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TWENTY YEARS
OF THE LABORATORY FOR GEOCHEMICAL RESEARCH 

OF THE HUNGARIAN ACADEMY OF SCIENCES
By

E. S z á d e c z k y - K a r d o s s

HUNGARIAN ACADEMY OF SCIENCES, LABORATORY FOR GEOCHEMICAL RESEARCH, BUDAPEST

T he R esearch  L a b o ra to ry  for G eochem istry  of th e  H u n g a rian  A cad em y  of 
Sciences was founded  in  1955 to  p ro m o te  th e  resea rch  of m ineral beds on  th e  basis of 
th e  in v estiga tion  of m ig ra tio n  of the  e lem ents. A t th e  beg inn ing  th e  in v e s tig a tio n  were 
carried  o u t to g e th e r w ith  th e  D e p a rtm en ts  fo r M in era lo g y -P e tro lo g y  a n d  P e tro lo g y -  
G eochem istry  o f th e  E ö tv ö s  L o rán d  U n iv e rsity  be ing  u n d e r com m on d irec tio n  an d  of 
com m on eq u ip m en ts . W hile th e  s ta f f  nu m b er has increased  to 26 p e rso n s, th e  u n iv e r
s ity  and  academ ic in s t i tu t io n s  were g radually  se p a ra ted . In  th e  f irs t p e rio d  th e  in v es ti
g a tio n s were re s tr ic te d  to  classical ro ck -an a ly tica l an d  sp ec tro g rap h ic  tra c e  e lem ent 
d e te rm in a tio n s  as well as to  m icroscopic m eth o d s. L a te r  these  were e n la rg ed  b y  the  
h igh -p ressu re  ex p e rim e n ta l m odelling , X -ray  d iffrac to m e tric  and m ic ro p ro b e  m ethods 
as well as organic chem ical a n d  m icrobiological m eth o d s.

T he re su lts  o f th e  f ir s t  tw e n ty  y ears o f ou r lab o ra to ry  can be su m m ariz ed  as 
follow s:

1. The d e te rm in a tio n  of th e  p re ssu re -te m p era tu re  p a ram é tré s  o f th e  tra n s fo r
m atio n  phases (m in eral facies) o f m etam o rp h ic  rocks has been im proved  w hich  h a d  been 
deduced  f irs t on a w orld  scale ju s t  before t he fo u n d a tio n  of th e  lab o ra to ry  (1949 1950).
T he g rad u al a cc u m u la tio n  of trac e  e lem en ts o f  coal rocks du rin g  co a lifica tio n  resp . as a 
re su lt of vo latile  release w as d em o n s tra ted . T he bog-zonal system  of b ro w n  coals was 
e lab o ra ted  and w as in tro d u c ed  for m anysided  p ra c tic a l purposes. T he orig in  o f th e  coal 
in g red ien t d iscovered  d u rin g  prev ious in v es tig a tio n s  was also d e te rm in ed . T o d e te rm in e  
th e  d iagenetic  degree o f t ra n s fo rm a tio n  of th e  sed im e n ta ry  rocks the  re flex io n  cap acity  
o f v itr in ite  gra ins was a d a p te d . A pplying new  princip les th e  m ap of m etam o rp h ic  
rocks resp. the  b a se m e n t o f th e  C arp ath o —B a lk a n -D in a rid e  area  w as in it ia te d  and 
e lab o ra ted  in in te rn a tio n a l  co o p era tio n . Several m ineral facies u n k n o w n  till now  in 
H u n g ary  were also d e te rm in e d .

