tu t io n  doch  
s ta t t f in d e n  k a n n .

E in en  Bew eis d a fü r können  ü b rig en s die B a riu m k a lz ite  u n d  d ie  B a riu m - 
a ra g o n ite  (A lston ite) b ringen  [13] u n d  au ch  im  B a ry t können  m e h re re  P ro 
zen te  von  C a S 0 4 v o rh a n d e n  sein. Im  Z u sam m en h än g e  m it den th e rm isc h e n  
U n te rsu c h u n g e n  des K a lz iu m su lfa t-B ariu m su lfa t-S y stem s sch re ib t W . Grah- 
m ann  [56], dass d er auch  sonst n ic h t h ohe  C a S 0 4-G ehalt in  den  n a tü r lic h e n
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s tro n tiu m fre ie n  B a ry te n  in n e rh a lb  der b e i se in en  M ischungsexperim en ten  
g e fu n d e n e n  G renze lie g t. I n  zwei s tro n tiu m fre ie n  B a ry te n  (von K e rtsc h  u n d  
K la d n o )  b e trä g t d e r C a S 0 4-G ehalt 1,7 bzw . 2 ,2 % . In  s tro n tiu m h a ltig e n  
B a r y te n  k a n n  ab er die M enge von C aS 0 4 so g a r  6 ,3%  erreichen . (B a ry t von  
S h o h a s ia , New Y o rk  m it 7 ,3%  S rS 0 4-G elia lt.)

L . R . W ager  u n d  R . L . Mitchell [57] g eb en  von einem  sp ä te n  A p a ti t  
d es  F a y a lith fe rro g a b b ro  d e r S k a e rg a a rd -In tru s io n  30 g /t B ariu m  an , das 
h ie r  o ffen b ar das K a lz iu m  v e r tr i t t .  Im  P la g io k la s  desselben G esteins k o m m t 
d a g e g e n  schon 600 g /t B a riu m  vor (übrigens a u c h  die anderen  u n te rs u c h te n  
P la g io k la se  e n th a lte n  ziem lich  viel B a riu m ), d a s  h ie r ab er ih re r A u ffassung  
n a c h  d as  K 1+ v e r t r i t t ,  w eil der B a riu m g e h a lt in  den P lag ioklasen  m it dem  
K -G e h a lt  p a ra lle l g e h t. E in e  sehr schw ache C a2+ -<— B a2+ D iadochie im  A p a ti t  
k a n n  doch  fe s tg e s te llt w erden .

A uch  n ach  Y. M. Goldschmidt b e f in d e t sich  B a im  A p a tit u n d  zw ar 
in  d e n  ä lte ren  K ris ta lle n  d e r G ab b ro id m ag m en  u m  10—100 g /t u n d  m eh r, 
n o c h  v iel m ehr a b e r  in  den  p n e u m a to ly tisc h e n  u n d  h y d ro th e rm a le n  
A p a t i te n  [58].

A u f G rund  d e r ob igen  A u sfü h ru n g en  k a n n  die Fo lgerung  gezogen 
w e rd e n , dass die D iad o ch ie  Ca2+-<—B a2+, w en n  auch  zw ar schw ach , a b e r  
d o c h  v o rh a n d e n  is t . D ie Io n en rad ien  n a c h  W yckoff sind  r Ca2 + =  1,05, 
r B a2+  =  so dass d ie  prozen tuelle  A b w eich u n g  zw ischen den  b e id en
R a d ie n  31%  a u sm a c h t. B a r i t  is t ein M inera l, d as  im  allgem einen  be i e iner 
n ie d rig e re n  T e m p e ra tu r  e n ts te h t ,  die L eh re  a lso , die w ir d a rau s  b e tre ffs  d er 
D ia d o c h ie  ziehen k ö n n e n , zeig t, dass bei e in e r  k le inen  A bw eichung in  d er 
E le k tro n e g a tiv i tä t  u n te r  so lchen  U m stä n d e n  a u c h  im  Falle e iner R a d iu s 
a b w e ich u n g  von e tw a  3 0%  eine schw ache D iad o ch ie  noch m öglich is t.

D ie E le k tro n e g a tiv i tä te n  x Ba =  0,85 u n d  Xça =  1,0 weisen also W erte  
a u f , d ie e in an d e r n a h e  s te h e n . W enn m a n  d en  V o lu m en q u o tien ten  R  
a u f  G ru n d  der Io n e n ra d ie n  n ach  W yckoff, fe rn e r  den  In d ex  H E b e re c h n e t, 
e r h ä l t  m an  fü r  den  e rs te re n  F a ll 2,3 u n d  fü r  d e n  le tz te ren  2,6. D . h ., dass w ir 
im  F a lle  von so lchen  W e rte n  noch m it e in e r  schw achen  D iadochie re c h n e n  
k ö n n e n . (W enn w ir die B erech n u n g en  a u f  G ru n d  der A ngaben  von  Gold
sch m idt  über die Io n e n ra d ie n  d u rch fü h ren , e rh a l te n  w ir fü r die be iden  W e rte  : 
2,5  u n d  2,8.)

D as Io n e n p a a r  N a 1+—A g1+ b e s itz t a n n ä h e rn d  gleiche Io n e n ra d ie n  
b zw . Io n v o lu m in a  ; es ze ig t sich aber eine g rosse A bw eichung in  ih re r E le k tro 
n e g a t iv i tä t .  Die N a 1+ ч—A g1+-D iadochie is t im  C hlorid  u n d  C hlorat b e k a n n t. 
D ie  Io n e n ra d ie n  n a c h  W yckoff sind Г]ма1 + =  1,00 Â u n d  rAgi+ =  0,97 Â. 
W e n n  m a n  n u n  die E le k tro n e g a tiv itä t  0,9 v o n  N a  u n d  1,8 von Ag in  B e tra c h t  
z ie h t ,  b e trä g t der e rre c h n e te  W ert fü r  E r 1,9 u n d  fü r  H E 2,1.

B . H . B roomé [59] h a t  aus e iner A g C l—NaCl-Schm elze s ta m m e n d e  
M isch k ris ta lle  u n te rs u c h t  u n d  dabei g e fu n d e n , dass das m it einem  T em p e-
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rie ren  b e h a n d e lte  u n d  25 M ol%  N a e n th a lte n d e  K ris ta ll ein hom ogenes 
G itte r  von  A gC l-T ypus ergeben  h a t .  A uch M. L . B lanc und  J .  Q u e n st ä d t  
[60] h ab e n  aus einer Schm elze von  N aC l—AgCl heim  A bkü h len  M isch
k ris ta lle  gew onnen.

H . R ammelsberg  h a t  be re its  N aC103—A gC103-M ischkrista lle  h e rg e 
s te ll t . A uch  O. Lehm ann  [61] is t es ge lungen , aus d e r heiss g e sä ttig te n  w ässe
rigen  L ösung  von AgC103, die auch  ein w enig N aC 103 e n th ie lt, M isch k ris ta lle  
zu gew innen , also eine D iadochie  gew issen G rades b e s te h t bei dieser T e m p e ra tu r . 
M it K C 103 h a t  er b e o b a c h te t, dass die sich au ssch e id en d en , an  S ilber re ich e ren  
K ris ta lle  m an ch m a l bis zu r U n d u rch s ich tig k e it t rü b e  w aren  u n d  u n v o llk o m 
m ene F o rm en  aufw iesen. Bei L ösung  dieser K ris ta lle  b lieb  ein P u lv e r  z u rü c k , 
das sich  e tw as schw erer gelöst h a t  u n d  o ffenbar au s  dem  an  K a liu m  re ich e ren  
T e ilchen , die die T rü b u n g  v e ru rsa c h t h a b e n , b e s ta n d e n  h a t . A us diesen 
E rsch e in u n g en  w ird  m an  ab e r w ohl schon  unseres E ra c h te n s  d a ra u f  fo lgern  
k ö n n e n , dass die »M ischkrista lle«  von  AgC103— K C 103 schon k a u m  h om ogen  
s in d , so dass in  diesem  Falle m an  k a u m  noch von  e in er K 1+ ■<— Ag1+-D iad o ch ie  
sp rech en  k a n n .

A us der L ite ra tu r  is t die A n n ah m e e iner D iadochie  K 1+-<— A u 1+ von  
einem  gew issen G rade an zu n eh m en , zum in d est be i m ag m atisch er T e m p e ra tu r . 
Die Io n e n ra d ie n  sind  h ie r a n n ä h e rn d  gleich. Sow ohl V erfasser [3] w ie au ch  
C. J .  S ullivan  [4] h a t  m it d ieser M öglichkeit g e rech n e t. Die Io n e n ra d ie n  
n ach  W yckoff sind  rKi+ =  1,33 Â, » Aul + =  1,37 Â, d ie E le k tro n e g a tiv i tä t  
vom  К  is t 0,8 die vom  A u is t 2,3, a u f  G ru n d  d ieser A ngaben  e rg ib t sich  fü r  
E r =  2,5 u n d  fü r  H E ein  W ert von  2,7 (E . Schiebold  [89] h ä lt a lle rd in g s  
fü r  u n w ah rsch e in lich  den E in tr i t t  von A u in  d ie  F e ld s p a ts tru k tu r , a lso  in  
den  K a life ld sp a t.)

E ine  gewisse w eitere  O rien tie ru n g  k an n  noch  d u rc h  die B erü ck sich tig u n g  
der S u b s titu ie rb a rk e itsv e rh ä ltn isse  von  solchen Io n e n p a a ren  gew onnen w e rd e n , 
bei d en en  sow ohl die D ifferenz der Io n en v o lu m in a  wie auch  die d er E le k tro -  
n e g a tiv i tä te n  g leichzeitig  ziem lich gross sin d . D er In d e x  H E, den  m a n  a u f  
G ru n d  solcher Io n e n p a a ren  berechnen  k a n n , is t  a lle r W a h rsch e in lich k e it 
n ach  w ieder als ein  sich den  G renzw ert n ä h e rn d e r  W ert anzusehen . E in  so lches 
Io n e n p a a r  s te llen  B a2 + — H g2+ u n d  B a2 + — P b 2+, fe rn er Ca2 + — P b 2+ d a r. 
N ach  А. A. Saukow  [15] k a n n  das H g, das e ine grosse E le k tro n e g a tiv itä t  
(1,9) b e s itz t, in  die B a ry ts t ru k tu r  e in tre te n , in d em  im  B a ry t der Q u eck silb e r
g eh a lt einige T au sen d ste l, m an ch m al sogar e in ige  H u n d e rts te l P ro z e n te  
e rre ich en  k a n n . E ine b esch rän k te  B a ry u m — Q uecksilber-D iadoch ie  w ird  n a c h  
ihm  n ic h t allein  d u rch  A nalysen  des B a ry ts  so n d e rn  au ch  du rch  d as  K r is ta l 
lisieren  des B a ry ts , aus q u eck silberha ltigen  L ösungen  bew iesen. D er r Hg2+- 
W ert b e trä g t  n ach  Goldschmidt 1Д2 Â. D ieser W ert u n te rsc h e id e t sich 
au sse ro rd e n tlic h  von  der A ngabe von  W yckoff (au s  dem  H g F 2, d a s  v e r 
m u tlich  eine s tä rk e re  ionische B in d u n g  b e s itz t, k a n n  a llerd ings ein d e r  Go ld-
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scHMiDTschen Angabe ähnlicher W ert berechnet werden, s. S. 57 in  19). Der 
W ert v o n  Гва2 + beträgt (WYCKOFFscher Ionenradius) 1,38 Â, # Hgi+ is t 1,9 und  
0 ,8 5 . D ie  Abweichung unter den Ionenradien b eträg t (auf Ba2+ gerechnet) 19%  
u n d  d ie  der E lek tron egativ itäten  1,05. D er berechnete _Er-W ert b eträgt 2,1 
u n d  H E 3,8 und eine sehr schw ache D iadochie ist immer noch zu beobachten. 
W ir denken aber, dass ein  so hoher und schon m it einer sehr schw achen  
D ia d o ch ie  verbundener W ert bereits nur als ein  Ausnahm efall betrachtet 
w erd en  kann.

E in  B a ry t m it B le ig e h a lt is t d er A n g le so b a ry t (H o k u to lith ). H . Struntz 
[1 3 ] ze ig t den B leigehalt in  d e r  isom orphen  V e r tre tu n g  des B ariu m s an , indem  
e r  d a f ü r  die Form el (B a , P b ) S 0 4 an g ib t. I n  d iesem  F a ll d ü rfen  w ir also m it 
d e r  D iad o ch ie  von  B a 2+ -<—P b 2+ rechnen . J .  Okamoto [62] fa n d  in  einem  
M in e ra l, das sich aus d em  W asse r der T h e rm e  v o n  H o k u to i (T aiw an) als eine 
Q u e llen ab lag eru n g  au sg esch ied en  h a t ,  2,96% , R . Öhashi [62] in  e inem  M ine
r a l ,  d a s  sich ebenfalls a ls Q u e llen ab lag eru n g  d e r T herm e v o n  Shibukoro  
(A k ita -P rä fe k tu r )  g e b ild e t b a t ,  4,67%  u n d  in  einem  M ineral äh n lich en  U r
s p ru n g s  von  A kaw i 17,78%  P b O -G eh alt. D ie  Io n en rad ien d iffe ren z  is t h ier 
z w a r  n ic h t  so gross w ie im  F a lle  des B a ry to k a lz its ,  b e trä g t ab e r im m er noch 
m e h r  a ls  15% , w elcher W e r t  als gew öhn licher G renzw ert der S u b s titu ie rb a r
k e i t  an g eseh en  w ird , in d e m  e r  a u f  B a2+ g e re c h n e t e tw a  17% a u sm a c h t (Io n en 
r a d ie n  n a c h  W yckoff : Гва+2 =  1,38 A, r pb 2 + =  1,18 À), dagegen  is t  aber 
d ie  D iffe renz  in  der E le k tro n e g a tiv i tä t  z iem lich  b ed e u te n d , in d em  x Ba2 + 0,85, 
x p b 2+  1 ,6  u n d  so die D iffe ren z  0,75 a u sm a c h t. D e r aus diesen W e rte n  gerech
n e te  V o lu m en q u o tien t R  is t  1,6, E r —  1 ,75 u n d  H E =  2,8. E in e  gewisse 
S u b s ti tu ie rb a rk e it  k a n n  a lso  bei einem  so lchen  W ert noch als w ahrschein lich  
a n g e se h e n  w erden.

W . Siegl [63] h a t  nachgew iesen , dass  T a rn o w itz it, das B le ia rag o n it 
e in  G lied  der Iso m o rp h re ih e  A rag o n it — C eru ssit m it  3%  P b C 0 3-G eh a lt is t u n d  
k o m m t zu dem  R e s u l ta t ,  d a ss  die S u b s titu ie rb a rk e it  Ca2+-<— P b 2+ d u rc h  die 
iso m o rp h e  M ischung d e r  E n d g lie d e r n u r in  e in em  kle inen  U m fang  m öglich  ist.

H . O’D aniel  [64] h a t  ausser dem  T a rn o w itz it auch  ein ige k ü n stlich e  
a n o rg a n isc h e  V erb in d u n g en  u n te rsu c h t u n d  b e o b a c h te t, dass die C a-K rista lle  
im  F a lle  einer e n tsp re c h e n d e n  P b -Io n e n k o n z e n tra tio n  in  einem  b e sc h rä n k te n  
M asse  z u r  P b -A u fn ah m e fä h ig  sin d , w ä h re n d  u m g ek eh rt der V organg  n ich t 
s t a t t f i n d e t ,  obw ohl in  n a tü r lic h e n  B le im in era lien  eine gegenseitige isom orphe 
V e r t r e tu n g  v o rk o m m t.

Ü b er T a rn o w itz it ä u s s e r t  er die M einung, dass er ein solches B lei—K alzium - 
S c h ic h tk r is ta l l  d a rs te ll t , in  w elchem  sich a n  B le i ä rm ere  u n d  re ichere  S ch ich ten  
a b  w ech se ln . Die S c h ic h te n  besteh en  aus e in em  w irk lich  hom ogenen  u n d  
is o m o rp h  z u sam m en g ese tz ten  M isch m ateria l m it  verän d erlich em  B le igehalt.

L . R . W ager u n d  R . L . Mitchell [57] h a b e n  a u f  spek tro sk o p isch em  
W eg e  in  einem  s p ä te n  A p a t i t  der S k a e rg a a rd -In tru s io n  10 g /t B lei nach-
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gew iesen. D er B le ig eh a lt b e tru g  in  a llen  a n d e re n  üb rigen  u n te rsu c h te n  M ine
ra lie n  <  10 g /t ; 10 g /t  w ar die E m p fin d lich k e itsg ren ze  und  im  M agm a h a b e n  die 
b e id en  F o rsch e r ke in en  B le igeha lt an gegeben , so dass darin  au ch  sch o n  u r 
sp rü n g lich  re c h t w enig B lei gew esen sein  d ü rf te . D a ra u f  weist ü b rig en s au c h  
die T a tsa c h e  h in , dass das B lei auch  in  den so n stig en  u n te rsu ch ten  M inera lien  
fe h lte  o d er in  ih n e n  höch sten s n u r  seh r schw ach  (u n te r  10 g/t) a n g e re ich e rt sein  
d ü rf te . A u f G rund d ieser A ngaben k an n  m an  a u f  e ine  schw ache S eihu n g sch liessen .

N ach  d iesen  A n g ab en  is t also die P b 2+ —> Ca2+-D iadochie, w en n  au ch  
n ic h t besonders g u t, doch  v o rh a n d e n . D ie Io n e n ra d ie n  n ach  W y c k o f f  : 

r Ca2 H =  1,05 u n d  r ph2 + =  1,18 Â. D ie p ro z e n tu e lle  A bw eichung d e r Io n e n 
ra d ie n  b e trä g t  (a u f  Ca2+ bezogen) 12 — 1 3 % , die E le k tro n e g a tiv itä te n  s in d  
Xca =  1,0 u n d  x p t , =  1,6. O bw ohl die Io n en rad ien ab w e ich u n g  au c h  h ie r 
schon , wie au ch  die E le k tro n e g a tiv itä ts a b w e ic h u n g  (0,6) ziem lich gross is t , 
b e s te h t doch  eine D iadoch ie , die p ra k tis c h  b e a c h te t  w erden m u ss. W enn  
w ir den  W ert E r sowie den  In d e x  H E b e re c h n e n , e rh a lten  w ir 1,6 bzw . 2,3. 
Im  F alle  eines so lchen  W ertes vom  In d e x  H E is t  also eine S u b s titu ie rb a rk e it  
n o ch  v o rh a n d e n .

O bw ohl von  den  an g e fü h rten  B eispielen  m an ch e  m it besonders g ü n s tig e n  
U m stä n d e n  v e rb u n d e n  sin d , g lau b en  w ir doch  an n eh m en  zu m ü ssen , dass 
w ir im  F a lle  g leicher E le k tro n e g a tiv itä te n  d ie  p rak tisch e  G renze v o m  R  
u n d  im  F alle  von  gleichen Ionen- (oder A tom -) V o lum ina  die von  E r u m  den  
W ert von  2 ,4 —2,5 v e rm u te n  dü rfen . Die p ra k tis c h e  Grenze von  H E-W e rt 
k ö n n en  w ir a b e r e tw as grösser an eh m en , weil, w ie es schein t, d e r  R  u n d  
E r in  gem einsam er W irk u n g  dieses zu lassen . (Als B eispiele s. den m it W y c k o f f - 

schen  Io n e n ra d ie n  b e rech n e ten  H E-W ert von  2,6 bzw . m it den G o l d s c h m i d t - 

schen  Io n e n ra d ie n  e rrech n e ten  W ert von  2,7 d e r S u b stitu ie ru n g  N a 1+ -<—K 1+ 
oder d en  d u rch  die WYCKOFFschen Io n e n ra d ie n  b erechne ten  H E-W e rt 2,6 
bzw . m it d en  GoLDSCHMiDTschen Io n e n ra d ie n  gew onnenen  2,8 von  dem  P a a r  
Са2+ч—B a2+. (In  d er B estim m u n g  des G ren zw ertes  von H E is t a u c h  noch  
die T a tsa c h e  in  B e tra c h t zu ziehen, dass die R a d ie n  (V olum ina) o d er die 
E le k tro n e g a tiv itä te n  d er verg lichenen  Io n p a a re  n ic h t vollkom m en g leich  w aren , 
so dass ih re  W irk u n g  n ic h t ganz k la r  a b g e sc h ä tz t w erden  k o n n te . D ie A bw ei
ch u n g , obw ohl sie n u r  k le in  w ar, h a t  doch  a u f  d en  W ert von H E e in en  E in 
flu ss a u sg e ü b t u n d  zw ar in  dem  S inne, dass e r d a d u rc h  etw as h ö h e r  w u rd e . 
E s sch e in t in  d er P rax is  en tsp rech en d  zu  sein , w en n  w ir als G renzw ert v o n  H E 
u n d  so au ch  also d er der D iadochie 3,0 w äh len  (in  A n b e trach t d e r S u b s t i tu 
ie ru n g  bei h ö h ere r T e m p e ra tu r).

E s is t n a tü r l ic h  k a u m  zu  e rw arten , d ass  d e r E in flu ss a u f  die D iad o ch ie - 
ne ig u n g , d. h . a u f  die gegenseitige S u b s titu ie rb a rk e it  im  Falle eines g leichen  
W ertes  d er Io n v o lu m e n q u o tie n te n  R  u n d  des Q u o tien ten  E r d e r re d u z ie r te n  
E le k tro n e g a tiv itä te n  g en au  derselbe w ird , soviel k a n n  m an ab e r a u f  G ru n d  
d e r ob igen  B erech n u n g en  doch fests te llen , dass die W irkung  der b e id en  W erte

10  Acta C e o lo g ic a  V/3—4.
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als z iem lich  ü b e re in s tim m e n d  an zu n eh m en  is t .  Es lässt sich also  m it e iner 
z iem lich  grossen W ah rsch e in lich k e it a n n e h m e n , dass die Q u o tie n te n  der 
Io n v o lu m in a  u n d  d e r red u z ie rten  E le k tro n e g a tiv itä te n  in dem  P ro d u k t H  E, 
d as  d ie  D iadoch ien e ig u n g  a u sd rü c k t, m it  e in em  beinahe g leichen  E in flu ss  
e ine  R olle sp ielen k ö n n en .

W en n  m an  a b e r a n s ta t t  der V o lu m in a  die R ad ien  zu den  B e rech n u n g en  
v e rw e n d e n  w ürde , d a n n  w ürde  das P ro d u k t,  d as  m an  beim  M u ltip liz ieren  
d e r Q u o tie n te n  d er Io n e n ra d ie n  m it den  Q u o tie n te n  der re d u z ie r ten  E le k tro 
n e g a tiv i tä te n  e rh ä lt , n ic h t zu den  vom  p ra k tisc h e n  G e s ich tsp u n k te  aus 
b ra u c h b a re n  S u b s titu ie rb a rk e itin d iz e s  fü h re n , w as z. B. im N aC l—A gC l-P aar 
a u f  G ru n d  der b e k a n n te n  D iadochie  N a 1 + A g 1+ e rk lä rt w erden  k a n n . D er 
Q u o tie n t der re d u z ie r te n  E le k tro n e g a tiv itä te n  E r b e trä g t 1,9, w elchem  W ert 
e in  a u s  e iner 90% -igen  R ad iu sab w eich u n g  zu  b erechnender R a d iu sq u o tie n t 
e n tsp re c h e n  w ürde . A u f G ru n d  der E rfa h ru n g e n  k a n n  im  Falle e in er so grossen 
R ad ien a b w e ic h u n g  a b e r keine R ede v o n  e in e r S u b stitu tio n  sein , w äh ren d  
e in  V o lu m e n q u o tie n t von  1,9 n u r  a u f  e ine  R ad ien ab w eich u n g  v o n  24%  
h in  w e is t.

W en n  m an  an  d er S telle der R a d ie n  m it den  V olum ina re c h n e t, w ird  
n a tü r l ic h  der a llfä llige F eh le r der Io n e n ra d ie n  gesteigert in  d en  I I / - W e r t  
e in g e tra g e n . D iesen e v tl . F eh ler m u ssten  w ir a b e r in  K a u f  n eh m en , den n , 
w ie w ir gesehen h a b e n , is t  der E in flu ss  d e r E le k tro n e g a tiv itä te n  m it der 
W irk u n g  der V o lu m en v erän d eru n g en  u n d  n ic h t  m it der der R a d ie n v e rä n 
d e ru n g e n  u n g e fä h r gleich  gross.

D ie K o o rd in a tio n  m uss in der B e rech n u n g  des Indexes H E p ra k tisc h  
n ic h t  in  B e tra c h t gezogen w erden . Es is t  b e k a n n t  (z. B. 45 o d er 15), dass 
die Io n e n ra d ie n  v o n  S ech serk o o rd in a tio n  in  A ch te rk o o rd in a tio n  p ra k tisc h  
u m  3 %  u n d  in  Z w ö lfe rk o o rd in a tio n  u m  12 %  sich  erhöhen , w ä h re n d  sie in  
V ie re rk o o rd in a tio n  sich  u m  6 %  v erm in d ern . D a  u n s  n ich t die ab so lu te  G rösse der 
Io n e n ra d ie n  sondern  n u r  der Q uotien t der m it  ih n e n  b erech n e ten  Volumina a n g e h t, 
is t  es p ra k tis c h  g le ich g ü ltig , von  w elcher K o o rd in a tio n  die R ad ien , m it denen  
die B e rech n u n g en  d u rc h g e fü h r t  w erden , s in d , w eil die p ro p o rtio n a le  V e rän 
d e ru n g  d er Io n e n ra d ie n  d en  V o lu m en q u o tien ten  n ich t v e rä n d e rt. D ie einzige 
B e d in g u n g  is t n u r  die, dass m an  R a d ie n w e rte  von gleicher K o o rd in a tio n  
a n w e n d e t. U nsere B e rech n u n g en  sin d  im  a llg em ein en  m it den  Io n e n ra d ie n 
w e rte n  v o n  S ech serk o o rd in a tio n  d u rc h g e fü h rt w orden .

D ie W erte  d er Io n e n ra d ie n  w erden  m it e in e r G enauigkeit v o n  einem  
H u n d e r ts te l  u n d  die d er E le k tro n e g a tiv itä te n  a b e r  m it einem  Z e h n te l an g e 
g eb en . U ns sch e in t es g enügend  zu  sein, u n se re  Ind izes bis zu e inem  Z eh n te l 
zu  b e re c h n e n . W ir m ö c h te n  aber h ier e rw ä h n e n , dass w ir die in  d ieser A rb e it 
b e fin d lic h e n  Ind izes e in stw eilen  noch m it m e h r  als einem  Z eh n te l b e rech n e t 
h a b e n , die so e rh a lte n e n  W erte  w urden  a b e r  zu  einem  Z ehn tel a b g e ru n d e t 
a n g eg eb en .
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N u n  m öch ten  w ir die A nw endung  des In d e x  H E zu ers t im  F alle  einer 
iso v a len ten  K a tio n - u n d  d a n n  in  dem  e in e r A n io n su b s titu ie ru n g  zeigen.

In den Gesteinen spielen in der Spurenelem ententarnung im  allgem einen  
die K ationen K 1+, Ca2+, Fe2+, Fe3+ eine grosse Rolle. Wir h ab en  die Substi
tuierbarkeit von allen fü n f K ationen m it zahlreichen isova len ten  Kationen  
berechnet und zwar, um  von der auf den In d ex  H E ausgeübten W irkung der 
etw as abweichenden Ionenradienwerte der verschiedenen A u toren  auch ein 
gew isses Bild zu zeigen, gleichzeitig a u f Grund der GoLDSCHMiDTschen wie 
auch au f dem der WYCKOFFschen em pirischen Ionenradien. In  der Tabelle 1

Tabelle 1

K.1 + .—RH- Caa + «—R2 + Fe* + h-R* + Fe’ +^-Ra + A13 +♦—R3 +
RH HtflF H E O R2F H E W H E Q R« + H E W Keg R3 + H E W H E G Rs + H E W II E G

K 1' 1,0 1,0 Ca2- 1,0 1,0 F e2+ 1,0 1,0 F e3+ 1,0 1,0 A l3 ' 1,0 1,0
R b 11- 1,5 1,4 Y b21- 1,3 1,3 Co21- 1,1 1,1 Co3' 1,1 1,1 G a 3»- 1,8 1,4
CS!b 2,3 2,1 S r2!- 1,4 1,7 Z n2*- 1,3 1,2 As3'1' 1,3 1,3 M n 3+ 2,1 1,9
Tin- 2,4 2,4 E u 2f 1,8 1,8 N i2*- 1,3 1,3 Ga3- 1,3 1,5 F e 31- 2,4 2,1
N a 1+ 2,6 2,7 Cd2+ 1,8 1,6 Mn2»" 1,4 1,6 Cr3' 1,4 1,4 C r3 b 2,3 1,6
A u 1-*- 2,7 2,7 P b 2 - 2,3 3,1 Cu24" 1,5 1,4 T i3 ' 1,5 1,4 T i3 - 2,6 1,7
Cu!+ 5,0 5,3 B a i+ 2,6 2,8 Mg21- 1,8 1,7 M n3»- 1,5 1,5 V 3- 2,9 1,7
A g1+ 5,2 3,3 M n21’ 2,8 2,2 Cd2 h 2,2 2,2 R h 3»- 1,8 1,4 A s31’ 3,0 2,7
L i1+ 8,2 5,9 Z n2' 3,0 3,1 H g2' 2,2 3,1 V3h 2,0 1,6 R h 3+ 4,1 2,7

M g21- 3,3 3,0 P b 2- 3,4 4,2 Al3+ 2,4 2,1 Sc3 ' 4,1 3,7
F e 2+ 3,7 3,4 Ca21- 3,7 3,4 Sb3- 2,4 2,4
Cu2+ 4,0 4,2 S r2» 5,3 5,9 Sc3f 2,9 2,9
Co2*- 4,1 3,7 B a2- 9,2 9,2 Jn3+ 3,4 3,1

N i21" 4,9 4,3

H g2" 7,7 2,2

geben wir die Substituierungen K 1+ -<—R 1 + , Са2+ ч—R2+, Fe2+ -<—R 2+, Fe3+-<- 
R 3+, А13+ ч—R 3+ an, wo R 1+, R 2+ und R 3+ die substituierenden isovalenten  
K ationen  bedeuten. D ie W erte, die wir a u f Grund der WYCKOFFschen Ionen
radien berechnet haben, befinden sich in  der Kolonne H EW, w ährend die 
W erte, die wir m it den GoLDSCHMiDTschen Ionenradien erhalten  haben, sich 
in  der m it H Eq bezeichneten K olonne befinden.

W enn man die K olonnen überblickt, ist zu sehen, dass sie  alle die aus 
der Literatur bekannten Substituierungen (s. z. B. 55) im allgem einen  gut an
geben. Grössere A bw eichungen beobachtet m an nur in den F ä llen , wo die 
relativen  Abweichungen der angegebenen Radien ausnahm sw eise zu gross 
sind, w ie z. B. in der Substitution  А13+ ч— V 3+ (die GoLDSCHMiDTschen Radien

1 0*
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s in d  : га 1з+ =  0,57 Â, r V3+ =  0,65 A, die WYCKOFFschen aber : гд 1з+ =  
=  0 ,55  Â , rv/3f0,75 Â). F ü r  K 1+ ist die S u b s titu ie rb a rk e itsg ren ze  zw ischen  
A u 1+ u n d  Ag1+, fü r Ca2+ in  d e r  Gegend von  M g2+ u n d  Zn2+, fü r F e2+ u m  
H g 2+ b zw . vor dem Ca2+, f ü r  F e 3+ in  der G egend v o n  Sc3+ und  In 3+ u n d  fü r  
A l3+ in  der Gegend v o n  A s3+ als w ahrscbein lich  an zu n eh m en .

Für die isovalente A nionsubstitu tion  geben w ir in der Tabelle 2 die 
О 2 - ч— A2— Reihe an, wo A2— zweiwertige n egative  Ion en  bedeutet. D ie Sub- 
stitu tierbarkeitsind izes w u rd en  sowohl mit den GoLDSCHMiDTschen wie auch  
m it d en  WYCKOFFschen Ionenrad ien  berechnet. D ie  ersteren werden in  der 
m it H EG, die letzteren in  der m it H EW bezeich n eten  Kolonne angegeben.

Tabelle 2

0 2 -  ч------ A 2~

A2 ~ Keg ^EW

o 2- 1,0 1,0

S 2- 4,6 4,9

S e2“ 6,7 6 ,4

Т е 2“ 9,8 9,3

W ie es aus der T a b e lle  zu  ersehen is t, k a n n  eine S u b s titu ie rb a rk e it 
m it  k e in e m  A2_-A nion w ah rsch e in lich  gem ach t w e rd e n , was übrigens au ch  
d u r c h  d ie E rfah rung  b e w ie se n  wird.

A ls ein konkretes B eisp ie l für eine iso v a len te  Anionsubstituierung  
geb en  wir die von СВ^ч—B r1— im  Ag(Cl, Br), d. h . im  Chlorbromargyrit an. 
(D ie  Rechnungen haben w ir sow ohl mit den WYCKOFFschen wie auch m it 
d en  GoLDSCHMiDTschen Ionenradien  durchgeführt.)

H EW =  1 ,5  und H EC =  1,5,

so d a s s  a u f  G rund d er In d iz e s  eine gute S u b s titu ie rb a rk e it  w ahrsche in lich  
i s t ,  w a s  au ch  m it den E r f a h ru n g e n  in g u te r Ü b e re in s tim m u n g  s te h t.

W ir  haben  bere its  in  d e n  isovalen ten  S u b s titu ie ru n g e n  abgesondert den  
F a l l  zu  besprechen, w en n  e in  ersetzendes K a tio n  d a s  zen trale  K a tio n  eines 
k o m p le x e n  Anions is t. B e t r a c h te n  wir n un , w ie d ie  S u b stitu ie ru n g  W 6 + 4—
ч—M o6 + im  Scheelit, die b e k a n n tl ic h  M olybdoscheelit g ib t [13], zu b e h a n d e ln  
i s t .  B e id e  K ationen  s in d  a ls  zen tra les  K a tio n  e in es  kom plexen  A nions v o r 
h a n d e n ,  W 6+ im A nion ( W 0 4)2“  u n d  Mo6+ im  A n io n  (M o04)2~.

B ek an n tlich  sind  d ie  k le in e n  K ationen  von  g ro sse r  L adung  zu r B ild u n g  
v o n  k o m p lex en  Ionen  se h r  g e n e ig t. So erscheinen z. B . v ier- oder noch  m e h r 
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w ertig e , ferner einige d re i-, ja  sogar ausnahm sw eise  auch  zw eiw ertige K a tio n e n  
m it S au e rs to ff  oder H y d ro x y l auch  kom plexe Io n e n  b ild en d .

E in e  kürzlich  e rsch ien en e  S tu d ie  v o n  A . E . R in g w o o d  [42] b e fa ss t 
sich  au sfü h rlich  m it den  kom plexen  A n io n en  des M agm as. Solche 
kom p lex e  A nionen s in d  z. B . (S i0 4)4 - , (G e 0 4)4~ , (T i0 4)4 - , ( P 0 4)3~ ,
(A s0 4)3_ , (AK),)*", ( W O / - ,  (M o 0 4)* - , (B e 0 4)®-, (C 0 3)2- ,  ( N 0 3)4- .  In  der 
S u b s titu ie ru n g  von  k o m p lex en  A nionen  b e h a n d e ln  w ir vom  G e s ic h tsp u n k te  
des R au m an sp ru ch es  au s a u f  G ru n d  ih re r S e lb s tän d ig k e it die b e re its  fe rtig en  
k o m p lex en  A nionen u n se re r  M einung n ach  als e in  Io n , so dass w ir z. B . in  
d e r iso v a len ten  S u b s titu ie ru n g  W 6+-<— Mo6+ n ic h t das V olum en bzw . den 
V o lu m en q u o tien ten  d er b e id en  K a tio n en , so n d ern  in  A n b e tra c h t  d e r  iso
v a le n te n  S u b stitu ie ru n g  (W 0 4)2~-<— (M o0 4)2 _ , d as V olum  bzw . d e n  V olum 
q u o tie n te n  der be iden  k o m p lex en  A nionen in  d e r B ildung  des In d e x e s  H E 
z u r  G run d lag e  n ehm en . E in ige  k le inen  z e n tra len  K a tio n en  k o m p lex e r Ionen  
m it S au ersto ffan ionen  s in d  a llerd ings vom  G esich tsp u n k te  ih re r  V o lum ina  
aus n ic h t u n te re in a n d e r  zu  u n te rsch e id en , w enn  sie sich infolge ih re r  k le in en  
Io n e n ra d ie n  in  dem  z e n tra le n  R a u m  der S au ers to ffp ack u n g  o h n e  Z w ang  
e in la g e rn , d. h . w enn sie d er jew eiligen K r is ta l ls tru k tu r  e n tsp re c h e n d  bei der 
m ö g lich st d ich ten  P a c k u n g  die te tra e d r is c h  o d er dreieckig a n g e o rd n e te n  
S au ersto ffio n en  h ö ch sten s  n u r  b e rü h re n  (z. B . C4+, N s+). D er R a u m a n sp ru c h  
w ird  ab e r auch in  d iesem  F a ll von  V olum en des kom plexen  A nions b e s tim m t, 
w eil die versch iedenen  z e n tra le n  K a tio n en  b e k a n n tlic h  im  a llg em ein en  eine 
Z u sam m en zieh u n g  v e rsch ied en en  M asses v e ru rsach en . Die E le k tro n e g a tiv i tä t  
d e r be id en  (su b stitu ie ren d en  u n d  su b s titu ie r te n )  zen tra len  K a tio n e n  sp ie lt 
a b e r in  der A usb ild u n g  des B in d u n g sc h a ra k te rs  im  K o m p lex an io n  u n d  so 
au ch  in  der S u b s titu ie rb a rk e it u n b e d in g t eine R olle , so dass dies in  d e r  B e u r
te ilu n g  der Q u a litä t d e r S u b s titu ie rb a rk e it b e a c h te t w erden m u ss . D ieser 
B ed in g u n g  w erden w ir au ch  in  der W eise G enüge le isten , d ass  w ir in  der 
B erech n u n g  des In d ex es  H E den  Q u o tien ten  d er red u z ie rten  E le k tro n e g a ti-  
v i tä te n  von  den beiden  z e n tra le n  K a tio n en  in  B e tra c h t ziehen. Im  F a lle  von 
iso v a le n te r  S u b s titu ie ru n g  kom plexen  A nionen  gedenken  w ir also  d en  In d e x  
H E folgenderw eise b e rech n en  zu  kön n en  : 

r 3 grösseres k o m p lex es A nion
H E =  -------------------------- ;—  . (x n E le k tro n e g a tiv itä t  des grösseren

r 3 k le ineres k o m p lex es A nion
z e n tra le n  K atio n s — x k E le k tro n e g a tiv itä t  des k le in e ren  zen tra len  K a tio n s  +  1.)

Z u  den B erech n u n g en  m it den  k o m plexen  A nionen m ü ssen  w ir aber 
au ch  die Io n en rad ien  d e r k om plexen  A nionen  k en n en . A. E . F e r s m a n  h a t  
d ie  R a d ie n  der k om plexen  Io n e n  e in fach  aus den  R ad ien  der sie zu sa m m e n 
se tzen d en  Ionen  a u f  G ru n d  d er F orm el гд — rx -f- 2 r 3 b e rech n e t, wo гд  der 
R a d iu s  des kom plexen  A n ions, r4 der R ad iu s  des zen tra len  K a tio n s  im  k o m 
p lex en  A nion u n d  r 2 d er R ad iu s  des m it dem  z e n tra len  Ion  v e rb u n d e n e n  A nions 
is t .  D as s te llt n a tü r lic h  n u r  eine an n äh e rn d e  B erech n u n g  d a r, w eil w ir infolge
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d e r  P o la r isa tio n  m it e in e r  b e d e u te n d e n  V e rk ü rz u n g  der R ad ien  zu  rechnen  
h a b e n . M it N ach d ru ck  w e isen  F . Leu tw ein  u n d  K . D oerffel a u f  diese 
V e rk ü rz u n g  h in  u n d  d e sh a lb  m uss m an  diese k o m p lex en  Io n en rad ien  v ie lm ehr 
d u rc h  rö n tg en o g rap h isch e  U n te rsu ch u n g en  o d er o p tisch e  M essungen ab le iten , 
j a  — w en n  eine grosse E x a k th e i t  v e rlan g t w ird  — , m üssen  sogar diese R ad ien  
in  je d e m  F a ll einzeln b e s t im m t w erden [32]. M an  k a n n  nach  ih n en  fü r  die 
k o m p le x e n  Ionen  ke in e  R a d ie n  von a llg em ein er G ü ltig k e it an g eb en . D as 
b e d e u te t  n a tü rlic h  in  d en  B erech n u n g en  m it ih n e n  je tz t  noch eine gewisse 
S ch w ie rig k e it, weil w ir e ig e n tlic h  alle k o m p lex en  Io n en rad ien , die fü r  die 
e in z e ln e n  G itte r ty p e n  g ü ltig  s in d , kennen  m ü ss te n . D er fü r  den T y p  M g (W 0 4) 
v o n  F . L eutw ein  u n d  K . D oerffel  angegebene R a d iu sw e rt des kom plexen  
A n io n s (W 0 4) ist Г(ц/04)2— =  2 ,80 Â und  d er fü r  d e n  T ypus C a(M o04) (auch 
d e r S ch ee lit k ris ta llis ie rt in  d iesem  T ypus) an g eg eb en e  R ad iu sw ert is t r(Voo 4)2 - 
=  2 ,65  Â . In  der (W 0 4)2 - < -  (M o04)2 - -D iadoch ie , k ö n n en  diese R ad iu sw erte  
g e b ra u c h t  w erden. D er I n d e x  H E w ird fo lg en d erm assen  b erechne t :

H E =  • (xw -  *Mo +  1) -  1,2
r(Mo04>2-

so d a ss  die W a h rsch e in lich k e it einer g u ten  S u b s titu ie ru n g  angenom m en  w er
d e n  k a n n .

W e n n  wir n u n  d ie  in  d en  Io n en g itte rn  m ög liche  h e te ro v a len te  m ono
m ere  u n d  polym ere D iad o ch ie  besprechen w ollen , können  w ir das in  den- 
S u b s titu ie ru n g e n  in  so lch en  F ällen  b ra u c h b a re  B erech n u n g sv erfah ren  fol
g en d e rw e ise  b e k a n n t m a c h e n .