2. The m ain  g en etic  g roups of the  v o la tile -r ich  igneous rocks w ere d e te rm in ed  
co m ple ting  in th is  w ay th e  sy s tem  of igneous rocks. T he facto rs of in te r re la tio n  betw een 
th e  igneous and se d im e n ta ry  rocks as well as th e  th eo re tic a l sequence an d  d irec tio n  of the 
e lem en t m ig ra tion  d u rin g  tran sv a p o riz a tio n  were also d e te rm in ed . T he d iffe re n t origin 
o f th e  tw o su rfic ia l g ra n ite  occurrences of H u n g a ry  and  th e  in ig in a titic  re la tio n s  of 
th e  g ran ite  of M ecsek M o u n ta in s were d e m o n s tra ted . A m ong th e  n a tio n a l a n d  in te rn a 
tio n a l ap p lica tio n  o f o u r sy s te m a tiz a tio n  of igneous rocks th e  m o n o g rap h s on  th e  N orth  
M á tra , B örzsöny an d  T o k a j M o u n ta in s a re  w o rth y  of m en tio n . T he in te ra rc  basin  
m echan ism  was d e m o n s tra te d  f irs t  on a world scale on th e  basis of cyclic  m ig ra tio n  of 
v o la tile s  ap p ly in g  th e  C a rp a th ia n  B asin as an  ex am p le . To th ro w  lig h t upo n  th e  d y n a 
m ism  of p la te  tec to n ic s  th e  idea of th e  lu b ric an t-lik e  v o la tile  a cc u m u la tio n  deriv ing  
from  the  su b d u c ted  se d im e n ts  has been in tro d u ced  to  ch arac te rize  th e  u p p e r  b o u n d ary  
of th e  asthenosphere .

3. D uring  th e  h ig h -p ressu re  ro ck -tran sfo rm in g  ex p erim en t th e  m ec h an ic a l and 
v o la tile s  p ressure  have  been  m easu red  s im u ltan eo u s ly  by  ap p ly in g  new  tec h n iq u es . 
T he tran sfo rm a tio n  of o u r  s ta n d a rd  rocks were ch ara c te riz ed  in fu n c tio n  o f p ressure , 
te m p e ra tu re  and tim e. T h e  d e te rm in a tio n  of th e  new phases developed as a re su lt  of the  
tran s fo rm a tio n  of rock -g lass, k ao lin ite  and  m o n tm o rillo n ite  p roduced  also n um erous 
resu lts . T he m odelling  o f th e  p rim itiv e  te rre s tr ia l a tm o sp h e re , o f th e  p r im itiv e  h y d ro s
phere, of the  e a r th ’s c ru st a n d  of th e ir  in te rre la tio n  is in progress.

1 A d a  Geologien Acadeniiae Sciential H ungaricae 10, 10 ?.'»
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4. The tea m  o f X - r a y  d iffrac to m e try  e la b o ra te d  th e  new  m eth o d  fo r th e  q u a n 
t i t a t iv e  d e te rm in a tio n  o f  t h e  am o rp h o u s p h ases. S ta r t in g  from  th e  d e ta iled  in v es tig a tio n  
o f  th e  n a tio n a l a n d  fo re ig n  b a u x ite s  from  th e  p o in ts  o f  v iew  of m in era lo g y , ch em is try , 
geo logy  and  genetics th e  m o n o g rap h  on k a r s t  b a u x ite s  o f  th e  E a r th  w as co m p le ted . 
T o  de te rm in e  th e  c ry s ta l l in i ty  degree of k a o lin ite  a  new  d iffrac to m e tric  m eth o d  was 
developed .

5. The s ta ff  fo r m ic ro b io lo g y  m an y sid ed ly  u til iz e d  th e  m ethods of m icrob io log ical 
a c t iv a t io n  in  th e  f ie ld  o f  b o th  th e  h y d ro c a rb o n  p ro d u c tio n  and  th e  o re  en rich m en t. 
B a se d  on m icrob io log ica l an o m alies  th e  m e th o d o lo g y  o f h y d ro carb o n  re sea rch  h as been 
dev elo p ed . The s ta f f  fo r  o rg a n ic  geochem istry  th re w  lig h t u p o n  source ro ck  prob lem s 
o f th e  g rea tes t h y d ro c a rb o n  occurrence of H u n g a ry .

6. The s ta f f  o f m ic ro p ro b e  e lab o ra ted  a new  m e th o d  to  in v es tig a te  th e  te x tu re  of 
b a u x ite s . N um erous n ew  c o m p o n en ts  of th e  H u n g a r ia n  g ran ite s  as w ell as th e ir  ra re  
e a r th  e lem ent d is tr ib u tio n  h a s  been d e te rm in ed . O n th e  basis o f th e  d e te rm in a tio n  of the  
p a ra m é tré s  of co genetic  m in e ra l p a irs  d a ta  w ere  p ro v id ed  on th e  fo rm a tio n  o f d ep th . 
T h e  so lu tion  of n u m ero u s  p ra c tic a l and  th e o re tic a l p ro b lem s were carried  o u t m o stly  on 
e x te rn a l  requests.

O ur L a b o ra to ry  p la y e d  governing ro le in  th e  w orks o f th e  conferences on the  
“ E a r th ’s M aterial a n d  E n e rg y  F low s”  o rgan ized  b y  th e  H u n g a rian  A cadem y o f Sciences. 
O n e  of th e  resu lts  is th e  d isco v ery  of th e  u n iv e rsa l law  of cyclicity . S im ilar govern in g  role 
w as exerted  in th e  I n te rn a tio n a l  B au x ite  C o o p e ra tio n , in  th e  w orks o f th e  C a rp a th o -  
B a lk a n  A ssociation  o f  th e  In te rn a tio n a l  G eological C ongress, in  th e  H u n g a ria n  C om m it
te e  o f th e  Com m ission on  G eodynam ics as w ell as in  th e  w orks of th e  C om m ittee  on Coal 
P e tro lo g y .

I. Principles o f  organization and development

T h e  es tab lishm en t a n d  h is to ry  of th e  la b o ra to ry  are in sep arab le  from  
th e  f u n d a m e n ta l  t r a n s f o r m a t io n  of science in H u n g a ry  af te r  th e  L ib e ra t io n .  
T h e  reco n s tru c t io n  o f  th e  c o u n t r y ’s econom y re q u ire d  a rap id  increase  of  the  
n u m b e r  of  experts  a n d  d u r in g  several yea rs  th is  has  m ult ip l ied  th e  n u m b e r  
a n d  t a s k s  of  un iversity  ch a ir s .  Thus, specialized in s t i tu t io n s  were e s tab lished  
to e n h a n c e  scientific re se a rc h  to  th e  benefi t  o f  th e  g radua lly  progress ing  n a 
t io n a l  econom y. A m ong  o th e r s  in the  f ram e  o f  th e  H u n g a r ian  A c a d e m y  of 
Sciences reorganized in  1949 the  G eochemical R esearch  L a b o ra to ry  was 
e s ta b l ish e d  on the in i t ia t iv e  of  the  au thor .

N o ready-m ade  m ode l  for e labora ting  th e  basic  principles o f  th e  new 
in s t i tu t io n  was available . T h e  geochemical re sea rch  organizations of  th e  Soviet 
U n ion  h a d  been deve loped  so as to  solve ta sk s  of  con t in en ta l  size. T he  similar 
in s t i tu t io n s  of the  sm alle r  W e s t -E u ro p e an  c o u n tr ie s ,  on the  o th e r  h an d ,  had  
specia lized  themselves to  in v es t ig a te  re s tr ic ted  scientific  problem s. O ur ta sk  
was to  p ro m o te  the  re se a rc h  on  the  mineral resou rces  of H u n g a ry  on th e  basis 
o f  th e  new  perspectives o f  geochem istry . B ased  on th e  fac t t h a t  th e  m ineral 
dep o s i ts  o f  commercial v a lu e  are found in th e  rocks ch arac ter ized  b y  the  
a c c u m u la t io n  of an e le m e n t  o r  e lement g roup  we envisaged the investigation  
o f  the m igration o f  elem ents  b o th  in general a n d  u n d e r  the  special na t io n a l  
c o n d i t io n s  of this co u n try .