B e tra c h te n  w ir n u n  z u e rs t von den  h e te ro v a le n te n  S u b stitu ie ru n g en  
a ls  e r s te  die m onom ere g ek o p p e lte  D iadoch ie . Im  e in fach sten  F a ll w ird  das 
Io n e n p a a r  A B  du rch  d a s  Io n e n p a a r  CD  e rs e tz t ,  d as  Schem a der S u b s titu ie 
ru n g  is t  A B  -t—CD, an  S te lle  des Ions A  t r i t t  d a s  Io n  C, an  S telle  des Ions 
В  t r i t t  d as  Ion  D. D ie L a d u n g  des Ions A  is t  n ic h t  gleich m it d er des Ions 
C, e b e n fa lls  ist die L a d u n g  v o n  В  n ich t gleich m it d e r von  D, die S um m e der 
L a d u n g  d er Ionen  A  u n d  В  s tim m t aber m it d e r Sum m e der L a d u n g e n  von 
d en  Io n e n  C u n d  B.  A u ch  in  d iesem  Falle is t  d e r V o lu m en q u o tien t des e rse t
z e n d e n  u n d  des e rse tz te n  T e ilch en s (im F alle  e ines Io n g itte rs  des Ions) w ich tig , 
a b e r  v o m  G esich tsp u n k te  d e r  B eurte ilung  des B in d u n g sc h a ra k te rs  aus is t 
a u c h  d e r  Q uotien t d e r re d u z ie r te n  E le k tro n e g a tiv itä te n  der be iden  T eilchen 
e b e n fa lls  von  grosser B e d e u tu n g . D a es sich  u m  d ie  S u b s titu tio n  von  je  zwei 
Io n e n p a a re n  h a n d e lt, m ü ssen  w ir in der B e re c h n u n g  des H E-W ertes beide 
in  B e tr a c h t  ziehen. U n se re  A n n ah m e ist, d ass  je  m e h r  diese Q u o tien ten  von 
1 a b w e ich en , sie um  so s tä r k e r  die D iad o ch ien e ig u n g , die W ahrsche in lichke it 
d e r  S u b s titu ie rb a rk e it  v e rr in g e rn . Jed e r Q u o tie n t, d e r n ich t 1 is t, v e rm in d e rt 
d ie  D iadoch iene igung  u n d  b erech n en  w ir d en  In d e x  H E so, dass w ir die
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Q u o tien ten  m ite in a n d e r m u ltip liz ie ren . Die B ild u n g  d er Q u o tien ten  erfo lg t 
übrigens a u f  die gleiche W eise, wie sie bei d e r B eh a n d lu n g  d er iso v a len ten  
S u b s titu ie ru n g  angegeben  w urde.

W enn  der Io n e n ra d iu s  rA des Ions A  g rösser is t als d er Io n e n ra d iu s  
rc des Ions C, der Io n e n ra d iu s  Гд des Ions В  g rösser is t als d er Io n e n ra d iu s  
rD des Io n s  oi  fe rn e r w enn  die E le k tro n e g a tiv itä t  x A des Ions A  grösser is t als 
die E le k tro n e g a tiv itä t  x c des Ions C u n d  die E le k tro n e g a tiv itä t  x B des 
Io n s В  g rösser is t als die E le k tro n e g a tiv itä t  Xo des Io n s D, d a n n  e rg ib t sich 
fü r  den  S u b stitu ie rb a rk e its in d e x

" f  ( * A
»C

U n d  w enn

4  =  ^ ’  4  =  XA - X C +  1 =  E ri
r C TD

x b  —  x d  +  1 =  Е Гг ,  R i  • E n  — T x u n d  ■ Е Гг =  T 2 

d a n n  is t ab g e k ü rz t au fgesch rieben  :

H E =  R ,  ■ E ri ■ R ,  ■ E rt =  T j ■ T 2

Als B eispiel besp rechen  w ir n u n  die B e rech n u n g  der W ah rsch e in lich k e it 
d e r im  L aufe  der B esp rech u n g  d er D iad o ch ie ty p en  schon  angegebenen  gekop
p elten  d iad o ch en  S u b s titu ie ru n g  Ca2 + Ti4+ ч— N a 1+N b5+ im  T ita n it .  Die 
B erech n u n g en  w urden  m it WYCKOFFschen Io n e n ra d ie n w erte  d u rc h g e fü h rt.

r c a2+ — 1 ,0 5  Â E Ca =  1 ,0

r  Na!+ =  1 ,0 0  Â Ема =  0,9
f*Ti4+ =  0 ,6 0  Á E t  i = 1 , 6

r N b5+ =  0 ,6 9  Á Е ц ъ  =  1,6

1 053 0 6Q3
Н ™  =  Т Ш  • (1’° “ 0’9 +  1^  - ( 1 , 6 - 1 , 6  +  1) =  1 ,9 .l ,0 lr  0,60á

Wir haben aber den Index  H E auch m it den GoLDSCHMiDTschen Ionenradien  
berechnet und H EG als 1,7 befunden. Die W ahrscheinlichkeit einer Sub
stitu tion  ist also m it beiden Ionenradienw erten berechnet gleichartig als 
ziem lich gut zu bezeichnen.

Im  T ita n i t  k ö n n en  b e k a n n tlic h  se ltene  E rd m e ta lle  u n d  au ch  E isen  
V orkom m en. In  d iesem  F a ll rech n e t m an  m it d e r gekoppelten  D iadochie  
Ca2+Ti4+ 4—S E 3+F e3+. Als se ltenes E rd m e ta ll  h a b e n  w ir G ado lin ium  u n d
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S a m a r iu m  gew ählt u n d  d ie  B erech n u n g en  sow ohl a u f  G rund  d e r W y c k o f f -  

sc h e n  w ie auch a u f G ru n d  d e r  GoLDSCHMiDTschen Io n e n ra d ie n  d u rc h g e fü h r t  : 
in  d e r  S u b stitu tio n  Ca2+T i4+ ч— G d3 + F e3+ H EW — 1,9, H Eq =  1,7, in  der 
S u b s t i tu t io n  Ca2 + Ti4+ 4— S m 3 + F e 3+ ab er H EW =  1,9, H EG =  1,8, die S u b 
s t i tu ie r u n g  ist also in  b e id en  F ä llen  ebenfalls als ziem lich g u t fü r  w ah rsch e in 
lic h  zu  h a lte n .

Im  P rinzip  ist in  d e r g ek o p p e lten  D iadoch ie  au ch  eine m eh r als d oppe lte  
S u b s t i tu t io n  v o rste llb a r, in  so lchen  F ä llen  is t die F orm el des In d e x e s  H E 
e in fa c h  m it den e n tsp re c h e n d en  S u b s titu ie ru n g sq u o tie n te n  zu e rw e ite rn .

S ch e in b ar k an n  die T o le ra n z  in  d er g ek o p p elten  D iadochie  e tw a s  grösser 
se in  a ls  in  der iso v a len ten . D a m it im  Z u sam m en h än g e  ta u c h t  n u n  die F rage  
a u f , o b  m a n  in  solchen F ä lle n  W ah rsch e in lich k e itsw erte  der e in ze ln en  P aa r-  
S u b s ti tu t io n e n  n ich t e in ze ln  fü r  jed e  P a a r  S u b s titu tio n  in  B e tra c h t  ziehen 
u n d  d ie  S u b stitu tio n sw ah rsch e in lich k e it e in fach  m it jen em  W e rt c h a ra k 
te r is ie r e n  m uss, der e inen  sch lech te ren  W e rt g ib t. U nserer A u ffassu n g  n ach  
a b e r  w ä re  das n ich t a n g e b ra c h t , weil le tz te n  E n d es die g le ichzeitige S u b s ti
tu ie r u n g  beider P aa re  eine gew isse V erän d eru n g  im  G itte r  h e rv o r ru f t ,  w elche 
b e so n d e rs  in  dem F all die S u b s titu ie ru n g sw ah rsch e in lich k e it in  g em ein sam er 
W irk u n g  v ersch lech te rt, w en n  beide S u b s titu ie ru n g e n  in  dem selben  e lem en
ta r e n  K ö rp e r  und  n e b e n e in a n d e r  s ta t tf in d e n , w elcher U m sta n d  d en  u rsp rü n g 
lic h e n  B in d u n g sc h a ra k te r  u n d  die räu m lich en  V erhä ltn isse  gegen die G itte r 
te ilc h e n , die sie b e rü h ren , a n  einem  k le inen  P la tz  s tö r t .  D ie Io n e n g itte r  
— w ie  m a n  das auch ö fters  zu  m achen  p fleg t — k ö nnen  als R iesenm olekü le  
b e t r a c h t e t  w erden. Im  P r in z ip  k a n n  m a n  sich  v o rste llen , d a ss , w en n  die 
S u b s t i tu t io n  n ich t u n m it te lb a r  n eb en e in an d er in  e iner E lem en ta rze lle  s t a t t 
f in d e t  (d a s  e lek tro sta tisch e  G le ichgew icht k a n n  au ch  so g esichert w erden ), 
d a n n  d ie  zweierlei W irk u n g  e v en tu e ll, d a  sie n ic h t an  einer S telle  s tö r t ,  als 
e in e  so lch e  von v e rm in d e rte m  W e rt b e tra c h te t  w erden  k a n n . So k ö n n e n  w ir 
d en  W ah rsc h e in lich k e itsw e rte n  d er T e ilsu b stitu ie ru n g en  eine grössere  B ed eu 
tu n g  a ls  dem  in der zw eierlei S u b s titu tio n  e rh a lte n e n  W ert zu sch re ib en . E ine 
so lch e  gek o p p elte  S u b s titu tio n , die n ic h t in  e in er u n d  derse lben  E le m e n ta r 
zelle v o r  sich  geht, b e s itz t a b e r  k a u m  eine grössere W ah rsch e in lich k e it. N ic h ts 
d e s to w e n ig e r  m ach t die E r fa h ru n g  eine gewisse T o leranz  w ah rsch e in lich  
(s. z. B . in  einem  Io n e n g it te r  w e ite r u n te n  die S u b s titu tio n  Y 3+( P 0 4)3— <— 
ч— Z r4+ (S i0 4)4— in X en o tim , fe rn e r  in  einem  A to m g itte r  (bzw. in  e in em  s ta rk  
p o la r is ie r te n  Io n en g itte r) d ie S u b s titu tio n  ZnS ч—InA s im  S p h a le rit) . I n  der 
B e u r te i lu n g  dessen, eine w ie grosse T o leranz  als w ahrschein lich  an g en o m m en  
w e rd e n  k a n n , können w ir v ie lle ic h t so v e rfah ren , dass w ir auch  die e in fache 
is o v a le n te  S u b s titu tio n  als e in e  gek o p p elte  D iadoch ie  b e tra c h te n , in  der 
W eise , d a ss  auch  in  d iesem  F a lle  w ir die S u b s titu tio n  von  zwei Io n e n p a a re n  
a n n e h m e n , so aber, dass in  d e m  einen  das su b s titu ie re n d e  u n d  d as  s u b s t i tu 
ie r te  Io n  gleich ist, so dass in  d iesem  P a a r  das V olum en sowie d ie  E le k tro 
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n e g a tiv itä t  des su b s ti tu t ie r te n  Ions m it den en  des s u b s ti tu ie re n d e n  ü b e r 
e in s tim m t. D ie S u b s titu tio n  w ird  also in  d iesem  F a lle  in  d er F orm  A  A  -<—A B  
angenom m en . D em n ach  k ö n n te  also z. B . im  O liv in  d ie F e 2+-<—Ni2+ iso v a le n te  
S u b s titu tio n  als eine gekoppelte  D iadochie  fo lg en d erm assen  angenom m en  
w erden: F e2+F e 2+ F e2+N i2+. Als ex trem er S u b s titu ie rb a rk e itsw a h rsc h e in 
lich k e itsw ert k a n n , wie w ir gesehen h ab en , fü r  die iso v a len ten  S u b s titu ie 
ru n g en  a n n ä h e rn d  3,0 angegeben  w erden . D ie A bw eichung  dieses W erte s  
vom  W erte  1,0 d e r vo llkom m enen  S u b s titu ie rb a rk e it , b e trä g t 2,0 u n d  d as  
is t  auch  w ah rsch e in lich  d er hö ch ste  W ert, den in  d e r gekoppelten  D iad o ch ie  
die H j-S u m m e  des m eh r als 1 b e trag en d en  Teiles des im  JTfi-In d ex  v o rk o m 
m en d en  T 1 — R 1- E rl u n d  T 2 =  R 2- Er 2  F a k to rs , d en  w ir e inzeln  fü r  d a s  
e rse tzende Io n e n p a a r  b e re c h n e t h ab en , e rre ichen  k a n n . D ie Sum m e H T s e tz t  
sich also aus zw ei T eilen  zusam m en , näm lich  au s dem  m eh r als 1 b e tra g e n d e n  
Teil der fü r  A  <—A  u n d  fü r  A  <- В  zu b e re c h n e n d en  F a k to ré  Тх u n d  T 2. 
F ü r  d ie  erste  S u b s titu tio n  is t 7 \  =  1,0, fü r  die zw eite  is t  T 2 =  3,0. D er den  W e r t  
1 ü b e rsc h re ite n d e  T eil des e rs te n  F a k to rs  is t 0,0, d e r des zw eiten 2,0, so dass 
ih re  Sum m e 0,0 -f- 2,0 =  2,0 b e trä g t. Im  F a lle  d e r g ekoppelten  D iadoch ie  
geben  w ir n eb en  d en  Ind izes H E auch  den  au s d en  T e ilfak to ren  Tx u n d  T 2 
b e rech n e ten  a n d e re n  In d e x  H T an . W enn  d ieser w en iger als 2 b e trä g t, d a n n  
k a n n  nach  u n se re r  A n n ah m e eine S u b s titu ie ru n g  n o ch  s ta t tf in d e n . B e tra c h te n  
w ir n u n  als B eisp iel v o n  diesem  G esich tsp u n k te  aus die S u b s titu ie ru n g  
Ca2+Ti4+ ч— N a 1+N b 5+ im  T ita n it  m it den  WYCKOFFschen Io n e n ra d ie n  
b e rech n e t :

T 1 =  — —  • {xCa — x Na -j- 1) =  1,27 u n d
r Nai +

T 2 =  • (* N b  -  * T i  +  1) =  1,52
r Ti‘+

D er den W ert 1 ü b e rsch re iten d e  Teil der be id en  F a k to re n  T x u n d  T 2 sowie d ie  
Sum m e H T de rse lb en  w erden  0,27 -f- 0,52 =  0,79, d e r H T b e trä g t also 
ab g eru n d e t 0,8, w elcher W ert a u f  eine g u te  S u b s titu tio n  h inw eist. N eh m en  
w ir an , dass sow ohl T x wie auch  T 2 je  2,0 b e tra g e n . A ls ih r  M u ltip lik a t e rh ä lt  
m an  den W ert H E =  4,0, w elche Sum m e grösser als 3,0 is t. W enn w ir a b e r die 
Sum m e des m e h r als 1 b e tra g e n d e n  Teiles d er b e id en  F a k to re n  b e rech n en , 
so m ach t der W e rt 2,0 aus, so dass a u f  G ru n d  d e r ob igen  A nnahm e eine S u b 
s ti tu ie ru n g  noch  gerad e  m öglich is t.

L i1+ e rm ö g lich t infolge seines m ittle re n  Io n e n ra d iu s  b ek an n tlich  die 
T a rn u n g  von  v ie len  Ü bergangs- u n d  sonstigen  E le m e n te n  ähn licher G rösse 
m it gekoppelter D iadoch ie . So v e r t r i t t  o ft L i1+, k o m b in ie r t m it einem  e n ts p re 
chenden  P a r tn e r ,  b e k a n n tlic h  das E isen  oder d a s  M agnesium  in  den  S ilik a te n . 
In  d er Tabelle 3  geben  w ir z. B . die fa s t vo llk o m m en e  R eihe  der S u b s titu tio n
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2M g2+ < — L i1+R 3+ an . N eben  den  m it d en  WYCKOFFschen Io n e n ra d ie n  b e re c h 
n e te n  W e rte n  füh ren  w ir au ch  die an , die w ir a u f  G rund  d er G o l d s c h m i d t - 

sc h e n  Io n en rad ien  e rh a lte n  h a b e n . D ie a u f  G rund  der zwei v e rsch ied en en  
Io n e n ra d ie n re ih e n  g e rech n e ten  S u b s titu ie rb a rk e its in d ize s  s tim m en  ziem lich 
g u t  ü b e re in .

I n  dem  Teil u n se re r  S tu d ie , d er d ie  F älle  der D iadoch ie  b e h a n d e lte , 
h a b e n  w ir fü r  den T y p u s d e r g ek o p p e lten  D iadochie  m it g le ichze itiger h e te ro 
v a le n te r  K a tio n - u n d  A n io n su b s titu tio n , die S u b s titu tio n  Ca2+F 1— ч— S E 3 + 0 2~~ 
a n g e fü h r t .  W enn w ir als se ltenes E rd m e ta ll  Gadolinium  w äh len , e rh a lte n  
w ir  sow oh l m it den WYCKOFFschen wie a u c h  m it den GoLDSCHMiDTschen 
R a d ie n  b erech n e t fü r  die S u b s titu ie rb a rk e its in d iz e s  fo lgende W e rte  : In  der 
Tabelle  3 sind  auch  die W e rte  H T u n d  zw ar die m it den WYCKOFFschen 
R a d ie n  b e rech n e ten  m it d er E eze ich n u n g  Y i TW die m it den G o l d s c h m i d t - 

sc h e n  ab e r m it der B eze ichnung  H jq  angegeben .

T abelle  3

R3 +

2 M g2 + <- Li1 b R3 +

M it WYCKOFFschen R a d ie n  b e rech n e t M it GoLDSCHMiDTschen R a d ie n  b e re c h n e t

T, G H T W Или- T, T 2 HTG Heg

У 3 b 1,5 1,2 0,7 1,7 1,2 2,0 1,2 2,4
S c3 ' . . . 1,5 1,5 1,0 2,2 1,2 1,3 0,5 1,6
T i3^ . . . 1,5 1 , 6 1,1 2,4 1,2 1,9 1,1 2,3
M n 3+ . . 1,5 1 , 6 1,1 2,4 1,2 1,8 1,0 2,2
C r3+ 1,5 U 1 , 2 2,5 1,2 2,5 1,7 3,0
R h 3+ . . 1,5 1,9 1,4 2,8 1,2 2,9 2 , 1 3,4
Y b 3f . . 1,5 1,9 1,4 2,8 1,2 2,1 1,3 2,5
Y 3^ ____ 1,5 2,0 1,5 3,0 1,2 2,5 1,7 3,0
G a 3+ . . . 1,5 2,2 1,7 3,2 1,2 2,8 2,0 3,3
F e 3+ . . . 1,5 2,2 1,7 3,3 1,2 2,5 1,7 3,0
A s3+ . . . 1,5 2,3 1,8 3,4 1,2 2,6 1,8 3,1
D y 3! . . 1,5 2,4 1,9 3,5 1,2 2,6 1,8 3,1
Co3+ . . . 1,5 2,5 2,0 3,6 1,2 2,8 2,0 3,3
T b 3+ . . . 1,5 2,5 2,0 3,7 1,2 2,7 1,9 3,3
S b 3+ 1,5 2,8 2,3 4,1 1,2 2,5 1,7 2,9
I n 3+ . . . 1,5 2,8 2,3 4,2 1,2 2,3 1,5 2,8
A l3+ ____ 1,5 3,3 2,8 4,9 1,2 3,3 2,5 4,0

3 3

H e w  =  —;  • (*G d * C a  +  1 )  ~ ~  —  • ( * F  —  * 0  +  1 )  =
r0d3+ Г% i -

=  1,8 und  H EG =  1,9, fe rn e r H TW =  0,7 und  H TG =  0,8.
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A u f G ru n d  d er Ind izes k an n  also b e h a u p te t  w erden, dass d ie  W ah r
sch e in lichke it der S u b s titu tio n  eine ziem lich  g u te  is t.

Es k a n n  ab e r auch  eine solche gek o p p e lte  h e te ro v a len te  K a tio n -  A n ion 
s u b s titu tio n  s ta t t f in d e n , wo die be id en  A n ionen  komplex  sind . E in  B eispiel 
da f ü r  lie fe rt uns die Ce3 + ( P 0 4)3_ ч— T h 4 + (SiO )4““ S u b stitu tio n  im  M onazit. 
Im  M onazit h a t  m an  sogar schon 16%  T h 0 2 u n d  4 %  S i0 2 g e fu n d en  [13]. 
A uch  in  so lchen  F ä llen  ziehen w ir in  d er B ild u n g  des In d e x  Н я  die ko m p lex en  
A nionen  in  der W eise in  B e tra c h t, wie w ir d as  in  d e r isova len ten  S u b s titu tio n  
b e re its  angegeben  h ab en , d. h . als F a k to ré  w erden  in  der B e rech n u n g  n ich t 
d er V o lu m q u o tien t u n d  d er red u z ie rte  E le k tro n e g a tiv itä tsq u o tie n t d e r  zwei 
z e n tra le n  K a tio n e n  b e tra c h te t ,  so n d ern  d e r V o lu m q u o tien t der ko m p lex en  
A n ionen  u n d  die E le k tro n e g a tiv itä te n  d e r zen tra len  K a tio n en  b e rü c k 
s ic h tig t. Sow ohl C e (P 0 4) wie auch T h (S i0 4) s in d  V erb indungen  vom  T y p u s  
A B ,  obw ohl d er G itte r ty p u s  n ich t id en tisch  is t. N ach  L e u t w e i n  u n d  D o e r f - 

F E L b eträg t Г(ро4)3-2 ,7 0 А , r(Sio,)4-2 ,9 0  Â, d e r r c ta+ 1,11 Á, u n d d e r  rTht+1,10 Â 
(WYCKOFFsche Io n en rad ien ). Die E le k tro n e g a tiv itä te n  b e trag en  : Ce 1,05,
T h  1,1, P  2,1 u n d  Si 1,8. Die B erech n u n g  von  H E erfo lg te fo lgenderw eise  :

H E  -  4 ^  (* T h  -  *Ce +  1) • 4 P —  • ( * P -  * s i  +  1) =  
r TM + r ( P 0 4)3-

1 113 2 QO3
=  ^ -----  • (1,1 -  1,05 +  1) • • (2,1 -  1,8 +  1) =  1 ,7 .

1 , 1 0 3 2 ,703 '

Mit GoLDSCHMiDTschen Ionenradien gerechnet erhielten wir für H E den 
W ert von 2,1. Neben H E geben wir in der w eiter unten folgenden Zusam m en
stellung die W erte T4, T2 und H 7- an.

S u b s titu ie ru n g

M it WYCKOFFschen Io n en ra d ie n  
b e re c h n e t

M it GoLDSCHMiDTschen 
Io n en rad ien  b e re c h n e t

T , T , H  T W H  EW T , T * H T a HjSG

Ce3 ,( P 0 4)3^ T h 44 S i0 4)4 .............. 1 ,1 1 ,6 0 , 7 1 ,7 1 ,3 1 ,6 0 , 9 2 ,1

M it den  W YCKOFFschen Io n en rad ien  b e re c h n e t k a n n  eine ziem lich g u te  u n d  
m it d en  GoLDSCHMiDTschen b erech n e t eine solche S u b s titu tio n  w ahrsch e in lich  
g em ach t w erden , die der vorigen gegenüber zw ar b e re its  e tw as sch w äch e r is t, 
ab e r noch im m er als n ich t sch lech t b eze ich n e t w erden  k an n . D ie A n n ah m en  
von F. M a c h a t s c h k i  [65] ü b er die h äu fig e  Iso m o rp h ie  der S ilika te  u n d  P h o s
p h a te  u n te rs tü tz e n  sehr ausser den oben  a n g e fü h rte n  B erechnungen  ü b rig en s  
au ch  noch  an d e re , h ier n ich t p u b liz ie rte  B erech n u n g en .
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E in e  in te re ssan te  m o n o m ere  gekoppelte  D iadoch ie  m it h e te ro v a le n te r  
K a t io n -  u n d  K o m p lex an io n su b s titu ie ru n g  is t  u n s  aus dem  X en o tim  [Y (P 0 4)] 
b e k a n n t ,  in  w elchem  an  S te lle  vom  Y ttr iu m  au c h  an d ere  seltenen  E rd m e ta lle  
v o r h a n d e n  sein k ö n n en . X e n o tim  e n th ä lt  ö fte rs  auch  m ehrere  P ro zen te  
S iliz iu m  u n d  in  solchen F ä lle n  tre te n  an  S te lle  Y ttr iu m s  u n d  d er se lten en  
E r d m e ta l le  — im  w esen tlich en  Y ttr iu m e rd e  — Z irk o n iu m , T h orium  u n d  U ra n . 
D ie  S u b s titu tio n  is t eine gekoppelte  K a t io n — K om plexan ion  D iad o ch ie . 
D a s  S ch em a zeigt fo lgendes B ild

/  Z r1+(S i0 4)4- 

Y 3 (PO ,)»“  4—  T h 4+(S i0 4)4-  

U 4(S i0 4)4-

A lle  d iese  V erb indungen  s in d  vom  F o rm e lty p  A B .  Die S u b s titu ie rb a rk e its 
w a h rsc h e in lic h k e it h a b e n  w ir  m it den fü r diese F ä lle  anw en d b aren  ko m p lex en  
R a d ie n  v o n  L e u t w e i n —  D o e r f f e l  (r(Po4)>- = 2 , 7 0  Á ,  r(Si0ly~  =  2,90 Á )  

u n d  e in ze ln  die WYCKOFFschen u n d  G o L D S C H M i D T s c h e n  Io n e n ra d ie n  in  
B e t r a c h t  gezogen. D ie a u f  d iese W eise e rh a lte n e n  W erte  von  H E, w e ite r 
d ie  W e r te  von  H r , T 4 u n d  T 2 e n th ä lt  Tabelle 4. (S eh r gross is t die A bw eichung  
des Io n e n ra d iu s  von Y 3 + v o n  G o l d s c h m i d t  u n d  W y c k o f f , in d em  e r n a c h  
G o l d s c h m i d t  1,06 Â u n d  n a c h  W y c k o f f  0,95 Â  b e trä g t . Diese grosse A b 
w e ic h u n g  w ird  im  W erte  v o n  H £ u n d  v o n  H j- s ta rk  w idergesp iegelt.) D ie 
S u b s titu ie rb a rk e itsw a h rsc h e in lic h k e it b e s te h t a lso , am  le ich testen  is t  U ra n  
u n d  a m  schw ersten  Z irk o n iu m  zu su b s titu ie re n . V on den Y ttr iu m e rd e n  
h a b e n  w ir noch die S u b s titu ie rb a rk e it  von  T b 3+, E r 3+, von  den C ererden  die 
S u b s ti tu ie rb a rk e it  von  G d3+ (d e r Grösse n a c h  s te h t  dieses den  Y ttr iu m e rd e n  
a m  n ä c h s te n )  u n d  die des P r 3+ u n te rsu c h t. A u ch  die so gew onnenen W erte  
s in d  in  d e r Tabelle a n g eg eb en . A nstelle  v o n  Y 3 + können  b e k a n n tlic h  im  
X e n o tim  auch  a n g e re ic h e rte r  se ltene  E rd m e ta lle , in  e rs te r Linie Y ttr iu m e rd e n  
v o rh a n d e n  sein, so dass a lso  angenom m en  w e rd e n  k a n n , dass Zr4+, T h 4+ oder 
U 4 a u c h  a n  ihre S telle t r e te n .  Im  Z u sam m en h an g  m it diesen S u b s titu tio n e n  
m ö c h te n  w ir aber b e m e rk e n , dass die WYCKOFFschen Io n en rad ien  d er se l
te n e n  E rd m e ta lle  im  g rossen  Masse von d e n  G o L D S C H M i D T s c h e n  W e rte n  
a b w e ic h e n , obw ohl die R a d ie n  von  T h4+ u n d  U 4+ übere in stim m en . D ie e r 
w ä h n te n  A bw eichungen fü h re n  n a tü rlic h  au c h  in  den  Ind izes H E u n d  H j- 
zu  gew issen  A bw eichungen . A u f  G rund  d er W e rte  von  H E u n d  H r  is t  die 
S u b s ti tu ie rb a rk e it  d er K a tio n e n  T b 3+, E r 3+, G d3+ u n d  P r3+ d u rc h  die 
K a t io n e n  T h 4+ u n d  U4+ n o ch  als w ahrschein lich  zu  b e tra c h te n  u n d  zw ar le ic h te r  
d u rc h  U 4+. Die S u b s titu ie ru n g e n  d u rch  Z r4+ s in d  bereits sch lech te r u n d  
k ö n n e n  m it A usnahm e v o n  E r 3+ fü r  die ü b rig e n  E rd m e ta lle  b e re its  n ic h t 
a ls  w ah rsch e in lich  an g en o m m en  w erden.
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Tabelle 4

S u b s titu tio n

M it WYCKOFFschen R a d ie n  
b e re c h n e t

M it GoLDSCHMiDTschen 
R ad ien  b e re c h n e t

T, A llTw H s » - T , T, H  та HfO

Y3* (P 0 4)3-  < -  Zr4 '( S i0 4)4- .......... 2,0 1,6 1,6 3,2 2,2 1,6 1,8 3,5
T h 4+(Si04)4-  . . . . 1,7 1,6 1,3 2,8 1,2 1,6 0,8 2,0
U 4(S i0 4)4-  ............ 1,5 1,6 1,1 2,4 1,1 1,6 0,7 1,8

T b 3‘( P 0 4)3-  V -  Zr4R S i0 4)4- .......... 2,5 1,6 2,1 4,0 2,4 1,6 2,0 3,0

T h 4 (S i0 4)4-  . . . . 1,4 1,6 1,0 2,2 1,1 1,6 0,7 1,8
U 4+(S i0 4)4-  .......... 1,2 1,6 0,8 1,9 1,2 1,6 0,8 2,0

G d3 ( P 0 4)3-  < -  Zr44SiO„)4- .......... 2,9 1,6 2,5 4,6 2,7 1,6 2,3 4,3

T h 4'( S i0 4)4-  . . . . 1,2 1,6 0 , 8 1,9 1,0 1,6 0,6 1,7
U 4+ (S i04)4-  .......... 1,2 1,6 0,8 2,0 1,4 1,6 1,0 2,3

P r3 '( P 0 4)3- <— Zrl  r(S i0 4)1 - .......... 3,3 1,6 2,9 5,3 3,1 1,6 2,7 5,0

T h 4i(S i0 4)4-  . . . . 1,0 1,6 0,6 1,7 1,2 1,6 0,8 1,9
U 4+(S i0 4)4- .......... 1,3 1,6 0,9 2,2 1,6 1,6 1,2 2,6

E r31 ( P 0 4)3_ 4 -  Z r4i (S i0 4)4- .......... 2,1 1,6 1,7 3,4 2,0 1,6 1,6 3,3

T h 4+(Si04)4-  . . . . 1,6 1,6 1,2 2,6 1,3 1,6 0,9 2,1
U 4+(Si04)4- .......... 1,4 1,6 1,0 2,2 1,1 1,6 0,7 1,8

Als e rstes B eispiel fü r  die polym ere h e te ro v a le n te  D iadochie  m it einem  
E in t r i t t  in  eine leere G itte rs te lle  k an n  die S u b s titu ie ru n g  von Ca2+ <— Y 3 + 
im  F lu o rit a n g e fü h rt w erd en . D er positive L ad u n g sü b e rsch u ss , d er in  solchem  
F alle  e n ts te h t , w ird  b e k a n n tlic h  d a d u rc h  n e u tra lis ie r t , dass F 1—-Io n en  in  
e in er e n tsp rech en d en  M enge in  die leeren G itte rs te lle n  e in tre te n . In  diesem  
F alle  is t also die S u b s titu ie ru n g  m it e iner A n io n en k o m p en sa tio n  v e rb u n d e n . 
In  der S u b s titu ie ru n g  w ird  o ffenbar h a u p tsä c h lic h  die gegenseitige D ia- 
doch ieneigung  von  Ca2+ u n d  Y 3+ m assgebend  se in , die w ir au ch  in  diesem  
F alle  d u rch  das P ro d u k t d e r Q u o tien ten  von  d en  Io n en v o lu m in a  u n d  den  
re d u z ie rten  E le k tro n e g a tiv itä te n  c h a rak te ris ie ren  k ö n n en . D as E in tre te n  von  
F 1— in  den leeren  R a u m  en tsp rech en d er G rösse des G itte rs  v e ru rs a c h t b e 
k a n n tlic h  p ra k tis c h  k a u m  eine V o lu m en d efo rm atio n . (Im  F lu o rit is t a0 =  
=  5,45 Â u n d  im  Y ttr iu m flu o r it  5,49 Â.) W ir d en k en , dass w ir d en  In d e x  H e 
äh n lich  der iso v a len ten  S u b s titu ie ru n g  b ild en  k ö n n en , d. h. 

r Ca* *■
H E =  — “—  • (xy  — Xca +  1) s e i n  w i r d .  A u f d i e s e  W e i s e  m i t  d e n  W y c k o f f -

r Y 3 +

sehen bzw. m it den GoLDSCHMiDTschen Ionenradien gerechnet erhält m an für 
H eiv =  1,6 und für H £ Q =  1,2. Obwohl die ziem lich grosse A bw eichung, die 
zw ischen den beiderlei für Y 3+ angegebenen Ionenradienw erten vorhanden  
ist, in  den beiden Indizes zu einer grösseren A bw eichung führt, ist im  Falle
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v o n  b e id en  H E-W erten  e in e  g u te  S u b s titu ie ru n g  als w ahrsch e in lich  a n z u 
n e h m e n .

E s  w ar auch schon  v o n  e in er solchen, d u rc h  die A usfü llung  lee re r G it te r 
s te l le n  v o r sich gehenden  S u b s titu ie ru n g  die R ed e , wo die W ied e rh e rs te llu n g  
des v o n  h e te ro v a len tem  K a tio n e n a u s ta u sc h  g e s tö r te n  G leichgew ichtes d u rch  
d e n  gleichzeitigen E in t r i t t  eines neuen  K a tio n s  in  eine leere  G itte rs te lle  
g e s ic h e r t  w ird. Wie w ir b e re i ts  schon  gesehen h a b e n , is t d ieser F a ll im  T rem o lit 
m ö g lich , wenn Ca2+ d u rc h  N a 1+ su b s titu ie r t w ird . D er n eg a tiv e  L a d u n g s 
ü b e rsc h u ss , der in d iesem  F a l l  e n ts te h t, w ird  d u rc h  den  E in t r i t t  v o n  w eiterem  
N a 1+ a n  eine leere G itte rs te l le  n e u tra lis ie rt. W ir g lau b en , dass m a n  in  d iesem  
F a l l  d e n  en tsp rechenden  H E-W ert vom  Io n en v o lu m e n q u o tie n te n  u n d  dem  
V e rh ä ltn is  der re d u z ie r ten  E le k tro n e g a tiv itä te n  des Ca2+ u n d  des an  seiner 
S te lle  tre te n d e n  N a1+ b e re c h n e n  k an n . Die G rösse der leeren  G itte rs te lle  
w ird  o ffenbar durch  d ie  G rösse der Ca2+-K a tio n e n , die an  ih re r  G renze 
lie g e n , beeinflusst, so d ass  a lso  n u r  vom  E in t r i t t  v o n  solchen Io n en  die R ede 
se in  k a n n , welche ih r  d e m  V olum  n ach  n a h e  s te h e n . E in  g ü n s tig e r  E in b a u  
v o n  v ie l grösseren oder v ie l k le in e ren  Io n en  wie z. B . Cs1+ oder L i1+ k a n n  also 
k a u m  v o r sich gehen. M an  m uss aber in  d er B erech n u n g  noch  e in m al den  
V o lu m en q u o tien ten  v o n  C a2+ u n d  N a1+ b e a c h te n , weil es v o rs te llb a r  is t, 
d a s s  a n  die leere G itte rs te l le  anste lle  von  N a 1+ ein anderes K a tio n , z. B. 
K 1+ sich  e inbau t, in  w e lch em  Falle aber, infolge der grösseren A bw eichung 
des Io n en rad iu s  des K 1+ v o n  dem  der Ca2+ die V e rtre tu n g  schon  v iel u n g ü n 
s t ig e r  w äre. W ir denken  a b e r , dass die E le k tro n e g a tiv itä t  des in  d ie leere Stelle 
t r e te n d e n  neuen K a tio n s  n ic h t  zu  b each ten  is t , w eil die neue B in d u n g  n ich t 
a n s te l le  einer bereits v o rh a n d e n e n  B indung  t r i t t .  Die B erech n u n g  v o n  H E 
k a n n  a u f  G rund dessen fo lg en d erm assen  an g eg eb en  w erden  :

H,E W
rCa2
—3
' N a 1

Ca l N a + !) • n w +
=  1,5

( m i t  W Y C K O F F s c h e n  I o n e n r a d i e n )  b z w .  1,8 ( m i t  G o L D S C H M i D T s c h e n  I o n e n 

r a d i e n ) .  D i e  S u b s t i t u i e r b a r k e i t s w a h r s c h e i n l i c h k e i t  i s t  a l s o  a l s  g u t  a n z u 

n e h m e n .

W ie wir gesehen h a b e n , is t es n ach  N . S u n d i u s  in  der T re m o lits tru k tu r  
a u c h  m öglich, dass N a 1+ n u r  an  die leere G itte rs te lle  e in tr i t t  u n d  dass der 
so e n ts ta n d e n e  L a d u n g sü b e rsc h u ss  n ach  ih m  d u rc h  die S tru k tu r  d a d u rc h  
n e u tra l is ie r t  w ird, dass  1 Si4+ d u rch  1 A l3+ s u b s titu ie r t  w ird . D a Si4+ u n d  
A P +  Teile der k o m p lex en  Io n e n  (S i0 4)4~ bzw . von  (A104)5— s in d , k o m m t 
a n  ih re r  Stelle die D iad o ch ien e ig u n g  der k o m p lex en  Io n en  in  B e tra c h t , aber 
a u  sse rd em , w orauf w ir w e ite r  oben schon hingew iesen  h a b e n , m üssen  w ir 
a u c h  d en  V o lu m en q u o tien ten  von  Ca2+ u n d  v o n  N a1+ in  R ech n u n g  ste llen . 
D ie  S u b s titu ie rb a rk e itsw ah rsch e in lich k e it k a n n  in  diesem  F a lle  fo lgender-



DIE SUBSTITUIERBARKEIT DER IONEN UND ATOME 413

weise b e rech n e t w erden  :

H E = r Caa + 

r Nai <•
. (*S1- , AI +  1).

r (A10j)5~

H ier m üsse m an  n a tü r lic h  auch  den  Io n e n ra d iu s  von (S i04)4 -  u n d  von  
(A104)5~ im  T rem o lit k en n en . D a uns beide feh len , h ab en  wir den  (S i0 4)4~- 
R ad iu s  genom m en, den  F . L e u t w e i n  u n d  K . D o e r f f e l  fü r das Z r S i0 4- 
G itte r  angegeben  h ab en  u n d  fo lg ten  ih n en  a u c h  in  der übrigens n ic h t  ganz  
sicheren  A n nahm e, dass d e r fehlende (A104)s— Io n en rad iu s  m it d em  v o n  
(S i0 4)4 -  gleich is t. A u f d ieser G rund lage  g e rech n e t e rh ie lten  wir fü r  H E(V=  1,5 
u n d  fü r  H £Cj =  1,6, so dass also eine gu te  S u b s titu ie rb a rk e it w ah rsch e in lich  
g em ach t w erden  k a n n .