A ccording to ou r  p rev io u s  investiga tions th e  com plex  d y n a m ism  of the  
m ig ra t io n  processes w as k n o w n  to be co nnec ted  m ostly  w ith  th e  m ig ra t ion  
of  vo la t i le s .  On the  o th e r  h a n d ,  the ir  com plex ity ,  however, requires to  search

Acta Geologien Academiae Scientiarum  Hungaricae 19, 1975
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for re la t ions  be tw een  th e  w ide-ranging  geological processes. W e h a v e  been 
conscious of the  fac t  t h a t  a n y  know ledge concern ing  the  fo rm ation  o f  rocks 
an d  ores, and  in general th e  evo lu tion  of  th e  E a r th  are based on th e  s t a t i c  d a ta  
of  t h e  ne ighbourhood  of th e  solid land  surface a n d  can be re s tr ic ted ly  app lied .  
T he  effic ient w idening o f know ledge, the re fo re ,  u rged  for new m e th o d s  and  
a fu n d a m e n ta l ly  dynam ic  and  com plex  a p p ro a c h  instead of th e  fo rm e r  and  
rou tine - l ike  m e thods  and  of th e  m a in ly  s ta t ic  app roach . Thus, th e  t r ip l ic a te  
pr inc ip le  of  th e  geochemical m igra t ion , o f  th e  a c t iv a t in g  role of vo la t i le s  and  
of t h e  com plex ity  of  p h en o m en a  becam e th e  guiding principle in t h e  work 
of o u r  lab o ra to ry .  C onsequently , th e  w ork  could  also reflect th e  ev o lu t io n  
to w a rd s  th e  ju n c t io n  of e a r th  sciences. W e experienced  th a t  th e  d ia lec t ic s  of 
th e  com plex  research a n d  of th e  essen tia ly  opposed c o n cen tra t io n  to  th e  
p r inc ipa l  p roblem  is n o t  an  unrealizab le  ta sk .  This  could be g ra d u a l ly  dev e l
oped  a n d  realized b y  special m ethods .

To achieve th e  o p t im u m  in th e  a c t iv i ty  of  th e  labo ra to ry  r e q u i r e d  f irst 
o f  all a n a tu ra l  model, l a b o ra to ry  m easu rem en ts  and theore tica l b a se s .  The 
M á tr a  M ounta ins  p roved  to  be th e  geological model where th e  m ig ra t io n  
p h e n o m e n a  connected  w ith  th e  fo rm a tio n  of  t h e  m ost im p o r ta n t  m in e ra l  raw 
m a te r ia ls  of th e  co u n try ,  i.e. of (brown) coal, h y d ro th e rm a l  ore d ep o s i ts  and 
h y d ro c a rb o n s ,  could he observed  in th e i r  in te rac t ions .  In  add i t io n  r e su l ts  for 
th e  f u r th e r  explora tion  of  th e  area  was prom ising .

U n d e r  th e  economic conditions of  t h a t  t im e  th e  lab o ra to ry  in v e s t ig a t io n s  
were  s ta r te d  b y  ob ta in ing  th e  “ classical”  p e trochem ical  and p o la r iza t io n  m icro
scopic im plem ents  and spec trog raph ,  to g e th e r  w ith  the U n iv e rs i ty ’s D e p a r t 
m e n t  o f  M ineralogy an d  P e tro logy . T he  th i r d  base  of our research  w o rk  has 
b een  th e  theo re t ica l  w ork  s ta r t in g  from  th e  new  perspectives of  g e o c h e m is try  
m e n tio n e d  above. The scientific  bases of  th e  theore t ica l  perspectives w ere  given 
in th e  hook  “ G eokém ia”  (Geochem istry*) pub lished  in the  y ea r  o f  t h e  la b o ra 
t o r y ’s e s tab lishm en t and  in th e  book  “ S z é n k ő z e t ta n ”  (Coal p e tro lo g y )  p u b 
lished  th ree  years  earlier b y  th e  au th o r .

Seeking to  develop a basica lly  new  research  style and a sp e c t ,  n o t  the  
q u a n t i t a t iv e  deve lopm en t of  researchers  a n d  rou t in e  in s t ru m e n ts  b u t  th e ir  
q u a l i ty  assuring th e  p rag m a tic  aspec t  dev e lo p m en t  was em phas ized .  In  the  
f i r s t  yea rs  o f  its existence the  L a b o ra to ry  had  only four em ployees inc lud ing  
tw o  specialized s ta f f  sc ientists .  F ru i t fu l  w ork  was assured b y  th e  c losest co
o p e ra t io n  w ith  th e  U n iv e rs i ty ’s M ineralogy a n d  Pe tro logy  D e p a r tm e n t  which 
was housed  in th e  same place and  led, too  b y  myself. W ith  th e  U n iv e r s i t y ’s 
s t a f f  a n d  s tu d en ts  theses dev o ted  to  ce r ta in  areas of the M á t ra  M ou n ta in s  
were  e labora ted .

* T he p u b lica tio n  of “ G eokém ia”  in a  lan g u ag e  spoken  a ll over th e  w o rld  h a d  to  he 
p o stp o n e d  ju s t  because of th e  ta sk s  t h a t  w ere to  be so lved. P a rtia l t ra n s la tio n s  a re  av a ilab le , 
h o w ev er, in  th e  Soviet U n ion  an d  in  th e  G erm an  D em o cra tic  R epublic.
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D uring  a decad e  th e  s ta ff  of the  L a b o r a to r y  was enlarged to  s ix teen  
em ployees inc lud ing  e igh t  s ta f f  scientists a n d  th e  annua l  b u d g e t  a m o u n te d  
to  a b o u t  one million F o r in ts .  By the  end o f  t h e  20 th  year the  s ta f f  consis ted  
o f  26 persons inc lu d in g  tw e lv e  research w o rk e rs ,  th e  annual bud g e t  a m o u n te d  
to  a b o u t  1.9 million F o r in ts .  The deve lopm ent o f  s t a f f  and budget was re s tra in ed  
b y  th e  lack of in d e p e n d e n t  headquarte rs .

W ith in  th e  f ra m e  of th is  jubilee c o m m e m o ra t io n  only a schem atic  v iew  
can  he outlined  o f t h e  tw e n ty  years and re su l ts  o f  ou r  labora to ry . H e re in a f te r ,  
th e re fo re ,  the  sk e tc h  will be  divided in to  s ix  research  directions (C hap ters  
I I  —V II ) .  The re su lts  will he  concen tra ted  a r o u n d  each m ethod, resp . a round  
th e  w ork  of th e  in d iv id u a l  them atica l  or l a b o r a to r y  sectors.

II. Coal petrology, m etam orphism , spectrography

The m ig ra t ion  o f  e lem en ts  can best be fo llow ed in the processes of  m e ta -  
m orp li ism  proceed ing  d u r in g  th e  g radual re lease  of  the  volatiles o f  rocks of 
h igh  volati le  c o n te n t .  I t  was recognized in o u r  earlier  investigations (1949 
1951) t h a t  by  m e a n s  o f  su i tab le  e x t ra p o la t io n  of  th e  p re ssu re - tem p era tu re  
d a t a  o f  coal seam s t h e  p - t  p a ram e te rs  of th e  d i f fe ie n t  m inera l-facies  o f  E s-  
KOLA m a y  he a p p r o x im a te ly  determ ined.

L a te r  the  d irec t  d e te rm in a t io n  of th e  m o re  e x a c t  pressure a n d  t e m p e r a 
t u r e  va lues  of coa lif ica t ion  was also s tud ied  e x p e r im e n ta l ly  (ch ap te r  IV).

M ost of the  c o m p o n e n ts  of the  b row n  coals  f requen t  in H u n g a ry  were 
p re v io u s ly  ch a rac te r ized  in th e  m entioned  S z é n k ő z e t ta n  (Coal-petrology 1952). 
T h e  chem ical c h a ra c te r  o f  th e  melanoresinite  d e te c te d  by  us proved  to  be , how 
ev er ,  u n ce r ta in .  This  w as  e lucidated  in the  L a b o r a to r y  b y  L. Soós in  his d is
s e r t a t io n  for c a n d id a tu re  de te rm in ing  its f lo b a p h e n ic  origin. At the  beg inning , 
on th e  basis of b io logical analogies th is  s u b s ta n c e  was believed to be of  resin 
orig in . B y  m eans o f  lum inenscence  resin d iag n o s t ic s  Soós also d e te rm in ed  
seve ra l  co ns tan t  res in  ho rizons  area in the  E o c e n e  coals of the  P u sz ta v á in -  
O rosz lány . L. Soós a d a p te d  th e  foreign m e th o d  o f  th e  m easurem ent of  v itr i-  
n i t ic  reflex ion  c a p a c i ty  a n d  th e  sensitive a n d  r a p id  de te rm ina tion  of  th e  ran k  
o f coalif ication . This m e th o d  has considerably  c o n t r ib u te d  to the  in v es t iga t ion  
o f  th e  h y d ro ca rb o n -c o n ta in in g  s t ra ta  of th e  G re a t  H u n g a r ian  Plain.