U n te rsu ch en  w ir n u n  vom  G es ic h tsp u n k te  der S u b s titu ie rb a rk e its 
m ög lichke it aus die in  d iesem  K a p ite l b e re its  eben fa lls  e rw ähn te  u n d  von
F . Z a m b o n i n i  u n d  F . L a v e s  e rk lä r te  Iso m o rp h ie  des O livins m it L i 3 ( P 0 4). 
B ek an n tlich  b e fin d e t sich das Mg2+-Ion  des O liv ins in  den o k ta e d risc h e n  
L ücken  der O liv in s tru k tu r , zwei V iertel der L ü c k e n  sin d  aber leer. A u f  diese 
W eise b e s te h t die M öglichkeit fü r  den  E in t r i t t  v o n  L i1+ d u rch  d ie I n a n 
sp ru ch n ah m e  einer von  d en  beiden  leeren  L ü c k e n  so, dass d a d u rc h  ke in e  
D efo rm atio n  z u s ta n d e  k o m m t. In  der B e rech n u n g  des S u b s titu ie rb a rk e its 
w ah rsch e in lich k eit ziehen w ir auch h ier d a s  S u b s titu ie rb a rk e itsv e rh ä ltn is  
der kom plexen  A nionen  (S i0 4)4 -  u n d  ( P 0 4)3— fe rn e r  das von 2Mg2+ ч— 2 L i 1  + 
u n d  zum  Schluss au ch  noch  den  V o lu m en q u o tien ten  von  L i1+ u n d  Mg2+ Io n e n  
in  B e tra c h t. D ie E in tr ittsm ö g lic h k e it des L i1+-Ions an  die leere  G it te r 
ste lle  w ird  n äm lich  o ffen b ar d u rch  die G rösse des Mg2 +-Ions, das d ie  a n d e re  
G itte rs te lle  äh n lich en  C h a rak te rs  eingenom m en h a t ,  beein flusst. D a im  F a lle  
iso m o rp h er M ischung 2Mg2+ d u rch  2L i1+ v e r t r e te n  w erden , m uss d iese  T a t 
sache  un se re r M einung n ach  in  der B erech n u n g  des In d ex es b e a c h te t w e rd e n . 
Die W ahrsch e in lich k e it d er S u b stitu ie ru n g  w ird  fo lgenderm assen  b e re c h n e t :

# E = ~ ----  • ( # M g  ----  X L  i +  1 ) -r{Si0 <)- - ( * p — * S i+ l ) .
r ( P 0 4) 3—

I 3 Mgai
r 3 u.+

A uf Grund dessen erhalten wir folgende W erte : H EW =  4 ,3  bzw . 
H EQ =  2,3. Als R adien der kom plexen Ionen (S i0 4)4~ und (PO4)3-* haben  
wir notgedrungen für den Form eltypus A R  angegebene L e u t w e i n — D o e r f f e l -  

sche W erte in Betracht gezogen. Der mit den GoLDSCHMiDTschen Ionenradien  
berechnete Index  m acht eine Substituierbarkeit noch wahrscheinlich, der 
m it den WYCKOFFsehen W erten berechnete In d ex  lässt aber nur eine zw e ife l
hafte Substituierbarkeit verm uten. W enn wir die H r-Indizes b etrachten , so 
m acht der WYCKOFFsche W ert bereits keine Substituierbarkeit w ahrscheinlich , 
während der GoLDSCHMiDTsche Wert noch eine Substituierbarkeit als w ah r
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s c h e in lic h  anzeig t : H TW —  0 ,5 -f- 0,5 -f- 1,0 -|~ 0,3 =  2,3, H Tq =  0,5 -f- 0,5 -f-
+  0,6 +  0,0 =  1,6

W ir h aben  bere its  a u c h  die A b le itu n g  v o n  M ullit Al4 [Al4 (AlSi3 ) 0 19,5] (von 
S il l im a n it  A l(A lS i05) d u rc h  die B ild u n g  le e re r  G itterste lle  e rw ä h n t. W ie 
w ir  w issen , is t die Z u sam m en se tzu n g  des M u llits  etw as v e rä n d e rlich  im  V er
g le ich  z u m  S illim an it. D ie S tru k tu r  des M u llits  k a n n  aus der des S illim an its  
b e k a n n t l ic h  du rch  die te ilw eise  S u b s ti tu t io n  (S i0 4 )4 - ч— (A104)5~ ab g e le ite t 
w e rd e n , w obei das — in fo lg e  des n e g a tiv e n  L ad u n g süberschusses g e s tö r te  — 
e le k tro s ta t is c h e  G le ichgew ich t d u rch  das A u s tre te n  von O2 - -Io n e n  u n te r  
H in te r la s s u n g  von leeren  G itte rs te lle n  w id e rh e rg es te llt w ird . D a d ie  Menge 
des S iliz ium s u n d  A lu m in iu m s in  den  M u lliten  schw ankend  is t (es k a n n  auch  
m e h r  o d e r  w eniger A l v o rh a n d e n  sein  als es in  d er Form el a n g eg eb en  ist), 
k ö n n e n  diese G lieder im  P rin z ip  als so lch e  M ullite  au fgefasst w erd en , in 
d e n e n  S iliz ium  a u f d ia d o c h e  W eise sch w äch e r o d er s tä rk e r d u rch  A lu m in iu m  
v e r t r e t e n  w ird . W ir n e h m e n  an , dass in  d e r  B eurte ilung  des S u b s titu ie r 
b a rk e itsw a h rsc h e in lic h k e it d ie  leere  G itte rs te lle  n ich t in  B e tra c h t  k o m m t, 
s o n d e rn  dass m an  n u r  die b e id en  k o m p lex en  Io n e n  in  R echnung  s te lle n  m uss. 
D ie  B e rech n u n g  des In d e x e s  H E gedenken  w ir  fo lgenderm assen  d u rc h fü h re n  
zu  k ö n n e n  :

H E= rl ^°^-(*SI- * AI + l).
r (Si04)4-

W e n n  w ir  die Io n e n ra d ie n  d ieser be id en  k o m p lex en  Ionen  als g le ich  gross 
a n n e h m e n  (s. das G esag te  im  Z u sam m en h an g  m it  dem  T rem olit), d a n n  e rh a lte n  
w ir  f ü r  d en  In d e x  H E d en  W ert von  1 ,3 , d e r  eine gu te  S u b s titu ie rb a rk e it 
w a h rsc h e in lic h  m ach t. 3

3. Die D iadochieneigung in (hom öopolaren) Atom gittern

W e n n  wir n u n  d ie  S u b s titu ie ru n g e n  b esp rech en  wollen, die in  den  im  
w e se n tlic h e n  h o m ö o p o la ren  A to m g itte rn  v o r  sich  gehen, k ö n n en  a u c h  hier, 
w ie  a u c h  im  Falle d e r Io n e n g itte r  d a s  V e rh ä ltn is  der V o lu m in a  u n d  die 
B in d u n g s a r t  in  der B e u rte ilu n g  der W a h rsch e in lich k e it der D iadoch ien e ig u n g  
in  e r s te r  L inie zu W o rt kom m en .

I n  d er B erech n u n g  d e r  V olum ina h a b e n  w ir aber n a tü r l ic h  n ic h t die 
Io n e n ra d ie n  sondern  die e n tsp rech en d en  A to m ra d ie n  in B e tra c h t zu  ziehen.

Z ah lre iche  S u lfide , Selenide, T e llu rid e , Sulfosalze usw ., j a  so g a r auch 
E le m e n te  (z. B. der K o h len sto ff) können  b e k a n n tlic h  in A to m g itte r  k ris ta llis ie 
r e n . E in ig e  von ih n e n  k ö n n e n  schon  als Ü bergänge  zu den  m e ta llisch en  
G i t t e r n  b e tra c h te t  w erd en , diese w eisen sc h o n  m eh r oder m in d e r d ie  E ig en 
s c h a f te n  von  L eg ie rungen  au f, ausserdem  s in d  u n s  m anche S tru k tu re n  auch  
n o c h  n ic h t  m it der e rw ü n sc h te n  G e n a u ig k e it b e k an n t u n d  d asse lb e  k a n n
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au ch  fü r  einige in A to m g itte rn  zu v e rw en d en d en  »kovalen te  A to m ra d ie n «  
g e lten . T ro tz  d ieser S chw ierigkeiten  k ö n n en  w ir in der B e re c h n u n g  der 
D iadoch iene igung  in  vielen F ällen  die » S ta n d a rd  te tra e d risc h en «  u n d  die 
» s ta n d a rd  ok taed risch en  A to m rad ien «  von P auling— H uggins [83 ], sowie 
die von  W yckoff b erech n e ten  te tra e d risc h e n  n eu tra len  A to m ra d ie n  [47] 
(w eich e im alig em ein en  m it den  s ta n d a rd  te tra e d risc h e n  R adien  v o n  P auling—  
H uggins gleich sind  u n d  n u r  m an ch m al zw ischen ihnen  eine gerin g e  A b
w eichung  festg este llt w erden  k an n ), fe rn er die au s  den K ris ta llen  des N ickel- 
a rse n id ty p s  b e rech n e ten  R ad ien  d er le tz t  e rw äh n ten  F o rschers g u t v e r
w enden .

A uch  im  F alle  von  h om öopo laren  A to m g itte rn  rechnen  w ir sow ohl 
m it e inzelnen  wie auch  m it d o p p e lten  S u b s titu ie ru n g e n . Im  S p h a le r it  k a n n  
z. B . ZnS d u rch  GaAs v e r tre te n  w erden .

E in  seh r w ich tiges u n d  v e rb re ite te s  A to m g itte r  in der W elt d e r  M inerale 
s te ll t  das S ph a le rit- u n d  W u r tz itg it te r  sow ie das P y rit-  u n d  d a s  N ickel- 
a rse n id g itte r  d a r. (Y. M. Goldschmidt). B e tra c h te n  wir nun  die S u b s ti tu ie r 
b a rk e ite n  in  diesen F ällen .

Im  kub isch  f lä c h e n z en tr ie r te n  G itte r  des S phalerit w ird  b e k a n n tlic h  
ein je d e s  Zn te tra e d r is c h  v o n  4 S u n d  jed es  S w iederum  von 4 Zn u m g eb en . 
U n te r  B e rü ck sich tig u n g  d e r fü r  die te tra e d r is c h e n  A nordnungen  angegebene 
P auling - HuGGiNSschen s ta n d a rd  te tra e d r is c h e n  A tom rad ien  o d er W y c k o ff- 
sehen  te tra e d r is c h e n  n e u tra le n  A to m rad ien  u n d  d er V erhältn isse  d e r  E le k tro -  
n e g a tiv i tä te n  is t es in  diesem  F alle  m öglich , u ns ü b er die W ah rsch e in lich k e it 
d er S u b s titu ie rb a rk e it zu o rien tie ren . D asselbe k a n n  m an auch fü r  d en  W u rtz it  
b e h a u p te n , in  dessen hexagonalem  G itte r  die A tom e ebenfalls te tra e d r is c h  
a n g e o rd n e t sind .

Y. M. Goldschmidt w eist darauf hin (1926), dass in solchen Struk
turen die Entfernung zwischen den A tom en A  — В  eine grössere p h ysi
kalische B edeutung besitzt als der individuelle Radius, indem  diese E n t
fernung vom  individuellen Atom  unabhängig ist. Berechnen wir aber mit 
den WYCKOFFschen tetraedrischen neutralen oder aber mit den P a u lin g —  
HuGGiNSschen standard tetraedrischen A tom radien die Entfernung zwischen  
den A tom en A  — В  von solchen Verbindungen, in  denen das eine A tom  gleich  
ist, dann finden  wir den R adius des anderen Atom s praktisch m it den 
WYCKOFFschen oder den P auling— HuGGiNSschen Werten übereinstim m end. 
W enn wir aber m it der gem essenen E ntfernung die aus den A tom radien  
berechenbarene vergleichen, so finden wir, dass auch diese W erte gu t m it
einander übereinstim m en. (Z. B . in dem G itter von ZnS, ZnSe und ZnTe, in 
w elchem  die Entfernung A — В  nach W yckoff [47] der Reihe nach 2 ,3 6 , 2,45 
und 2,63 Â beträgt, ergibt sich für den A tom radius von Z n  von jed em  W ert 
berechnet 1,31 Â. Die aus den R adien erhaltene Entfernung А  — В  stim m t 
ferner m it den tatsächlichen oben angegebenen W erten überein.)

11 A c ta  Geologica V/3—4.
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I n  u n s e r e n  B e r e c h n u n g e n  h a b e n  w i r  d i e  W Y C K O F F s c h e n  t e t r a e d r i s c h e n  

n e u t r a l e n  A t o m r a d i e n  a n g e w e n d e t .

W ie b e k a n n t, k ris ta llis ie re n  im  S p h a le r it-G itte r ty p u s  sehr versch ied en e  
V e rb in d u n g e n , e inzelne v o n  ihnen  m it e in em  m e h r ionaren , an d e re  eher 
m it e in em  m ehr m e ta llisc h e n  C h arak te r, e ine  B ed in g u n g  w ird ab e r in  jed em  
F a ll  e r fü ll t ,  dass die S u m m e der äusseren  (V alenz-) E lek tro n en  d er b e iderle i 
A to m e  a c h t au sm a c h t. G ew isse V erb in d u n g en  m it  S p h a le ritg itte r  ( =  Z in k 
o x y d g it te r )  zeigen e in en  Ü berg an g  zu d en  Io n e n - , andere  dagegen  zu  den  
m e ta llisc h e n  G itte rn . D a S p h a le r it  auch  als e in  M in era l m it s ta rk  p o la ris ie rtem  
Io n e n g i t te r  angesehen  zu  w erd en  p fleg t, h a b e n  w ir ausser den A to m ra d ie n  die 
S u b s ti tu ie rb a rk e it  au c h  a u f  G rund  der Io n e n ra d ie n  berechnet. D ie B e rech 
n u n g  des Indexes H E a u c h  f ü r  den vorigen F a ll  g ed en k en  w ir ü b rigens sow ohl 
fü r  d ie  e in fache  wie au c h  fü r  die zu sam m en g ese tz te  (gekoppelte) S u b s titu ie ru n g  
so d u rc h fü h re n  zu k ö n n e n , w ie bei den Io n e n g it te rn , an  die Stelle des Io n e n 
r a d iu s  t r i t t  aber in  d iesem  F a ll der A to m ra d iu s . Z. B. w ird fü r  die S u b s ti
tu ie r u n g  Zn 4 — Cd d iese r In d e x , wenn w ir d ie  E le k tro n e g a tiv itä t  v o n  Zn 
a ls  1,5 angeben

I I F -  '  (*ca -  *zn  +  1 )  =  M
tzn

b e tra g e n . Die S u b s titu ie rb a rk e itsw a h rsc h e in lich k e it is t also g u t zu b e 
ze ich n en .

W en n  w ir die zu sam m en g ese tz te  (g ek o p p e lte ) S u b stitu ie ru n g  m it dem  
B eisp ie l des ZnS G aA s-P aa re s  v e ra n sc h a u lich e n  (die E le k tro n e g a tiv itä t  
v o n  Z n m it dem  W ert 1,5 b e rech n e t), e rh a lte n  w ir

H E =  T~  ■ ( # 0 a — *zn +  1 ) ’ ~ ~  ■ { x s  — * A S  +  1) =  2,6 und  H T =  1,3
r Ua r S

so d a ss  die S u b s titu ie rb a rk e it  w ahrschein lich  is t .
Im  S phale rit w erd en  fo lgende E lem en te  a u f  G ru n d  der A n g ab en  von  

E . S c h r o l l  [66,67 m it H . H a b e r l a n d t ] ,  I .  O f t e d a l  [ 6 8 ], R . E . S t o i b e r  

[6 9 ], H . V. W a r r e n  u n d  R . W . T h o m p s o n  [7 0 ], J .  E . H a w l e y — C. L. L e w i s  —  

W . I . W a r k  [71] V. C. F r y k l u n d  j r .  u n d  J .  D . F l e t c h e r  [84] u n d  a n d e ren  
(V . G o l d s c h m i d t , Cl. P e t e r s ,  L .  C. G r a t o n  u n d  G. A . H a r c o u r t , H .  H a b e r 

l a n d t , P . E v r a r d , О . G a b r i e l s o n .] a n g e fü h r t  : M n, Fe, Co, N i, Cd, H g , 
G a, I n ,  T l, Ge, Sn, A s, S b , B i, Mo, A u, Т е, C u, V , Cr, B a, P b  u n d  A g. N ach  
E . S c h r o l l  geh t TI im m e r m it As zusam m en , H . V. W a r r e n  u n d  R . W . 
T h o m p s o n  h a lte n  d ie  V eru n re in ig u n g  w e s tk a n a d is c h e r  S p h a le rite  d u rch  
Sn, C u, P b , Sb, A s, A u , B i u n d  Те fü r m e c h an isch e  E in legerung  aus a n d e ren  
M in e ra lie n  u n d  sch re ib en  a u c h  Ti u n d  V  e in e  zw e ife lh a fte  R olle zu  [70]. 
D iese lb e  A nnahm e f in d e t  s ich  auch  hei V. C. F r y k l u n d  j r .  u n d  J . D . F l e t c h e r  

b e z ü g lic h  des Ag der S p h a le r ite  von Coeur d ’A lène [8 4 ]. V on den a n g e fü h rte n
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M etallen  gibt Mn b e k a n n tlic h  m it S das ro te  M nS, fe rner das Cd u n d  H g  das 
CdS u n d  IlgS, die alle im  S p h a le r itg itte r  k ris ta llis ie ren . F ü r  die B e rech n u n g  
d er D iadoch ieneigung  d er M etalle zum  Z ink sin d , wie w ir oben  b e re its  e rw ä h n t 
h ab e n , en tw ed er die WYCKOFFschen te tra e d risc h e n  n e u tra le n  o d er a b e r  die 
P a u l i n g — HuGGiNSschen s ta n d a rd  te tra e d risc h en  A to m rad ien  zu  verw enden  
V. M. G o l d s c h m i d t  h a t  in  d er U n te rsu ch u n g  d er S p u ren e lem en te  des S p h a le 
r ite  die le tz te ren  g e b ra u c h t [58]. Von m ehreren  M eta llen , so z. B . von  Fe, 
Co, N i steh en  u ns die te tra e d ris c h e n  A to m rad ien  n ic h t zu r V erfü g u n g , fü r 
F e h a b e n  w ir zw ar e inen  R a d iu s  aus dem  C h a lk o p y rit b e re c h n e t, a b e r  die 
D iadoch iew ah rsch e in lich k e it d er beiden  an d e ren  E le m e n te n  zum  Zn k o n n te n  
w ir n ich t u n te rsu ch en . Im  ü b rigen  k a n n  m an  keine zuverlässig  b e rech n en , 
weil FeS, NiS u n d  CoS im  S p h a le rit-  oder W u r tz i tg i t te r  re in  n ic h t b e k a n n t 
s in d , obwohl das A u ftre te n  von  F e , Co, N i im  S p h a le rit oder W u r tz i t  eine 
S u b s titu ie ru n g  w ahrsch e in lich  m achen  k a n n . V on d en  E lem en ten , die als 
m echan ische V erun re in igungen  b e tra c h te t  w erden  k ö n n te n , h a b e n  w ir, m it 
A usnahm e des Те, abgesehen . In  d er Tabelle 5 h a b e n  w ir die In d e x e  d e r S u b 
s titu ie rb a rk e itsw ah rsch e in lich k e iten  Z n" 4 — R n u n d  in  Tabelle 6 d ie von 
S " 4 —M" zu sam m en g este llt. R 11 b e d e u te t ein  »zw eiw ertiges«  M eta ll u n d  M " 
ein  E lem en t der S au ersto ffg ru p p e . In  den B erech n u n g en  w u rd en  die W Y C K O F F 

schen  te tra e d risc h en  n e u tra le n  A to m rad ien  a n g e w a n d t. D a n eu e rd in g s  die

Tabelle 5

Zn'l -  RH
Hjs

=1.5 *z„=l,7

Z n " ............................ 1,0 1,0

M n" ............................ 1,3 1,5
S n" ............................ 1 ,4 1,3

C d" ............................ 1,4 1,7

M g" ............................ 1,8 2,0

B e" ............................ 1 ,9 2,3

H g "  ............................ 2,0 1,7

°F e"  ........................... 1,7 1,6

G a1" ............................ 1,2 1,2

I n " 1 ........................... 1,4 1,4

T I1"  ............................ 2,0 1,7
G eIV ............................ 1,8* u n d  1,5** 1,5* und 1,2**

S n 'v ............................ 1,6 1,3

Tabelle 6

S '  «- M' H я

S " .............. 1,0
S e " .............. 1,5

Т е " ............ 2,8

О " ............... 9,3

° B erech n et m it e inem  au s C h a lk o p y rit g e rech n eten  A to m rad iu s  
* M it einem  A to m rad iu s  von 1,15 Â g erechnet (s. w e ite r u n te n )
** M it einem  A to m rad iu s  von 1,22 Â gerech n et (s. w e ite r u n te n )

И*
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E le k tro n e g a tiv i tä t  v o n  Z n  a u c h  m it einem  W e rt von  1,7 angegeben  w ird 
[7 2 ], h a b e n  wir die In d iz e s  a u c h  m it diesem  W e rt b e rech n e t.

In  der Tabelle 5  s in d  G a 111, I n 111, T1HI sow ie au ch  G eIV, fe rn e r au ch  SnIV 
a n g e fü h r t .  Sie w erden  alle  n o c h  sp ä te r b e h a n d e lt . D er te tra e d r is c h e  A to m 
ra d iu s  von  F e 11 — wie w ir b e re its  e rw äh n t h a b e n  — w urde aus dem  Chalko- 
p y r i t  b e rech n e t (1,15 Â ), w o a b e r Fe w ahrsche in lich  »d re iw ertig «  is t . D a ru m  
k a n n  m a n  an n eh m en , d a ss  d e r A to m rad iu s  v o n  F e 1 1 (w enn es g ib t) auch  
e tw a s  grösser sein d ü r f te  a ls  angegeben w o rd en  is t , w elche T a tsa c h e  aber 
d e n  W e rt von H E v e rb e s se r t . D ie H E-W erte  in  d er T abelle  5 lassen  alle eine 
S u b s titu ie rb a rk e it  m it d en  in  d er Tabelle an g eg eb en en  E lem en ten  zu.

A u f G rund  d er In d iz e s  is t die W ah rsch e in lich k e it d er S u b s titu ie r 
b a r k e i t  von  Mg b e re its  sch w ach  u n d  die v o n  Be noch  sch w äch er. Sphale- 
r i ta n a ly s e n  m it e inem  M g -G eh a lt w erden ü b rig en s  von  J .  C. B h a n n e r  [73] 
m i tg e te i l t .  Diese S p h a le r ite  s ta m m te n  aus v e rsch ied en en  B ergw erken  von 
N o r th  A rkansas. Von 8  A n a ly se n  wiesen 7 e in en  G eh alt v o n  Mg au f. D er 
M g O -G eh alt w urde  v o n  ih m  in  2 A nalysen  n u r  in  S p u ren  u n d  in  den  üb rigen  
in  e in e r  Menge von  0,03, 0 ,08 , 0,10, 0,14 u n d  0 ,20%  g efunden . Ü b er das V or
h a n d e n s e in  von Be im  S p h a le r it  s tehen  m ir  k e ine  D a te n  zu r V erfügung .
J .  E . H a w l e y , C. L . L e w i s  u n d  W . J .  W a r e  [71] b e ric h te n  ü b e r das V or
h a n d e n s e in  von Be au s G ersdorffit, N icke lin , M aucherit, B re ithaup tit, Chalko- 
p y r i t  u n d  w ahrschein lich  a u s  Pyrrhotin  u n d  P entland it, a lso  in  M ineralien  
m it  e inem  ziem lich v e rw a n d te n  u n d  m e ta llisc h e n  C h a ra k te r , sein  A uf
t r e t e n  im  Sphalerit is t  a lso  n ic h t  als ausgeschlossen  zu b e tra c h te n . D er In d e x  
H E, d en  wir aus dem  Io n e n ra d iu s  e rrech n en , m a c h t seine S u b stitu ie ru n g  
a b e r  schon  vo llkom m en u n w ah rsch e in lich  (s. Tabelle 10). N ach  d en  Ind izes 
d e r  Tabelle 6 k a n n  Se z iem lich  g u t, Те sc h le c h t u n d  О b e re its  ü b e rh a u p t 
n ic h t  su b stitu ie ren .

A usser ZnS k r is ta llis ie re n  noch v iele an d e re  V e rb in d u n g en  in  der 
S p h a le r i t-  und  W u r tz i t s t r u k tu r .  U n ter ih n e n  b e fin d en  sich  m ehrere , deren  
E le m e n te  auch als S p u re n e le m e n te  des S p h a le rits  e rscheinen . Es k a n n  also 
an g en o m m en  w erden , d ass  d iese sich infolge ih re r  g ü n stig en  E ig en sch aften  
im  S p h a le rit-  oder W u r tz i tk r is ta l l  e inbauen  k ö n n e n . Im  F alle  d er S p h a le rite , 
d ie  G a u n d  As e n th a lte n , k a n n  die bereits b e h a n d e lte  do p p e lte  S u b stitu ie ru n g  
v o n  ZnS ч—GaAs usw . a n g en o m m en  w erden . I n  d er Tabelle 7 geben  w ir die 
H E — u n d  H T-W erte  v o n  m eh re re n  solchen S u b s titu ie ru n g e n , bei d enen  w ir 
d ie  E le k tro n e g a tiv itä t  des Z inks sowohl m it 1,5 wie au ch  m it 1,7 gleich 
b e re c h n e t  haben , an .

D ie W ah rsch e in lich k e it d e r S u b s titu ie ru n g  w ird  z. B. im  F alle  ZnS ч— G aP  
(x Zn — 1,5) fo lgenderw eise b e re c h n e t :

I I E  =  4 П- • (*"> -  *Zn +  1) • 4 -  • (*S -  *p) =  2 ’°  •
G ,  ' s
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Tabelle 7

S u b s t i t u t io n
* Z n «  1,5 *Zn =* 1 .7

Hr H í H y Hä

Z n S < - G aP  ................. 0,8 2 , 0 0,8 2,0

GaAs ................. 1,3 2,6 1,3 2,6

G aSb ................. 3,2 5,0 3,2 5,0

In P  ................. 1,0 2,3 1,0 2,3

In A s ................. 1,5 3,0 1,5 3,0

In S b  ................. 3,4 5,6 3,4 5,6

T IP  ................. 1,6 3,2 1,3 2,7

TIAs ................. 2,1 4,2 1,8 3,6

TISb ................. 4,0 8,0 3,7 6,8

Tabelle 8

S u b s t i t u t io n
x Zn =  1,5 x Zn =  1,7

H y H i H y H i

ZnS <— AgCl ................. 1,6 3,2 1,3 2,7

A gB r ................. 1,6 3,2 1,3 2,7

A gJ ................. 2,0 3,9 1,7 3,3

In  der B eu rte ilu n g  d er E in tr ittsm ö g lic h k e it des Silbers m uss m a n  in  
B e tra c h t ziehen , dass A g J b e k a n n tlic h  sow ohl im  S phale rit- w ie au c h  im  
W u rtz it-  (Z inkit-) G itte r  e rsch e in t. D iese T a tsa c h e  w eist d a ra u f  h in , d ass  
das A g auch  e inen  te tra e d ris c h e n  B ad iu s  b e s i tz t ,  d er n ach  W y c k o f f  m it 
e iner G rösse v o n  1,45 Ä  angegeben  w ird . D er te tra e d risc h e  B a d iu s  v o n  J  
b e trä g t  1,33 Â. E s s in d  ab e r auch  die te tra e d r is c h e n  R ad ien  von CI u n d  B r 
b e k a n n t. D er e rs te re  b e trä g t  n ach  W y c k o f f  0,99 Â , der le tz te re  1,17 Â . D ie 
S u b s titu ie ru n g  ZnS ч— A g J k a n n  also v o rg e s te llt w erden  u n d  — obw oh l 
w eder AgCl noch  A gB r in  d er S ph a le rit- oder W u r tz i ts t ru k tu r  b e k a n n t s in d  — 
es b e s te h t au ch  die M öglichkeit, dass beide V e rb in d u n g en  im  S p h a le rit (o d er 
W u rtz it)  ZnS v e r tre te n  kö n n en . Die Tabelle 8  g ib t die H E- u n d  H T-W erte  
a n , d ie  w ir u n te r  d ieser A n n ah m e b e re c h n e t h a b e n .

E in e  schw ache S u b s titu ie rb a rk e it k a n n  a u f  G ru n d  der In d iz e s  m it 
AgCl u n d  A gB r u n d  eine seh r schw ache m it A g J  w ahrschein lich  g em ach t 
w erden .

N ach  den  W ahrsche in lichke itsind izes d e r  dopp e lten  S u b s titu tio n e n  
is t  also  le tz te n  E n d es d er E in t r i t t  von  Ga, In , TI, P , As u n d  Ag w ah rsch e in lich  
zu  m ach en , d er von  Sb ab e r n ic h t.
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A nste lle  der d o p p e lte n  S u b s titu tio n e n  is t aber, zu m in d est im  Falle 
v o n  G allium  u n d  w ahrsche in lich  auch  in  dem  von In d iu m  u n d  T hallium  
e in e  S u b tra k tio n s su b s titu ie ru n g  m öglich , also  eine S u b stitio n , die u n te r  
B ild u n g  leerer G itte rs te lle n  v o r sich g eh t. B e k a n n t is t näm lich  im  S phalerit 
z. B . G allium  ohne A rsen . N ach  D . F . C. M o r r i s  u n d  F . M. B r e w e r  [74] is t 
d a s  G alliu m  im  S p h a le rit d re iw ertig . Die S u b s titu tio n  k a n n  n a c h  ih re r  A uf
fa s s u n g  s ta ttf in d e n , w eil H .  H a h n  u n d  W . K l i n g e r  [75] fü r die V erb in d u n g  
G a 2 S 3  u n te r  550—600° C eine S p h a le rit- u n d  d a rü b e r eine W u r tz i ts t ru k tu r  
a n g e b e n  u n d  a u f  eine solche w eisen au c h  die m agnetischen  E ig en sch a ften  
h in . D iese S u b s titu tio n  b e d e u te t ab e r an  d e r  S telle  des M etalls d a s  A u ftre te n  
e in e r  leeren  G itte rs te lle . D ie B erech n u n g  des S u b stitu tio n s in d ex es  k a n n  in 
d ie sem  F alle  a u f  G ru n d  des V o lu m en q u o tien ten  u n d  des E le k tro n e g a tiv itä te n -  
q u o tie n te n  von Ga u n d  Zn vo rgenom m en  w erd en , wobei die E le k tro n e g a tiv itä t  
des Z in k s m it 1,5 in  die R ech n u n g  g e s te llt w u rd e .

H F= rl n- • (*0. -  *Zn +  1) =  1,2.
Uia

M it einer E le k tro n e g a tiv itä t  von  1,7 des Z inks berech n e t, b e trä g t  H E 
e b e n fa lls  1,2. B eide W erte  m ach en  eine g u te  S u b s titu tio n  w ah rsch e in lich . 
E in  ä h n lic h e r F a ll is t ü b rig en s  auch  m it In d iu m  u n d  Thallium  im  Z u sam m en 
h ä n g e  anzu n eh m en , weil ih re  E le k tro n e n s tru k tu r  der des G allium s ähn lich  
i s t .  H E b e trä g t in  d er S u b s titu tio n  m it I n  m it einer E le k tro n e g a tiv itä t  
v o n  1,5 oder 1,7 g e rech n e t 1,4 u n d  m it T I 111 2 ,0  bzw. 1,7. Die In d iz e s  des 
In d iu m s  m achen  noch  eine sehr g u te , die des T hallium s ab er eine ab g e
s c h w ä c h te  S u b s titu ie rb a rk e it w ahrschein lich .

D ie Ind izes der g ek o p p e lten  S u b s titu tio n  s ind  bei G erm anium  n ic h t g u t. 
F .  M . B r e w e r , J .  D . C o x  u n d  D. F . C .  M o r r i s  [ 7 6 ]  h a lte n  es fü r  m öglich , 
d a s s , d a  im  GeS2- G itte r  e in  jed es  G e rm a n iu m a to m  te tra e d risc h  v o n  4 Schw efel
a to m e n  um geben  w ird , a n  d ie S telle des Z inks v ierw ertiges G erm an iu m  t r i t t ,  
o b w o h l es eine h ö h ere  E le k tro n e n z ah l au fw e is t als Z ink. »D esp ite  th e  fac t 
t h a t  th e  g erm an ium  a to m  h as  a g re a te r  n u m b e r  o f e lectrons t h a n  th e  zinc 
a to m , th is  inclusion o f  g e rm an iu m  in  b len d e , in  p lace of zinc m ay  be considered  
p o ss ib le  w ith o u t p o s tu la tin g  co n co m itan t su b s ti tu tio n s  o f a to m  w ith  a sm aller 
n u m b e r  o f va len cy  e lec tro n s , since th e  a d d itio n a l e lectrons m a y  e n te r  th e  
c o n d u c tio n  b a n d  o f th e  c ry s ta l, or po sitiv e  holes m ay  be p ro d u ced .«  W . H . 
Z a c h a r i a s e n  [ 7 7 ]  g ib t im  G eS 2  die E n tfe rn u n g  Ge—-S m it 2,19 Â als m it einem  
M itte lw e r t an . D a rau s  k a n n  fü r  rCe der W e r t  von  1,15 Â b e re c h n e t w erden . 
D en  au s  d er B indung  Ge— Ge b erech n e ten  te tra e d ris c h e n  R ad ius geben  sow ohl 
P a u l i n g — H u g g i n s  wie au ch  W y c k o f f  gleich  m it einem  W ert von  1,22 Â an . 
D a  w ir  die E n tfe rn u n g  G e— S n ich t aus d e r  S p h a le rit- oder W u r tz i ts t ru k tu r  
b e re c h n e n  k o n n ten , ziehen w ir im  w eiteren  be id e  R ad ien  in  B e tra c h t. U nserer
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A uffassung  n ach  k a n n  die S u b s titu ie rb a rk e itsw a h rsc h e in lich k e it a u f  d e r
selben  W eise b e rech n e t w erden , so wie w ir das im  F alle  des G allium s b e re its  
gesehen  h a b e n , gleich ob w ir von d er B ild u n g  p o sitiv e r G itte rlee ren  o d e r ab er 
von  dem  G edanken  der L e itu n g  ausgehen . Die H E-W erte , die w ir a u f  G ru n d  
der b e iderle i G e-R ad ien  u n d  d er be iderle i E le k tro n e g a tiv itä te n  v o n  Zn b e re c h 
n e t  h a b e n , fassen  w ir in der Tabelle 9 zu sam m en .

Tabelle 9

TGe = 1,15 A r0 t  = 1,22 A
S u b s t i t u t io n h * н г

x Z n  = 1.5 * Z n  — x z n  =  1.5 * Z n  =  1.7

Z n »  - -  G e»  ................... 1,8 1,5 1,5 1,2

D ie S u b s titu ie rb a rk e itsw a h rsc h e in lich k e it k a n n  also als g u t b eze ich n e  
w erden .

A u f G ru n d  der ähn lichen  E le k tro n e n s tru k tu r  k a n n  auch  im  F a lle  des 
Sn ein  dem  des G erm anium s äh n lich e r S u b s titu ie rb a rk e itsv o rg a n g  v o rg e s te llt 
w erden  (obw ohl S nS 2  ein S c h ic h tg itte r  vom  K a d m iu m jo d id -T y p u s  b e s itz t ,  in  
w elchem  Sn n ic h t te tra e d r is c h  k o o rd in ie rt is t) . M it einem  te tra e d r is c h e n  
A to m ra d iu s  von  1,40 Â u n d  u n te r  B erü ck sich tig u n g  der E le k tro n e g a tiv itä t  
des Z inkes von 1,5, ähn lich  wie im  F alle  des G erm anium s g e re c h n e t, e rh ä lt 
m an  fü r  H E den  W ert von  1,6 u n d , w enn m an  m it einer E le k tro n e g a tiv itä t  
des Z inks 1,7 rech n e t, den W ert 1,3. B eide Ind izes weisen a u f  eine g u te  S u b 
s t i tu ie rb a rk e it  h in .

Im  a llgem einen  zeigen die W ah rsch e in lich k e it der b e k a n n te n  S puren - 
e lem en tenvergese llschaftung  im  S p h ale rit die Ind izes H E in  e inem  g en ü g en 
den  M asse an .

B ek an n tlich  k a n n  m an  die S p h a le r its tru k tu r  auch  als ein  s ta r k  p o la ri
sie rtes  Io n e n g itte r  auffassen . In  A n b e tra c h t dessen h aben  w ir au ch  d en  V er
such  u n te rn o m m e n , die H E-Ind izes a u f  G ru n d  von  Io n en rad ien  zu  b e rech n en . 
Diese B erech n u n g en  h ab en  w ir sow ohl m it den  WYCKOFFschen w ie auch  
m it d en  GoLDSCHMiDTschen Io n e n ra d ie n , fe rner m it einem  E le k tro n e g a tiv i tä ts 
w e rt des Z inks von  1,5 u n d  1,7 sow ohl fü r  iso v a len te  wie au ch  fü r  h e te ro 
v a le n te  gekoppelte  S u b s titu tio n e n  d u rc h g e fü h rt. Die iso v a len ten  S u b s ti tu 
tio n e n  s ind  zusam m en m it denen , die dem  T y p u s  von der B erech n u n g  leerer 
G itte rs te lle n  zugehören , in  Tabelle 10 angegeben .

D ie B erech n u n g  des n ic h t g ek o p p elten  so n d ern  e infachen  su b s ti tu ie re n 
d en  E in t r i t t s  von G a3+, I n 3+, T l3+, Sn3+ u n d  Ge4+ k an n  n ach  d er m it den 
te tra e d risc h e n  n e u tra le n  A to m rad ien  u n d  d er B ildung  leerer G itte rs te lle n  
b e re its  angegebenen  F orm el d u rc h g e fü h rt w erden , a n s ta t t  d er A to m rad ien  
m uss m an  ab er n a tü r lic h  die Io n en rad ien  anw en d en . A uffa llend  s in d  die
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au sse ro rd e n tlic h  g rossen  In d ize s  von Be2+ g eg en ü b e r denen , die w ir aus dem  
A to m ra d iu s  e rrech n en  k ö n n e n . Es w äre zw eck d ien lich , den  B e-G eh alt der 
S p h a le r ite  von  v e rsc h ie d e n e r Genesis zu u n te rs u c h e n , obw ohl J .  E . H a w l e y ,

C. L . L e w i s  u n d  W . J .  W a r k  in  S p h a le riten  v o n  S u d b u ry  keinen  B e-G eh alt 
g e fu n d e n  haben  [71].

T a b e lle  1 0

Substitution
*Zn = 1,5 *Zn =  1,7

Haie H EG H EW H EG

Zn2+ -  Zn2+ .............. 1,0 1,0 1,0 1,0
F e 2+ .............. 1,3 1,2 1,2 i , i
Mn2+ .............. 1,1 1,4 1,3 1,7
Co2+ .............. 1,4 1,2 1,2 1,0
Cu2+ .............. 1,5 1,5 1,3 1,3
In 3 + .............. 1,6 1,5 1,6 1,5
Cd2+ .............. 1,7 1,9 2,0 2,3

Mg2+ .............. 1,8 1,6 2,0 1,8
Ge2+ .............. 2,1 1,5 2,5 1,8

Sn2+ .............. 2,1 1,6 1,9 1,5

H g 2+ .............. 2,8 3,4 2,4 2,9

B e2+ .............. 21,2 14,5 25,4 17,5

G a3+ .............. 2,3 2,6 2,3 2,6

In 3+ .............. 1,6 1,5 1,6 1,5

T l3+ .............. 2 ,8 2,8 2,4 2,4

Sn4 + .............. 2,7 1,8 2,3 1,6

G e4+ .............. 4,1 8,1 3,4 6,7

Im  B eS is t  die gem essene E n tfe rn u n g  B e—S 2,10 Â , w enn m an  m it den  W y -  

CKOFFschen Io n e n ra d ie n  re c h n e t, e rh ä lt m a n  2,12 Â u n d  m it A to m rad ien  
g e re c h n e t 2,11 Â, d . h . d ass  alle B e rech n u n g en  gleiche E rgebn isse  geben. 
Im  F a lle  von ZnS h a b e n  w ir schon m it a n d e re n  V erhä ltn issen  zu tu n ,  die a u f  
v e rsch ied en en  W eisen b e rech n e ten  E n tfe rn u n g e n  Zn — S sind  v o n e in an d e r 
seh r abw eichend . D ie gem essene  E n tfe rn u n g  b e t r ä g t  2,35 Â, aus den  W y c k o f f -  

sch en  Io n en rad ien  e rg ib t s ich  ein W ert von  2,65 Â  u n d  aus den  A to m rad ien  
g e re c h n e t ein so lcher v o n  2 ,36  Â, d. h . der le tz te re  s tim m t p ra k tisc h  m it dem  
gem essenen  W ert ü b e re in .

In  der U n te rsu c h u n g  der S u b s titu ie rb a rk e itsm ö g lich k e it d ieser A rt 
v o n  G a3+, In 3+, T l 3  + , P 3+, A s3“ , Sb3“  u n d  A g1+ h a b e n  w ir auch  die M öglichkeit 
e in e r  h e te ro v a le n ten  (gekoppelten ) D iadoch ie  in  B e tra c h t gezogen. D ie 
H e  u n d  H t W erte  d e r so gew onnenen g ek o p p e lten  S u b stitu ie ru n g en  h ab en
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wir ohne die Substituierungen m it A gI+ in der T a b e l l e  1 1  zu sam m engefasst. 
D ie Berechnungen haben wir m it den WYCKOFFschen Ionenradien durch
geführt.

T a b e lle  11

S u b s t i t u t io n
x Zn =  1,5 x Zn =  1 ,7

H  TW H  EW H  T w

Z rf+ S 2-  -  Ga3+P 3~ 1,7 3,4 1,7 3,4

Ga3+As3- 2,0 4,0 2,0 4,0

Ga3+Sb3~ 2,8 5,8 2,8 5,8

In 3+ P 3~ 1 , 1 2,5 1,1 2,5

In 3+A93̂ 1,3 2,9 1,3 2,9

In 3+Sb3~ 2,1 4,2 2 , 1 4,2
T P  ь р з - 2,3 4,2 1,9 3,6

T l3 bAs3" 2,5 4,9 2Д 4,2

TI3 'S b 3- 3,3 7,2 2,9 6,2

A u f G rund  dieser In d izes  k a n n  m it In 3 +P 3~ n u r  eine schw ache u n d  m it 
I n 3  + A s3~ , G a 3  + P 3~ , G a 3 +A s3~ u n d  T l 3 + P 3~ n u r  eine seh r schw ache S u b 
s t i tu t io n  w ahrschein lich  g e m a c h t w erden.

In der U ntersuchung der Substitution des Silbers haben wir ebenfalls 
die H E und H t- W erte, die m an unter A nnahm e des E intrittes von  Silber
halogeniden erhalten kann, (m it den WYCKOFFschen Radien) berechnet 
und die erhaltenen W erte in  der T a b e l le  1 2  zusam m engefasst.

T a b e lle  12

Substitution
x Zn =  1,5 xZn =  1 ,7

U t w H EW H TW H e i t

Z nG S2-  -  A g i+ C P - 1 ,7 3 ,2 1 ,3 2 ,7

Ag1+B rl_ 1 ,7 3 ,4 1 ,4 2 ,9

Ag1+J 1_ 2 ,0 4 ,0 1 ,7 3 ,4

O bw ohl die S u b s titu tio n e n  noch  w ahrschein lich  g em a c h t w erden  k ö n n e n , 
s in d  sie im m erh in  im  a llgem einen  u n g ü n stig  zu  b ezeichnen .

W enn  wir n u n  die oben  an g efü h rten  G edankengänge  zu sam m en fassen , 
k a n n  m an  im  a llgem einen  fests te llen , dass im  F a lle  v o n  S p h a le rit n ic h t  n u r  
die B erechnungen  m it d en  te tra e d risc h en  n e u tra le n  A to m rad ien  (o d er au ch  
m it den  s ta n d a rd  te tra e d ris c h e n  R ad ien  von  P a u l i n g — H u g g i n s ) ,  so n d ern  
au c h  die m it den  Io n e n ra d ie n  von  W y c k o f f  o d er G o l d s c h m i d t  ziem lich  
g u t d e r E rfah ru n g  e n tsp rech en . T ro tzdem  sch e in t es u n s , dass die W y c k o f f -
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seh en  tetraedrischen neutralen  oder die P a u l i n g —HuGGiNSschen standard  
tetraedrischen  R adien in  der Berechnung der Indizes im allgem einen zuver
lässigere  R esultate ergeben , weil die R adien aus Gittern m it tetraedrischer 
A tom anordnung berechnet wurden.

E s gibt m ehrere  M in era le , die im  N ickelarsen id-G ittertyp  k ris ta llis ie ren , 
so  z. B . P yrrho tin , E sk e b o rn it, N icke lin , J a ip u r it ,  A r it , B re ithaup tit.

D er N iA s-G itte rty p u s  is t  hexagonal, d ie  M eta lla to m e  h a b e n  6  m etal- 
lo id e  u n d  2 m e ta llisch e  N a c h b a rn . Im  F a lle  eines c/a =  1,633 » idea len«  A ch
sen v e rh ä ltn isse s  w eisen  d ie  В -A tom e d ic h te s te  hex ag o n ale  K u g e lp ack u n g  auf, 
in  d e r  sich zweierlei, u n d  zw ar ok taed rische  u n d  te tra e d risc h e  L ücken  befinden .