On th e  basis o f  o u r  coal-petrological in v es t ig a t io n s  the  bog-zoned p a t t e r n  
of T e r t i a r y  b row n coals w as recognized (1952) a n d  th is  resulted  in th e  reg ional 
d e te rm in a t io n  of tech n o lo g ica l  different coal v a r ie t ies ,  the  prognosis o f  coal 
reserves and , co n seq u en t ly ,  th e ir  purposeful ex p lo i ta t io n .  This sy s tem  was 
applied  in practice  to  t h e  Miocene brown coals w id esp read  in N o r th -H u n g a ry  
a n d  th e  classification i t se l f  could  be im proved .

T he  ex p er im en ta l  d e te rm in a t io n  of th e  ro le  o f  various pressure ty p e s  in
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rock  t r a n s fo rm a t io n  (chap te r  IY) resu lted  in th e  e lucidation o f  t h e  m ore 
accu ra te  deep s t ru c tu re  and  geological role o f  th e  m e tam orph ic  rocks  m a k in g  
up  a considerab le  p a r t  o f  th e  c o n t in en ta l  c ru s t .  B ased  on our suggest ion , th e  
C a rp a th o -B a lk a n  Geological A ssociation  decided to  p repa re  the  in te rn a t io n a l  
m ap  of 1 : 1,000,000 scale of th e  m e ta m o rp h i te s  o f  SE -E urope  by  in te rn a t io n a l  
coopera t ion . This ta sk  was up  to  d a te  and  new  even  theore tica lly  since, un like  
th e  u sua l  p rocedure ,  n o t  only th e  m e ta m o rp h ic  grade  (i.e. the  m in e ra l  facies) 
h u t  th e  regional d is tr ibu tion  of  th e  often  m u lt i -p h ase  t ra n s fo rm a t io n  a n d  of 
th e  orig inal rocks was to  ou tl ined . H a v in g  been  e n tru s ted  w ith  t h e  genera l 
ed ito r ia l  w ork  ou r  lab o ra to ry  has  been  responsib le  for  th is  work c a r r ie d  o u t  
in coopera t ion  w ith  g rea t  n u m b e r  of  h u n g a r ia n  a n d  foreign ex p e r ts .  I n  th is  
re spec t  th e  m a jo r  p a r t  o f  th e  co o rd ina ting  a n d  ed ito r ia l  work has b e e n  carr ied  
o u t  b y  P .  Á r k a i , s ta f f  sc ien tis t  and  research  associate  of th e  G eochem ical  
R esea rch  L ab o ra to ry .  The m a p  series is to  be pub lished  in H ungary ' in form  
of an  a t la s  a n d  w ith  exp lana tions  in 1976.

Som e m e tam o rp h i te s  of  th e  C a rp a th ian  B asin  are  inves t iga ted  in  de ta il  
b y  P . Á r k a i . H e has m anaged  to  show t h a t  ce r ta in  Triassic shales o f  t h e  B ü k k  
M oun ta in s  belong  to  th e  rocks o f  p u m pe lley ite  ( lo tr i te )-prehnite  facies. R e c e n t 
ly, to g e th e r  w ith  Gy . P a n t o  a n d  G. N a g y , on th e  basis of the zonal s t r u c tu r e  
of  c ry s ta l  grains  of  th e  ga rn e t  m inera l g roup  d e te rm ined  by  e lec tro n  m ic ro 
p robe inves t iga t ions ,  he could sep a ra te  th e  in d iv idua l  phases o f  polyoneta- 
m o rp h ism , too.