B ek an n tlich  (s. b e so n d e rs  die U n te rsu c h u n g e n  von  F . L a v e s  [78], 
f e rn e r  von F. L a v e s  u n d  H . J .  W a l l b a u m  [79] sowie die B esp rech u n g  von 
R . W . G. W y c k o f f  [47]) k a n n  das G itte r  d er V erb in d u n g en  vom  NiAs- 
G i t te r ty p u s  »m it D e fiz it«  o d e r »au fgefü llt«  se in . In  den  А  : В  =  1 : 1, d . h . 
d e r  stö ch io m etrisch en  Z u sam m en se tzu n g  A B  e n tsp re c h e n d en  V erb indungen  
lie g e n  die A -A tom e in  d en  te tra e d risc h en  L ü c k e n  der h ex ag o n a len  A nionen
g i t t e r  d ich teste r R a u m a u s fü llu n g , deren  A n zah l m it d er В -A tom e ü b ere in 
s t im m t .  W enn die A n z a h l d e r  A -A tom e k le in e r  als die der В -A tom e is t, d ann  
b le ib t  e in  Teil der o k ta e d r is c h e n  Lücken lee r, w en n  sie ab e r g rösser is t, d an n  
k o m m t der Ü berschuss in  d ie  te tra e d risc h en  L ü ck en , deren  A n zah l das D op
p e l te  d er o k taed risch en  L ü ck en  b e trä g t. E in  B eispiel fü r  den  e rs te ren  Fall 
k a n n  n ach  F. L a v e s  d e r  P y r rh o tin  m it S chw efelüberschuss von  d er Z usam 
m e n se tz u n g  FeS 1 + x, fe rn e r  noch  die von F eS e1+x u n d  fü r  den  le tz te re n  Fall 
F e 3 S b 2  sein. D er F e -M an g e l v o n  FeS1+x k a n n  d a m it e rk lä r t  w erden , dass ein 
T e il d e r  »zw eiw ertigen«  F e-A tom e d u rch  »d re iw ertig e«  F e-A tom e su b s ti
t u i e r t  w erden u n d  im  F a lle  von  F e 3 S b 2  d as  »d re iw ertig e«  n e g a tiv e  Sb e r
s c h e in t  [79].

V on den M inera len  m it N ick e la rsen id -G itte r b e tra c h te n  w ir n u n  vom  
G e s ic h tsp u n k te  der D ia d o c h ie  aus das P y r rh o tin .  Im  P y rrh o tin  is t , wie im 
a llg em e in en  in  den  V e rb in d u n g e n  vom  N iA s-T y p u s, in  d er B in d u n g  neben 
d e m  m eta llischen  au c h  n o c h  ein h e te ro p o la re r T eil [79], so dass e in  gew isser 
V e rsu c h  fü r die B e s tim m u n g  d e r D iadoch ieneigung  a u f  G ru n d  des k o v a le n te n — 
io n a re n  B in d u n g sc h a ra k te rs  noch  als zu lässlich  e rsch e in t. D an n  h ab e n  wir 
m i t  d e n  fü r die V e rb in d u n g e n  vom  N iA s-G itte rty p u s  angegebenen  W y c k o f f - 

s c h e n  R ad ien  [47] a u f  d e r  b e re its  b e k a n n te n  W eise H E-W erte  b e rech n e t, w o
b e i  a u c h  die im  G it te r ty p u s  m öglichen h ä u fig e n  speziellen  (su b tra k tiv e , 
a d d i t iv e )  S u b s titu ie rb a rk e ite n  in  B e tra c h t gezogen  w orden  sin d .

In  der L ite ra tu r  is t  es h au p tsäch lich  a u f  G ru n d  d er U n te rsu ch u n g en  
v o n  H . S c h n e i d e r h ö h n  u n d  H . M o r i t z  [80, 81], fe rn e r von  J .  E . H a w l e y —  

C. L . L e w i s — W . J .  W a r k  [71] u n d  von V. C. F r y k l u n d  u n d  R . S. H a r n e r  

[85] b e k a n n t, dass im  P y r rh o t in  N i, Co, P d  u n d  a rd e re  M etalle der P la tin 
g ru p p e ,  Mn, Cu, A g, Z n  (w ahrschein lich ), P b , B e (w ahrschein lich ), Cr, T i, Sn
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(w ahrschein lich ), Sb (w ahrschein lich ), Se, Те v o rh a n d e n  sein k a n n . I n  der 
Tabelle 13  geben w ir die H £-Indizes jen e r d as  Fe v e r tre te n d e n  M eta lle  an , 
fü r  die W y c k o f f  die au s dem  N ic k e la rse n id g itte rty p u s  b e rech n e ten  R ad ien  
angegeben  h a t. T abelle 13 e n th ä lt  n ich t n u r  d ie  H £-Ind izes, die w ir au s  den 
e in fach en  S u b s titu ie ru n g en  b e rech n e t h ab en , so n d e rn  auch  die, die m it  der 
B ild u n g  von  leeren G itte rs te lle n  zu e rh a lten  s in d . In  d er Tabelle 14 seh en  w ir 
» A n io n en « -S u b stitu ie ru n g en  u n d  w ir h ab en  n o ch  fü r  m ehrere  A to m p a a re  
H £ W erte  m it g ek o p p e lte r ab er n o rm aler S u b s titu ie ru n g  b e re c h n e t. D iese 
le tz te re n  s ind  in  Tabelle 15 zu sam m engefasst.

Tabelle 13 Tabelle 15

S u b s t i t u t io n H  E

Fell -  Cr" 1,2
Ni" 1,3
Co" 1,4
Pd" 1,4
Mn" 2,0
Cr"l 1,2
Pd1" 1,5
P t1" 1,7
Fe1" 1 , 6

Tabelle 14

S u b s t i t u t io n H í

S” -  Se” 1,5
Те” 2 , 6

S u b s t i t u t io n

FeS -  CrAs 2,8
CrSb 4,9
MnAs 2,7
MnSb 4,6
FeAs 3,7
FeSb 6,5
CoAs 3,5
CoSb 6,2
NiAs 3,8
NiSb 6,6
PdAs 3,4
PdSb 5,9
PtAs 3,9
PtSb 6,8

Die H £-W erte  d e r e in fachen  » K atio n en « -S u b stitu ie ru n g en  scheinen 
m it A usnahm e von Cr in  e iner ziem lich g u te n  Ü b e re in s tim m u n g  m it der 
E rfa h ru n g  zu sein ; im  F a lle  von  Co u n d  Ni k a n n  ab er n ic h t e ine  so s ta rk e  
S u b s titu tio n  b e o b a c h te t w erden , wie das d u rc h  den  H £ gezeig t w ird . Die 
S”  <— Se”  bzw. Т е”  S u b stitu ie rb a rk e itsw ah rsch e in lich k e its  k a n n  als eine e n t
sp rechende  b e u rte ilt w erd en . Die H E-W erte  d e r g ekoppelten  S u b s titu tio n e n  
zeigen en tw ed er das F eh len  der S u b s titu tie rb a rk e it  oder ab e r e in e  im  a ll
gem einen  n u r  schw ache W ahrschein lichkeit d e r S u b s titu ie rb a rk e it an . Ü ber 
diese S u b stitu ie ru n g en  s te h e n  uns noch k a u m  A n gaben  zur V erfü g u n g . Schon 
d as  A u ftre te n  des m e ta llisch en  B indungste iles sch e in t im  allgem einen  im
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P y r r h o t in  in  den In d iz e s , d ie m an  a u f  die io n a re —k o v a len te  B in d u n g  au f
g e b a u t  h a t, eine gew isse S tö ru n g  zu v e ru rsa c h e n .

B e trach ten  w ir n u n  e tw as die S u b s titu ie rb a rk e itsw a h rsc h e in lich k e it 
a u c h  im  Pyrit. Das P y r i tg i t t e r  is t ebenfalls e in  seh r v e rb re ite te r  T y p . Seiner 
S t r u k tu r  nach k a n n  es a ls  e in  S te in sa lzg itte r b eze ich n e t w erden , in  w elchem  
a n  d e r  Stelle der N a tr iu m a to m e  sich E isen- (o d e r an d e re  M etall-) A tom e be
f in d e n  u n d  die S tellen  d e r  C hlorionen von  e in em  sich  b e rü h re n d e n  Schw efel
a to m p a a r  e ingenom m en w e rd e n . E in jedes v o n  d en  M eta lla to m en  w ird  von 
s e c h s  M etalloid- (n ich t M eta ll-) N ach b arn  u m g eb en , die die E c k e n  eines 
b e in a h e  regelm ässigen O k ta e d e rs  e innehm en  u n d  jed es  M eta llo id a to m  b es itz t 
d re i  M etall- u n d  einen  M e ta llo id n a c h b a rn . D ie M inerale , die in  d iesem  G itte r  
k r is ta llis ie re n , besitzen  m it  A usnahm e des H a u e r i t  (MnS) schon  h a lb in e ta l-  
l is c h e  E igenschaften . L . P a u lin g  u n d  M. L . H uggins [83] geben  fü r  die 
M e ta lle  im  P y r i tg i t te r ty p u s  sogenann te  s ta n d a r d  o k taed risch e  R a d ie n  an . 
F ü r  d ie  M etalloide k ö n n e n  ih re  s ta n d a rd  te tra e d r is c h e n  R ad ien  oder ab er 
d ie  WYCKOFFschen te t r a e d r is c h e n  n eu tra len  A to m ra d ie n  an g e w a n d t w erden . 
P a u l in g  u n d  H uggins h a b e n  in  ih ren  B e rech n u n g en  die s ta n d a rd  te t r a 
e d r is c h e n  R adien a n g e w a n d t, w orin auch  w ir ih n e n  h ier fo lg ten .

D ie P a u l i n g —HuGGiNSschen s ta n d a rd  o k taed risch en  R a d ie n  k ö n n en  
w ir  a b e r  n ich t n u r  im  F a lle  von  V erb in d u n g en  des P y r i t ty p u s ,  sondern  
a u c h  be i den M ineralien v e rw e n d e n , die m it G it te r  des K o b a ltin ty p u s  u n d  
d es  M ark as itty p u s  k r is ta ll is ie re n . (Im  K o b a ltin ty p u s  t r i t t  an  die S te lle  des 
e in e n  S des S—S -P aares e in  As oder Sb. In  a llen  d iesen  T y p en  k ris ta llis ie ren  
m e h re re  M inerale.)

F ü r  die aus P y r i t  (o d e r  M arkasit) b e k a n n te n  zah lre ichen  S u b s titu ie ru n 
g en  h a b e n  wir die H £ -In d iz e s  a u f  G rund der P a u l in g —HuGGiNSschen s ta n 
d a r d  o k taed rischen  (fü r d ie  M etalla tom e) u n d  a u f  den  der s ta n d a rd  t e t r a 
e d r is c h e n  (für die M e ta llo id a to m e , fü r die »A nionen«) R ad ien  b e rech n e t. 
Im  F a lle  der einfachen  S u b s ti tu t io n  e rh ä lt m a n  au c h  h ier den  W ert v o n  H £ 
a ls  P r o d u k t  des V o lu m e n q u o tie n te n  u n d  der re d u z ie r te n  E le k tro n e g a tiv itä te n -  
q u o t ie n te n . Im  Falle des E in tr i t te s  eines A to m s, dessen » W ertig k e it«  von  
d e r  A to m e  von F eS 2  a b w e ic h t, haben  w ir, w ie w ir das bere its  im  F a lle  des 
S p h a le r ite  und  P y rrh o tin s  geseh en  haben , m it e in e r g ekoppelten  S u b s titu tio n  
g e re c h n e t. Die L ite ra tu r  f ü h r t  aus dem  P y r i t  h a u p tsä c h lic h  M n, Co, N i, Cu, 
Z n , A u , Ag, P la tin m e ta lle , Se, u n d  As an  (s. z. B . die A ngaben  bei d en  e in 
z e ln e n  E lem en ten  im  B u c h  G eochem istry  v o n  K . R ankama u n d  T u . G. 
Sa h a m a  [55]).

D ie fü r die io n a re n — k o v a le n te n  B in d u n g en  au fg eb au te  B erech n u n g  is t 
in fo lg e  d e r  Ü bergänge in  d e n  m eta llisch en  C h a ra k te r  w ahrschein lich  au c h  h ie r 
s c h o n  a ls  w eniger z u v e rlä ss lich  anzusehen . In  d e r  Tabelle 16 geben  w ir die 
H ^ - W e r te  der e infachen  u n d  d e r Tabelle 17 d ie H £ -bzw. auch  die H ^ -W e rte  
d e r  g ek o p p elten  S u b s ti tu t io n e n  an.
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Tabelle 16 Tabelle 17

S u b s t i t u t io n Hi S u b s t i t u t i o n Hy Hi

Fell «- Fe11 1 , 0 FellS -  Fe1'S 1 , 0 1,0
CofI 1,3 PdIVAs 1 , 8 3,6
Ni” 1,5 PdIVSb 3,4 6 , 2

Ru” 1 , 8 P tIVP 1 , 6 2,9
Os” 1 , 8 P tIVAs 2 , 0 3,8
Rh” 2,3 PtIVSb 3,6 6,7
Mn” 2,5 AuIVAs 2,7 5,4

AuIVSb 4,3 9,4

A us der T abelle  d er e in fachen  S u b s titu tio n e n  is t  es zu e rseh en , dass 
d ie  M öglichkeit eines d iad o ch en  E in tr i t te s  v o n  Co, N i, R u , Os, R h  u n d  Mn 
a u f  G ru n d  der H g -W erte  als w ahrschein lich  zu  b e tra c h te n  is t. A m  g ü n s tig s te n  
is t d ieser W ert fü r  Co u n d  er w ird  bis zum  M n d er R eihenfolge n a c h  im m er 
u n g ü n s tig e r . Aus den  g ek oppelten  S u b s titu tio n e n  is t  noch  die W a h rsc h e in 
lic h k e it d er S u b s titu ie rb a rk e it  von P d , P t ,  P  u n d  As zu e n tn e h m e n . A u f 
G ru n d  d er W erte  in  d er T abe lle  6  (welche a lle rd in g s  a u f  G rund  der W y c k o f f - 

schen  te tra e d ris c h e n  n e u tra le n  A to m rad ien  b e re c h n e t w urden) k a n n  eine 
g u te  S u b s titu ie rb a rk e it fü r  das Se u n d  eine b e re its  seh r schw ache fü r  d a s  Те 
w ah rsch e in lich  g em ach t w erden . Von den  aus d em  P y r i t  a n g e fü h rten  S p u re n 
e lem en ten  k a n n  der d iad o ch e  E in tr i t t  des A u  a u f  G rund  der g ek o p p e lten  
S u b s titu tio n e n  n ic h t w ahrschein lich  g em ach t w erden . Cu und  Ag k o n n te n  
w ir a n  M angel der R a d iu san g ab en  n ich t b e rech n en , die d iadoche  S u b s ti
tu tio n sw a h rsc h e in lic h k e it d er üb rigen  S p u ren e lem en te  w ird d u rc h  d ie H E- 
In d izes  u n te r s tü tz t ,  A u u n d  Ag können  w ah rsch e in lich  als feine m echan ische  
L egierungseinsch lüsse  des P y rits  au fgefasst w erd en  (erzm ikroskopisch  n a c h 
gew iesen!), w äh ren d  das Cu aus C h a lk o p y ritv e ru n re in ig u n g  eb en fa lls  vom  
E in sc h lu ssc h a ra k te r  h e rs ta m m e n  k an n . 4

4. S ch lussergänzungen

N achdem  w ir u n se re  S u b stitu ie rb a rk e its in d ize s  sowie ih ren  G ebrauch  
besp ro ch en  h ab e n , k ö n n en  w ir b e h a u p te n , d ass  sie eher einen s ta tisc h e re n  
C h a ra k te r  b e s itz te n , wie d a ra u f  übrigens in  seinem  R uche, wo er a u c h  die 
R olle un se re r frü h eren  Ind izes in der S u b s titu ie ru n g  der S p u ren e lem en te  
b e h a n d e lt, E . S z á d e c z k y - K a r d o s s  schon h ingew iesen  h a t  [34]. V on en e rg e 
tisch en  Ü berlegungen  h ab e n  w ir vorläu fig  ab g eseh en , w obei w ir a b e r n a tü r lic h  
die grosse B e d e u tu n g  d er energetischen  R ech n u n g en  fü r  die B e u rte ilu n g
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d e r  V org än g e  der K r is ta llisa tio n , besonders in  d er A usb ildung  d e r R e ih en 
fo lge  d e r  S u b stitu ie ru n g en , j a  sogar in  v ie len  F ä llen  der S u b s titu ie ru n g e n  
s e lb s t  an e rk en n en .

D e n  speziellen E in flu s s  des Gitters a u f  die D iadochie, abgesehen  von 
d e n  a llgem einen  T y p en  — Io n e n g itte r , A to m g itte r  — u n d  von  d en  d am it 
z u sa m m e n h ä n g e n d en  spezie llen  R ad ien  — Io n e n ra d ie n , versch iedene A to m 
r a d ie n  — nehm en unsere  In d iz e s  n ic h t w a h r, ü b rig en s sch e in t es so zu  sein, 
d a ss  m a n  in  den m eisten  F ä lle n  au ch  n ich t e in en  d e ra rtig en  speziellen  E in flu ss  
b e rü c k s ic h tig e n  m uss. B eso n d ers  bezieh t sich  d as  a u f  die Io n e n g itte r , obw ohl 
a u c h  b e i ih n en  spezielle F ä lle  V orkom m en k ö n n en . Als so lcher k a n n  z. B. 
d ie  sch w a c h e  D iadochie von  Ca2+ ч— Sr2+ o d er so g ar ih r  vo llkom m enes F eh len

Tabelle I

Die Elektronegativitäten von L. Pauling mit Ergänzungen (hauptsächlich) von M. Haïssinsky 
Die Werte in Klammern sind nur geschätzt

Ac 1,0 Eu (1Д) N 3,0 Si 1,8
Ag 1,8 F 4,0 Na 0,9 Sm (1,1)
Al 1,5 Fe2 1,65 Nb 1,6 Sn2 1,65
As 2,0 Fe3 1,8 Nd (U ) Sn4 1,8
Au1+ 2,3 Ga 1,6 Ni 1,7 Sr 1,0
Au3+ 2,9 Gd (1Д) 0 3,5 Ta 1,4
В 2,0 Ge 1,7 Os 2,1 Tb (1,2)
Ba 0,85 H 2,1 P 2,1 Те 2,1
Be 1,5 Hf 1,3 Pa 1,4 Th 1,1
Bi 1,8 Hg1 1,8 Pb2 1,6 Ti3 (1,5)
Br 2,8 Hg2 1,9 Pb4 1,8 Ti4 1,6
C 2,5 Ho (1,2) Pd 2,0 TP 1,5
Ca 1,0 .1 2,6 Pm (U ) Ti3 1,9
Cd 1,5 In 1,6 Pr 1,1 Tm (1,2)
Ce3 1,05 Ir 2,1 Pt 2,1 U4 1,3
CI 3,0 К 0,8 Ra 0,8 V3 1,35
Co 1,7 La U Rb 0,8 V4 1,65
Cr2 1,5 Li 1,0 Rh 2,1 ys 1,8
Cr3 1,6 Lu (1,2) Ru 2,05 W4 1,6
Cr6 2,1 Mg 1,2 s 2,5 W8 2,1
Cs 0,7 Mn2 1,4 Sb3 1,8 Y 1,2
Cu1 1,8 Mn3 1,5 Sb6 2,1 Yb (1,2)
Cu* 2,0 Mn7 2,3 Sc 1,3 Zn 1,5
Dy (1,2) Mo4 1,6 Se 2,3 Zr 1,4
Er (1,2) Mo6 2,1
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t r o tz  eines sehr g u ten  H E-In d e x  im  D iopsid  se in . D ieser F a ll w u rd e  von 
P . E s k o l a  [8 6 ] bere its  im  J a h re  1922 b e o b a c h te t. Es w urde v o n  ih m  d a ra u f  
h ingew iesen , dass es ke in en  S tro n tiu m d io p s id  g ib t, ferner d ass  » in  tho se  
C om pounds in  w hich th e  lim e m a y  p o ssib ly  be  rep laced  b y  m a g n e s ia  and  
fe rro u s ox ide i t  c a n n o t be rep laced  b y  s tro n tia  or b a ry ta « . Diese E rsc h e in u n g  
k a n n  d a d u rc h  e rk lä r t w erd en , dass im  D iopsid  das m it dem  C a 2  + -K a tio n  
s t ru k tu re l l  g leichw ertige u n d  in äh n lich  b e d e u te n d e r  M enge v o rh a n d e n e  
Mg2+-K a tio n  so k lein  is t , dass in  A n b e tra c h t se iner grossen M enge u n d  d a 
d u rc h  d er grossen R olle, d ie es in  der R eg e lu n g  des G itte rm asses sp ie lt, den 
E in t r i t t  v o n  solchen K a tio n e n , die w esen tlich  grösser sind als Ca2+, d ie  a lle r
d ings an  die Stelle von  Ca2+ g ru n d sä tz lich  e in tre te n  k ö n n ten , n ic h t  m e h r  zu 
lä s s t. In  diesem  F a ll is t also sozusagen d er H E-In d e x  der Mg2+ ч—S r2+ S u b 
s t i tu ie rb a rk e it  fü r die E in tr ittsm ö g lic h k e it von  S i2+ m assgebend . M it den 
W YCKOFFschen Io n en rad ien  b e rech n e t b e tr ä g t  er 4,7, also d ie ’ W a h rsc h e in 
lic h k e it d e r D iadochie is t sch lech t. In  a llen  so lchen  speziellen F ä lle n  m üssen  
w ir ü b rig en s die Lage e inzeln  abw ägen .

W ir m öch ten  zum  Schluss noch e rw ä h n e n , dass unsere F o rm e ln  n ich t 
u n m itte lb a r  einen s tren g  p h y sik a lisch en  S inn  bean sp ru ch en , sie d ie n e n  n u r 
d a z u , u m  eine fo rm ela rtig e  B erech n u n g  d er b e o b ach te ten  S u b s ti tu t io n s e r 
sch e in u n g en  a n n äh e rn d  zu  erm öglichen .

Die R echnungen  zu r vo rliegenden  A rb e it h ab e n  die H e rren  A ssis ten ten  
P . K i s h á z i  u n d  I. B o l d i z s á r  a u sg e fü h rt. Ich  m ö ch te  auch h ier fü r  ih re  M ühe
w a ltu n g  herzlich  dan k en .
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T H E  R E P L A C E A B IL IT Y  O F  IO N S  AND ATOM S F R O M  T H E  G E O C H E M IC A L
P O IN T  OF V IE W

I I .  o n  t h e  a p p r o x i m a t e  d e t e r m i n a t i o n  o f  t h e  t e n d e n c y  t o  d i a d o c h y

M . V E N D E L  

Abstract

T h e  a u th o r em phasizes th e  im p o rta n c e  of d iad o ch y  in  th e  fo rm atio n  o f ore d ep o sits  and  
e s p e c ia l ly  o f  deposits o f m a g m a tic  o r ig in  and in  th is  c o n n ec tio n , depending  also on  his fo rm er 
in v e s t ig a t io n s  executed in th is  l in e , d ra w s  th e  a tte n tio n  to  th e  u t i l i ty  o f expressing  th e  te n d e n cy  
to  d ia d o c h y  of chem ical e le m e n ts  b y  num erica l v a lu es, w h ich  could fu r th e r  th e  e s tim a tio n  
o f  th e  in te n s i ty  of filtering  p ro cesses , ta k in g  place in  th e  course  o f  c ry sta lliza tio n  a n d  p lay in g  an 
i m p o r t a n t  ro le in th e  e n ric h m e n t o f  e lem ents. C o n seq u en tly , on  th e  basis o f th e  vo lu m e o f  
io n s ( in  th e  case of ionic la t t ic e s )  o r  o f  a to m s (in th e  case o f  a to m ic  la ttic es , w ith  th e  ex cep tio n  
o f  m e ta l l ic  lattices), as well as o f  th e  e lectro n eg ativ ities o f  P a u l i n g  he m ade a n  a t te m p t  a t  
th e  n u m e r ic a l  expression o f th e  te n d e n c y  to  d iad o ch y  o f  io n s an d  a tom s. In  th e  w eak e r or 
s t ro n g e r  ten d e n cy  to d iad o ch y  th e  v o lu m e  of th e  s u b s ti tu tin g  p a rtic le s  an d  th e  q u a li ty  o f the  
b o n d  m u s t  be  considered to  be  f u n d a m e n ta l  ; as b o th  fa c to rs  c an  be ch arac te rized  b y  n u m erica l 
v a lu e s  m e e tin g  the re q u ire m e n ts  o f  p ra c tic e , th e  a u th o r  w as o f th e  op in ion  t h a t  b y  th e ir  
a s s is ta n c e  th e  form ation  o f th e  in d ic e s  expressing th e  p ro b a b ili ty  o f th e  s u b s ti tu tio n  will 
p ro v e  to  b e  possible. The in d e x  o f  th e  p ro b ab ility  o f s u b s ti tu tio n  has been  fo rm ed  in  th e  
case  o f  a n  isovalent s u b s ti tu tio n  s im p ly  as th e  p ro d u c t o f  th e  v o lu m etric  q u o tie n t  o f th e  
p a r t ic le  ( io n , atom ) to  be s u b s t i tu te d  and  th e  s u b s ti tu tin g  p a rtic le  (p u ttin g  th e  g re a te r  
v a lu e  a lw a y s  in to  the  n u m e ra to r)  a n d  o f th e  so-called re d u ce d  e lec tro n e g a tiv ity  re la tio n sh ip . 
T h e  r e d u c e d  e lec tro n eg ativ ity  re la tio n s h ip  is essen tia lly  also  a q u o tie n t an d  is fo rm ed  in 
su c h  a  m a n n e r  th a t from  th e  e le c tro n e g a tiv itie s  o f th e  p a r tic le  (ion, a tom ) to  be  su b s ti tu te d  
a n d  o f  th e  su b s titu tin g  p a r tic le  th e  lesser is considered  to  be eq u al to  1 an d  th e  g re a te r  is 
in c re a s e d  o r  decreased by  th e  v a lu e  re q u ire d  to  com plete  th e  lesser value  to  1, th e n  th e  la t te r  
v a lu e  is  p u t  into th e  n u m e ra to r  a n d  1 in to  th e  d e n o m in a to r  an d  a new  q u o tie n t  is fo rm 
ed . T h is  q u o tien t is th e  re d u c e d  e lec tro n e g a tiv ity  q u o tie n t ,  m u ltip ly in g  w h ich  b y  th e  
v o lu m e tr ic  qu o tien t the  in d e x  o f  th e  p robab le  te n d e n cy  to  d iad o ch y  is o b ta in e d . I n  accor
d a n c e  w i th  o u r assum ption  th e  le s se r  o r g rea ter d iv erg en ce  o f  th is  in d ex  from  1 ren d ers  a 
le s se r  o r  g re a te r  tendency  to  d ia d o c h y  p robable . B y  fo rm in g  th e  reduced  e le c tro n e g a tiv ity  
q u o t ie n t  in  th is  m anner i t  co u ld  b e  a tta in e d  th a t  in  th e  case  o f tw o p a r tn e rs  ( th e  p a r tn e r  
to  b e  s u b s t i tu te d  and th e  s u b s t i tu t in g  one) o f an y  e le c tro n e g a tiv ity , b u t  o f  e q u a l e lec tro 
n e g a t iv i t y  differences th e  v a lu e  m o d ify in g  th e  io n ic ity  o f  th e  b o n d  rem ains a lw ays th e  sam e. 
A f te r  e n u m e ra tin g  the  ch ief ty p e s  o f  su b s titu tio n s , th e  a u th o r  d em o n s tra tes  th e  u t i l i ty  o f  
su c h  in d ic e s  on definite  e x am p le s , n o t  on ly  in  iso v a len t, b u t  also in h e te ro v a le n t a n d  even 
a d d i t iv e  a n d  su b strac tive  s u b s t i tu t io n s ,  b o th  in ionic la t t ic e s  a n d  in com m on —  su b s ta n tia l ly
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h o m o p o la r —  a to m ic  la ttic e s . In  th e  case o f  h e te ro v a le n t b o n d ed  su b s titu tio n s  th e  in d ices 
o f th e  p ro b a b ili ty  o f  su b s ti tu tio n  w ere form ed from  th e  p ro d u c t  o f th e  v o lu m e tric  q u o tie n ts  
co m p u ted  se p a ra te ly  fo r ev ery  p a ir  consisting  o f p a r tic le s  to  be  su b s titu te d  an d  s u b s ti tu tin g  
p a rtic le s , a n d  o f th e  red u ced  e le c tro n e g a tiv ity  re la tio n sh ip , w hile th e  fo rm u las a p p lied  in  
h e te ro v a le n t su b s tra c tiv e  a n d  a d d itiv e  su b s titu tio n s  h a v e  been  ind ica ted  by  co n v e rtin g  th e m  
fro m  th e  ab ove  m en tio n ed  fo rm u la s  in  an  ad eq u a te  sense .

T he a c c e p ta b ility  from  th e  p ra c tic a l p o in t o f  v iew  o f th e  p rocedure  ap p lie d  in  th e  
fo rm ing  o f  th e  in d ices, v iz. o f  th e  fo rm ing  o f p ro d u c ts  fro m  th e  vo lu m etric  q u o tie n t an d  
th e  red u ced  e lec tro n e g a tiv ity  re la tio n sh ip , th a t  is o u r  su p p o s itio n  th a t  these  fa c to rs  e x e r t  an  
a p p ro x im a te ly  eq u al in flu en ce  on  th e  d ev elopm en t o f  th e  ten d e n ce  to  d iad o ch y , is d e m o n s tra 
te d  on  exam ples.

ЗАМЕНЯЕМОСТЬ ИОНОВ И АТОМОВ С ТОЧКИ ЗРЕНИЯ ГЕОХИМИИ
I I .  О  П Р И Б Л И Ж Е Н Н О М  О П Р Е Д Е Л Е Н И И  Д И А Д О Х С К О Й  С К Л О Н Н О С Т И

М . В Е Н Д Е Л Ь

Р е з ю м е

Автор подчеркивает значение диадохии в образовании залежей, а особенно залежей 
магматического происхождения и в связи с этим, опираясь на свои прежние исследования 
такого же направления, указывает на то, до какой степени является полезным выраже
ние диадохской склонности элементов численными величинами ; указанные величины 
благоприятствуют обсуждению интенсивности процессов фильтрации элементов, имею
щих место в течение кристаллизации и играющих важную роль в обогащении элементов. 
С целью этого, на основании обьема ионов (в случае ионных решеток) или атомов (в слу
чае атомных решеток, за исключением металлических решеток) и электроотрицательно
сти П а у л и н г а  была сделана попытка нумерического выражения диадохской склонности 
ионов и атомов. В слабой или сильной диадохской склонности основоположными явля
ются объем заменяющих частиц и качество связи и так как оба фактора могут быть харак
теризованы удовлетворительными с практической точки зрения численными величинами, 
образование показателей, выражающих вероятность замещения, при их помощи оказалось 
возможным. Показатель вероятности замещаемости при изовалентном замещении был 
образован автором просто как произведение объемного частного замещаемой и замещающей 
частицы (иона, атома, поставляя большее число всегда в числитель) и т. н. редуцирован
ного отношения электроотрицательности. Редуцированное отношение электроотрицатель
ности по существу также является частным и образуется так, что из электроотрицатель
ностей замещаемой и замещающей частицы (иона, атома) меньшая считается равной 1, а 
большая повышается или уменьшается на ту величину, которая требовалась для допол
нения меньшей электроотрицательности до величины 1 ; поставляя последнюю величину 
в числитель, а 1 в знаменитель, получается новое частное. Это частное представляет собой 
частное редуцированной электроотрицательности, умножая которое на объемное частное, 
получается показатель, представляющий собой вероятность диадохской склонности. 
По нашему предположению меньшее или большее отклонение этого показателя от вели
чины 1 отмечает меньшую или большую диадохскую склонность. При образовании реду
цированного частного электроотрицательности указанным путем мы могли достигнуть 
того, чтобы в случае двух (замещаемого и замещающего) партнеров какой либо электро
отрицательности, но одинаковой разности электроотрицательностей, величина, изменя
ющая ионность связи, всегда осталась идентичной. Перебирая основные типы замещений, 
используемость показателей доказывается на определенных примерах не только при 
изовалентных, но также гетеровалентных связанных и даже аддиционных и субстрак- 
ционных замещениях, как в ионных, так и в обыкновенных — по существу гомеопол- 
ярных — атомных решетках. При гетеровалентных связанных замещениях показатели 
вероятности замещаемости образуются из произведения расчитанных отдельно для 
каждой пары змещаемых-замещающих частиц объемных частных и редуцированных 
отношений электроотрицательности, а формулы, используемые при гетеровалентных 
субстракционных и аддиционных замещениях, были преобразованы — по смыслу — 
из предыдущих.

Пригодность к практическому использованию примененного для образования 
показателей способа, а именно образования произведений из объемного частного и реду
цированного отношения электроотрицательности и наши соображения, по которым 
каждый из них оказывает практически приблизительно одинаковое влияние на сформи
рование диадохской склонности, доказываются на примерах.

12*





DIE ROLLE DER ÖLFELDWÄSSER 
BET DER AKKUMULATION UND VERTEILUNG 

DER CHEMISCHEN ELEMENTE

Von

Y . Z y k a

G E O L O G IS C H E S  I N S T I T U T  D E R  U N I V E R S I T Ä T  B R N O ,  T S C H E C H O S L O W A K E I

(E iligegangen am  14. J u n i  1957)

Die Ö lfeldw ässer h ab en  in  der E rd k ru s te  w e it g rö ssere  V e rb reitung , als b ish e r  a n g e 
n om m en  w urde  u n d  steh en  q u a n ti ta t iv  sowie in  B ezug  a u f  d ie  geographische f läc h en m ä ss ig e  
A u sd eh n u n g  u n te r  den  m inera lis ie rten  W ässern  d e r E rd k ru s te  an  fü h render S te lle . W egen 
ih res aussergew öhn lichen  C h a rak ters  u n d  ih re r  E ig e n sc h a fte n  spielen diese W ässer bei d e r  
A k k u m u la tio n  einer g anzen  R eihe von w ich tigen  ch em isch en  E lem en ten  eine b e d e u te n d e  R olle .

Schon die blosse T a tsa ch e  ih rer E x is ten z  u n d  ih re  ungew öhnliche V e rb re itu n g  w ird  
d u rc h  A n sam m lungen  e iner R eihe  von E lem en ten , w ie N a , K , Cl, B r, J, B , Sr, R a , TJ, V . usw . 
(e rs te  A k k u m u la tio n sp h ase ) c h a ra k te r is ie r t. In  d e r zw eiten  A k k u m u la tio n sp h ase  h a t  die 
biogene S u lfa tre d u k tio n  d ieser W ässer grosse B e d e u tu n g , d en n  sie is t eine d e r  w ic h tig s te n  
de r in  de r E rd k ru s te  v o r  sich gehenden  R eak tio n en . In  d ieser Phase  k o n n ten  d a h e r  u n te r  
gün stig en  B ed ingungen  w irtsch aftlich  w ertvo lle  L a g e r s tä t te n  von  Schwefel sow ie  se d im e n 
tä re n  u n d  » h y d ro th e rm ale n «  Sulfiden  e n ts teh en .

Die d r i t te  P h ase  en d lich  w ird  d u rc h  eine w e ite re  w ich tige  R eak tion  gegeben , d ie  d u rc h  
d as V erm ischen  d e r n a triu m b ik a rb o n atisch eri Ö lfe ldw ässer m it vadosem  ka lz iu m - o d e r  fe rro - 
su lfa tisch em  W asser b e d in g t w ird . Im  e rs tg en a n n te n  F a ll  e n ts ta n d e n  m äch tige  L a g e r s tä t te n  
von T ra v e rtin e n  (an g ere ich ert ev en tu e ll d u rc h  ra d io a k tiv e  o d e r andere E le m en te ) , im  z w e it
g e n an n ten  F a ll k o n n ten  S id e rit-  oder L im o n itla g e rs tä tte n  usw . gebildet w erd en .

D ie Ö lfeldw ässer k o n n te n  ausserdem  au ch  in  h o h e m  Mass die chem ische Z u sa m m e n 
se tzu n g  de r Sed im en t- u n d  E ru p tiv g este in e  bee in flu ssen  u n d  w eiter auch  d ie E n ts te h u n g  
de r g rossen  A k k u m u la tio n en  ein iger Salze, vo r a llem  v o n  N a triu m su lfa ten , in  d e n  B öden  
v e ru rsac h e n . Die B ed eu tu n g  de r Ö lfeldw ässer fü r  d ie  sich  in  d e r E rd k ru ste  a b sp ie le n d e n  
P rozesse k o n n te  noch n ich t r ich tig  gew erte t w erden , d e n n  m an  b e tra ch te te  ih r  V o rk o m m en  
b ish er eher als eine an o m ale  E rsch ein u n g , obw ohl d iese  W ässer einen gew öhn lichen , g ese tz- 
m ässigen, g eograph isch  sehr v e rb re ite ten  u n d  q u a n t i t a t iv  w ich tigen  R e s tan d te il d e r  E r d 
k ru s te  b ilden .

I . E in fü h ru n g

In  den  J a h re n  1947— 1955 b efasste  ich  m ich  m it sy s tem a tisch en  g eo ch e
m ischen  U n te rsu c h u n g e n  der tschech o slo w ak isch en  M ineralw ässer, w elche 
U n te rsu ch u n g en  ich  au ch  a u f  eine R eihe d e r  b e k an n te s ten  M in era lq u e llen  
ein iger S ta a te n  d er V o lksdem okratien , in  d ie  ich  S tud ienreisen  u n te rn a h m , 
au sd eh n en  k o n n te , so dass m ir n u n m eh r z u r  w eite ren  B e a rb e itu n g  re ich es 
hydrogeochem isches M ateria l zur V erfügung  s te h t .

D as Ziel m einer vorliegenden  A rbeit is t  d ie  A bgrenzung d er e in ze ln en  
h ydrogeochem ischen  Z onen (P rovinzen), sow ie d ie  F estse tzung  d e r e in s tig e n  
u n d  h eu tig en  B eziehungen  zw ischen dem  W asse r u n d  den L a g e rs tä t te n  von  
n u tz b a re n  R o h sto ffen , vo r allem  Salzen, B itu m in a  u n d  Erzen. Ich  b e sc h rä n k e  
m ich in  d ieser A rb e it a u f  die in te re ssa n te s te n  P rob lem e, die h a u p ts ä c h lic h  
die fe s tg es te llte  u n d  v o rau sg ese tz te  B e te ilig u n g  d er ö lfe ld w ässer a n  d er
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K o n z e n tra t io n  u n d  V erte ilu n g  der ch em isch en  E lem ente in  d en  o b eren  
S c h ic h te n  der E rd k ru s te  b e tre ffen .

D ie W ässer d er E rd ö lla g e rs tä tte n  v e rh a lte n  sich bei w eitem  n ic h t  so 
s ta t i s c h ,  als b isher an g en o m m en  w urde. D ie E x is te n z  des E rd ö lw a sse rty p s  
is t  in  d e r  e rs ten  P h ase  (v o m  B eginn d e r S e d im e n ta tio n  des o rg an isch en  
M a te r ia ls  bis zu r B ild u n g  d e r flüssigen u n d  gasfö rm igen  K ohlenw asserstoffe) 
d u rc h  d ie  A nhäu fu n g  fo lg en d er E lem en te  im  W asser gekennzeichnet : N a, 
Cl, J ,  B r, В , V, R a , U u n d  v ie lle ich t au c h  S r, B a , F  usw.

D ie  zw eite P h ase  (d ie sp ä te re  P e rio d e  d e r  E x istenz  des W assers) ist 
d a n n  je  n ach  den  ö r tlic h e n  geologischen u n d  geochem ischen B ed in g u n g en  
d u rc h  A n h äu fu n g  von  S chw efel im  H a n g e n d e n  d e r E rd ö lla g e rs tä tte n  o d e r an  
d e re n  R a n d , du rch  B ild u n g  von su lfid isch en  E rzen , durch  S e d im e n ta tio n  
e n o rm e r  M assen von  T ra v e r t in  u n d  en d lich  d u rc h  B eeinflussung  d e r ch em i
sc h e n  Z u sam m en se tzu n g  d e r  S ed im en tg este in e  u n d  m anchm al au c h  der 
E ru p tiv g e s te in e  g ek en n ze ich n e t. Diese P h ase  d a r f  a llerd ings n ich t v e ra llg e m e i
n e r t  w e rd en  ; jed em  e in ze ln en  F all en tsp re c h e n  ganz spezifische geologische 
u n d  geochem ische B ed in g u n g en .

I I .  D ie  p rim äre  A k k u m u la tio n  der chem ischen  E lem en te  in  den O lfeldw ässern

D ie  salzigen W ässer d e r E rd ö lla g e rs tä tte n  sind  ein b e so n d e re r  T y p  
d e r  W ä sse r  der E rd k ru s te  u n d  hab en  in  d en  ö lfüh renden  S ch ich ten  w eit 
g rö sse re  V erb re itu n g  als d a s  E rdöl se lb st. Sie s in d  auch in  der E rd k ru s te  
v ie l h ä u fig e r , als b ish er angenom m en  w u rd e . (D ie V erbre itung  d e r ü lfe ld -  
w ä sse r  in  M itte leu ropa w ar G egenstand  e in e r  a n d e re n  S tudie [53].)

D ie W ässer der E rd ö lla g e rs tä tte n  u n te rsc h e id e n  sich vom  O b e rf lä c h en 
w a s s e r  (F lussw asser u . ä.) u n d  M eeresw asser (in  B e trach t gezogen w ird  die 
d u rc h s c h n itt l ic h e  Z u sam m en se tzu n g ) d u rc h  d as  gegenseitige V e rh ä ltn is  der 
H a u p tb e s ta n d te i le , u n d  zw ar :

M eeresw asser : CI )>  S 0 4  >  H C 0 3  N a >  Mg >  Ca

F lussw asser*  : H C 0 3  >  S 0 4  >  CI Ca >  Mg >  N a

Ö lfeldw asser : CI )>  H C 0 3  N a >  Ca >  Mg

Von d e n  W ässern  des W elto zean s u n d  d en  fossilen  M eeresw ässern u n te r 
sc h e id e n  sich die Ö lfe ldw ässer h au p tsä c h lic h  d u rc h  den sehr h o h en  J o d 
g e h a l t .

N a c h  der h y d ro ch em isch en  N o m e n k la tu r  re ihen  wir die Ö lfe ldw ässer 
zu m  n a tr iu m b ik a rb o n a tis c h e n  u n d  n a triu m k a lz iu m ch lo rid isch en  T y p  ; der 
n a tr iu m c h lo rid isc h e  T y p  is t  w eniger h äu fig  u n d  eh e r A usnahm e als R egel.