III. Igneous petrogenesis. Petrographie analyses

T h e  o th e r  line of our inves t iga t ions  concerns th e  igneous ro c k s  re la te d  
to  ore m inera liza tion . The C a rp a th ia n  B asin  con ta ins  the h eav ie s t  T e r t ia ry  
vo lcan ism  in E urope  and th e  ore m inera l iza t ion  associated w i th  i t .  These 
p ro b lem s h ave  been s tud ied  in  a com plex  m a n n e r  in the  M átra  M o u n ta in s ,  
from  th e  po in ts  of view o f  chem ical an d  mineralogical com p o s i t io n ,  rock 
t e x tu re ,  volcanology  and  tec ton ic  s t ru c tu re .  In  th e  course of field t r ip s  in the 
M á tra  Mts we recognized t h a t  th e  overw helm ing  m ajo r i ty  of th e se  T e r t ia ry  
vo lcan ic  rocks could no t  be iden tif ied  w ith  th e  “ classical”  rock s y s te m  fo rm erly  
ad o p te d .  Volatile-rich ingred ien ts  t h a t  used  to  he considered as o f  non-igneous 
origin, e.g. chlorite , ca rb o n a te  and  clay  m inera ls ,  are common a n d  o f te n  pre
d o m in a n t  in these rocks. T he  com plex  l a b o ra to ry  experim ents  c a r r ie d  o u t  in 
accordance  w ith  th e  conditions p revailing  in th e  na tu ra l  geological en v iro n 
m e n t  showed th a t  some of th e  vola ti le -r ich  m inerals  had been fo rm e d  before 
th e  com ple tion  of th e  c rys ta ll iza tion  o f  th e  m ag m a , b y  q u as i-co n t in u o u s  crys
ta l l iz a t io n  or recrysta ll ization . C onsequen tly ,  th e  igneous rock classif ica tion  
h ad  to  be widened in ad d it ion  to  th e  classical “ o r th o m a g m a tic ”  ro ck s  the
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g ro u p  of h y p o m a g m a t i te s ,  i.e. the  p ro d u c ts  tu r n e d  in to  vo la ti le -r ich  rocks 
d u r in g  igneous c ry s ta l l iz a t io n ,  and th a t  o f  m c ta m a g m a t i te s ,  i.e. the  p roduc ts  
fo rm e d  b y  su b seq u en t  w a te r  absorption (w ea th e r in g ) .  L a te r  th is  igneous rock  
s y s te m  was deve loped  in  de ta il  in coopera t ion  w i th  G. P anto  a n d  Y. S z é k y - 
F u x .

I n  the  evo lu tion  of  igneous rock ch e m is t ry  th e  significant role of  th e  c o u n 
t r y  ro ck  proved to  he  obv ious .  The factors o f  t h e  in terre la tions, i.e. o f  positive  
a n d  nega tive  t r a n s v a p o r iz a t io n  proceeding b y  m ean s  of volatiles were d e te r 
m in e d  and  the  th e o re t ic a l  sequence of p rocesses w as  recognized. I t  was found  
t h a t  th is  process d ep en d s  on the  c o n c e n tra t io n  of com ponents  (in case *of 
vo la t i le s  on the ir  p a r t i a l  pressure) and on th e  m u lt ip le  bonding  pow er agen ts  
o f  t h e  crystals .  T h e  s im p le  geochemical a v e ra g in g  of this can  be pe rfo rm ed  
on th e  basis of ionic p o te n t ia ls  and of c o m p o u n d  potentia ls  ded u ced  from 
th e m .  I n  th is  w ay  th e  p ropy li t ic  rocks a c c o m p a n y in g  the h y d ro th e rm a l  ores 
w ere  p laced  in a new  l igh t .  The principle o f  t ra n sv a p o r iz a t io n  en h an ced  th e  
e lu c id a t io n  and  ta n g ib le  assessm ent of th e  p ro b le m  of “ c o n ta m in a t io n ”  (i.e. 
igneous  co n tam in a t io n )  w h ich  had  earlier b een  d e l t  with a t large.