* d e r  h um iden  R eg ionen  (R ed .)
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B ezüglich des U rsp ru n g s  der Ö lfe ldw ässer kom m en die fo lg en d en  drei 
M öglichkeiten  in  B e tra c h t  :

1. Die Ö lfeldw ässer s ind  fossile M eeresw ässer (u n te r »fossil« v e rs te h e n  
w ir d as  w ährend  des S ed im en ta tio n szy k lu s  in  d e n  A blagerungen e in g esch lo s
sene  M eeresw asser),

2. der S a lzg eh a lt d er ö lfe ldw ässer s ta m m t aus den n eb en lieg en d en  
S a lz la g e rs tä tte n ,

3. die sa lz h a ltig e n  W ässer u n d  das E rd ö l s ind  zwei v ersch ied en e  P ro 
d u k te  ein  u n d  desse lben  V organges.

D en h eu tig en  V orstellungen  zufolge s in d  d ie  Ö lfeldw ässer eine M ischung 
von  w ährend  d er A b lag eru n g  in den S e d im e n te n  eingeschlossenem  M eeres
w asser u n d  des aus den  organischen R ü c k s tä n d e n  bei deren Z e rfa ll, d . h. 
bei d er B ildung  d er B itu m in a  [54], ausgesch ied en en  W assers.

Die M inera lisa tion  d er ö lfe ldw ässer i s t  m a n c h m a l sehr hoch u n d  e rre ic h t 
in  e in igen  F ä llen  so g ar W erte  von ein igen H u n d e r te n  G ram m  a n o rg a n isc h e r 
S u b s ta n z  in  1 L ite r  W asser. A ngesichts d e r  en o rm en  K a p a z itä t d e r  w asser
fü h ren d en  H o rizo n te  k a n n  m an sch liessen , d a ss  es sich h ier u m  gew altige  
A n h äu fu n g en  von  S a lzen , wie z. B . NaCl, K C l, CaCl2, N aH CÖ 3  u . a . h a n d e lt .

V on den se lten e ren , sich in  den  ö lfe ld w ä sse rn  in  grösserer M enge a n sa m 
m eln d en  E lem en ten , is t  v o r allem  das J o d  zu  n en n en , das n u r in  d en  Ö lfeld
w ässern  v o rk o m m t u n d  W erte  bis 150 mg/1 e rre ic h t. D er J o d g e h a lt  ein iger 
eu ropä ischer und  aussereu ro p ä isch er Ö lfe ldw ässer is t in  Tabelle 1 a n g e fü h rt.

Tabelle 1

L o k a l i t ä t  u n d  S t a a t .1 m g / l

O stra v a , T schechoslow akei .....................

Ciz, S low akei, T schechoslow akei 

H odonin-L uzice , T schechoslow akei . . .

S ó sh a rty á n , U n g arn  ...................................

F ilip e s ti, R u m än ien  ...................................

W erchne-T sehusow skij R a y o n , UdSSR 

J a v a ....................................................................

bis 75,0 

58,8 

bis 50,0 

93,5 

bis 50,0 

bis 120,0 

bis 150,0

Die W ässer des W eltozeans .........................

F lu s s w a s s e r .............................................................

W ässer der S a lz la g ers tä tte n , D eutschland 

R e g e n w a ss e r ..........................................................

0 ,0 1 —0,07 

0 ,0 0 0 2 -0 ,0 0 5  

bis 8,0 

0 ,0 0 0 1 -0 ,0 0 1 5

E ru p tiv g este in e  

K u ltu rb o d en  . . 

L u f t  ...................

0 ,3

2,0

0,0005
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I n  d ieser T abelle s in d  vergleichsw eise a u c h  d ie  fü r  andere W ässe r e rrech - 
n e te n  W e rte , sowie die W e rte  fü r  G esteine, B ö d e n  u n d  L u ft gegeben .

I m  H inb lick  a u f  die gew altig en  J o d a n sa m m lu n g e n  in  den Ö lfe ld w ässern , 
d ie  e n o rm e  V erb re itu n g  d iese r W ässer u n d  d ie  grosse K a p a z itä t d e r  w asse r
fü h r e n d e n  H orizon te  w ird  es n ö tig  sein, d e n  f ü r  die E rd k ru s te  e rre c h n e te n  
m i t t le r e n  G ehalt dieses E le m e n te s  (3.10~5 G ew ich tsp ro zen t, nach  W e r n a d s k i) 
zu  k o rr ig ie re n .

D ie  K o n z e n tra tio n  des Jo d s  erfo lg t in  e in ig en  M eeresorganism en (im 
M eerg ra s) . Die M eeralgen, z. B . einige A rte n  v o n  L am in aria , k o n z e n tr ie ren  
d as  J o d  in  einer M enge, d ie  d em  G ehalt d ieses E lem en tes in  m eh r a ls  1000 t  
M eeresw asse r e n tsp ric h t. N a c h  A bste rben  d e r O rgan ism en  g eh t d a s  J o d  in  
d ie M eeressed im en te  (in  d en  Schlam m ) ü b e r. W ir  schliessen uns d e r M einung  
v o n  W i n o g r a d o w  [52] an , d a ss  das Jo d  d e r Ö lfeldw ässer seinen U rsp ru n g  
in  d e r  o rgan ischen  S u b s ta n z  ein iger M eereslebew esen h a t, aus d enen  es ü b e r 
die m a r in e n  Sedim ente u n d  d a s  in  diesen e ingesch lossene  W asser in  d ie  Ö l
fe ld w ä sse r  gelangte.

E in  anderes, in  den  Ö lfeldw ässern  in  b e d e u te n d e r  Menge v o rk o m m en d es  
E le m e n t  is t  das B rom .

T a b e lle  2

L o k a l i t ä t  u n d  S t a a t B r  m g /1

O s tra v a ,  Tschechoslow akei ......................

S ó s h a r ty á n , U ng arn  ....................................

W erchne-T schusow sk ij R ay o n , U dSSR  

Z w eites  B a k u , UdSSR ...............................

D ie  W ä s se r  des W eltozeans ....................

bis 145,0 

112,0 

bis 2000,0 

bis 800,0

65,0

E ru p tiv g e s te in e 1,6

So w ie das Jo d , s ta m m t au ch  das B ro m  te ils  aus dem  M eeresw asser, 
te ils  a u s  dem  M ateria l d e r ab g esto rb en en  M eeresorganism en. F ü r  die Ö lfe ld 
w ässe r i s t  dieses E lem en t a b e r  n ic h t m ehr so ty p is c h , wie das Jo d , d e n n  au c h  
die re s id u e lle n  L augen  m a r in e n  U rsp rungs e n th a lte n  m anchm al en o rm e  
M en g en  v o n  Brom  [53].

A u c h  das Bor k o m m t in  den  Ö lfeldw ässern  in  b edeu tender M enge vo r. 
N a c h  S u l i n  [43] e n th a lte n  d ie  W ässer ein iger so w je tischer E rd ö lla g e rs tä tte n  
b is 1000  mg/1 Bor. D er B o rg e h a lt der tschechoslow ak ischen  Ö lfe ldw ässer 
lieg t b e d e u te n d  tiefer u n d  ü b e rsc h re ite t n u r  s e lte n  100 mg/1. B em erk en sw ert 
is t  a lle rd in g s  der A nstieg  des H B O [-G ehaltes in  G ebieten  ju n g e r v u lk a n i
sch e r T ä tig k e it ,  z. B . in  d en  u m g ew an d e lten  Ö lfeldw ässern  des b e k a n n te n
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B ad es L uliacovice (M ähren , T schechoslow akei), wo der H B Ö 2-G eh a lt b is 
ü b e r  400 mg/1 s te ig t. D as B or d er ö lfe ld w ässe r is t  w ahrschein lich  zw eierle i 
U rsp ru n g s  — ein Teil is t sy n g en e tisch , der a n d e re  sek u n d är, aus d en  N e b e n 
g es te in en  s tam m en d .

In  den  ö lfe ld w ässern  t r i t t  fe rn e r das S tro n tiu m  in  e rh ö h tem  M asse a u f, 
se in  G eh a lt e rre ich t bis ein ige H u n d e r te  mg/1. V on den  d ispers v e r te il te n  
E le m e n te n  sind  in  den Ö lfeldw ässern  F lu o r u n d  V an ad iu m  re icher v e r tr e te n . 
D ieses k o m m t h a u p tsä c h lic h  in  den  m it dem  E rd ö l in  d ire k te r  B e rü h ru n g  
s te h e n d e n  W ässern  v o r u n d  s ta m m t h ö ch stw ah rsch e in lich  aus o rg an isch em  
M ate ria l ; der U rsp ru n g  des F lu o rs  w urde  b ish e r noch n ich t völlig  g e k lä r t .

S ehr in te re s s a r t  u n d  w ich tig  is t das V orkom m en von  ra d io a k tiv e n  
E le m e n te n  in  den  Ö lfeld w ässern . E in ige A u to ren  geben W erte  bis 100 g /t 
U ra n  im  E rd ö l u n d  bis 10 g /t in  den  Ö lfeldw ässern  an . Die das E rd ö l b eg le i
te n d e n  salzigen W ässer e n th a lte n  bis 10 ~ 1 0  g /m l R a , wogegen der R a -G e h a lt 
in  den  O berflächenw ässern  u n d  im  M eeresw asser n u r  IO “ 1 5  g /m l e rre ic h t. 
E in  Teil des R ad ium s s ta m m t zweifellos aus d en  N ebengeste inen , d er G ro sste il 
is t  jed o ch  syngenetisch , d . h . dass er im  A u sg an g sm a te ria l des E rdö ls e n ts ta n d .

E s is t n ich t ausgeschlossen , dass in  den Ö lfeldw ässern  au ch  n och  a n d e re  
E lem en te  in  grösseren M engen V orkom m en, le ider lieg t aber kein  au sre ich en d es  
an a ly tisc h e s  M ateria l vor.

A us dieser k u rzen  Ü b e rs ich t g eh t h e rv o r, dass die e igen tliche E x is te n z  
d e r Ö lfeldw ässer d u rch  p rim äre  A n sam m lu n g  e in er A nzahl von  E le m e n te n  
gek en n ze ich n e t w ird. E in ige  d ieser E lem en te  w eisen so hohe G eh a lte  au f, 
d ass  es n ö tig  sein w ird , die m ittle re n  W erte  fü r  die E rd k ru s te  neu  zu e rre c h n en , 
d a  diese G ehalte  die b isherigen  W erte  s ta rk  beein flussen . Dies b e tr if f t  v o r 
a llem  J ,  B r, N a, Cl, B, u n d  sch e in b a r auch  noch  an d ere . Sehr b e re c h tig t is t 
die A n n ah m e, dass die G ru n d w ässer d er E rd k ru s te  w eit m ehr gelöste a n o rg a 
n ische  S toffe  e n th a lte n , als die W ässer d er O zeane.

Die Folgen der p rim ä re n  A k k u m u la tio n  e in iger chem ischer E le m e n te  
in  den  Ö lfeldw ässern s ind  von  grosser p ra k tisc h e r B ed eu tu n g . Schon la n g e  s in d  
d ie  W ässer der E rd ö lla g e rs tä tte n  ein w ich tig er R o h sto ff fü r  die G ew in n u n g  
v o n  Salz, Jo d  und B rom  u n d  n u n  p rü f t  m an  au ch  die M öglichkeit, d ie  E rd ö l
w ässer als Quelle ra d io a k tiv e r  E lem en te  zu v erw enden .

III. D ie Olfeldwässer und die Entstehung der Lagerstätten von Schw efel
und sulfidischen Erzen

E in  ch arak te ris tisch es K ennzeichen  der ö lfe ld w ässe r sin d  ih re  R e d u k 
tio n sb ed in g u n g en . Im  J a h re  1953 b e fassten  w ir u ns m it der K la ss if ik a tio n  
v o n  tschechoslow akischen  M ineralw ässern  v e rsch iedenen  U rsp ru n g s, d e r  die 
fe s tg e s te llte n  p H u n d  rH-W erte  zu g ru n d e  geleg t w orden  w aren . D ie E rg eb -
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A bb. 1. V ersuch e in e r K la ss if ik a tio n  der W ässer a u f  G ru n d  ih rer p н u n d  гн -W erte

A :  N a triu m -b ik a rb o n a tisc h e  W ässer; Schw efelw assersto ff anw esend
B :  N a triu m -b ik a rb o n a tisc h e  W ässer reich an  K o h len d io x y d  (in  G ebieten  d e r ju n g en  v u lk a 

n isch en  T ätigkeit)
C : S chw efelw assersto ffquellen  v e rsch ied en er geo ch em isch er T y p en  (in E rdö lg eb ie ten )
D :  N a triu m su lfa tisch e  W ässer
E :  F erro -a lu m o -su lfa tisch e  W ässe r  (A lau n sch ie ferlag erstä tten w ässe r)
F  : W asser de r p o ly m e ta ll. su lf id . E rz la g e rs tä tte n  (fe rro -, ferro-alum o u n d  fe rro -kupro - 

su lfa tisch e  W ässer)
-G: K a lz iu m -b ik a rb o n a tisch e  W ässe r (einfach Säuerlinge)
H :  W ässer der Salz- u n d  G ip sla g ers tä tte n  (n a tr iu m -, k a lz iu m - u. m agnesium -ch lo rid ische  

u n d  k a lz ium -su lfa tische  W ässer)
/ :  W ahrschein liche A u sd eh n u n g  der W ässerzone E  u . F
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nisse d ieser M essungen s in d  im  betre ffen d en  D iag ram m  n ied e rg e leg t. E s zeigte 
sich , dass die ö lfe ld w ässe r u n te r  allen n a tü r lic h e n  W ässern  d ie  s tä rk s te n  
R ed u k tio n sb ed in g u n g en  aufw eisen. E inen  a n d e ren  ex trem en  F a ll b ilden  die 
W ässer d er L a g e rs tä tte n  von  A launsch iefern , K iesschiefern  u n d  su lfid ischen  
E rzen  m it au sg ep räg tem  O x y d a tio n sc h a ra k te r  u n d  s ta rk  s a u e re n  E igen 
sc h a fte n . Alle ü b rig en  W ässer liegen im  D iag ram m  zw ischen d iesen  beiden 
ex tre m e n  Zonen. Es is t begre iflich , dass ein d e ra r t  aussergew öhnliches M edium , 
wie d as  ö lfe ldw asser, fü r  die K o n zen tra tio n  gew isser E lem en te , v o r  allem  der 
E rze , besonders geeignet is t. D ie K a p a z itä t  des M edium s b e g ü n s tig t in  einigen 
F ä llen  auch  die B ild u n g  von grösseren S ch w efe llag e rs tä tten .

A  )  D i e  E n t s t e h u n g  d e r  S c h w e f e l l a g e r s t ä t t e n

T yp isch  fü r  den  Z erfa ll der o rgan ischen  S toffe u n d  die B ild u n g  des 
E rd ö ls , ferner auch  fü r  die schon b esteh en d en  L a g e rs tä tte n , s in d  d ie  zufolge 
der T ä tig k e it e in iger a n ae ro b en  B ak te rien  ( Sporovibrio rubentschkii und  
M icrospira  desu lfuricans)  v o r sich gehenden  Prozesse der b io g en en  S u lfa t
re d u k tio n . SO 4  w ird  in  w ässriger Lösung n ach  fo lgendem  S chem a red u z ie rt :

SO 4  +  2  C +  2 H 20  =  H 2S +  2 H C O i.

D urch  diese in  den  ö lfü h ren d en  G ebieten  seh r v e rb re ite ten  P rozesse  wird 
das u rsp rü n g lich e  Ö lfeldw asser, das sich se iner Z u sam m en se tzu n g  n ach  dem

. / :  W ahrschein liche A u sd eh n u n g  der Zone der ty p isch e n  E rd ö lla g e rs tä tte n w ässe r  und  der
Zone der e in fachen  Schw efelw asserstoffquellen  v e rsch iedener g eo chem ischer T y p en  

K :  W ahrschein liche A u sd eh n u n g  der Salz- und  G ipslagers tä tten w ässe rzo n e  
L: V orausgese tz te  A u sd eh n u n g  der S te inkoh len lag ers tä tten w ässerzo n e
M :  W ahrschein liche A u sd eh n u n g  der O berflächenw ässerzone

W ässerlo k a litä ten  :

1 S m rd á k y , Slow akei, 20
2 G bely , Slowakei, 21
3 S kalica , Slowakei, 22
4 N a p a je d la , M ähren, 23
5 L o u k y , M ähren, 24
6 L o u k y , M ähren, 25
7 N ezdenice, M ähren, 26
8 C hropynë, M ähren, 27
9 C hropynë, M ähren, 28

10 M alenovice, M ähren , 29
11 L uhacov ice , M ähren , 30
12 L uhacovice , M ähren, 31
13 L uhacovice , M ähren , 32
14 L uhacovice , M ähren, 33
15 L uhacovice , M ähren , 34
16 R u d ice , M ähren, 35
17 Z áhorovice , M ähren , 36
18 B än o v , M ähren, 37
19 B fezova, M ähren, 38

B rod n . D ., M ähren,
C ejc, M ähren,
V. O rechov, M ähren , 
L uhacovice  (Schw efelquelle), 
P o d h rad i, M ähren,
B feznice, M ähren,
S la tën ice , M ähren,
K oste lec , M ähren,
L osiny , M ähren,
S a ra tice , M ähren,
U jezd , M ähren,
T ësan y , M ähren,
N esvacilka, M ähren,
T ësan y , M ähren,
Sokolnice, M ähren,
T ësan y , M ähren,
Ó bora , M ähren,
O hora , M ähren,
P e rn á , M ähren,

39 V a lch o v , M ähren,
40 ZI. Н о гу , M ähren ,
41 ZI. Н о гу , M ähren ,
42 ZI. Н о гу , M ähren ,
43 M o stën ice , M ähren,
44 M o stën ice , M ähren,
45 P ru sy , M äh ren ,
46 H ra n ice , M ähren,
47 Z e la to v ice , M ähren,
48 T ës ik o v , M ähren ,
49 P e tro v ic e , M ähren,
50 N . P lä ii, M ähren,
51 K a rlo v , M ähren ,
52 Sl. P a v lo v ic e , M ähren,
53 J a in a r t ic e ,  M ähren,
54 O p a v a , M ähren ,
55 O p a v a , M ähren ,
56 Sol, S low akei,
57 Is la , S low akei
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M eeresw asser n ähert (u n te r  s e in e n  K om ponen ten  s in d  au ch  S u lfa te  v e r tre te n ) , 
in  d e n  n a tr iu m b ik a rb o n a tis c h e n  su lfatfreien  T y p  u m g ew an d elt.

D e r  G ehalt der Ö lfe ld w ässe r an freiem  S chw efelw assersto ff h ä n g t in 
e r s te r  R e ih e  von der I n t e n s i t ä t  d e r D esvdfatisationsprozesse ab . D en  h ö ch sten  
H 2 S -G e h a lt  (bis 2000 mg/1) f a n d  m an in  e in igen  Ö lfeldw ässern  d er U dSSR . 
I n  d e n  tschechoslow ak ischen  Ö lfeldw ässern ü b e rs c h re ite t  der h ö ch ste  fe s t
g e s te l l te  S ch w efelw assersto ffgehalt W erte von  600 mg/1 n ich t.

D ie  D auer der D e s u lfa tis a tio n  ist d u rch  d ie  litho log ische  Z u sam m en 
s e tz u n g  d er Gesteine b e d in g t .  A us den z. B . an  G ips re ich en  G esteinen  gehen 
s tä n d ig  gewisse S u lfa tm en g en  in  Lösung, so dass d ie  D esu lfa tisa tio n  p ra k tisc h  
u n b e g re n z te  D auer h a b e n  k a n n .

D e r  Gedanke eines g em e in sam en  U rsp ru n g s v o n  Schwefel- u n d  E rd ö l
l a g e r s tä t te n ,  sowie von  E rd ö lw ä sse rn  ist n ic h t n eu .

H öfer  [20] b e tr a c h te t  d e n  U rsprung  d er S ch w efe llag e rs tä tten  als Folge 
d e r  S u lfa tre d u k tio n  d u rch  M e th a n  ; ähnlich sehen  a u c h  H undt  [21] u n d  B erg 
[7] d ie  E n ts teh u n g  des e le m e n ta re n  Schwefels in  d e r S u lfa tre d u k tio n  du rch  
K o h le n s to f f  oder K o h len w asse rs to ffe . Stutzer [42] n im m t an , die Schw efel
l a g e r s tä t t e n  seien d u rch  b io g e n e  S u lfa tred u k tio n  u n d  (biogene) O x y d a tio n  
des so en ts tan d en en  S chw efelw asserstoffes zu  E lem en ta rsch w efe l e n ts ta n d e n . 
(N a c h  S tutzer geht d ieser P ro z e ss  in  den M eeresb u ch ten  v o r sich.) K aeitzki 
u n d  U klonski [24, 50] b e g rü n d e n  die E n ts te h u n g  d er S ch w efe llag ers tä tten  
v o n  F e rg a n a  durch S u lfa tre d u k tio n  in  w ässriger L ö su n g  u n te r  B ete iligung  
v o n  u n g e sä ttig te n  K o h len w asse rs to ffen .

D ie  engen geologischen u n d  geochem ischen B ez iehungen  zw ischen den 
S ch w efe l- u n d  E rd ö lla g e rs tä t te n  sind  eine u n b e s tre i tb a re  T a tsach e . I n  einer 
R e ih e  v o n  L okalitä ten  a u f  S iz ilien  w urde A sp h a lt gem einsam  m it Schw efel 
g e fu n d e n  (neuerdings w u rd e n  h ie r  auch einige Ö lb o h ru n g en  fünd ig ). D ie glei
ch e n  Z usam m enhänge k o n n te  m a n  in  D eu tsch lan d  (H a n n o v e r), S yrien , Israe l, 
im  I r a k  u n d  in  Iran  fe s ts te lle n . I n  Fergana t r i t t  d e r  Schw efel gem einsam  m it 
O z o k e r it ,  A sphalt, E rd ö l u n d  schw efelw assers to ffhältigem  W asser au f. Die 
S ch w efe llag e rs tä tten  v o n  L o u is ia n a , Texas, Ä g y p te n  usw . w erden gleichfalls 
v o n  sc h w e re n  aspha ltischen  E rd ö le n  begleite t. E s g ib t sch e in b ar keine einzige 
S ch w efe llag e rs tä tte , in  d e r n ic h t  auch  die A n w esen h e it von  festen , flüssigen  
b zw . gasfö rm igen  K o h len w asse rs to ffen  festgeste llt w o rd en  w äre.

Z u  dieser F e s ts te llu n g  g e lan g te  bere its H öfer  [20] u n d  s p ä te r  Ahl- 
f e l d  [1 ]. Sehr überzeugend  w irk t  das Beispiel d e r  S ch w efe llag e rs tä tten  im 
F e rg a n a b e c k e n . H ier k o m m t gediegener Schw efel gem einsam  m it A rag o n it, 
C ö le s tin , O zokerit, G ips, C h a lz e d o n  usw. vor. D er Schw efel w ird  im m er vom  
E rd ö l  b e g le ite t. Die H o h lrä u m e  der D rusen s in d  m it schw efelw asserstoff
h a l t ig e m  W asser gefü llt.

W ic h tig  sind h ie rb e i je d o c h  folgende T a tsa c h e n  :
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a)  G rössere S ch w efe llag e rs tä tten  tre te n  im m e r in  den  die ö lfü h ren d en  
H orizon te  b ed eck en d en  S ch ich ten  auf.

b)  Die g rössten  M engen von  S chw efelw assersto ff w u rd en  im  F e rg a n a - 
becken  d o rt fe s tg e s te llt, wo das E rdö l in  den  G ips u n d  an d ere  S u lfa te  e n th a l
te n d e n  D eckgesteinen  zu tag e  t r i t t .  ( A h l f e l d  n im m t d a h e r an , dass SO 4  d u rch  
E rd ö l u n te r  B ild u n g  v o n  P o lysu lfiden  re d u z ie r t w u rd e . U k l o n s k i  se tz t  bei 
d e r R ed u k tio n  die B e te ilig u n g  von  K a ta ly s a to re n , z. B . Selen, v o raus.)

c)  D er Schw efel e n ts te h t  infolge von  O x y d a tio n  des Schw efelw asser
stoffes d u rch  den  S a u e rs to ff  d er L uft ; die re ich en  V orkom m en der L a g e r
s tä t te  Schor-Su liegen m a x im a l 40—60 m u n te r  d e r  E rd o b erfläch e , d. h . n ich t 
tie fe r, als sich d er E in flu ss  des Sauerstoffes d e r L u f t  w irk b a r m a c h t.

W ir sind  der A n sich t, dass die Sulfate in  w ässrig er L ösung d u rch  B ak te rien  
re d u z ie rt w erden . Die E n ts te h u n g  des E lem en tar-S ch w efe ls  w ird  d u rch  fo l
gende U m stän d e  b e d in g t :

a)  die A nw esenheit von  d esu lfu risie renden  B a k te r ie n  u n d  o rgan ischen  
S toffen , die m it den  ö lfe ld w ässe rn  in  B e rü h ru n g  kom m en ,

b)  s tän d ig e  Z u fu h r  von  S u lfa ten  aus den  N eb en g este in en  in  die Ö lfeld
w ässer. D as V orkom m en  grosser M engen von  S u lfa te n  (Gips) in  den  N eb en 
gesteinen  u n d  die M öglichkeit ih re r s tän d ig en  A u flö su n g  in  den  Ö lfeldw ässern  
is t  eine der w ich tig s ten  B ed ingungen  fü r d ie  B ild u n g  grosser M engen von  
H 2S u n d  d ah er au ch  d e r grossen L a g e rs tä tte n  v o n  E lem en tarschw efel,

c) die O x y d a tio n  des Schw efelw asserstoffes zu  E lem en ta rsch w efe l geht 
ausschliesslich  a u f  chem ischem  W ege vo r sich,

d)  zu r B ild u n g  m äch tig e r S ch w efe llag e rs tä tten  m üssen  b es tim m te  
geologische B ed in g u n g en  gegeben sein. In  von  d e r O berfläche völlig  iso lierten  
E rd ö lla g e rs tä tte n  k ö n n en  keine grossen S ch w efe llag e rs tä tten  e n ts te h e n . 
Sollen m äch tige , w ir tsc h a ftlic h  bed eu ten d e  L a g e rs tä t te n  g eb ilde t w erden , so 
m uss die E rd ö lla g e rs tä tte  ein  gewisses A usm ass v o n  tek to n isch en  S tö ru n g en  
aufw eisen, d. h . die M ig ra tion  des Schw efelw asserstoffes zu r E rd o b erfläch e , 
bzw . das E in d rin g en  des Sauerstoffs der L u ft t i e f  u n te r  die O berfläche m uss 
m öglich sein,

e)  die k lim a tisc h e n  V erhältn isse  sind  g le ich fa lls w ich tig  ; au sse rh a lb  
des a riden  W ü ste n g ü rte ls  is t die B ildung v o n  grossen  S ch w efe llag ers tä tten  
w ahrschein lich  un m ö g lich .

A uch bei den  L a g e rs tä t te n  im  F e rg a n a b e c k en  h a n d e lt es sich um  keine 
an d ere  A rt von R e d u k tio n  ; der Z u sam m en h an g  zw ischen dem  E rd ö l, dem  
Schw efelw assersto ffgehalt u n d  dem  Gips is t g an z  zufällig . D ie von  U k l o n s k i  

[50] v o rau sg ese tz te  A nw esenhe it von K a ta ly s a to re n  (Selen) is t ebenfalls 
überflüssig , d enn  diese A rt von  R ed u k tio n  is t  k e in  chem ischer, so n d ern  ein 
ausgesprochen  b iochem ischer V organg, der k e in e  K a ta ly se  b e n ö tig t.

M an n im m t a n , dass  d er G rossteil der h e u te  b e k a n n te n  w ichtigen  Schw e
fe lla g e rs tä tten  d u rch  die in  den Ö lfeldw ässern v o r sich gehende biogene
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S u lfa tre d u k t io n  e n ts ta n d e n  is t .  A uch  die in  G ebieten  v u lk an isch e r T ä tig k e it 
v o rk o m m e n d e n  S ch w efe llag e rs tä tten  k ö n n en  den  gleichen U rsp ru n g  h aben  ; 
in  e in ig e n  F ällen  is t ab e r d e r  v u lk an isch e  U rsp ru n g  des Schw efels n ic h t zu 
b e s t r e i te n .

I n  d e r T schechoslow akei g ib t es b ish e r n u r  ein  einziges V orkom m en  
v o n  e le m e n ta rem  Schw efel, d a s  in  d iesem  Z u sam m en h an g  zu  n e n n e n  w äre. 
E s s in d  d ies die p ra k tisc h  b ed eu tu n g slo sen  B rocken  ged iegenen  Schw efels 
im  B o d e n  bei der G em einde Z arosice in  S ü d m äh ren  [38, 39]. D u rch  d ie  K lü fte  
des L ö ss  en tw e ich t S chw efelw asserstoff, d er in  u n g e fäh r 1 m  T iefe zu  Schw efel 
o x y d ie r t .  I n  der U m gebung  des g e n a n n te n  O rtes g ib t es einige schw efelw asser- 
s to f fh ä l t ig e  Quellen, die d ire k t  a n  die ö lfü h ren d en  G esteine dieses Teils von

M ä h re n  g ebunden  sind. E s is t  a lle rd ings n ich t ausgeschlossen, d ass  m an  in 
Z u k u n f t  an d e re  w ichtigere L o k a litä te n  fin d e n  w ird  ; von besonderem  In te re sse  
s in d  h ie r  einige Gebiete in  d e r  S low akei, wo die n a tr iu m - u n d  k a lz iu m su lfa ti
sc h e n  W ä sse r  reich v e r tre te n  s in d . Die b iogene S u lfa tre d u k tio n  is t  in  ein igen 
d ie se r  W ä sse r  besonders in te n s iv , es is t ab e r frag lich , ob h ie r in  d er geologischen 
V e rg a n g e n h e it  V o rau sse tzu n g en  zu r A k k u m u la tio n  von  g rösseren  Schw efel
m e n g e n  gegeben  w aren.

В )  D i e  B e t e i l i g u n g  d e r  Ö l f e l d w ä s s e r  a n  d e r  A k k u m u 
l a t i o n  v o n  m e t a l l i s c h e n  E l e m e n t e n  u n d  a n  d e r  B i l 
d u n g  v o n  E r z l a g e r s t ä t t e n

D e r  sehr häufige u n d  in te re ssa n te  Z u sam m en h an g  zw ischen  einer 
g e o g ra p h isc h  begrenzten  u n d  a n  eine einzige geologische P ro v in z  g eb u n d en en  
V e re rz u n g  u n d  dem  V o rk o m m en  von Ö lfeldw ässern  k a n n  in  e in igen  F ällen  
v o n  g ro sse r  B edeu tung  sein . Solche F älle  s ind  in  M itte leu ropa  n ic h t se lten .
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V ergleichen w ir n u n  diese V orkom m en, so ü b e r ra s c h t  u ns deren  H ä u fig k e it, 
die an  sich  a llerd ings n och  n ich ts  b ed eu te t, die a b e r  be i d er k a rto g rap h isch en  
A u sw ertu n g  der b e tre ffe n d en  hydrogeochem ischen  Z o n en  u n d  der V orkom m en 
v o n  ju n g e n  E ru p tiv g e s te in e n  in  den  V o rd e rg ru n d  t r i t t .  Die B eziehungen  
zw ischen diesen  b e id en  so un te rsch ied lich en  P ro d u k te n  der geochem ischen 
V orgänge in  der L ith o sp ä re  h ab e n  gewiss m eh r a ls th eo re tisch e  B e d e u tu n g .

Schon zu  E n d e  des vo rigen  J a h rh u n d e r ts  k a m e n  in te re ssan te  T heorien  
ü b e r die E n ts te h u n g  von  L a g e rs tä tte n  von  su lfid isch en  E rzen  auf, die eine 
Folge des h äu fig en  V orkom m ens des d ispers v e r te i l te n  k o h len sto ffh a ltig en  
M ateria ls u n d  dieses T y p s  von  E rzen  sind . G rosse V erb re itu n g  gew ann  die 
A nsich t, dass die S u lf id la g e rs tä tte n  hier d u rch  R e d u k tio n  der b e tre ffen d en  
Su lfa te  der S chw erm eta lle  infolge der T ä tig k e it des organischen M ate ria ls  
e n ts ta n d e n  s ind  [2, 5, 23 u . a .] .

Zw ecks K lä ru n g  d er R eduk tionsp rozesse  sch lu g en  einige A u to re n  
[23 u. a.] fo lgende G leichungen  v o r :

a)  Z n S 0 4 +  2 C +  2 H O H  =  ZnS +  2 H 2C 0 3

b)  F e S 0 4 +  2 H 2S 0 4 +  7 C +  5 H O H  =  2 F e S 2 +  7 H 2C 0 3

c)  2 F e C 0 3 +  C a S 0 4 +  7 C +  5 H O H  =  2 F eS a +  4 C aC 03 +  5 H 2C 0 3

d)  3 F e2(S 0 4)3 +  3 H 2S 0 3 +  CieH 30O2 =  6 F e S 2 +  16 H 2C,03 +  2 H 20 .

H e u te  h a t  ab e r eine A nzah l von  F o rschern  b e re its  bew iesen, dass d ie  in
der N a tu r  v o r sich g ehende  S u lfa tred u k tio n  ein v o rw ieg en d  biogener P rozess 
is t [6, 8, 11, 12, 14, 16, 17, 22, 28, 31, 32, 46, 51].

A us d iesem  G ru n d e  m üssen  die frü h e re n  T h eo rien  n a tü r lic h  e tw as  
k o rrig ie rt w erden . M it dem  P rob lem  einer m öglichen  B ete iligung  der schw efel
w assers to ffh a ltig en  G ru n d w ässe r an  der h y d ro th e rm a le n  B ildung  d er E rze  
b efasste  sich  neu erd in g s G e r m a n o w  [15], d er in  d e r  U dSSR  eine R eihe  von  
F ällen  a n fü h r t ,  in  d en en  die v e re rz ten  G egenden  in  d er geologischen V er
gang en h e it re ich  ö lfü h ren d  w aren  (die L a g e rs tä tte n  von  Pb- und  Z n -E rzen  
bei K a ra -T a u , von  As- u n d  H g-E rzen  im  sü d lich en  F erg an ab eck en , v o n  
P b - u n d  Z n-E rzen  in  A bchazien  ; aus an d eren  S ta a te n  w ären auch  n o ch  d ie  
L a g e rs tä tte n  von  H g -E rzen  in  S u lphur B an c  u n d  S team b o a t S prings, d ie 
Q u eck silb e rlag ers tä tte  in  Id r ia  u n d  viele an d e re  zu  nennen).

Die s ta rk e n  R ed u k tio n sb ed in g u n g en  d e r E rd ö lla g e rs tä tte n  u n d  d e r  
d u rch  S chw efelw asserstoff angere ich erten  ö lfe ld w ä sse r  s ind  ein sehr w ich tig e r  
geochem ischer F a k to r , d er b ish er bei den T h eo rien  ü b e r  die E n ts te h u n g  d e r  
su lfid ischen  E rze  ü b e rh a u p t n ic h t b e rü ck sich tig t w u rd e . Es is t in te re s s a n t , 
da  ss viele d ieser E rz la g e rs tä tte n  in  S chichtfo lgen b itu m in ö se r G esteine, also 
in  ty p isch en  E rd ö ls tru k tu re n , au ftre te n . E s is t e ine allgem ein  b e k a n n te  T a t-
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s a c h e , dass z. В . die re ic h e n  H g -L a g e rs tä t te n  s te ts  u n te r  e in e r  m äch tigen  
D e c k e  von  u n d u rc h lä ss ig e n  S ch ich ten  V orkom m en (New A lm á d é n  u . a.).

D iese U m stän d e  b e re c h tig e n  vö llig  d ie  A nnahm e, dass die in  d er geolo
g isc h e n  V ergangenhe it so h ä u fig e n  Z e rs tö ru n g en  der E rd ö l- u n d  G aslager
s t ä t t e n  eine der w ic h tig s te n  U rsach en  d e r  E n ts te h u n g  d er h y d ro th e rm a le n  
su lf id is c h e n  Erze gew esen s in d  [15].

B evor ich je d o c h  z u r  m öglichen  B e te ilig u n g  der Ö lfe ldw ässer an  der 
h y d ro th e rm a le n  B ild u n g  d e r E rze  ü b e rg eh e , h a lte  ich es fü r  zw eckm ässig, 
d ie  E n ts te h u n g  der o ft im  H a n g e n d e n  d e r E rd ö lla g e rs tä tte n  v o rk o m m en d en  
se d im e n tä re n  S ulfide, sow ie die m ögliche B ild u n g  von U a g e rs tä tte n  sed im en
t ä r e r  su lfid ischer E rze  ü b e rh a u p t, zu ü b e rp rü fe n .

1. D ie  Rolle der Ölfeldwässer bei der B i ld u n g  der sedimentären sulfid ischen Erze

I n  den E rd ö lla g e rs tä tte n  M itte leu ro p as  begegnen w ir seh r o ft im  H a n 
g e n d e n  der ö lfü h ren d en  H o rizo n te  G este ine , deren  G ehalt a n  k le in en  P y r i t 
k ö r n e r n  u n d  g rösseren  P y r itk o n k re tio n e n  so hoch  is t, dass sie a ls E rz  von 
g u te r  Q u a litä t b e tr a c h te t  w erden  k ö n n en . In  einigen F ä llen  w u rd e n  auch 
G a le n itk ö rn e r  g e funden . D ie P y r itk o n k re tio n e n  b ilden in  den  D ecksch ich ten  
d e r  E rd ö lla g e rs tä tte n  o ft sog. E rs ta rru n g sa n o m a lie n , die m a n  d u rc h  die E in 
w irk u n g  der R e d u k tio n sb e d in g u n g e n  a u f  die F e - •• -V erb in d u n g en  e rk lä rt.

Z u r  B ildung d er se d im e n tä re n  S u lfide  k a n n  es in  der N äh e  d e r E rd ö llag e r
s t ä t t e n  d u rch  ein faches A u sfä llen  d er E rze lem en te  in  F o rm  v o n  S u lfid en  bei 
d e r  M ischung  und  g egense itigen  B ee in flu ssu n g  von  zwei W a sse rty p e n  kom m en :

a )  S chw erm etalle  tra g e n d e s  W asser m it O x y d a tio n sc h a ra k te r  (S icker
w a sse r) ,

b)  S chw efelw asserstoff tra g e n d e s  W asser m it R e d u k tio n sc h a ra k te r  
(fossiles Ö lfeldw asser).

E s  is t begreiflich , d ass  die K a p a z i tä t  d e r W ässer der b e id e n  ty p isch en  
K o m p o n e n te n  bei d er B ild u n g  e in er L a g e rs tä t te  eine e n tsc h e id e n d e  Rolle 
s p ie lt .

A ls b em erkensw ertes, d e ra r tig e  V orgänge  g u t  k lä ren d es B eispiel, se ien  in  diesem  
Z u sa m m e n h a n g  die W ässer d e r L o k a li tä t  L o u k y  (M äh ren , Tschechoslow akei) a n g e fü h rt .

I m  K reis G o ttw a ld o v  (M äh ren , T sch ech o slo w ak ei.) w urden  d u rch  liydrogeochem ische 
D e ta ila u fn a h m e  zwei g ru n d leg e n d e  T y p en  v o n  sch w efelw assers to ffh ä ltig em  W asser fe s t
g e s te l l t  :

a )  n a tr iu m b ik a rb o n a tisc h e  W ässer (p ra k tis c h  u n g estö rte  W ässer d e r  E rd ö llag er
s tä tte n ) ,

b )  k a lz iu m b ik arb o n a tisch e  W ässer (O b e rfläch en - u n d  G rundw ässer, a u f  gew isse A rt 
gleichfalls m it  d en  E rd ö lla g e rs tä tte n  re sp . d e ren  M edium  in  V e rb in d u n g  steh en d ).

I n  beiden  F ä llen  e n ts te h t  d e r S ch w efe lw assers to ff du rch  b iogene S u lfa tre d u k tio n  ; 
b e i d e n  k a lz iu m b ik a rb o n a tisch e n  W ässern  g e lan g en  d ie  su lfa tred u z ie ren d en  B a k te r ie n  bis 
a n  d ie  O b erfläch e. So z. B . is t  in  de r L o k a litä t  P o d h ra d i (bei G o ttw a ld o v ) d e r  B oden  des 
B r u n n e n s  einer k a lz iu m b ik a rb o n a tisch e n  S chw efelw assersto ffquelle  m it e in e r in te n s iv  p u r 
p u r r o t e n  Schichte  von K o lon ien  a n ae ro b e r  su lfa tre d u z ie ren d e r B ak te rien  ü b e rzo g e n , d ie aus 
d e r  L a g e r s tä t te  bis in  d iese  u n b e s tr i t te n e n  O b e rflä c h en c h a ra k te r  (des k a lz iu m b ik a rb o n a -
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tisch en  T y p s) au fw eisende Quelle aufgestiegen sind . In  a llen  übrigen  Schw efelw asserstoff
quellen  M ährens (die A n zah l d e r A u s tr itts te lle n  b ew eg t sich  im  K a rp a te n te il M äh ren s u m  70, 
d ie A u s tr i t ts te lle n  von  sch wefel W asserstoff haltige m W asser in  den p ro d u k tiv e n  Ö lfeldern 
n ic h t m ite in b eg riffen ) is t de r B oden  de r Quelle (A u s tr i t ts te lle )  ohne R ü c k sich t a u f  den  
W a sse r ty p  m it schw arzem  N iedersch lag  v o n  FeS u n d  w eissen  F locken  von ko llo idem  Schwefel 
b e d ec k t. B ei genauen  U n te rsu ch u n g e n  fan d en  w ir a b e r  in  a llen  Q uellen K o lo n ien  der 
e rw ä h n te n  p u rp u rro te n  B a k te r ie n , an  keinem  an d eren  O rte  de r Tschechoslow akei w a r diese 
E rsch e in u n g  jed o ch  so in te n s iv , w ie in de r Quelle von  P o d h ra d i.

Im  O k to b er 1953 w u rd e  in  dieser L o k a litä t  eine P ro b e  des W assers u n d  des S ed im entes 
g en om m en , die bis A p ril 1956 in  einer F lasche a u fb e w a h r t  w u rde . D er L ösu n g  w u rd en  in 
gew issen Z e itab s tä n d en  S u lfa te  (C aS 04) be igefüg t. D ie D esu lfa tisa tio n  h a tte  w äh ren d  der 
ganzen  D a u e r einen sehr in te n s iv e n  V erlau f, de r B oden  d e r  F lasche  fä rb te  sich  s ta rk  p u rp u r 
ro t  ; d ie E n tw ick lu n g  v o n  H 2S w a r gleichfalls seh r in te n s iv . D ie D esu lfa tisa tio n  en d ete  im  
A p ril 1956, 3 M onate n a ch  d e r le tz te n  Z ufü h ru n g  v o n  S u lfa te n , w as die aussergew öhnliche  
A u sd au e r d ieser Prozesse b ezeu g t.

y / / / \ natriumbikarbonciHsche W asser kalzium bikarbonotische W ä sser

Abb. 3

I n  de r L o k a litä t  L o u k y  b efin d en  sich n ich t w eit v o n  e in an d er e n tfe rn t zw ei A u s tr i t t 
s te llen  von  n a tr iu m b ik a rb o n a tisc h en  W ässern . Die e inzelnen  chem ischen K o m p o n e n te n  sind 
in  re la tiv  gleichen M engen v e r tre te n ,  die W ässer u n te rsc h e id e n  sich jed o ch  d u rc h  ih re  to ta le  
M in era lisa tio n , d u rc h  den  G eh alt a n  S ch w efe lw assers to ffu n d  die p h y sika lischen  E ig en sch aften . 
D ie g ra p h isch  n a ch  d em  PALMERsehen System  g e d e u te te n  chem ischen A n a ly sen  s tam m en  
au s dem  J a h r  1952, d ie P ro b e n a h m e  der W ässer fä ll t  in  d ie gleiche Z eit. D ie u n te r  dem  D ia 
g ram m  an g e fü h rten  Z iffern  geb en  den G eh alt der g e lö s ten  m ineralischen  S to ffe  im  m g/1 an.

D ie A u s tr i t ts te lle n  sin d  u n g e fäh r 15 m  v o n e in a n d e r e n tfe rn t.  B em erk en sw ert is t  der 
G e h a lt a n  freiem  S chw efelw assersto ff : das W asser d e r  Quelle A e n th ä lt  5,6 m g/1 H 2S, der 
Q uelle В  n u r  0,7 mg/1. D er U n te rsch ied  in  der to ta le n  M in eralisa tion  u n d  im  Schw efelw asser
s to f  fg eh a lt k o m m t in  d en  p h y sik a lisch en  E ig en sch aften  de r W ässer zum  A u sd ru ck . Die 
B ru n n e n , in  denen  die Q uellen  zu tag e  tre te n ,  sind  g e sc h ac h te t, de r A b s ta n d  zw ischen  dem  
W assersp iege l u n d  d e r O b erfläch e  u n d  d ie H öhe d e r W assersäu le  is t  in  be iden  F ä lle n  gleich. 
A us d em  S ch ach t fä ll t  das W asser in  einen B e to n b e h ä lte r  u n d  von  h ier d u rc h  Ü b e rfa ll in 
e inen  A b flu ssk an a l. D as O x y d a tio n s -R ed u k tio n sp o ten tia l des vom  B oden d e r Q uelle A e n t
n o m m en en  W assers b e tru g  — 100 m V , d e r Q uelle В je d o c h  n u r  — 45 m V.

Im  B eh ä lte r  fie l d e r  r H-W ert des W assers aus Q uelle A a u f  — 91 m V , d e r r H-W ert 
von  В is t  a b e r m it - f  9 m V  schon positiv .

Im  A b flusskanal zeig t das W asser der Q uelle A  (in  de r E n tfe rn u n g  v o n  ca. 4 m 
v o m  Ü b e rla u f)  W erte  v o n  — 30 m V, das W asser d e r Q uelle В dagegen 28 m V .

1 3  A c t a  G e o lo g ic a  V /3 — 4.
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D iese un tersch ied lichen  p h y sik a lisch en  E ig en sch aften  sind  auch  m it b lossem  Auge 
b e m e rk b a r  ; im  A b flu ssk an a l d e r  Quelle A h ä u f t  sich  a u sse r weissen Ü berzü g en  v o n  kolloi
d e m  Schw efel auch ein s ta rk e r  sc h w a rze r FeS-N iedersch lag , w ährend  de r K a n a l d e r  Quelle В

LoukyB
1 9 .9 .1 9 5 2

2316.3 1693.0
Abb. 4

A bb. 5. S ituation  u n d  p h y s ik a l. E igenschaften  des M ineralw assers in  L o u k y
(G ottw aldov , M ähren )

m it  ro tb ra u n e m  volum inösem  F e (O H )3-N iederschlag  g e fü llt is t .  W äh ren d  d e r e rs te n  P h ase  
u n s e re r  F o rschungen , d . h. in  d e n  J a h r e n  1950— 51, t r a t  d ie Q uelle В n ich t an  d e r  u r sp rü n g 
lic h e n  S te lle  zutage ; das W asse r fa n d  sich  u n w eit des S ch ach tes  e inen  a n d e re n  W eg u n d  
b i ld e t  a m  A bhang m it e in e r rö t l ic h e n  iris ie renden  S ch ich te  bed eck te  nasse S te llen . D ie
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Ä n d eru n g  des A u s trittsw e g es  w u rd e  w ahrschein lich  d u rc h  S pren g u n g en  in  e inem  nahelie
gen d en  S te in b ru ch  h e rv o rg e ru fe n .

W ährend  dieses Z e itrau m es w u rd en  im W asser d e r Q uelle В n ic h t e in m a l S puren  von 
H 2S fe stg es te llt. W ir e rk lä re n  un s diese E rscheinung  w ir fo lg t :

Beide Q uellen sin d  g le ichen  U rsp ru n g s u n d  s ta m m e n  aus derse lb en  M utterq u e lle . 
D er an fan g s gem einsam e A ufstiegsw eg  sp a lte t  sich in  e in ig e r E n tfe rn u n g  von  d e r  E rd o b e r
fläch e  in  zwei A rm e ( te k to n isc h e  S tö rungen). Das an  d e r  A u s tr i t ts te lle  В  z u ta g e tre te n d e  
W asser d u rc h lä u ft e ine  S c h ich te  von  sed im en tären  F e -E rze n  u n d  w ird d ab e i d u rc h  das von 
E isen  angere icherte  G ru n d w asse r v e rd ü n n t. D ank  de r T ä tig k e it  des Schw efelw asserstoffes 
w ird  Fe als FeS g e fä llt. D as W asser, d as einen G rossteil seines H 2S-G ehaltes v e r lo r , t r i t t  dann 
an  d e r O berfläche z u ta g e , u n d  d a  es eine grosse Menge von  sa u e rs to ffh a ltig e n  E isen v e rb in d u n 
gen e n th ä lt ,  se tz t sich  F e (O H )3 an  den  W änden  des B ru n n e n sc h ac h te s , im  B e h ä lte r  und  in 
d en  A b flu ssk an ä len  a b  :

4 F e (H C 0 3)2 +  0 2 +  2H 20  8 C 0 2 +  4F e(O H )3

I n  q u a n ti ta t iv e r  H in s ic h t is t  d iese E rscheinung  zweifellos von  de r M enge des Sickerw assers 
u n d  dessen E isen g eh alt a b h än g ig . Es w urde b e o b ac h te t, d ass das W asser d e r  Q uelle В die 
m eisten  (sa u ers to ffh a ltig e n ) E isen v e rb in d u n g en  in der R eg en zeit e n th ä lt  : Schw efelw asser
s to f f  w urde in  d ieser P e rio d e  n ic h t e inm al spurenw eise  fe s tg es te llt . D as W asse r de r Quelle 
A e rre ich t die O b erfläche  ohne grössere  V eränderung .

Diese E rsch e in u n g  b ew eist, dass — z u m in d est in  e in igen  F ä llen  — 
die Ö lfeldw ässer be i d e r B ild u n g  der sed im en tä ren  su lfid isch en  E rze  eine 
w ich tige  Rolle sp ie len  k o n n te n . W ir sind  der A n sich t, dass a u f  diese W eise 
au ch  die im  H an g en d en  d e r E rd ö lla g e rs tä tte n  v o rk o m m en d en  sog. E rs ta r ru n g s 
anom alien  (sow eit sie n a tü r lic h  von Sulfiden g eb ild e t w erden) e n ts te h e n  ko n n 
te n . Ä hnliche F älle  k a n n  m an  aus versch iedenen  G eb ie ten  der T schechoslow akei 
au fzäh len .

W eiter h a lte  ich  es fü r  seh r w ahrschein lich , dass auch  viele L a g e rs tä tte n  
sed im en tä re r su lfid isch e r E rze  a u f  diese W eise e n ts te h e n  k o n n te n , was a lle r
d ings n ich t die M öglichkeit a n d e re r  Prozesse bei d er B ild u n g  dieses T yps von 
L a g e rs tä tte n  au ssch liess t, z. B . die A blagerungen  von  K ies- u n d  A launsch ie fe rn  
bei F ä llu n g  des E isen s d u rc h  Schw efelw asserstoff b iogenen  U rsp ru n g s  in  den 
M eeresbuch ten , Seen usw ., die d u rch  s teh en d es W asser, s ta rk e  R e d u k tio n s 
b ed ingungen  u n d  re iches organisches Leben gek en n ze ich n e t s in d . In  solch 
einem  M edium  k o n n te n  die A launschiefer des m äh risch en  Teiles d e r  B ö h m i
schen  K re id e fo rm atio n , die algonkischen  A lau n sch ie fe r B ö h m en s, sowie die 
K ies- u n d  A launsch ie fe r des deu tschen  O bersilu rs e n ts te h e n  [25].

W as die A lau n sch ie fe r d er B öhm ischen K re id e fo rm a tio n  b e tr if f t ,  is t es 
n ic h t ausgeschlossen , d ass  bei der A k k u m u la tio n  von  P y r i t  d ie  ehem alige 
O lfü h ru n g  dieser G eb ie te , d . h . die A nw esenheit von  O lfe ldw ässern  m it au s
g ep räg tem  R e d u k tio n sc h a ra k te r , eine fü h ren d e  R olle sp ielte .

2. Die mögliche Rolle der ölfeldwässer bei der B ild u n g  von Lagerstätten su lf id i
scher Erze »hydrothermalen Ursprungs«

G e r m a n o w  (z it.) u n te r s tü tz t  seine T heorie  ü b er die R olle d e r G ru n d 
w ässer bei der B ild u n g  d e r su lfid ischen  E rze d u rc h  das B eisp iel d e r ausser
o rd en tlich  in te re ssa n te n  Q ueck silb e rlag ers tä tte  S u lp h u r B anc  (U SA ). In  dieser

13*
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G e g e n d  tr e te n  durch fre ien  C 0 2 u n d  H 2S an g e re ich erte  M inera lquellen  zu tag e . 
D ie  Q u e c k s ilb e rla g e rs tä tte  s e lb s t  lieg t in  den  R a n d g e b ie te n  eines te k to n isc h  
g e s tö r te n  ö lführenden G e lä n d e s . D ie M ineralw ässer s in d  ty p isch e , d u rc h  vadcse  
S ic k e rw ä sse r  leicht v e rä n d e r te  Ö lfeldw ässer. D as K o h len d io x y d  is t h ie r v o r
w ie g e n d  p o stv u lk an isch en  U rsp ru n g s . Die e rh ö h te  T e m p e ra tu r  d ieser W ässer 
is t  zw eife llos sekundär u n d  e in e  Folge der v e rh ä ltn ism äss ig  ju n g e n  v u lk a n i
sc h e n  T ä tig k e it  in d iesem  G e b ie t.

D ie  Q u eck s ilb e rlag e rs tä tte  von  Su lphur B an e  v e rd a n k t ih re  E n ts te h u n g  
d e r  E x is te n z  der d u rc h  S chw efelw assersto ff a n g e re ic h e rte n  Ö lfeldw ässer. 
D as Q uecksilber is t a u c h  in  d iesen  W ässern  in  e rh ö h te m  M ass e n th a lte n  
u n d  w ird  von ihnen an  d e r  O berfläche ab g e se tz t. Im  W asser t r i t t  es als 
H g S  • N a aS auf.

A n a lo g e  V erhältn isse  b e s te h e n  in den Q uellen  von  S te a m b o a t Springs 
(U S A ), d ie  bis vor k u rzem  a ls  ju v en ile  W ässer b e tr a c h te t  w urden  [10]. A uch 
d ie se  W ässe r sind eh e m a lig e  Ö lfeldw ässer, d e ren  E n tw ic k lu n g  derjen igen  
d e r  e rw ä h n te n  W ässer v o n  S u lp h u r  B anc äh n lich  v erlief.

Ä h n lich e , genauer e r fo rs c h te  Beispiele k a n n  m a n  au ch  aus versch iedenen  
G e b ie te n  M itteleuropas a n fü h re n . V on besonderem  In te re sse  s ind  3 L o k a litä te n  
in  d e r  T schechoslow akei, u . zw . L uhacovice, L u c e n e c — Levice u n d  K arlo v y  
V a ry  (K arlsb ad ).

a )  Luhacovice ( M ä h r e n )

L u h aco v ice , eines d e r  b e k a n n te s te n  tsch echoslow ak ischen  B äd er, ist 
d u r c h  se in e  an K o h len d io x y d  re ich en  M ineralquellen  b e rü h m t. In  d er chem i
s c h e n  Z usam m ense tzung  d e r  W ässer herrschen  N a- u n d  K -K a rb o n a te  und  
B ik a r b o n a te ,  sowie N a- u n d  K -C hloride vor. In  g erin g erer M enge s in d  Ca- 
u n d  M g -K arb o n a te  u n d  B ik a rb o n a te  anw esend.

I n  der chem ischen Z u sam m en se tzu n g  k o m m t es zu kein en  grossen 
Ä n d e ru n g e n  ; für alle W ä sse r  dieses Gebietes h a t  die F o rm el A 1S1A 2 (in der 
R e ih e n fo lg e  der ab n e h m e n d e n  W erte ) der PALMERschen C h a ra k te r is tik  allge
m e in e  G ü ltig k e it. Die M in e ra lisa tio n  der W ässer e r re ic h t W erte  bis 12 000 mg/1. 
E in  w ic h tig e r  H inw eis fü r  d ie  Genesis dieser W ässe r is t  der e rh ö h te  Brom - 
u n d  J o d g e h a l t ,  der g en e tisch e  C l/B r-K oeffiz ien t b e t r ä g t  in  a llen  F ä llen  <  1000 ; 
d ie W ä sse r  können d a h e r  n ic h t  d u rch  A uslaugen d e r  salzigen T one resp . der 
n a h e n  A ndesite  en ts teh en , w ie  ein ige ältere T h eo rien  b e h a u p te n . D as O xyda- 
tio n s -R e d u k tio n s -P o te n z ia l  d e r  W ässer h a t m ässigen  R ed u k tio n s- b is m ässigen 
O x y d a tio n sc h a ra k te r  u n d  b e w e g t sich im  B ere ich  von  —32 — -f-39 m V. 
D ie p>H-W erte  der W ässer lie g e n  in  der saueren  Z one (6,55 — 6,93), d er S u lfa t
g e h a l t  ze ig t in  den le tz te n  50 J a h r e n  ständ ig  s te ig en d e  T endenz. Die ju n g te r tiä re  
v u lk a n is c h e  T ätigkeit m a c h t  sich  durch  Z u fu h r v o n  b e d e u te n d e n  M engen 
v o n  fre ie m  C 0 2 ins W asse r g e lte n d .
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In  d er geochem ischen  E n tw ick lu n g sg esch ich te  u n te rsch e id e t m a n  bei 
d en  hydrogeochem ischen  U m w and lungen  fo lgende  E ta p p e n  :

1. E n ts te h u n g  des p rim ären  W assers, dessen  Z u sam m en se tzu n g  sich 
d e rjen ig en  des M eeresw assers n ä h e r t,

2. P rä g u n g  des n a tr iu m b ik a rb o n a tisc h e n  C h arak te rs  als F o lg e  der 
b iogenen  S u lfa tre d u k tio n ,

3. B ild u n g  von  C 0 2 p o stv u lk an isch en  U rsp ru n g s  u n d  B e to n u n g  des 
n a tr iu m -b ik a rb o n a iisc h e n  C h arak te rs  des W asse rs ,

4. E m ig ra tio n  d e r B itu m in a , E in s ick e rn  d er O berflächenw ässer u n d  
a llm äh liches E in tre te n  v o n  O x y d a tio n sb ed in g u n g en .

B ei der S p e k tra la n a ly se  der W ässer w u rd e n  im  A b d a m p frü c k s ta n d  
S p u ren  von  A g, Cu, P b , Zn, Sn, N i fe s tg e s te llt  ; in  den W ässern  d e r  s ü d 
m äh risch en  u n d  slow akischen  Ö lfelder fa n d  m a n  von  diesen E le m e n te n  v e r 
e in ze lt n u r  N i. W ie m a n  d u rch  genaue U n te rsu ch u n g en  der m äh risc h e n  
W ässer zeig te, is t  K u p fe r  ein  s tän d ig e r B e s ta n d te il  aller W asse rty p e n , e in 
schliesslich  d er O berflächenw ässer. Die ü b rig e n  E lem en te  k o n n te n  h ie r  in  
d en  Ö lfeldw ässern  n ic h t fes tg este llt w erden . D ie in  den M inera lw ässern  von  
L uhacov ice  V orgefundenen A ssoziationen  s in d  d a h e r  ein H inw eis a u f  die 
A nw esenheit von  E rzen  in  den  u n te rird isc h e n  W asserläu fen .

U n ab h än g ig  von  d ieser F es ts te llu n g  fa n d  m a n  auch in  den S p a lte n  der 
A n d esite  B än d er (A ushauchungen) von su lfid isch en  E rzen , h a u p tsä c h lic h  
von  S p h a le rit, C h a lk o p y rit u n d  G alen it, sowie grosse B rocken von  P y r rh o t in .  
D ie flächenm ässige  A u sd eh n u n g  der h y d ro ch em isch en  P rov inz  d er s e k u n d ä r  
d u rc h  diese M etalle an g ere ich erten  W ässer is t gross u n d  bezeugt die B e d e u tu n g  
dieses neuen  e rz fü h ren d en  G ebietes. (U n g efäh r 20 km  von den A u s tr i t ts te l le n  
des W assers w urde  in  den  S pa lten  d er A n d esite  die A nw esenheit v o n  E rzen  
gem einsam  m it den  an g e fü h rte n  A ssozia tionen  von  S pu ren e lem en ten  fe s t
g e s te llt.)

In  den au sse rh a lb  der näheren  U m g eb u n g  von  L uhacov ice  z u ta g e 
tr e te n d e n  M ineralw ässern  ko m m t jed o ch  d iese  G ruppe von E rz e le m en te n  
n ic h t vor.

A lle diese U m stä n d e  fü h rte n  zu  Ü b erleg u n g en , welche R olle d ie e h e 
m aligen  schw efelw assers to ffhaltigen  W ässer n ic h t  n u r bei der B ild u n g  der 
E rzv o rk o m m en , so n d e rn  au ch  im  geochem ischen  Zyklus d er v e r t r e te n e n  
chem ischen  E lem en te  ü b e rh a u p t, w ohl sp ielen  k o n n te n .

Diese Ü berlegungen  s ind  in d er g rap h isch en  D arste llu n g  des g eo ch em i
schen  Z yk lus d er chem ischen  E lem en te  n ied e rg e leg t.

D ieser Z yk lus b e s te h t aus dre i P h asen .
In  d er e rs te n  P h ase  begegnen e in a n d e r  d ie S chw erm etalle  tra g e n d e n  

L ösungen  (die h y d ro th e rm a le n  L ösungen?) u n d  die du rch  freien  S chw efe l
w asse rs to ff an g e re ich erten  ö lfe ldw ässer. A n d e r K o n ta k ts te lle  u n d  w ä h re n d  
des g anzen  w eiteren  A ufstieges des W assers k o m m t es zu r A ussch e id u n g  d e r
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S u lf id e  d ieser M etalle , b e so n d e rs  P b , Zn, C u, F e  usw . Die Ö lfeldw ässer w aren  
in  d ie se r  P hase  die T rä g e r  d er R e d u k tio n sb ed in g u n g en  u n d  g ab en  A nlass 
z u r  B ild u n g  der E rze . A m  E n d e  dieser P h a se  i s t  die Z ufuhr von  COa in  die 
Ö lfe ld w ä sse r  v o rau szu se tzen .

I n  d e r zw eiten  P h a s e  erfo lg te  die E m ig ra tio n  der K oh lenw assersto ffe  
u n d  d e r  a llm äh liche R ü c k g a n g  der R e d u k tio n sb ed in g u n g en . Die Ö lfeldw ässer 
b e h a l te n  zw ar ih ren  m äss ig  red u z ie ren d en  C h a ra k te r , in ten s iv e  b iogene

E rdöl l age r s  tá t len wösser 
m it  H2 S  / /
S ta r k  red. Milieu /  /

/

Zerstreuung der Elemente
der sulphid. Erzen ( Ag.Pb Zn.Cu.Ni)

Sphäre der Konzentrierung 
( Sulphide Pb.Zn.Cu.Fe.)

E rd ö lla g erstä tten w ä sser  V 
nach Em igration von 
B itum ina.scw ach r e d .  \  
o d e r  Ox.-Medium \

Z u fu h r von CO2 \

i /W asser m it  schw eren  - A /J  
Metollen(Fe.Pb.Zn.Cu)

Hydrothermale j
1 Lösungen ф / Ф  ;

у ф
V \  /  /

/
/

/

Erzbildungen

Konzentrierung 
der Elemente 
Konzentrierung 
der Elemente 
Zerstreuung 
der Elemente

Abb. 6. G eochem ischer Z y k lu s d e r E lem en te

R e d u k tio n sp ro z e sse  sp ie len  sich  aber n ic h t  m e h r  ab . N ach gew isser Zeit 
g e w in n e n  die W ässer d e r eh em alig en  E rd ö lla g e rs tä t te n  sogar m ässig  o x y d ie 
re n d e  E ig en sch a ften , d ie  d a n n  im  gegebenen F a ll  d u rch  Z u fü h ru n g  v o n  sa u e r
s to ffre ic h e m  O b erfläch en w asse r v e rs tä rk t w e rd e n . F alls diese W ässer zu  ih rem  
A u fs te ig e n  jene  W ege b e n ü tz te n , in  denen in  d e r  e rs te n  P hase  die S u lf id e  der 
S c h w e rm e ta lle  abg esch ied en  w u rd en , so e rfo lg t e ine a llm ähliche, w en n  auch  
se h r  la n g sa m e  V erte ilu n g  d e r  die an g e re ich erte  E rzzone  b ildenden  E lem en te . 
D iese  V orgänge w erden d u rc h  das freie C 0 2 u n te r s tü tz t .

D ie  d r it te  P hase  is t  g ru n d sä tz lic h  eine A nalog ie  der zw eiten. D ie Ö lfe ld 
w ä sse r  (g leichfalls n a c h  d e r  E m ig ra tio n  d e r K ohlenw asserstoffe) tre f fe n  bei
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ih rem  A ufsteigen  a u f  die O berflächenw ässer, d ie  bei ihrem  A bstieg  b is in  die 
tie flieg en d en  G esteine d e r E rd k ru s te  g e la n g te n  und  hier in  d e n  E rz la g e r
s tä t te n ,  deren  E x is ten z  w ir vo rau sse tzen , d u rc h  jene  E lem ente  a n g e re ic h e rt 
w erden , d ie  sie, schon v e rm isch t m it ö lfe ld w ä sse rn , im h o ch ste ig en d en  Teil

Andesitgange in der Flach gelagerte Gänge von Andes it
'S Umgebung von Nez de ni ce in der Umgebung von Bucnik

M ag m atisch e  Schlieren  d e r  S u lp h id e  (m it Fe, N i . . .) 
K o n ta k t-m e ta so m a tisc h e  V ererzung  durch  fa rb ig e  M etalle  in 
K a rb o n a t-L a g e n  des M esozoikum s u. Flysches a n  d e r  B asis der 

b itu m in ö se n  H orizon te

E rz - u . basische X en o lith e

E p ig e n e tisc h e  A d ern  in  d e r  U m g eb u n g  der f la c h  e in g e lag e rten  
A n d e s itg än g e

Abb. 7

ih res K reislau fes a llm äh lich  an  die O berfläche  trag en . A uch in  d iesem  Fall 
is t die B e te ilig u n g  von  K o h len d io x y d  an zu n eh m en .

Es k o n n te  n ic h t fe s tg e s te llt w erden , ob  d as  juvenile  C 0 2 d ir e k t  in  die 
Ö lfeldw ässer oder zu e rs t in  die O berflächenw ässer gelangt u n d  m it  diesen 
d a n n  be i deren  A ufstieg  in  die ö lfe ld w ässe r. W ahrschein lich  sp ie len  sich  diese 
V orgänge gleichzeitig  a u f  d en  versch iedenen  Z ufuhrw egen  von C 0 2 a b . E s is t 
au ch  begreiflich , dass die zw eite u n d  d r i t te  P h a se  gleichzeitig v e r la u fe n  k a n n . 
Die g enaue R eihenfolge (so llte  sie ü b e rh a u p t ex istie ren) k an n  a lle rd in g s  n ich t 
fe s tg e se tz t w erden , w as a b e r fü r  die h ie r a b g e le ite te n  S ch lussfo lgerungen  keine 
B e d e u tu n g  h a t.
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b)  Lucenec — Levice ( Slowakei)

D iese Gegend g e h ö r t z u  den  hydrogeochem isch  in te re ssan te s ten  G eb ie ten  
d e r  Tschechoslow akei. I n  e in e r  schm alen Z one lä n g s  der tschechoslow akisch
u n g a risc h e n  Grenze t r i t t  e in e  grosse A nzah l v o n  M ineralw ässern  z u ta g e , die 
w ir in  folgende G ru p p en  te i le n  :

a )  n a tr iu m ch lo rid isch e  W ässer (m e ta m o rp h e  Ö lfeldw ässer m it h o h e r 
M inera lisa tio n ),

b)  n a tr iu m k a rb o n a tis c h e  W ässer (Ö lfe ldw ässer, deren  C h a ra k te r  d u rc h  
S ickerw asser u n d  g rosse M engen von fre iem  C 0 2  e tw as u n te rd rü c k t  
w u rd e ),

c)  k a lz iu m b ik a rb o n a tisc h e  W ässer (sog. e in fach e  Säuerlinge, d u rc h  
A u s la u g e n  der G esteine e n ts ta n d e n ) ,

d )  n a tr iu m su lfa tisc h e  W ässer (gem isch ter T y p ) .
A m  in te re ssa n te s te n  s in d  zweifellos d ie  W ässe r der le tz g e n a n n te n  

G ru p p e , die n u r im  ö s tl ic h e n  Teil des a n g e fü h r te n  Gebietes V orkom m en, 
u n d  zw ar einerseits w egen  ih re s  Chem ism us, a n d e re rse its  durch  ih re  G enese 
u n d  E ig enschaften , die z u r  B ildung  von T r a v e r t in  u n d  w ahrschein lich  auch  
v o n  E rz la g e rs tä tte n  A n lass  g a b e n . Zum U n te rsch ied  von  den drei e rs tg e n a n n te n  
g e h ö re n  die W ässer d ie se r G ru p p e  zu den w a rm e n  Q uellen .

D u rch  genaue U n te rsu c h u n g e n  der ch em isch en  Z usam m en se tzu n g  der 
W ässe r dieser Zone w u rd e  festgestellt, d ass  d iese W ässer zw eierlei u n d  
m öglicherw eise  auch  d re ie r le i U rsprung  h a b e n  :

a )  aus dem  E rd ö l (»fossiles W asser«), n a tr iu m b ik a rb o n . T yp ,

b)  du rch  A u slau g en  e n ts ta n d e n  (»vadoses W asser« ), k a lz iu m su lfa tisch e r 
T y p , u n d  vielleicht au c h

c)  p o s tv u lk an isch  (» ju v en iles  W a sse r« ); T y p  u n b ek an n t, m it  s ta rk  
e rh ö h te r  T em p era tu r.

I n  der geochem ischen  E n tw ick lu n g sg esch ich te  der W ässer k a n n  m a n  
d ie  fo lgenden  E ta p p e n  v o n  hydrogeochem ischen  U m w andlungen  u n te r 
sch e id en  :

a )  E n ts teh u n g  v o n  p rim ä re m  W asser, d e ssen  Z usam m ense tzung  dem  
M eeresw asser äh n e lt,

b)  B ildung des n a tr iu m b ik a rb o n a tis c h e n  C h a ra k te rs ,

c)  V erm ischung m it  d e m  k a lz iu m su lfa tisch en  v ad o sen  W asser, Ä n d e ru n g  
des chem ischen  V e rh a lte n s  (B ildung  des n a tr iu m su lfa tis c h e n  T yps),

d )  Z u fuhr von C ö 2  u n d  von  D äm pfen ju v e n ile n  W assers (?) gem einsam  
m it e in e r  A nzahl von  sp ez ifisch en  E lem en ten ,

e)  E m ig ra tio n  d e r B itu m in a  aus der U m g e b u n g  der W ässer u n d

f )  E insickern  des O berflächenw assers.
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B ei den juven ilen  W ässern  s e tz t m an  eine s ta rk  e rh ö h te  T e m p e ra tu r  
v o ra u s , d a  die bezüglichen  W ässer eine m ittle re  J a h re s te m p e ra tu r  u m  30° C 
au fw eisen . D as K o h len d io x y d  h a t  zw eifellos p o stv u lk an isch en  U rsp ru n g  ; 
d ie  M öglichkeit seiner E n ts te h u n g  d u rc h  die O xydation  d er B itu m in a , die 
v o n  ein igen  A u to ren  fü r  gewisse G ebiete  angenom m en w ird , h a l te  ich  hier 
fü r  g an z  ausgeschlossen. Die grösste  B e d e u tu n g  d ü rfte  die E ta p p e  sub  4. 
h a b e n , d .h .  die Z ufuh r des heissen  W assers, bzw . der ü b e rh itz te n  W asse r
d äm p fe  gem einsam  m it C 0 2  u n d  ein igen  w ich tigen  chem ischen E le m e n te n .

D u rch  S p ek tra lan a ly se  d er W ässer u n d  d er aus dem  W asser ab g ese tz ten  
S in te r  u n d  T rav ertin e  w urde  in  diesem  hydrogeochem ischen  G eb ie t e ine  ganz 
aussergew öhnliche G ru p p ie ru n g  von  S p u ren e lem en ten  fe s tg es te llt : H g , As, Co, 
Ge, T a , TI, In , Bi usw . Alle diese E le m e n te  w u rd en  zw ar n ic h t in  je d e m  e in 
ze lnen  W asser gefunden , m it B e s tim m th e it w urde aber ih re  A nw esen h e it 
in  den  aus den Q uellen ab gesch iedenen  S in te rn  k o n s ta tie r t. E s  i s t  m öglich , 
d a ss  v iele  dieser E lem en te  in  den  W ässern  desh a lb  n ich t v o rg e fu n d e n  w u rd en , 
d a  ih re  geringfügige K o n z e n tra tio n  n ic h t die E m p fin d lich k e itsg ren ze  der 
S p e k tra la n a ly se  e rre ich t. B ei der S e d im e n ta tio n  von T ra v e rtin  w e rd e n  diese 
E le m e n te  gem einsam  m it C aC 0 3  au sg e fä llt, so dass sie h ier in  b e re its  fe s ts te ll
b a re n  M engen k o n z e n tr ie rt w erden .

D ie erw äh n te  G ruppe von  E lem en ten  f in d e t m an n u r  in  d e n  im  O sten  
dieses G ebietes v o rk o m m en d en  W ässern , län g s der tsch ech o slo w ak isch —u n g a 
risch en  G renze, zw ischen den O rtsc h a fte n  S ah y  u n d  Levice. N ie w u rd e n  sie 
a b e r  in  ö lfe ldw ässern  oder in  den  die G ip s lag e rs tä tten  a u s la u g e n d e n  W ässern  
fe s tg e s te llt . M an m uss d a h e r  a n n eh m en , dass  sie m it dem  h e issen  ju v en ilen  
W asser au fste igen . E ine  a n d e re  M öglichkeit w äre d an n  noch  d a s  E in sick e rn  
d e r  k a lz iu m b ik a rb o n a tisch en  O b erflächenw ässer in  die tie fe re n  T eile der 
E rd k ru s te . Diese W ässer k ö n n te n  bei ih rem  A bstieg  E rz la g e r s tä t te n  bzw . 
E rz im p rä g n a tio n en  in  den  G este inen  du rch fliessen  u n d  h ie r d u rc h  die die 
E rz la g e rs tä tte n  b ild en d en  M ineralien  an g e re ich ert w erden. Im  E rd in n e rn  
w erd en  die W ässer g leichzeitig  a u f  hohe T em p era tu ren  e rh itz t  u n d  b e i ih rem  
A u fstieg  verm ischen sie sich  m it den  ü b rig en  zwei T ypen . D iese  V a rian te  
h a lte  ich  im  gegebenen G eb iet fü r  w ahrsche in licher. D en b e sc h rie b e n en  geo
chem ischen  Zyklus e r lä u te r t  d as  bezüg liche  Schem a.

D ieses Schem a k lä r t  a lle rd ings n u r  die A nw esenheit u n d  K o n z e n tra tio n  
d e r E lem en te  in  den T ra v e rtin e n  u n d  S in te rn  der Q uellen, s a g t  a b e r  n ich ts  
ü b e r  die Rolle des W assers der ehem aligen  E rd ö lla g e rs tä tte n  b e i d e r E n t 
s te h u n g  der L a g e rs tä tte n  von  E rzen . E s k a n n  sein, dass es sich  in  d iesem  Fall 
u m  eine A nalogie der E rz la g e rs tä tte  v o n  S u lp h u r B anc h a n d e lt .  D u rc h  ihre 
E x is te n z  k o n n ten  — u n d  w ir nehm en  a n , dass sie es auch  g e ta n  h a b e n  — die 
ö lfe ld w ä sse r  das A usfällen  d ieser E lem en te  veru rsachen . D ie geologischen 
B ed in g u n g en  w aren  h ie r fü r  ih re  K o n z e n tra tio n  sehr g ü n s tig . I n  diesem  
Z u sam m en h an g  w äre au ch  die U n te rsu c h u n g  der S purene lem en te  im  angren-
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z e n d e n  Teil U ngarns, b e so n d e rs  in  den T h e rm a lq u e lle n , von  grossem In te re sse . 
A n lä ss lic h  der U n te rs u c h u n g  der S p urene lem en te  in  den  M ineralw ässern , 
S in te r n  u n d  T ra v e rtin e n  d e r  M ittelslow akei w u rd e  n äm lich  festgeste llt, dass 
g ew isse  G ruppen von  S p u re n e le m e n te n  in  zwei P ro v in z e n  Vorkommen :

a )  die Provinz m it d e r  bere its  e rw äh n ten , in  e inem  schm alen S tre ifen  
lä n g s  d e r tsch echoslow ak isch—-ungarischen G renze  vo rkom m enden  G ruppe  ;

Sphäre der erhöhten 
Temperatur

' W ahrscheinliche Erzbildungen 
(  Im prägnationen.)

V— Thermale Wässer mitSchwermetallen 
' und seltenen Elementen 

( Hg, Co, Bi, As, In, Pb, Ge. Ta.Tl]

A b b . 8. Die E n ts te h u n g  d e r  chem . Z usam m ensetzung  d e r  M ineralw ässer im  SO 
d e r  S low akei (Lucenec— L ev ice )

b ) die Provinz m it d e r  G ruppe Ag, P b , C u, Z n  (in den W ässern  d e r 
M itte ls lo w ak e i a llgem ein  w e it  verb re ite t).

D iese zonare V e r te ilu n g  d e u te t d a ra u f  h in , d a ss  sich  die gleiche G ruppe  
w ie u n te r  a) im a n g re n z e n d en  T eil U ngarns, a n n ä h e rn d  w estlich der Uinie S ah y  
(Tschechoslow akei) — B u d a p e s t ,  vor allem  in  d e n  T h erm alq u e llen , b e fin d en  
s o ll te . W ürde diese A n n a h m e  b e s tä tig t w erd en , so w äre  dies ein Beweis fü r  
d ie  g rosse  B edeu tung  d e r  O lfeldw ässer bei d e r B ild u n g  ein iger U a g e rs tä tte n  
v o n  su lfid ischen  E rzen . D ie  vollkom m ene A b g esch lo ssen h e it der H o rizo n te , 
d ie  f rü h e r  gewiss schw efelw assers to ffre iche  O lfe ld w ässer en th ie lten  u n d  die 
te k to n is c h e  U n b e rü h rth e it d e r  D eckschich ten  b ie te n  g ü n stig e  V orausse tzungen  
z u r  K o n z e n tra tio n  von  S u lf id e n  solcher E le m e n te , w ie z. B . H g. Ich  h a lte  es 
f ü r  s e h r  w ahrschein lich , d a s s  in  den tieferen  P a r t ie n  d e r E rd k ru s te  a u f  u n g a 
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risch em  G ebiet reiche v e re rz te  Zonen V orkom m en. Ü ber den  C h a ra k te r  der 
V ere rzu n g  k an n  m an viel d u rc h  S p ek tra lan a ly se  d er W ässer u n d  d e ren  A b la 
g e ru n g en  erfah ren . In  e in e r m it m äch tigen  Sch ich tfo lgen  ju n g e r  S e d im e n t
geste in e  bedeck ten  G egend h a t  die S p ek tra lan a ly se  d er W ässer d ie  g leiche 
B e d e u tu n g  wie eine T ie fb o h ru n g  und  ausserdem  k ö nnen  au ch  d ie  k a r to 
g rap h isch  ausg ew erte ten  A n a ly sen  viel zuverlässigere  E rgebn isse  b ie te n .

S ehr rich tig  w irft G e r m a n o w  [15] der m ag m ato g en en  T heorie  ü b e r  die 
E n ts te h u n g  der E rze eine R eihe  von  M ängeln vo r, v o r allem  das vo llk o m m en e  
A u sse rach tla ssen  der a k tiv e n  reg iona len  Rolle d er geologischen B ed in g u n g en . 
D er m ag m ato g en en  T heorie  zufolge h ab en  die h y d ro th e rm a le n  L ö su n g en , d . h. 
d ie  W ässer u n d  deren  spezifische  K om p o n en ten  (einschliesslich  d e r  M eta lle  
u n d  des Schwefels der S u lfide) ih ren  U rsp rung  ausschliesslich  im  M agm a.

D ie e rw äh n te  T heorie  g ab  ab er b isher noch  keine zuverlässige  A u f
k lä ru n g  über die V e rfrach tu n g  d er Sulfide du rch  die m ag m atisch en  W ässer. 
D ie A n n ah m e, dass die b e id en  w ich tigen  K o m p o n en ten , Schw efel u n d  M eta lle , 
au s  e in e r Quelle s tam m en  u n d  d u rch  ein- u n d  dieselbe L ösung t r a n s p o r t ie r t  
w erd en , is t u n h a ltb a r , d a  es infolge der geringen L öslichkeit der S u lfide  ra sc h  
zu  deren  A usfällen  kom m en m ü sste .

Alle diese T a tsach en  u n te rs tü tz e n  G e r m a n o w s  T heorie , dass d er U rsp ru n g  
des Schw efels der Sulfide im  geologischen M edium  zu suchen  is t ; d ie K o n z e n 
t r a t io n  d er Sulfide b eg in n t be i d er B egegnung d er schw efe lw assers to ffh a ltig en  
W ässer m it Chloriden o d er a n d e re n  lösbaren  V erb in d u n g en  d ieser M eta lle .

In  grösseren Tiefen g ib t G e r m a n o w  die M öglichkeit e iner re in  ch em isch en  
S u lfa tre d u k tio n  zu, die be i e rh ö h te r  T e m p e ra tu r  (über 100° C), d . h . in  e inem  
T em p era tu rb e re ich , in  dem  m ikrobielles Leben n ic h t m eh r m öglich  is t ,  v e r 
lä u f t .  D iese R ed u k tio n  g e h t d u rc h  die R eak tio n  von  gelösten  u n d  fe s ten  
S u lfa te n  m it M ethan  u n te r  E n ts te h u n g  von H aS u n d  C 0 2  vo r sich.

W as die v e rtik a le  zo n are  V erte ilu n g  der W ässer b e tr if f t , so w erd en  zw ei 
hydrogeochem ische  P ro file  (von  d er O berfläche n ach  u n te n  gerech n e t) u n te r 
sch ied en  :

a )  H C 0 3  — SO 4  — CI in  n ic h t b itu m in ö sen  G este inen , u n d
b)  HCO 3  — SO4  — H 2S — CI in  b itu m in ö sen  G esteinen .
D ie hoch m in era lis ie rten  W ässer der ch lo rid ischen  G ruppe, d . h . u n se ren  

K e n n tn isse n  zufolge die W ässer des n a tr iu m -k a lz iu m -ch lo rid isch en  T y p s , 
s in d  w ich tig  d u rch  ih ren  G eh a lt an  einigen, in  e rh ö h tem  Mass an g esam m elten  
K o m p o n en ten , wie B a, Sr, F e , Cu, Z n, P b , В u. a. (fossile W ässer, n ic h t  a b e r 
E rd ö llag e rs tä tten w ässe r) .

D ie oben an g e fü h rten  T a tsa c h e n  gaben A nlass zu G e r m a n o w s  fo lg en d er 
S ch lussfo lgerung  : falls e ine au s dem  m ag m atisch en  H erd  oder au s  tie fe re n  
w asse rfü h ren d en  und  d u rc h  eine d er g en an n ten  K o m p o n en ten  a n g e re ic h e rte n  
H o riz o n te n  stam m en d e  w ässrige L ösung im  hydrogeochem ischen  P ro fil dieses 
o d e r jen es  T yps z irk u lie rt, so w ird  sie in  den einzelnen  h y d ro g eo ch em isch en
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Z onen d u rch  die jew eils an fa llen d en  B e s ta n d te ile  an g ere ich ert. D ie aus solchen 
W ässern  e n ts te h e n d e n  h y d ro th e rm a le n  M inera le  k ö nnen  d ah er d u rc h  einige 
K o m p o n en ten  d er W ässer des h y d ro geochem ischen  P rofils an g e re ic h e rt 
w erd en , u n g e a c h te t dessen , dass die M in era lk o m p o n en ten  der E rzg än g e  bei 
ih re r  B ild u n g  vom  C h a ra k te r  des M ischw assers ab h än g ig  sind . D as h e iss t m it 
a n d e re n  W o rten , d ass  in  d er tie fs ten  hyd ro g eo ch em isch en  Zone — in  der 
Zone d er hoch  m in era lis ie rten  n a tr iu m -k a lz iu m -ch lo rid isch en  L au g en  — die 
W ässer d u rch  L ith iu m , B or, N a tr iu m , K a li, C h lo r u . a. an g ere ich ert w erden  
k ö n n en  ; in  den  h ö h eren  Z onen is t die B ild u n g  v o n  Su lfiden  der S chw erm eta lle  
m öglich , noch  h ö h er d er K a rb o n a te  u n d  S u lfa te . I n  der k a lz iu m b ik a rb o n a ti-  
schen  Zone kön n en  die K a rb o n a te  u n te r  den  ü b rig e n  E rzk o m p o n en ten  b e re its  
eine vo rh e rrsch en d e  S te llu n g  e innehm en.

A ll dies b e d e u te t, dass es bei der E n ts te h u n g  von  Sulfiden d e r S chw er
m e ta lle  m ehrere  M öglichkeiten  g ib t :

a )  K o n ta k t  d er n a triu m -k a lz iu m -ch lo rid isch en , du rch  E rze  (Cu, Fe, 
Zn usw .) an g e re ich e rte r G rundw ässer m it den  W ässe rn  der höheren  Z one, d . i. 
m it den  n a tr iu m -b ik a rb o n a tis c h e n , sch w efelw assers to ffhältigen  W ässe rn  ;

b)  K o n ta k t  des k a lz iu m -b ik a rb o n a tisch e n  oder su lfa tisch en  W assers 
d e r oberen  Zone m it dem  schw efe lw assers to ffhä ltigen  W asser des n a tr iu m - 
b ik a rb o n a tisc h e n  T y p s ;

c)  K o n ta k t  d er h y d ro th e rm a le n  L ö su n g en  m it den schw efelw asser
s to ffh ä ltig e n  W ässern .

H ie rau s  is t e rs ich tlich , dass die A n w esen h e it von  h y d ro th e rm a le n  
L ösungen  zu r B ild u n g  d er su lfid ischen  » h y d ro th e rm a le n «  E rze n ic h t n o t
w end ig  is t.

Die beiden  besch riebenen  G ebiete (L uhacov ice  u n d  L ucenec— Levice) 
zu d en en  w ir auch  die w estböhm ischen  G egenden  re ihen  können , s in d  n u r  ein 
k leines B eispiel je n e r  G eb iete , in  denen  die B e te ilig u n g  der Ö lfeldw ässer an  
d er E n ts te h u n g  der h y d ro th e rm a le n  E rze a n z u n e h m e n  is t. Bei L u h aco v ice , 
u n d  g leichfalls auch  bei L u cen ec—Levice is t  die v u lk an isch e  T ä tig k e it a n  das 
(jü n g ere?) T e rtiä r  g eb u n d en , die h ier v o rk o m m en d en  Ö lfeldw ässer s ta m m e n  
aus dem  Ju n g -  u n d  A lt te r t iä r .  Bei K a rlsb ad  d a t ie r t  die vu lkan ische  T ä tig k e it 
au s  dem  J u n g te r t iä r  bis Q u a r tä r , die Ö lfe ldw ässer s tam m en  jed o ch  au s  der 
K re id e . W ie m an  s ie h t, s in d  die Ö lfeldw ässer in  d en  S ed im en tgeste inen  sehr 
v e rb re ite t  : n ich t n u r  vom  geographischen  S ta n d p u n k t  aus, so n d e rn  auch  
q u a n t i ta t iv  nehm en  die Ö lfeldw ässer gem einsam  m it den  hoch m in e ra lis ie rten  
fossilen  L au g en  u n te r  den  üb rigen  W ässern  d er E rd k ru s te  eine fü h re n d e  S te l
lu n g  ein ; die k a lz iu m -b ik a rb o n a tisch en  W ässe r b ild en  h ier sch e in b a r keine 
A u sn ah m e. Die A nw esenheit von  Ö lfeldw ässern  w u rd e  in  T iefen b is 6000 m 
fe s tg e s te llt , es is t n ic h t ausgeschlossen, dass sie au c h  in  noch grösseren  T iefen  
V orkom m en. M an is t h e u te  d er A nsich t, dass sich  die h y d ro th e rm a len  P rozesse
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g e w ö h n lic h  in Tiefen b is 5000 m , se lten er b is 10 000 in, absp ielen . D iese A n 
n a h m e n  können  aber a u c h  s ta rk  ü b e rtr ie b e n  se in , denn  sie e n ts ta n d e n  n u r 
a u f  G ru n d  der b e s te h e n d e n  P rin z ip ien  d e r m ag m atisch en  J u v e n i l i tä t ,  ohne 
B e a c h tu n g  der Olfeld- u n d  a n d e re n  G ru n d w ässe r u n d  der von ih n en  g eb ild e ten  
sp e z if isc h e n  B ed ingungen .

U n te r  diesen V o rau sse tzu n g en  sp ric h t d a h e r  n ich ts  gegen die A n n a h m e , 
d a ss  d ie  h y d ro th e rm a len  su lfid isch en  E rze, äh n lich  wie bei den se d im e n tä re n  
P ro z e s se n , durch  blossen K o n ta k t  der m a g m a tisc h e n  L ösungen , bzw . d e r die 
d iesb ezü g lich en  M ineralien  v e rfra c h te n d e n  D äm p fe , m it den  schw efelw asser
s to f fh a l t ig e n  W ässern  g e b ild e t w erden  k o n n te n .

F a lls  w ir diese M öglichkeit zugeben, d a n n  is t G e r m a n o w s  V o rau sse tzu n g  
e in e r  re in  chem ischen S u lfa tre d u k tio n  in  grossen  Tiefen überflü ssig , d e n n  die 
K a p a z i t ä t  der D e su lfa tisa tio n  in  den O lfe ldw ässern  genüg t zum  A usfä llen  
e in e r  gew altigen  Menge v o n  S u lfiden , abgesehen  davon , dass sich d ie  h y d ro 
th e r m a le n  Prozesse — fa lls  w ir die e rw ä h n te  T heorie  ak zep tie ren  — in  viel 
g rö s se re r  N ähe der E rd o b e rflä ch e  absp ielen  k ö n n e n , als im  F alle  d e r  t a t s ä c h 
lic h e n  G ü ltigke it der m ag m a to g en en  T heorie  n ö tig  w äre. S e lb s tv e rs tä n d lic h  
h a t t e n  au c h  in  diesem  F a ll  — ähn lich  wie be i d en  S ch w efe llag e rs tä tten  — die 
q u a n t i ta t iv e n  V erhältn isse  b e id e r M edia sow ie deren  K a p a z itä t  b e i d e r E n t 
s te h u n g  d er L a g e rs tä tte n  aussch lag g eb en d e  B ed eu tu n g .

D u rc h  eingehende U n te rsu c h u n g e n  d e r tschechoslow akischen  M inera l
w ä sse r  w u rd e  erw iesen, d ass  d as  ju v en ile  W asser — sow eit m an  ü b e rh a u p t von 
s e in e r  E x is ten z  sp rechen  k a n n  — eine A u sn a h m e  b ild e t. P ra k tis c h  gehören  
a lle  k a l te n  u n d  heissen  Q uellen  der T schechoslow akei ( ebenso U n g arn s) 
z u  d e n  vadosen , fossilen o d e r gem isch ten  W ässern , w ogegen d as  ju v en ile  
W a s s e r  (falls es ü b e rh a u p t v o rk o m m t) n u r  e in en  k leinen  u n d  u n b e d e u te n d e n  
T e il d e r  heissen Q uellen b ild e t .  K einesfalls k ö n n en  w ir b e h a u p te n , dass die 
ju v e n i le n  W ässer den h e issen  Q uellen ein b ed e u te n d e s  Q u an tu m  v o n  M inera l
s a lz e n  zu fü h ren .

E s  w urde fe s tg e s te llt , dass die S ed im en tg este in e  bis in  grosse T iefen 
re ic h  a n  m in era lisie rten  W ässern  v e rsch ied en sten  C h arak te rs  s in d . D ie von 
G e r m a n o w  vorgesch lagene v e rtik a le  hyd rogeochem ische  zonare V erte ilu n g  
d e r  W ä sse r en tsp rich t u n se re n  in  den  v e rsch ied en sten  G ebieten  M itte leu ro p as  
g e m a c h te n  F es ts te llu n g en . D as hydrogeochem ische  P ro fil der b itu m in ö sen  
G e s te in e  g e s ta lte t sich u n se re r  A nsich t n a c h  wie fo lg t :

a )  die Zone der k a lz iu m -b ik a rb o n a tisch e n  W ässer, in  v e rh ä ltn ism äss ig  
g e r in g e r  Tiefe u n te r  d er E rd o b e rfläch e , gew öhnlich  einige zehn M eter. Die 
W ä s s e r  s in d  sehr schw ach  m in e ra lisiert, d er G e h a lt an gelösten  an o rg an isch en  
S to ffe n  ü b e rsch re ite t n u r  ausnahm sw eise  1000 mg/1, im  W asser h e rrsch en  
g rö s s te n te ils  O x y d a tio n sb ed in g u n g en  vor ;

b )  die Zone d er k a lz iu m -su lfa tisch en  W ässer liegt u n te r  d e r ka lz ium - 
b ik a rb o n a tis c h e n  Zone, n im m t m an ch m al a b e r  au ch  ih re  Stelle ein . D ie M ine
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ra lisa tio n  der W ässer e rre ich t W erte  lim  2000 mg/1 ; m eist w eisen  sie 
O x y d a tio n sb ed in g u n g en  a u f  ;

c)  die Zone d er n a tr iu m -b ik a rb o n a tisc h en  W ässer, der G ehalt an  g e lö s ten  
m ineralischen  Salzen e rre ich t W erte  von e in ig en  g/1, m anchm al au c h  ein ige 
Z ehner g/1 ; das W asser zeig t gew öhnlich  s e h r  s ta rk e  R e d u k tio n sb e d in 
gu n g en , in  te k to n isc h  g e s tö rte n  G eländen  w irk t es schw ach re d u z ie re n d  bis 
o x y d ie ren d  ;

d )  die Zone d er hoch  m in era lis ie rten  n a triu m -k a lz iu m -ch lo rid isch en  
W ässer. H ier e rre ic h t die M ineralisation  hohe W e rte , m anchm al e in ige Z eh n er 
bis H u n d e rte  g/1. D as W asser zeigt u n te r  U m s tä n d e n  R e d u k tio n sb ed in g u n g en  
bis s ta rk e  R ed u k tio n sb ed in g u n g en .

D era rtig e  P ro file  s ind  in  den se d im e n tä re n  Schichtfo lgen v e rsch ied en er 
G ebiete M itte leu ro p as ziem lich häu fig , o ft f in d e n  w ir sie z. B. in der T sch ech o 
slow akei, in  U n g a rn  u n d  Polen . In  ein igen F ä lle n  sind  die G renzen  d ieser 
h yd rogeochem ischen  Z onen allerd ings n ic h t sc h a rf , sondern w eisen  eine 
R eihe von  Ü b ergängen  au f.

H och  m in era lis ie rte  W ässer, die e in st gew iss den C h arak te r v o n  Ö lfe ld 
w ässern  tru g e n , w u rd en  in  einer A nzahl v o n  E rz g ru b e n  festg este llt. E in  a ll
gem ein b e k a n n te s  B eispiel sind  die W ässer d e r  Q u eck silb e rlag ers tä tte  S te a m 
b o a t S prings, S u lp h u r  B an c  u . a. A uch E m m o n s 1 e rw ä h n t bei den ch em isch en  
A nalysen  der W ässer von  E rz la g e rs tä tte n  d as  se h r  bem erkensw erte  V o rk o m 
m en von  hoch  m in era lis ie rten  S alzlaugen . V on d en  in  der T schechoslow akei 
b e k a n n te n  A u s tr i t ts te lle n  sind  vor allem  d ie heissen  Quellen von  B a n sk á  
S tiav n ica  zu n en n en . Diese W ässer g eh ö rten  f rü h e r  zweifellos zum  n a tr iu m -  
b ik a rb o n a tisc h e n  T y p , sp ä te r  jed o ch  ä n d e r te  sich  ih r  C hem ism us d u rc h  
M ischen m it su lfa tisch em  W asser. Die F o lgen  d iese r M ischung sind  b eso n d e rs  
d a n n  e rs ich tlich , w enn  w ir die g raph ische  D e u tu n g  der W ässer v o n  B ru sn o  
m it den  W ässern  von  B an sk á  S tiavn ica  v e rg le ich en  — jenes W asser is t  k a l t ,  
dieses heiss (T e m p e ra tu r  48,7° C) u n d  t r i t t  in  e in em  S to llen  in der T iefe z u ta g e . 
Diese A u s tr itts te lle  b e f in d e t sich in  einem  b re ite n  G ebiet te r t iä re r  a n d e s iti-  
scher E ru p tiv g e s te in e .

U n te r  d er A n d esitdecke  befinden  sich  d a h e r  die geologisch ä lte re n  
W ässer d er e in stigen  E rd ö lla g e rs tä tte n , die in  d e r  geologischen V erg an g en h e it 
einige w ichtige V orgänge beeinflussen  k o n n te n .

E in  ähn liches B eispiel sind  die w estb ö h m iseh en  T h erm alq u e llen , v o r 
allem  K a rlsb a d , F ra n z e n sb a d  u . a. A uch h ie r h a t t e  das u rsp rü n g lich e  W asser 
n a tr iu m b ik a rb o n a tisc h e n  Ö lfe ld ch arak te r u n d  s ta m m te  gewiss a u s  den  
K re id eab lag eru n g en . N ach  der Z u fü h ru n g  v o n  S u lfa ten  än d erte  sich  je d o c h  
das chem ische V erh a lten  d ieser Q uellen.

1 E mmons W . H . : T he E n rich m en t o f Ore D ep o sits , U S Geol. Survey, Bull. 625. 1917.
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W eite re  Ä n d e ru n g en  im  u rsp rü n g lich en  C hem ism us des W assers w u rd en  
n ic h t  b e o b a c h te t. D a ra u s  sch liesst m an , d a ss  d a s  juvenile  W asser — fa lls  es 
e x is t ie r te  — das re su ltie re n d e  W asser d u rc h  k e in e  spezifischen K o m p o n e n te n  
a n g e re ic h e r t  h a t ,  u n d  zw ar deshalb , da  alle  B estan d te ile  dieses W asse rs  vor 
E r re ic h e n  der O b erfläche  g e fä llt w urden . D en  e inzigen  R ü c k s ta n d  k o n n te n  die 
S p u re n e le m e n te  b ild en , die in  spezifischen  »E rzasso z ia tio n en «  in  d en  S in te rn  
u n d  T ra v e r tin e n  an w esen d  sind.

D ie aus den  Ö lfe ldern  s tam m en d en  M ineralw ässer zerlegen n u n  — wie 
ic h  v e rm u te  — die L a g e rs tä t te n  jen e r M eta lle , zu  deren  B ildung  sie im  f rü h e re n  
A b s c h n i t t  ih re  E x is te n z  beig e trag en  h a t te n .  H ie rz u  is t allerd ings zu  b e m e rk e n ,

\C + A/o-

Lokalität ■ BanskàStiaznico Brusno
Mineralisation mg/b 2133,0 3000 -  Ш 0
Temperatur °C ■ 4-<3,7 165- m

Abb. 10

d a s s  es sich  in  d iesem  F a ll h eu te  schon u m  W ässe r m it O x y d a tio n sc h a ra k te r  
h a n d e l t .

U ngem ein  in te re s s a n t is t  der U rsp ru n g  d e r Sulfate in  den  g em isch ten  
M in era lw ässe rn  W estb ö h m en s. (Dass es sich  h ie r  um  M ischw ässer h a n d e lt ,  
d ie  u rsp rü n g lic h  zum  T y p  d e r Ö lfeldw ässer g e h ö rte n , geht aus ih rem  ziem lich  
h o h e n  G eh a lt an  Jo d  u n d  B rom  u n d  a n d e re n  ty p isc h e n  B estan d te ilen  h erv o r.)

In  diesem  Z u sam m en h an g  sei b eso n d ers  d e r  Karlsbader heisse »S p ru d e l«  
e r w ä h n t ,  der jä h r lic h  6000 t  Salze an  die O b erfläch e  befö rdert, h ie rv o n

ca. 1300 t  N a2C 0 3 
1000 t  NaCl 
2400 t  N a2S 0 4 
1000 t  C aC 03.

A u f  G rund  d er e rfo lg ten  U n te rsu c h u n g e n  der S c h o tte rte ra sse n  u n d  
T ra v e r t in e  w ird  das A lte r  des Sprudels a u f  u n g e fä h r  250 000 J a h re  g e sc h ä tz t
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(d as  A lte r d er Quelle in  ih re r  h eu tig en  Z u sam m en se tzu n g  [29]). N eh m en  w ir 
also  an , dass die A ngaben  ü b e r d as  A lte r  s tim m en , d an n  b ra c h te  d ie  Quelle 
b is zum  h eu tig en  Tage die p h a n ta s tis c h e  M enge von 1 500 000 000 t  Salz 
aus dem  E rd in n e rn  an  die O berfläche, d av o n  600 000 000 t  N a tr iu m su lfa t . 
E s is t  p ro b lem atisch , ob m a n  den S u lfa tio n -G eh a lt aus dem  Gips d e r  te r t iä re n  
S ed im en te  ab le iten  k a n n  ; keinesfalls k a n n  ab er der S u lfa tk o m p o n en te  der 
W ässer ju v e n ile r  U rsp ru n g  zugesch rieben  w erden , denn  der C h a ra k te r  der 
he issen  W ässer dieses T yps u n te rsc h e id e t sich ü b e rh a u p t n ic h t v o n  den in  
d iesem  G ebie t v o rk o m m en d en  k a lte n  W ässern , z. B . von den  Q uellen  von  
M arienbad .

Es d ü rf te  eher w ahrschein lich  sein , dass die S u lfa tk o m p o n en te  aus den  
ä lte re n  G este inen  s ta m m t. H err P ro f. S z á d e c z k y - K a r d o s s  h a t t e  die G üte 
u n s  m itzu te ilen , dass die n a tr iu m - u n d  m ag n esiu m -su lfa tisch en  W ässer 
U n g arn s  ih re  su lfa tische  K o m p o n en te  aus den  an  B a k te rio p y rit, d . h . an  feinen 
P y ritk ü g e lc h e n  re ichen  K isceller T o n en  beziehen . H ier sind  d a h e r  fo lgende 
V orgänge an zu n eh m en  :

I . F eS 2 + 7 0  +  H 20  
H a . 6 F e S 0 4 +  3 0  +  3 H 20  
I lb .  2 F e S 0 4 +  H 2S 0 4 +  О

I I I .  F e S 0 4 +  2 N a H C 0 3
IV . 4 Fe (H C 0 3)2 +  0 2 +  2 H 20

=  F e S 0 4 +  H 2S 0 4 
=  2 F e2(S 0 4)3 +  2 F e (O H )3 

F e 2(S 0 4)3 +  H 20  
=  N a2S 0 4 +  F e (H C 0 3)2 
=  4 F e(O H )3 +  8 C 0 2.

E s is t a lle rd ings begreiflich , dass d er V erlau f der besch rieb en en  Prozesse 
v ie l k o m p liz ie rte r sein u n d  eine ganze  B eihe  von  u n te rg e o rd n e ten  V orgängen  
d u rch m ach en  k a n n . In  W estb ö h m en  k ö n n en  sich  bei B e te ilig u n g  d e r v e r
sch ied en sten  W ässer ähn liche  V orgänge absp ie len  ; der re su ltie re n d e  W asser
ty p  is t  in  be id en  F ä llen  gleich.

Die d iesbezüglichen  Prozesse k ö n n en  v o r allem  in fo lgenden zw ei R ic h tu n 
gen  v e rla u fe n  :

a)  B eide V a ria n te n  gehen v o n  d er V orau sse tzu n g  aus, dass d ie  G esteine 
dieses G ebietes re ich  an  P y r i t  s in d . D as v adose  sau ersto ffre ich e  W asser 
o x y d ie r t P y r i t  u n d  andere  Sulfide n a c h  Schem a I —II .  Dieses sc h e in b a r  sauere 
W asser k o m m t im  E rd in n e rn  m it n a tr iu m b ik a rb o n a tisc h em , sau ersto ffre iem  
re d u z ie ren d  w irkenden  W asser m it s ta rk  e rh ö h te r  T e m p e ra tu r  in  B e rü h ru n g  
( I I I ) .  A u f diese W eise k ö n n te  an  den  K o n ta k ts te lle n  u n d  w äh ren d  des w eiteren  
W asserlau fes in  einigen F ä llen  S id e rit ab g ese tz t w erden :

Fe - • + 2  H C 0 3 ^  H 2C 0 3 +  Fe - • +  CO".

E in  T eil des E isens b le ib t in  L ösung  u n d  w ird  e rs t nach  E rre ic h e n  d e r E rd 
ob erfläch e  in  F o rm  von H y d ro x y d  g e fä llt. D iesen V organg b ezeu g t d e r hohe

14 Acta Geologica V/3—4.
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E ise n g e h a lt  im  W asser des S prudels, sowie d e r  U m s ta n d , dass sich an  den  
in  d ie  Quelle g e ta u c h te n  G egen stän d en  H y d ro x y d  a b se tz t.

b)  Es is t ab er n ic h t  ausgeschlossen, d ass  d ie  S ulfide u n te r  B ete iligung  
v o n  S chw efelw assersto ff d e r  ö lfe ld w ässer d u rc h  F ä lle n  des E isens u n d  a n d e re r  
S ch w erm eta lle  aus d en  m öglicherw eise h y d ro th e rm a le n  L ösungen  e n ts ta n d e n , 
w as  im  gegebenen G eb ie t gew iss m öglich w ar. I n  d ieser P hase  ih re r E x is ten z , 
w a re n  die Ö lfeldw ässer v ie lle ich t auch  die U rsach e  der K o n z e n tra tio n  der 
S u lfid e .

In  der zw eiten  P h a s e  o x y d ie rten  jed o ch  die v ad o sen  W ässer den  P y r i t  
u n d  b ew irk ten  n ach  S ch em a  I I I  a u f diese W eise d ie Ä n d eru n g  der chem ischen  
Z u sam m en se tzu n g  d e r  W ässe r.

D ie Sulfide k ö n n e n  in  ju n g en  ( te r tiä re n )  G este inen  e n th a lte n  sein , 
in  v ie l grösserem  A u sm ass  is t  jedoch  ih r  V o rk o m m en  in  den ä lte re n , v o r 
te r t iä r e n  G esteinen v o ra u sz u se tz e n .

D iese V a rian ten , b eso n d ers  die zw eite, die E n ts te h u n g  der chem ischen  
Z u sam m en se tzu n g  d e r  W ässe r W estböhm ens b e tre ffe n d , sind  sch e in b ar 
a n n e h m b a re r , als m eine  u rsp rü n g lich e  T heorie ü b e r  die M ischung der n a tr iu m - 
k a rb o n a tisc h e n  u n d  k a lz iu m su lfa tisch en  W ässe r d e r neogenen S ed im en te . 
D a s  E inzugsgeb ie t des W asse rs  m uss au sse ro rd e n tlic h  gross sein ; die K a p a z i
t ä t  d e r  Quelle b ezeu g t d ie  A k k u m u la tio n  v o n  gew altigen  M engen n a tr iu m - 
b ik a rb o n a tisc h e n  W assers in  den G esteinen d er b öhm ischen  K re id e fo rm atio n . 
E s  is t  begreiflich, d ass  es in  einem  geologisch so schw ierigen G ebiet n ic h t 
le ic h t is t , genaue S ch lussfo lgerungen  zu z iehen , u m  so m ehr, als h ie r die 
T ie fen  ab  1000 m  fü r  u n s  te r r a  in co g n ita  sin d . E s  ä n d e r t  sich jed o ch  n ic h ts  
a n  d e r  T a tsache , dass m a n  d en  U rsp rung  d e r S u lfa te  w ohl k au m  in  den  n eo 
g en e n  S edim enten  su c h e n  k a n n , w enn m an  in  E rw ä g u n g  z ieh t, dass im  J a h r  
1937 d ie  G ipsausbeu te  a u f  d e r ganzen W elt u n g e fä h r  10 000 000 t  b e tru g . 
U m  so auffälliger is t  d ie  M enge der vom  S p ru d e l bere its  h o ch b efö rd e rten  
S a lze , w obei jedoch  n ic h t  b e rü ck sich tig t w ird , d a ss  diese W ässer in  der geolo
g isch en  V ergangenheit w ahrsche in lich  an  M inera lsa lzen  reicher w aren  als 
h e u te .  D er V erlau f d e r g esch ild e rten  Prozesse k o n n te  zw ar n ich t verlässlich  
b ew iesen  w erden, eine D isk u ssio n  über die M öglichkeit ih re r E x is ten z  d ü rf te  
a b e r  überflüssig  sein . D ass diese Prozesse n ic h t n u r  m öglich, so n d ern  au ch  
w ah rsch e in lich  sind , b e w e is t der E influss d er Ö lfeldw ässer a u f  die chem ische 
Z u sam m en se tzu n g  d e r G este in e , vo r allem  d er E ru p tiv g e s te in e  (siehe A r t i 
k e l V b).

Ic h  v e rtre te  w ie G e r m a n o w  den S ta n d p u n k t ,  dass die geologischen 
B ed in g u n g en  bei d er E n ts te h u n g  der h y d ro th e rm a le n  su lfid ischen  E rze  ein  
s e h r  w ich tiger F a k to r  s in d . D as in  den G este in en  e n th a lte n e  W asser is t ein  
u n tre n n b a re r  B e s ta n d te il d e r  geologischen V erh ä ltn isse . Es w urde bew iesen, 
d a ss  d ie  h y d ro th e rm a le n  L ösungen , zu m in d est in  den  a n g e fü h rten  F ä llen , 
d ie  W ässer du rch  k e in e  q u a n t i ta t iv  b e d e u te n d e  K o m p o n en te  an g ere ich ert
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h ab e n . Falls es ab e r tro tz d e m  zu einer gew issen A nre ich eru n g  k a m , fan d  
diese in  der Z u sam m en se tzu n g  der zu tage  tre te n d e n  W ässer k e in en  A u sd ru ck , 
d a  die m etallischen  K o m p o n en ten  vor E rre ich en  der O berfläche  d u rc h  den 
Schw efelw asserstoff d e r W ässer g efä llt w u rd en .

Es b leib t d a h e r  n o ch  zu bew eisen, ob in  der geologischen V erg an g en 
h e it in  den Ö lfeldw ässern  so gew altige A k k u m u la tio n en  der fü r  d ie A n h äu fu n g  
von  w irtsch aftlich  w ertv o llen  L a g e rs tä tte n  von  Schwefel, S u lf id e n  usw . 
erfo rderlichen  K o m p o n en ten  ex is tie rten . Zu Ü berlegungen  d ieser A r t  m uss 
n ic h t e inm al die M enge d e r Ö lfeldw ässer in  den  b e k a n n te n  g rossen  E rd ö l
geb ie ten  e rrechnet w erd en , h ierzu  genüg t eine seh r einfache B e re c h n u n g , die 
von  den  im  K arlsb ad e r S p ru d e l fe s tg este llten  b e k a n n te n  T a tsa c h e n  ab g e le ite t 
w u rd e . Die Z ugehörigkeit d ieser Quelle zu den  W ässern  der eh em a lig en  E rd ö l
la g e rs tä tte n  der B öhm ischen  K reide  s te h t  au sse r Zweifel u n d  w u rd e  schon 
frü h e r  bew iesen [56].

W äh ren d  der 250 000 Ja h re  ih res B esteh en s in  der h eu tig en  Z u sa m m e n 
se tzu n g  befö rderte  die e rw ä h n te  Quelle m ehr als 1,5 M illiarden t  v o n  m in e ra li
schen  Salzen aus dem  E rd in n e rn  an  die O berfläche. Die a n g e fü h rte  Z e itsp a n n e  
is t  allerd ings m in im al. N ehm en  w ir n u n  an , d ass  die S u lfa tk o m p o n e n te  der 
W ässer aus den neogenen  g ipsführenden  S ed im en ten  s ta m m t, so e n tsp r ic h t 
diese Z ahl v e rh ä ltn ism äss ig  gu t der W irk lich k e it. A us der G esam tm enge  
d er hochbefö rderten  Salze en tfa llen  250 M illionen t  a u f  N a tr iu m c h lo rid , 
325 M illionen t  a u f  N a tr iu m k a rb o n a t u n d  250 M illionen t  a u f  K a lz iu m k a rb o n a t. 
D a rau s  is t e rsich tlich , u m  welch grosse M engen es sich in  d iesem  F a ll  h a n d e lt 
u n d  zugleich w ird d a d u rc h  auch  die v o rau sg ese tz te  E n ts te h u n g  v o n  grossen 
T ra v e r tin a k k u m u la tio n e n  b eg rü n d e t. D er S p ru d e l b e fö rd e rte  a u sse r  den 
an g e fü h rten  Salzen noch  600 M illionen t  N a tr iu m su lfa t z u ta g e , zu  dessen 
E n ts te h u n g  die gleiche M enge Gips, g en au er 574 956 000 t ,  n ö tig  w ä re n , w enn 
m eine a lte  Theorie ü b e r das chem ische V erh a lten  d ieser Quelle ih re  G ü ltig k e it 
b e h ä lt [56].

W ürden  u n te r  g ü n stig e ren  B ed in g u n g en  alle Su lfa te  re d u z ie r t  w erden , 
so w ürden  im  V erlaufe d e r geologischen E n tw ick lu n g  n u r  aus d e r  a n g e fü h rte n  
M enge 143 908 923 t  H 2S en ts te h e n , der 135 440 275 t  e le m e n ta ren  Schw efels 
lie fern  k ö n n te , bzw . u n te r  an d eren  B ed in g u n g en  506 750 190 t  F eS 2. Es 
is t ab e r nochm als zu  b e to n e n , dass d er ä lte s te  B estan d te il d ieses W assers 
ohne Zweifel aus d e r K re id e  s ta m m t ; in  d ieser Sum m e is t d a h e r  gewiss 
n ic h t die ganze M enge von  Schw efelw asserstoff e n th a lte n , d er se it d e r E n t 
s te h u n g  dieses W assers, d . h . vom  K re id e z e ita lte r  bis zum  jü n g e re n  T e rtiä r , 
g eb ild e t w urde.

U m  welch g ew altige  M assen von H aS es sich  h a n d e lt, g eh t au s  fo lgenden 
Ü berlegungen  h e rv o r : w enn  w ir an n eh m en , dass die d esu lfiz ie ren d en  B a k te 
r ie n  fü r  jed en  L ite r  des vom  S prudel e m p o rg eb rach ten  W assers n u r  10 mg 
H 2S p r oduz ie rten , d a n n  w ären  w äh ren d  des m in im alen  B e s te h e n s  dieser

14*
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Q u e lle , d . h . in  den a n g e g e b e n en  250 000 J a h re n ,  2 592 000 t  Schw efelw asser
s to f f  e n ts ta n d e n , d er e in e  L a g e rs tä tte  m it d e r  K a p a z itä t  von 9 143 854 t 
P y r i t  b ild en  k ö n n te . D iese A nnahm e ist n a tü r l ic h  zu n iedrig  gegriffen , da 
w ä h re n d  der E x is te n z  d e r  O lfeldw ässer in  d iesem  G ebiet (von d e r K re id e  
b is  zu m  Neogen) h u n d e r t-  u n d  tau sen d m a l m e h r  Schw efelw asserstoff geb ilde t 
w e rd e n  k o n n te . D a b e i b e rü ck sich tig e  ich  n u r  d a s  bere its  aus d en  K re id e 
a b la g e ru n g e n  gelöste W a sse r  u n d  lasse das W asse r, das bis h eu te  in  d en  S ed i
m e n te n  der B ö h m isch en  K re id e  anw esend is t ,  a u sse r  ach t, welches b e s tim m t 
d ie  M enge des b e re its  g e lö s te n  W assers ü b e rs c h re ite t .

A b er auch  in  d iesem  F a ll  konn te  d er v e rh ä ltn ism ä ss ig  geringe G ehalt 
a n  H 2S in  1 L ite r  W asse r z u r  B ildung v o n  g rossen  S u lfid an h äu fu n g en  au s
re ic h e n . E rw ägen w ir n u r ,  w ie w ichtig d ieser P ro zess  sein k ö n n te , w enn die 
d u rc h sc h n ittlic h e  S ch w efe lw assers to ffp ro d u k tio n  d e r B ak te rien  W erte  von 
600  mg/1 oder m ehr e r re ic h e n  w ürde.

Q u a n tita tiv e  E in w e n d u n g e n  gegen d ie m ög liche  E x istenz  d er an g e 
f ü h r te n  Prozesse in  d e r  N a tu r  sind daher u n h a l tb a r .

IV . Die B ete iligung  d e r Ölfeldwässer a n  d e r B ild u n g  des T rav ertin s

F ü r  die E n ts te h u n g  d e r  grossen T ra v e r tin a n h ä u fu n g e n  g ib t es b isher 
zw ei E rk lä ru n g en  :

a )  T ra v e rtin  e n t s t e h t  du rch  die W a sse rp fla n ze n , die V erlu ste  von 
C O a u n d  d ah er auch  d a s  A u sfä llen  von C a C 0 3 au s  d er L ösung v e ru rsach en ,

b)  die E n ts te h u n g  d e r  T rav e rtin e  is t e in  re in  physik a lisch er V organg  ; 
d a s  A u sfä llen  des T ra v e r t in s  w ird  durch  d ie Ä n d e ru n g  der p h y sik a lisch en  
B e d in g u n g e n  v e ru rs a c h t, so b a ld  das W asser d ie  E rd o b erfläch e  e rre ic h t.

O bzw ar w ir die E x is te n z  des e rs tg e n a n n te n  V organges an n eh m en  m üssen , 
so i s t  e r q u a n t i ta t iv  d o c h  so bedeu tungslos, d ass  die M öglichkeit d er E n t 
s te h u n g  grosser T ra v e rtin v o rk o m m e n  p ra k tis c h  ausgeschlossen  is t.

D er W irk lich k e it d ü r f te  eher der u n te r  b)  g e n a n n te  V organg e n tsp rech en , 
d ie  d iesbezüg lichen  T h e o r ie n  berücksich tigen  a b e r  ü b e rh a u p t n ic h t den  
T y p  d e r  die T ra v e r t in la g e r s tä t te n  a u fb a u e n d e n  W ässer u n d  lassen  au ch  die 
B e d in g u n g  ausser a c h t ,  d a ss  h ier W ässer v o n  spez ifisch er Z usam m ense tzung  
e n ts te h e n  m üssen.

G rosse T ra v e r tin v o rk o m m e n  gibt es in  d e r  T schechoslow akei in  W e st
b ö h m e n  (K arlsb ad  u . a .) , in  M ähren (T ucin  b e i P fe ro v ) ; die w irtsch a ftlich  
w ic h tig s te n  L a g e rs tä t te n  b e f in d e n  sich aber in  d e r  Slow akei. Bei d er P rü fu n g  
d e r  h y d ro g eo ch em isch en  Ü b e rs ic h tsk a rte  d er S low akei stellen  w ir fe s t, dass 
h ie r  d ie  T ra v e r t in la g e r s tä t te n  ausschliesslich a n  2 W asse rty p en  g eb u n d en  
s in d  :

a j  an  die k a lz iu rn su lfa tisch en  W ässer u n d
b)  an  die n a tr iu m su lfa tis c h e n  W ässer.



1 kalzium bikarbonatische Wässer

2 k a lz iu m su lfa tisch e  W ässer

Abb. 11
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D iese  E rsch e in u n g  is t  ke inesfa lls e in  Z ufa ll ; du rch  g en au e  U n te r
s u c h u n g e n  w urde  fe s tg e s te llt, dass diese b e id e n  W assertypen  be i d e r B ild u n g  
g ro sse r  T ra v e r t in la g e r s tä t te n  ein  seh r w ich tig e r  F a k to r sind .

D a s  ty p isch e  B eispiel e in er G egend m it  h äu fig en  T ra v e rtin v o rk o m m en  
is t  z. B . die L o k a litä t S ivá B ra d a  (O stslow akei).

H ie r  tr e te n  M ineralw ässer des g leichen  T yps wie bei L u cen ec— Levice 
z u ta g e  ; d er n a tr iu m ch lo rid isch e  T y p  d e r Ö lfeldw ässer w u rd e  a lle rd in g s 
n ic h t  v o rg e fu n d e n , is t ab e r h ie r  d u rch  den  g le ichen  hydrogeochem ischen  T yp , 
d e r s e in e n  U rsp ru n g  jed o ch  im  Salz h a t ,  v e r t r e te n . Die T ra v e rtin v o rk o m m en  
s in d  h ie r  an  die Zone der n a tr iu m su lfa tis c h e n  W ässer g eb u n d en . A n  der 
Z u sa m m e n se tz u n g  der e inzelnen  W a sse rty p e n  dieses G ebietes s in d  fo lgende 
Salze b e te il ig t  :

W a s s e r ty p e n

n a t r i u m  b  ik a r b o n a t is c h n a t r iu m c h lo r id i s c h k a lz iu m b ik a r b o n a t i s c h  I n a t r i u m s u l f a t i s c h

N aC l N aCl C a (H C 0 3)2 NaC1

N a llC O g C aS 04 M g (H 0 3)2 N a 2S 0 4

C a (H C 0 3)2 C a S 0 4 CaS° 4

M g (H C 0 3)2 C a (H C 0 3)ä

J ,  B r M g (H C 0 3)2

J , B r

D e r n a tr iu m su lfa tisc h e  W asse rty p  e n ts te h t  h ier, ähnlich  wie be i L ucenec- 
L ev ice  u n d  an  jed em  a n d e ren  O rt d e r T schechoslow akei u n d  M itte leu ro p as  
d u rc h  M ischung  der n a tr iu m b ik a rb o n a tis c h e n  u n d  kalz iu m su lfa tisch en  W ässer. 
D ie n a tr iu m b ik a rb o n a tis c h e n  W ässer dieses G eb ie tes stam m en  au s d en  pa läo - 
gen en  S e d im e n te n  ; die k a lz iu m su lfa tisch en  s in d  vadose W ässer, die in  den  
g ip s fü h re n d e n  T riasab lag e ru n g en  m in e ra lis ie rt w erden .

D ie  chem ische Z usam m en se tzu n g  der ka lz iu m su lfa tisch en  W ässer dieses 
G eb ie tes  k e n n e n  w ir n ic h t, a u f  G ru n d  d er A n a ly se n  ähnlicher W ässer au s  der 
M itte ls lo w ak e i k ö n n en  w ir ab e r v o ra u sse tz e n , dass sie h a u p tsä c h lic h  aus 
fo lg e n d e n  Salzen  g eb ilde t w erden  : C a S 0 4, C a(H C 0 3)2, M g (H C 0 3)2. D as
u rsp rü n g lic h e  n a tr iu m b ik a rb o n a tisc h e  W asser (d ieser T yp is t fü r  den  b esch rie 
b en en  V o rg an g  als der w ich tig s te  zu b e tra c h te n )  e n th ä lt  s te ts  eine m e h r  oder 
w en ig e r b e d e u te n d e  M enge v o n  Ca- u n d  M g -B ik arb o n a ten . D ieses W asser 
ä n d e r t  s ich  d u rch  M ischen m it dem  kalzium sxdfatischen  T y p  u n d  w eist 
g le ich ze itig  noch  w eitere  M engen von  sau e re n  Ca- u n d  M g -K arb o n a ten  au f. 
Die U m w a n d lu n g  des chem ischen  V erh a lten s  dieses W assers k a n n  d u rch  
fo lg en d e  G leichung  a u sg ed rü ck t w erden  :

2 N a H C 0 3 +  C a S 0 4 =  N aaS 0 4 +  C a(H C 03)2.
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U n te r  den  norm alerw eise an  d er E rd o b erfläch e  h e rrsch en d en  B ed in 
g u n g en  w ürde  das W asser eine solche M enge von  Ca- u n d  M g -K a rb o n a te n  
e in fach  n ic h t au fnehm en . In  den tie fe ren  P a r tie n  d er E rd o b erfläch e  h e rrsch en  
a lle rd in g s ganz un te rsch ied lich e  T e m p e ra tu ren  u n d  D ruck , die z u r  Folge 
h a b e n , dass die Salze in  L ösung  b le iben . E in e  seh r w ichtige R olle sp ie lt d ab e i 
die M enge des K oh lend ioxyds. E s is t b em erk en sw ert, dass alle  T ra v e r t in  
a b la g e rn d e n  W ässer re ich  an  K o h len d io x y d  p o stv u lk an isch en  U rsp ru n g s  
s in d  (oder es in  der geologischen V erg an g en h e it w aren), von dessen  A n w esen 
h e it die M enge des in  L ösung  b le ib en d en  K a lz iu m k a rb o n a ts  a b h ä n g ig  is t.

D ie M ineralw ässer des g e n a n n te n  T yps s in d  eigentlich  d u rc h  K a lz iu m 
k a rb o n a t  ü b e rsä ttig te  L ösungen . S obald  die W ässer dieses T y p s  d ie  E rd 
o b erfläch e  erreichen , k o m m t es zum  rasch en  A bsinken  des p a r t ia le n  D rucks 
des K oh len d io x y d s u n d  d a h e r  zu seinem  E n tw e ich en  in  die A tm o sp h ä re , zu r 
U m w an d lu n g  d er B ik a rb o n a te  in  K a rb o n a te  u n d  zu deren F ä llu n g  in  F o rm  
v o n  k a lk h a ltig e m  T u ff oder T ra v e r tin  aus der L ösung. Die G eschw in d ig k e it 
d e r A u sfä llung  u n d  der B ildung  des T ra v e rtin s  is t in  den e in ze ln en  F ä llen  
v e rsch ied en  u n d  h ä n g t u . a. au ch  von  d er E rg ieb ig k e it der Q uelle, v o n  den  
a tm o sp h ä risc h e n  N iedersch lägen  usw . ab .

Die T rav e rtin e  k ö nnen  begreiflicherw eise  au ch  aus k o h len d io x y d re ich en  
M inera lquellen  an d erer T y p en , z. B . aus k a lz iu m b ik a rb o n a tisc h en , n a tr iu m - 
b ik a rb o n a tisc h e n  u n d  k a lz iu m su lfa tisch en  Q uellen en ts teh en . A u f G ru n d  der 
s low ak ischen  V orkom m en k a n n  m a n  ab er an n eh m en , dass d iese r V organg  
nie die gleiche q u a n tita tiv e  B e d e u tu n g  wie bei den  g esch ild erten  n a tr iu m 
su lfa tisc h e n  W ässern  e rre ich t.

A u f die gleiche W eise wie bei S ivá B ra d a  e n ts ta n d e n  auch  die T ra v e r tin e  
v o n  L u cen ec—Levice usw . ; in  B öhm en  w u rd en  so die b e k a n n te n  T ra v e rtin e  
v o n  K a r lsb a d  geb ildet.

In  ein igen Fällen  k am  es in  den T ra v e rtin e n  zu r A n sam m lu n g  gew isser 
E le m e n te , z. B . von  M angan . Im  V ergleich m it den  ü b rigen  W ässe rn  der 
S low akei is t  M angan  in  den  M inera lw ässern  dieses G ebietes eb en fa lls  in  e rh ö h 
te m  M ass v o rh an d en , sein  G eh a lt e rre ic h t W erte  bis 8 mg/1. D iese T a tsa c h e  
s te h t  m it den  aus ein igen L o k a litä te n  w estlich  von  Sivá B ra d a  (K ysovce) 
b e k a n n te n  L a g e rs tä tte n  von  M anganerzen  in  d irek tem  Z u sa m m e n h a n g  ; 
q u a n t i ta t iv e  U n te rsu ch u n g en  des M angans in  den  W ässern  d ieses G ebietes 
ze ig ten  jed o ch , dass seine V e rb re itu n g  v iel grösser is t, als a u f  G ru n d  d e r  b e k a n n 
te n  in  F ö rd e ru n g  steh en d en  L a g e rs tä tte n  von M anganerzen  zu sch liessen  w äre.

In  den  T ra v e rtin e n  der sü d ö s tlich en  u n d  m ittle re n  S low akei sam m elt 
sich  in  e rh ö h te m  A usm ass G erm an iu m  an . In  den  T ra v e rtin e n  v o n  B ad in  
(K re is  B a n sk á  B ystrica ) w urde  die g rösste  K o n zen tra tio n  dieses E lem en te s , 
u . zw . 3 ,46%  GeOa in e in er bei 110° C g e tro ck n e ten  P robe fe s tg e s te llt . D urch  
g en au e  U n te rsu ch u n g  d e r tsch echoslow ak ischen  T rav e rtin e  w ird  m a n  gewiss 
n o ch  w eitere  e rh ö h te  K o n z e n tra tio n e n  a n d e re r  E lem en te  fe s ts te lle n .
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Wasser :

rw trium bikarbona  tisch e  
nafrium cb / o r id /sc h e

\ / / / / / \  kaU ium bikarbona tische  
'//////1 gem ischte

Abb. 12

M it R ücksich t a u f  d ie  A nhäufung  v o n  e rh ö h te n  M an g an q u an ten  in  
d e n  n o rdostslow ak ischen  M inera lw ässern  u n d  T ra v e r t in e n , sowie von  G erm a
n iu m  in  den  T ra v e rtin e n  d e r  südöstlichen  u n d  m itt le re n  S low akei is t  das 
A u f tr e te n  einer e rh ö h te n  M enge von ra d io a k tiv e n  E lem en ten  in  e in igen  
T ra v e r t in e n  M itte leu ro p as s e h r  in te re ssan t. A u ch  h ie r sp ie lten  die Ö lfeld
w ä sse r  be i der A n h ä u fu n g  v o n  ra d io a k tiv e n  E le m e n te n  in  den  T ra v e r tin e n
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eine w ich tige Rolle. F ü r  diese ungew öhnliche E rsch e in u n g  habe ich  fo lgende 
E rk lä ru n g  : die ra d io a k tiv e n  E lem en te  w a re n  u rsp rüng lich  in  d en  ö lf e ld 
w ässern , u . zw. w ahrsche in lich  in  den n a tr iu m -b ik a rb o n a tisc h en , e n th a l te n . 
Es is t a llgem ein  b e k a n n t, dass das E rd ö l u n d  die Ö lfeldwässer s te ts  re ich  
an  ra d io a k tiv e n  E le m e n te n  sind , w elcher U m s ta n d  auch  die G ru n d la g e  d er

Abb. 13 M a n g a n in h a lt de r M ineralw ässer im  K resie  P resov  in  m g/1

ra d io a k tiv e n  M ethoden  z u r  E rk u n d u n g  von  E rd ö l-  und  E rd g a s la g e rs tä tte n  
b ild e t. D as E rd ö l e n th ä lt  d u rc h sc h n ittlic h  in  1 T o n n e  100 g U ran , d ie  Ö lfe ld 
w ässer 10 g U ran  in  1 T o n n e  [33]. D er R a -G e h a lt  is t im  E rdö l v e rh ä l tn is 
m ässig n ied rig , in  den  sa lzh a ltig en  W ässern  d e r  E rd ö lla g e rs tä tte n  e r re ic h t 
er ab er bem erk en sw erte  H ö h en . Die Ö lfeldw ässer e n th a lte n  bis 10 10 g /m l R a , 
w äh ren d  d er G ehalt dieses E lem en tes im  M eeresw asser und  in den  W ässe rn  
d er E rd o b erfläch e  n u r die G rösse 10~ 8 g /m l/R a  u n d  in  den sog. ra d io a k tiv e n  
Q uellen n ic h t m ehr als 1 0 ~ 13 g/m l R a  e rre ich t. E in  T eil des Ra- u n d  U -G eh a lte s  
im  E rd ö l u n d  in  den W ässe rn  s ta m m te  aus den  N ebengeste inen , einen  gew issen  
Teil b ez ieh t es jed o ch  au s  dem  organischen  M a te r ia l, aus dem das E rd ö l e n t 
s ta n d  u n d  das auch  an  d e r B ild u n g  des C hem ism us d e r E rdölw ässer b e te il ig t  is t .
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N a c h  den  in  den ö lfü h re n d e n  G ebieten  e rfo lg te n  tek to n isch en  S tö ru n g e n  
w u rd e  d e n  Ö lfeldw ässern  d e r  K o n ta k t m it d e r  E rdoberfläche  e rm ö g lich t. 
B e im  A u fs tieg  zur E rd o b e rflä ch e  kam en die n a lr iu m b ik a rb o n a tisc h e n  W ässer 
m it k a lz iu m su lfa tisch en  W ässe rn  in  B e rü h ru n g , w obei der n a tr iu m su lfa tisc h e  
C h a r a k te r  gebildet w u rd e , so dass das h ie ra u s  en ts teh en d e  W asse r d u rch  
K a r b o n a te  der a lka lischen  E rd e n  ü b e rsä ttig t w u rd e .

S o b a ld  das W asser d ie  O berfläche e r re ic h te  u n d  Ä nderu n g en  in  den 
th e rm o d y n a m isc h e n  V erh ä ltn issen  e in tra te n , f ie le n  die Ca" u n d  M g” B ik a r
b o n a te  in  F o rm  von T ra v e r t in  aus der L ö su n g  u n d  gem einsam  m it  diesen 
w eg en  se in e r geringen L ö slich k e it auch R aSO ^. (W ie b ek an n t, k ö n n e n  n u r  
s u lfa tf r e ie  W ässer, oder so lche , in denen eine  m in im ale  Menge v o n  S u lfa te n  
g e lö s t i s t ,  R ad ium salze  au s d en  G esteinen a u s la u g e n . A uf diese W eise k a m  
es in  d e n  T rav e rtin en  zu  e in e r  gewissen A k k u m u la tio n  von R a ; d en  g rö ss ten  
A n la ss  zu  dieser A n h äu fu n g  gab en  also die Ö lfe ldw ässer. Das V erm isch en  der 
n a tr iu m b ik a rb o n a tis c h e n  u n d  k a lz iu m su lfa tisch en  W ässer schein t d a h e r  eine 
n o tw e n d ig e  B ed ingung fü r  d ie  E n ts te h u n g  v o n  T ra v e r tin la g e rs tä tte n  zu  sein.) 
I n  d e n  Ö lfe ldern  der USA  w u rd e  allerd ings fe s tg e s te llt , dass die K a rb o n a te  der 
a lk a lis c h e n  E rden  in  gew issem  A usm ass a u c h  au s  den durch  k a lz iu m k a rb o - 
n a t is c h e  Sickerw ässer w en ig  gestö rten  Ö lfe ldw ässern  gefällt w erd en . S in te r 
s e tz t  s ich  an  den F u tte r ro h re n  der T ie fb o h ru n g e n , besonders an  d e n  p e r
fo r ie r te n  S tellen  ab  ; e r is t  s ta rk  durch  ra d io a k tiv e  E lem ente a n g e re ic h e rt, 
so d a s s  d ie  B o h rlo ch d iag ram m e (bei B ohrlochm essungen  m it G am m a stra h le n ) 
s ta r k e  A nom alien  aufw eisen  [18].

V. D er Einfluss der Olfeldwässer auf die chem ische Zusam m ensetzung
der Gesteine

A u sse r den a n g e fü h r te n  V orgängen, d ie  u n te r  U m ständen  g rosse A n 
h ä u fu n g e n  w ichtiger R o h sto ffe  v e ru rsa c h te n , k o n n te n  die Ö lfeldw ässer auch  
d ie chem isch e  Z u sam m en se tzu n g  der S e d im e n t-  u n d  E ru p tiv g es te in e  b e e in 
f lu s s e n . A uch  in  diesem  F a ll  k a n n  es sich  u m  b ed eu ten d e  A n h ä u fu n g e n  von  
S a lz e n  h an d e ln .

A) D i e  Ö l f e l d w ä s s e r  u n d  d i e  K o n z e n t r a t i o n  d e r  S a l z  
i n  d e n  S e d i m e n t g e s t e i n e n

D ie A nw esenheit z ah lre ich er Ö lfe ldw ässer in  den S ed im en tg es te in en  
h a t  m a n c h m a l Ä n d eru n g en  in  deren ch em isch em  V erhalten  zu r F o lg e . Es 
h a n d e l t  sich  h ier u m  e in ige  der b e re its  beschriebenen  E rsch e in u n g e n , 
w ie z. B . das A uslaugen v o n  Gips aus den  G este in en , seine R ed u k tio n  d u rch  
B a k te r ie n  u n te r  E n ts te h u n g  von  Schw efelw asserstoff, um  die m ögliche  B il
d u n g  v o n  P y rit u n d  A n re ich e ru n g  der G este in e . W ie bereits g e sag t, k ö n n en  
d ie se  V orgänge eine grosse B edeu tung  h a b e n , ab e r auch d a n n , w e n n  w ir t
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sc h a ftlic h  w ichtige A k k u m u la tio n en  n ic h t e n ts te h e n , w ird  der C hem ism us 
d e r  S ed im en tgeste ine  s ta rk  beein flu sst. U m w an d lu n g en  der G esteine w erden  
a b e r  n ic h t n u r  d u rch  die g e n a n n te n  V orgänge, so n d e rn  auch  d u rc h  den  sog. 
Io n e n a u s ta u sc h  v e ru rsa c h t, d er aber q u a n t i ta t iv  n ic h t so w ich tig  is t .

E in e  d er w ich tig sten  E rsch e in u n g en  bei der B eein flussung  des C hem is
m us der S ed im en tgeste ine  d u rch  die ö lfe ld w ässe r  is t das D u rch sa lzen  des 
B odens, d as  bei der M igra tion  der n a tr iu m -b ik a rb o n a tisc h e n  o d er n a tr iu m - 
k a lz ium ch lo rid ischen  G rundw ässer aus den  E rd ö lla g e rs tä tte n  z u r  E rd o b e r
fläch e  erfo lg t. Die w ich tig ste  V o rau sse tzu n g  h ie rzu  is t in  beiden  F ä lle n  der 
h ohe  S u lfa tg eh a lt der S ed im en t-G este ine  u n d  B öden . Die M igration  d e r  be id en  
e rw ä h n te n  W ässer aus d er L a g e rs tä tte  zu r E rd o b e rfläch e  w urde u n w id e rleg 
b a r  bew iesen ; diese E rsch e in u n g  se lb s t, bzw . ein ige ih re r F o lgen , s in d  der 
G eg en stan d  ein iger V a ria n te n  der geochem ischen  P ro sp e k tio n sm e th o d e n , die 
be i der E rk u n d u n g  von  E rd ö l- u n d  E rd g a s la g e rs tä tte n  A n w en d u n g  f in d e n .

B eim  K o n ta k t der G rundw ässer m it den  g ip sha ltigen  G este in en  u n d  
B öden  k a n n  es zu fo lgenden  R e a k tio n e n  kom m en  :

1) Die n a tr iu m k a lz iu m ch lo rid isch en  G ru n d w ässer reag ie ren  m it den 
in  den  G esteinen  bzw. B öden  anw esenden  N a- u n d  M g-Sulfaten  w ie fo lg t :

CaCl2 +  N a2S 0 4 =  2 NaCl +  C a S 0 4.

Die Folgen  dieses V organges s in d  das A nre ichern  des B odens d u rch  
G ips u n d  die B ildung  v o n  su lfa tisch en  A nom alien  (G ipsanom alien) in  den 
B öden .

2) D ie n a tr iu m b ik a rb o n a tisc h e n  W ässer reag ie ren  m it d em  in  den 
B öden  u n d  G esteinen b e fin d lich en  G ips wie fo lg t :

2 N a H C 0 3 +  C aS 0 4 =  N a2S 0 4 +  C a(H C 03)2.

D iese R eak tio n  h a t  d en  R ü ck g an g  von Gips in  den B öden u n d  G este inen  
u n d  s ta rk e  A nreicherung  d er B öden d u rc h  N a tr iu m su lfa t zu r F olge.

D ie zw eite R eak tio n  is t  die U rsach e  d er gew altigen  A k k u m u la tio n e n  
v o n  N a tr iu m su lfa t, das im  B oden a n  ein igen S tellen  eine M enge e rre ic h t, 
d ie  n u r  in  h u n d e r tta u se n d e n  von T o n n en  e rre c h n e t w erden  k a n n . D ie R e
a k tio n  is t  die gleiche wie be i der E n ts te h u n g  d er n a tr iu m su lfa tisc h e n  W ässer, 
a lle rd in g s m üssen  bei d er A n h äu fu n g  von  N a tr iu m su lfa t in  den  B ö d en  ge
w isse geologische u n d  k lim atisch e  B ed in g u n g en  gegeben sein. Z u  grossen 
A n h äu fu n g en  kom m t es in  den t ie f  gelegenen, v erh ä ltn ism ässig  tro c k e n e n  
G egenden , d. h . in G eb ie ten  m it sehr geringfüg igen  a tm o sp h ä risch en  N ied er
sch lägen . E ine w ichtige R olle sp ielt die e rsch w erte  Z irk u la tio n  d e r  G ru n d 
w ässer u n d  die M öglichkeit ih re r ra sch en  V e rd u n stu n g .

G eeignete G ebiete s in d  in d ieser H in s ic h t S ü d m äh ren , gew isse G ebiete 
in  U n g arn  u n d  R u m än ien  usw. E in  wegen des hohen  V o rkom m ens von 
N a tr iu m su lfa t  in te re ssa n te s  G ebiet lieg t ö stlich  von  B rü n n  (M ähren , T sche
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choslow akei), e tw a zw isch en  den  O rtsch aften  S a ra tic e  u n d  2 id lochov ice . Dieses 
G e b ie t h a t  eine F läch e  v o n  ca . 240 k m 2. D er S a lzg eh a lt der B öden  u n d  Sed i
m en t-G este in e  b e trä g t  e in ig e  G ram m  bis 300 g /d m 3. D ie M äch tig k e it d er 
s u lfa th a ltig e n  S ch ich ten  e r re ic h t h ier bis 6 m  u n d  m eh r. W enn  w ir eine d u rc h 
sc h n itt l ic h e  S a lin itä t v o n  100 g/dm 3 u n d  eine  d u rc h sc h n ittlic h e  M äch tig k e it 
d e r  sa lzhaltigen  S ch ich ten  v o n  2 m  an n eh m en , so e rg ib t sich h ie r u n te r  d iesen  
B e d in g u n g en  ein S a lz g e h a lt  von  480 000 t .  D iese Z ah l s te llt a lle rd ings d en  
m in im a le n  S alzgehalt a u f  e in e r  m inim alen F lä c h e  d a r, d enn  das su lfa th a ltig e  
G e b ie t n im m t p ra k tis c h  d e n  G rossteil S ü d m ä h re n s  ein , u n d  der S u lfa tg e h a lt 
so w ie  die M ächtigkeit d e r  su lfa th a ltig e n  S ch ich ten  lieg t im  D u rc h sc h n itt h ö h e r.

D ie an  N a tr iu m s u lfa t  u n d  anderen  S a lzen  re ich en  B öden  m it dem  g le i
c h e n  U rsprung  wie in  S ü d m ä h re n , sind  a u c h  in  U n g a rn  au sse ro rd en tlich  
v e r b r e i te t  und  der S a lz g e h a lt  erreich t d o r t  W e rte  von  zu m in d est e in igen  
M ill io n én  T onnen.

В ) D e r  E i n f l u s s  d e r  O l f e l d w ä s s e r  a u f  d i e  c h e m i s c h e  
Z u s a m m e n s e t z u n g  d e r  E r u p t i v g e s t e i n e

Im  H inblick a u f  d ieses  P rob lem  w a rd e n  in  d er T schechoslow akei zwei 
G e b ie te  s tu d ie rt, u . zw . d ie  ju n g en  E ru p tiv g e s te in e  S ü d o stm äh ren s  sowie 
d e r  U m gebung  von M la d á  B o leslav  u n d  P a rd u b ic e  in  B öhm en.

Chem ische A n a ly sen  d e r  E ru p tiv g es te in e  S ü d o stm äh ren s  s ind  schon  
a u s  d e m  J a h r  1858 b e k a n n t  ; die neuesten  A n a ly se n  w u rd en  1954 im  geo
c h e m isch en  L a b o ra to riu m  d e r  U n iv e rsitä t in  B rü n n  d u rc h g e fü h rt. E s zeig te  
s ic h , d ass  die a llgem ein  f ü r  A ndesite  g e h a lte n e n  G esteine a u sse ro rd en tlich  
re ic h  a n  A lkalien, vo r a lle m  a n  N a triu m , s in d . D er N a aO -G ehalt lieg t zw ischen 
7 ,6 9  — 5 ,59% . Die A lk a l i tä t  d e r  Gesteine k o m m t a b e r  in  deren  m ik roskop isch  
fe s ts te l lb a re r  Z u sa m m e n se tz u n g  n ich t zum  A u sd ru c k . A u f G ru n d  d er geo
c h e m isch en  U n te rsu c h u n g e n  d er G esteine k o n n te  die S ch lussfo lgerung  ge
zo g en  w erden, dass u n b e s tim m b a re  M inerale d e r  G rundm asse  die T räg e r 
d e r  A lk a litä t  sind, w elche  F es ts te llu n g  sehr w ich tig e  Folgen h a t .  E s is t a ll
g e m e in  b ek an n t, dass d a s  M ag m a bei der D iffe ren z ieru n g  m it fo r tsc h re ite n d e r  
K r is ta ll is a tio n  s tä n d ig  s a u e re r  w ird. Bei den  E ffu s iv g es te in en  is t die G ru n d 
m a sse  im  allgem einen s a u e re r  als die E in sp ren g lin g e , u n d  d er n ic h t a u s 
k r is ta ll is ie r te  R ü c k s ta n d  (d ie  als vu lkan isches G las e rs ta r r te n  Stoffe) e n th ä lt  
e in e n  b ed eu ten d en  A n te il  v o n  S i0 2.

I n  den G esteinen S ü d m ä h re n s  w urde fe s tg e s te llt , dass die G rundm asse  
a rm  a n  S i0 2 ist, so d ass  sie d a n k  dem  V o rh an d en se in  grosser M engen v o n  N a 
sch lie ss lich  alkalischen  C h a ra k te r  ann im m t. D iese T a tsach e  is t schw er d u rch  
D if fe re n tia tio n  zu e rk lä re n , v ie l w ahrschein licher w äre  die sek u n d äre  Z ufuh  r 
v o n  b ed eu ten d en  N a-M en g en  in  das G estein. D ie p rim äre  A lk a litä t is t auch  
v o m  geologischen S ta n d p u n k t  aus p ro b lem atisch .
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A llgem ein  w ird  angenom m en , dass z u r  D iffe ren tia tio n  d e r e x tre m  
a lk a lisch en  G esteine te k to n isc h e  R uhe n ö tig  is t .  D esh a lb  sind die a lk a lisc h e n  
G esteine fü r  die n ic h t orogenen G ebiete c h a ra k te ris tis c h , die su b a tla n tis c h e n  
G esteine dagegen  fü r  die F a ltu n g sg eb ie te . D ie tschechoslow akischen  B a sa lte  
u n d  A nd esite  tre te n  in  ausgesprochen  o ro g en en  G ebieten  auf, be i ih n e n  is t 
d a h e r  n ic h t m it ru h ig e r E n tw ick lu n g  zu re c h n e n . D en Si-D efizit u n d  N a- 
Ü berschuss k a n n  m a n  n u r  schw er d u rch  A ssim ila tio n  der T ie fen g este in e  
(die zu r O berfläche  b e fö rd e rten  X en o lith e  s in d  pazifizisch) oder S e d im e n t
geste ine  aus dem  F ly sch  usw . e rk lä ren . In  d iesem  F a ll w ürde sich d e r  S ä u re 
g rad  des M agm as d u rch  die A ssim ilation  d e r  q u a rzb a ltig en  S a n d s te in e  e r
höhen .

E in e  E rk lä ru n g  h ie rfü r  g ib t u n s  die geochem ische Position  d ie se r  Ge
ste in e . D ie ab g e lag erten  G esteine des g e n a n n te n  Gebietes sin d  ö lfü h re n d  
(unw eit t r e te n  die schon  e rw äh n ten  Q uellen  v o n  B ad  L uhacovice zu tag e ). 
W ir n eh m en  an , dass d as  M agm a, das in  die ö lfü h ren d en  S ch ich ten  g e lan g te , 
h ie r m it den  Ö lfeldw ässern  reag ie rte , die n o ch  h e u te  bis 5000 mg/1 N a  e n t
h a lte n . D ie W ässer b ild e te n  in  den G este inen  Z onen  m it s ta rk en  R e d u k tio n s 
b e d in g u n g en , w elche die K ris ta llisa tio n  so bee in flu ssen  k o n n ten , d a ss  n ich t 
F e rris ilik a te , sondern  w eite rh in  F e rrc s ilik a te , d . h . dunk le  M inerale, g eb ild e t 
w u rd en , die w ir aus d en  m ikroskop ischen  U n te rsu ch u n g en  der G ru n d m a sse  
k en n en  (vgl. S z á d e c z k y - K a r d o s s  [45]).

In  V e rb in d u n g  m it den E ru p tiv g e s te in e n  S üdostm ährens m u ss  die 
b em erk en sw erte  A nre ich eru n g  der n a tr iu m b ik a rb o n a tisc h e n  M inera lw ässer 
d u rch  B or e rw ä h n t w erd en , die g leichfalls in  d en  Q uellen von L u h aco v ice  zu 
b eo b ach ten  is t. D ie ö lfe ldw ässer des m ä h risc h e n  Neogens e n th a l te n  d u rc h 
sc h n ittlic h  100 m g H B O , in  1 L ite r  W asser, ausnahm sw eise w u rd e n  b is 200 
mg/1 fe s tg e s te llt, w ä h re n d  aber die M inera lw ässer von  L uhacovice in  e in igen  
F ä llen  b is 400 m g H B O , in  1 L ite r  W asser e n th a lte n . D ieser U m s ta n d  k a n n  
n u r  m it d er A n re ich e ru n g  der n a tr iu m b ik a rb o n a tis c h e n  W ässer d u rc h  d as  B or 
d e r G esteine g e k lä rt w erden , frag lich  b le ib t a lle rd ings, w elches e igen tlich  
d as  M u tte rg es te in  des B ors ist. Sehr a n n e h m b a r  erschein t die A n s ic h t, dass 
d ie  s ta rk  d u rch  N a tro n  an g ere ich erten  A n d e s ite  auch  das B or a u s  d en  na- 
triu m k a lz iu m ch lo rid isch en  G rundw ässern  au fgenom m en  h ab en , d ie  w a h r
schein lich  u n te r  d er Zone der n a tr iu m b ik a rb o n a tis c h e n  W ässer v o rh a n d e n  
s in d . F ü r  die e rw ä h n te  in te re ssan te  A n o m alie  im  Chem ism us d e r  G esteine 
g ib t es w ohl k au m  eine andere E rk lä ru n g . B e ide  T atsachen  b e s tä t ig e n  aber 
die M öglichkeit d er E n ts te h u n g  d er sog. » h y d ro th e rm a len «  E rze  u n d  M ine
ra le , so wie sie in  A b sa tz  I I I  besch rieben  w u rd e .

E s is t n ic h t ausgeschlossen, dass m a n  b e i genaueren  U n te rsu c h u n g e n  
d e r G esteine noch  w eite re  A nom alien  e n td e c k e n  w ird.

2 Pacák, О. : C hem ická povaha  íe d ic o v y c h  v y v re lin  n a  üzem i sp e c iá ln y  т а р у  I ., 
M ladá B oleslav . Sborn ík  SŰG, P ra h a  1952.
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E ine ähn liche N a -Z u fu h r  in  die G este in e  beschreib t P a c á k 2 bei den  
E ru p tiv g e s te in e n  v o n  M la d á  B oleslav u n d  P a rd u b ic e  in  B öhm en . E r  n im m t 
a n , d a ss  die Z ufuh r des N a tr iu m s  in  die G este in e  durch  jene  W ässe r e rfo lg t, 
d ie  d ie  A lkalien  au s d e n  S ed im en tg este in en  au sg e lau g t h ab en . L e id e r ab er 
p r ü f te  P a c á k  n ic h t d ie  chem ischen  A n a ly se n  der M ineralw ässer au s  d er 
B ö h m isch en  K re id e fo rm a tio n . Wie b e re its  e rw ä h n t, sind  die W ässe r d er 
B ö h m isch en  K reide n a tr iu m b ik a rb o n a tis c h  u n d  e n th a lte n  d a h e r  b e t r ä c h t 
lic h e  Q u a n te n  von  N a . A u ch  in diesem F a ll  is t  es sehr w ah rsch e in lich , dass 
d ie  A n re ich eru n g  d er E ru p tiv g e s te in e  d u rch  A lk a lien  sekundär e rfo lg te , u . zw. 
b e im  E in d rin g en  des M agm as in  die w asse rfü h re n d en  G esteine, h ie r  also 
in  d ie  n a tr iu m b ik a rb o n a tis c h e  Zone. In  e in ig en  E ru p tiv g es te in en  B ö h m en s 
w u rd e n  verkoh lte  o rg an isch e  R ü ck stän d e  u n d  A sp h a lt gefunden , w as diese 
A n s ic h t b e s tä tig t.

B IB L IO G R A P H IE

1. A h l f e l d , F .: Ü ber d ie  B ild u n g  von S c h w e fe llag e rs tä tten . Chemie d e r E rd e ,  1933/34 .
2. A l l e n , E . T ., Gr e n s h a w , S. H . u . a.: The m in e ra l su lp h id es o f iron . A m er. J o u r .  Sei.

33, 1912.
3. A n d r d s o y , N.: G uide des E x cu rs io n s d u  V II . C ongrès In te rn a tio n a l. 29. 1891.
4. B a d e r , E .: V a n ad iu m  in  o rg anogenen  S ed im en ten . Z en tra lb l. f. M in., G eol. u  P a l .,

19 3 7 , A.
5. B a i n , H . F .: The lea d  a n d  z inc  deposits o f  th e  O zarc  Region. T ran s . A m . In s . M in.

M et. 22 . 1892.
6. B a s t in , E . S.: T he p ro b le m  o f  th e  n a tu ra l r e d u c t io n  o f  su lphates. B ull. A m er. A ssoc.

o f  P e tro l. Geol., 10 , 12. 1926.
7. B e r g , G.: Die B ild u n g  v o n  Schw efel in G ips. Z e itsc h r. p ra k t. Geol., 1917.
8. B e y e r in c k , M. W .: Ü b e r  S p irillu m  desu lfu ricans a ls  U rsache von S u lp h a t-R e d u k tio n .

Z e n tra lb l.  f. p ra k t.  B a k t . ,  A b t. I I .  1, 1895.
9. C is s a r z , A. u n d  M o r itz , H .:  U n te rsu ch u n g en  ü b e r  d ie  M etallverteilung  in  M an sfe ld er

H o c h o fen p ro d u k te n  u . ih re  geochem ische B e d e u tu n g . M eta llw irtsch aft, 12 , 1933.
10. Cl a r k e , F . W .: T he d a ta  o f  geochem istry . W a s h in g to n  1924.
11. D e l d e n , A.: B e itrag  z u r  K e n n tn is  der S u lp h a tre d u c tio n  du rch  B ak te rien . Z e n tra lb l .  f.

B a k t . ,  A bt. I I .  11, 1903— 1904.
12. E l l io n , L.: A th e rm o p h y lic  su lp h a te -red u c in g  b a c te r iu m . Z entralb l. f. B a k t . ,  A b t.

II. 63, 1924—1925.
13. F e r s m a n ,  A. E .: G eochem ische  M igration de r E le m e n te  ; Teil I I . ,  H alle  1930.
14. Ga h l , R . u n d  A n d e r so n , B .: S u lp h a te -red u c in g  b a c te r ia  in  oil-field w a ters  o f  C a lifo rn ia .

Z e n tra lb l .  f. B a k t. ,  1928,
15. G e r m a n o w , A. I.: О возможном участии подземных вод в гидротермальном рудообразо-

в ан и и . Isw . A kad . N a u k  SS SR , ser. geol. 1953, N o . 6.
16. G in s b u r g -K a ra g icev a , T. К . :  M icroflora o f oil w a te rs  a n d  o il-bearing fo rm a tio n s  a n d

b io ch e m . processes cau sed  b y  i t .  B ull. A m er. A ssoc , o f  Pe tro l. Geol. 17, 1933.
17. G in s b u r g -K a rag icev a , T. L .  u n d  R odionova , K . : B e itra g  zu r K en n tn is  d e r im  T ie f

seesch lam m  s ta ttf in d e n d e n  b iochem . Prozesse. B io ch em . Z tg. 5, 1935.
18. G o t t , G. B. and  H il l , J .  V .: R a d io a c tiv ity  in  som e oil fie lds o f S o u th e as te rn  K a n sa s .

U S  Geol. S urvey  B u ll., 988 , E . 1953.
19. H e n s e l , J .  u. a.: B a ln e o g ra fia  Slovenska. SAV B ra tis la v a  1951.
20. H ö f e r , H .: D as E rd ö l u . se ine  V erw and ten . 1912.
21. H u n t , W .: The orig in  o f  th e  su lp h u r  deposits o f  S ic ily . E con . Geol., 1915.
22. I s a c e n k o , B.: Sur la  fe rm e n ta t io n  S u lfh y d riq u e  d a n s  la  Mer N oire. C om pt. R e n d .

(P a r is ) ,  178, 1924.
23. J e n n e y , W . P .: T he c h e m is try  o f  ore deposition . T ra n s . A m er. In s t. M in. E n g ., 33 , 1903.
24. K a l iz k i , К .: Нефтяное месторождение Шор-Су и Каннис-Баши. Geol. K o m .

L e n in g ra d  1915.



D IE ROLLE D E R  Ö LFELD W Ä SSE R 477

25. L e u t w e in , F .: G eochem ische U n te rsu ch u n g en  an  A la u n  u . K ieselschiefern T h ü r in g e n s .
A rch iv  f. L ag e rs tä tten fo rsch u n g . H . 82, 1951.

26. L in d t r o p , N . T .: Нефтяыные воды района Новый Грозный. N eft. Chosj. 6 , 1925 .
27. L in d t r o p , N . T .: O u tlin e  o f w ater p ro b lem s in  th e  N ew  G rozny j Oil Field , R u ss ia . B u ll.

A m er. Assoc, o f  P e tro l. Geol., 11, 1927.
28. M e y e r , L .: C hem ische U n te rsu ch u n g  d e r  T h erm en  zu  L an d e ck  usw . J . p ra k t.  C h e m .,

91, 1864.
29. M ic h l e r , 0 . :  W ie a l t  is t  de r K a rlsb ad e r S p ru d e l?  S ch lägel u . E isen , 1937.
30. M il l s , R . A. a n d  W e l l s , R . C.: The e v a p o ra tio n  a n d  c o n c e n tra tio n  o f w aters a sso c ia te s

w ith  p e tro leu m  a n d  n a tu ra l  gas. US Geol. S u rv . B u ll. ,  693, 1919.
31. M u r r a y , J .  an d  I r v in , R .: On th e  ch em ica l changes w h ich  ta k e  p lace in  th e  co m p o s itio n

o f  w a te r  a sso c ia ted  w ith  b lue  m ud  on  th e  floor o f  th e  O cean . T rans. R oyal Soc. E d in b .  
37, 1895.

32. Ow t s c h in n ik o w , A. M.: Минеральные воды. M oskau-—L en in g rad  1947.
33. R a nkam a , K ., a n d  Sa ham a , T h : G eo ch em istry . C hicago 1950.
34. R e n ic k , В. C.: Som e geochem ical re la tio n s  o f G ro u n d  w a te r  a n d  associated  G as in  th e

L ance  F o rm a tio n , M o n tan a ., Jo u r. Geol. 1924.
35. R o g ers , G. S.: T h e  Sunset-M idw ay o il-fie ld , C alif. U . S. Geol. Surv. P ro f. P a p e r ,

117. 1919.
36. Sa u k o w , А. А .: Геохимия ртути. M oskau , 1946.
37. Sauk o w  А. А. Геохимия. M oskau 1951.
38. S e k a n in a , J .:  M o rav sk á  síra  a  n e ro sty  s n i  sd ru zen é . Z p r. kom . n a  p rír. véd . p rű z k u m

M oravy , odd . m in e ra lo g ., c. 6, B rn o . 1935.
39. S c h n a b e l , Б .: Geologie M oravy I . ,  P ra h a  1928.
40. S ie b e n t h a l , C. F .: O rig in  o f th e  zinc a n d  lead  d e p o sits  o f  th e  Jo p lin  Region. U S G eol.

S urv . B u ll., 606 , 1915.
41. St o c es , B.: N e ro stn é  su ro v in y , I .— I I .  O s tra v a  1947.
42. St u t z e r , О.: D ie w ich tig sten  L a g e rs tä t te n  de r N ic h t-E rz e . 1911.
4 3 . S u l i n , У .  А . :  Воды нефтяных месторождений в системе природных вод. M o s k a u  1 9 4 6 .
44. Szá d eczk y -K a r d o ss , É .: Die H a u p tty p e n  des a r te s isc h e n  W assers der U n g a risc h e n

G rossen T ie fb en e . H idro lóg ia i K ö z löny , 1941.
45. Szá d eczk y -K a r d o ss , E .: Die M igration  d e r  chem ischen  E lem en te . A cta  Geologica A cad .

Sei. H u n g a ricae , 2, 1953.
46. T h ie l e , G. A .: E x p e rim en ts  bearing  on  th e  b io ch em ica l re d u c tio n  of su lp h a te  w a te rs .

E con . Geol. 25, 1930.
47. T r e ib s , A.: Ü b e r d as V orkom m en von  C lo ro p h y lld e riv a te n  in  einem  Ölschiefer a u s  d e r

ob eren  T ria s  ( I I .  M itt) . A nn. C hem ., 5 09 , B erlin  1934.
48. T r e ib s , A.: C h lo rophy ll- u. H ä m in d e riv a te  in  b i tu m in ö se n  G esteinen, E rd ö len , E r d 

w achsen u . A sp h a lten  ( I I I .  M itt.) , A n n . C hem ., 510. B erlin . 1934.
49. T r e ib s , A.: C hlorophy ll- u . H äm in d e riv a te  im  b itu m in ö se n  G esteinen, E rd ö len , K o h le n ,

P h o sp o riten  (IV . M itt.) . A nn. C hem ., 517, B erlin . 1937.
50. U k lo n sk y , А. С.: Месторождение Шор— Су. Taschkent 1928.
51. U s in s k y , N . G.: T h e  problem  o f o rig in  o f  su lp h u ra te d  h y d ro g en  on the  co as t o f  th e

C asp ian  Sea. A zerb . N eft. C hosj., 1926,.
52. V in o g ra d o v , A. P .: Biogeo chem ical re sea rch  in  th e  SSSR . N a tu re , 1951.
53. Z y k a , V.: H ydrogeochem ische  Zonen in  M itte leu ro p a  ; A c ta  Geologica. 4, 1957.
54. Z y k a , V.: G eochem ie m ineráln ích  vod  v  o b la s ti S a fa rik o v o — Lucenec—L evice . G eolog .

z p ráv y , Slov. A k ad . v ied . B ra tis lav a  1955.
55. Zy k a , V. u n d  I u r á n e k , J .:  P rispévek  k e  geochem ii m in e rá ln ích  vod záp. a se v e ro z á p .

é á s ti P reso v sk ch o  k ra je . P ráce  V Ú N . P ra h a  1956.
56. Zyka, V.: K rit ic k ÿ  poh led  na  s tá v a jíc í n á zo ry  n a  v z n ik  západoéeskych  zrídel m in e ra l-

n ích  vod. C asopis VSB, O strav a  1957.

R O L E  O F O IL  F I E L D  W A T E R S IN  T H E  A C C U M U L A T IO N  AN D  D IS T R IB U T IO N
O F C H E M IC A L  E L E M E N T S  

V. zyka 
Abstract

T he w aters  o f  oil fields are a r a th e r  im p o r ta n t  geo ch em ical factor. T heir re d u c in g  
e n v iro n m en t as well as th e ir  p ecu liar p ro p e rtie s  im p lied  th e  a cc u m u la tio n  of enorm ous q u a n t i 
tie s  o f va rio u s su b s tan ces . I t  could be a sc e rta in e d  th a t  th e  ro le  o f  oil field  w aters in  th e  a c c u 
m u la tio n  and  d is tr ib u tio n  o f  various chem ical e lem en ts  is  c o n sid e rab ly  m ore im p o r ta n t  th a n  
i t  w as p resum ed  u p  to  now . T heir existence in  its e lf  is c h a ra c te riz e d  b y  th e  a cc u m u la tio n  o f
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a  co n sid erab le  q u a n ti ty  o f  e lem en ts, e. g . N a , K , C l, B r , J ,  B, Sr, R a , U , У  e tc .  T h e  red u cin g  
m e d iu m  o f oil fie ld  w a te rs  b ro u g h t ab o u t th e  a cc u m u la tio n  o f p y rite  in  th e  su rro u n d in g  
ro c k s . I t  is m o st lik e ly  t h a t  i t  was th e  h y d ro g e n  su lf id e  o f th e  oil fie ld  w a te rs  t h a t  in  m an y  
c ases  b ro u g h t a b o u t th e  fo rm a tio n  o f  p o ly m e ta llic  o re  deposits, considered  u p  to  now  as 
h a v in g  a h y d ro th e rm a l o rig in . T he sam e can  be c o n te n d e d  also in connection  w ith  m a n y  deposits 
o f  se d im e n ta ry  ores. T h e  ig n eo u s rocks, co n sp icu o u s am o n g  th e  o th ers  b y  th e ir  h ig h  co n te n t 
o f  a lk a li  e lem en ts, in  som e cases m ay  hav e  o b ta in e d  th e  bu lk  o f th e ir  a lk a li e lem en ts  fro m  
th e  oil w a te rs . T h is re fe rs  ab o v e  all to  sod ium . T h e  m ix in g  of oil w aters o f  th e  so d iu m  b ic a r
b o n a te  ty p e  w ith  w a te rs  co n ta in in g  calcium  su lfa te  in  m any  coun tries o f  C e n tra l E u ro p e  
b r o u g h t  ab o u t th e  fo rm a tio n  o f  enorm ous m asses o f  tra v e r tin e .

U n d er a d e q u a te  c lim a tic  conditions m ig ra t in g  oil w aters deposited  in  th e  v ic in ity  o f  
th e  su p e rfic ia l lay e rs  o f  rocks r ich  in  calcium  s u lfa te  larg e  qu an titie s  o f so d iu m  su lfa te .

T he overw h elm in g  m a jo r i ty  o f th e  k n o w n  su lfu r  deposits owes i ts  o rig in  to  th e  p ro 
cesses o f  th e  b iogenic  re d u c tio n  o f su lfa tes, ta k in g  p lac e  in oil w aters.

C onsequen tly  fro m  th e  w aters in  q u e s tio n  th e re  a re  p roduced  io d in e , b ro m in e  a n d  
s e v e ra l  o th e r  c o n s titu e n ts  o f oil w aters ; from  th e  ra w  m ate ria ls , th e  dep o sits  o f  w h ich  w ere 
fo rm e d  d irec tly  b y  oil f ie ld  w a te rs , th e re  a re  p ro d u c e d  su lfu r and o th e r c o n s t itu e n ts . Sodium  
s u lf a te ,  deposited  b y  w a teçs in  th e  se d im e n ta ry  ro c k s , is n o t exp lo ited , in s te a d  o f  i t  in  su ch  
o ccu ren ces  th e re  a re  p ro d u c ed  so-called b i t te r  o r  G la u b e r  sa lt w aters. T he p o ss ib ility  is n o t  
e x c lu d e d  th a t  m a n y  o re  dep o sits  ex p lo ited  a t  p re se n t  in a certa in  sense a lso re p re se n t 
p ro d u c ts  o f th e  oil fie ld  w a te rs .

Р О Л Ь  Н Е Ф Т Я Н Ы Х  В О Д  В П Р О Ц Е С С А Х  А К К У М У Л Я Ц И И  И Р А С С Е Я Н И Я  
Х И М И Ч Е С К И Х  Э Л Е М Е Н Т О В

В .  З Ы К А

Резюме

Нефтяные воды являются прекрасным геологическим фактором. Своей восста
новительной средой, равно как и своими свойствами они вызвали накопление громадного 
количества различных материалов. Оказывается, что значение нефтяных вод в процессах 
аккумуляции и рассеянии химических элементов гораздо больше, чем полагалось до сих 
пор. Одно лишь существование нефтяных вод отличается накоплением целого ряда эле
ментов, в том числе N a, К , Cl, J ,  Br, В , V, R a , U , S r и др. Сильно восстановительная среда 
нефтяных вод вызвала накопление пирита в окружающих горных породах. Сероводород 
нефтяных вод был, по всей вероятности, в ряде случаев причиной возникновения поли
металлических месторождений руд, у которых до сих пор предполагалось гидротермаль
ное происхождение. Это же самое можно утверждать и о многих месторождениях осадоч
ных руд. Богатые алкалическими элементами изверженные горные породы могли, в свою 
очередь, в некоторых случаях принять большинство алкалических элементов из нефтя
ных вод. Это касается в первую очередь натрия. Смешение нефтяных вод натриево-бикар- 
бонатного типа с кальциево-сульфатными водами привело в многих государствах средней 
Европы и в других местах к созданию громадных масс травертина.

При подходящих климатических условиях мигрирующие нефтяные воды вблизи 
поверхностных слоев горных пород, богатых сернокислым кальцием, осадили громадные 
массы сернокислого натрия.

Подавляющее большинство известных в настоящее время залежей серы обязано 
своим существованием процессам биогенной редукции сульфатов, происходящей в нефтя
ных водах.

Следовательно, предмет промысловой добычи составляют : иод, бром и другие 
составные части нефтяных вод ; из сырья, возникновение залежей которого непосред
ственно обусловлено нефтяными водами посредством траЕертинов, -— сера и т. п. Серно
кислый натрий, осажденный водами в осадочных горных породах, не добывается, но зато 
в этих местах добываются т. н. горькие или глауберовые воды. Не исключается и возмож
ность, что многие добываемые рудные залежи в известном смысле слова представляют 
собой также продукт нефтяных вод.
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