To describe m o re  a c c u ra te ly  the  igneous ro c k  th e  microscopic te x tu re -  
a n a ly t ic a l  techn iques  w ere  in troduced . As s h o w n  b y  th is  deve lopm ent a n d  b y  
s im ila r  resu lts  of S ov ie t  volcanologists ,  th e  ro c k  ty p e s  consisting of  th e  m ix tu re  
o f  l a v a  pyroclastics  a re  w idespread .

T h e  new m e th o d  o f  m easuring  lava  flow s m ad e  possible to  de te rm in e  
th e  c e n t r a l  caldera c h a r a c te r  o f  th e  M átra  v o lcan o  a n d  the  connection be tw een  
th e  ca ld e ra  and  th e  m a in  ore m inera liza tion  o f  th is  m oun ta in  (G yöngyös- 
oroszi) .  A t  th e  sam e t im e  th e  m arginal series o f  laccolithes was also recognized 
a n d  t h e  significant ro le  w h ich  the  secondary  m a g m a  cham bers could  h ave  
p la y e d  in  th e  fo rm a t io n  o f  H u n g a ry ’s vo lcan ic  m o u n ta in s ,  was p o in te d  ou t .

T h is  new  a p p ro a c h  w as th e  reason for s e t t in g  to  a re investiga tion  of  the  
v o lc a n ic  m oun ta in s  o f  H u n g a r y .  In  the  so u th e rn  p a r t  of M átra  M oun ta in s  (S á r 
hegy)  a n d  a t  D u n a b o g d á n y ,  investigations w ere  carried  ou t b y  L. P e s t y . 
T h e  igneous  dike sy s te m  o f  N ag y b á to n y  was d esc r ib ed  b y  T. PÓKA. W ith  these  
re su l ts  she ob ta ined  a  M.Sc. degree. The in te rd isc ip l in a ry  results  concern ing  
th e  w h o le  of th e  N o r th  M á t ra  Mountains were  su m m arized  b y  I . K u b o v i c s , 
d e p a r tm e n ta l  re search  a ssoc ia te  of the  D e p a r tm e n t  in his Cand.Sci. d is se r ta 
t io n .  T h e  n o r th e rn  p a r t  o f  th e  Börzsöny M o u n ta in s  was dealt w i th  b y  G y . 
P a n t o  for  his Cand.Sci. d isse r ta t io n  and  i t  w as  also d em o n s tra ted  t h a t  th e  
re la t io n  be tw een  th e  c a ld e ra  s tru c tu re  an d  h y d ro th e rm a l  ore m inera l iza t ion  
is ch a ra c te r is t ic  also o f  th is  m ounta in .  In  b o t h  volcanic  m oun ta in s  in th e  
in i t ia l  p h a se  th e  v o lc a n ism  p en e tra t in g  th e  sti l l  w e t  sediments, p ro d u ced  
h y p o m a g m a t ic  rocks. I n  th e  la te r  phases w h en  t h e  intrusions p e n e t ra te d  a l
r e a d y  d r y  sedim ents o r th o m a g m a t ic  rocks d e v e lo p ed .  The igneous rocks of  th e  
C se rh á t  M ounta ins  fo rm in g  th e  limb of the  M á t r a  volcano were in v e s t ig a te d
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by  T. Р о к а , w ith  a view to th e  new  concepts  and  b y  P. Á rkai  w ith  a d e ta i led  
ex p lan a t io n  of rock  tex tu res .  The re inv es t ig a t io n  of a p a r t  o f  th e  H u n g a r ia n  
b asa lts  was carried  ou t by  L. B o g n á r , again  w ith  th e  new app roach .

These principles were ado p ted  in th e  m onograph  onT e lk ibánya  (Tokaj Mts) 
b y  Professor V. S zÉk y - F и х , th e n  c o l la b o ra to r  o f  th e  a u th o r ,  and  in th e  com plex , 
inves t iga t ion  of  th e  Tokaj M oun ta in s  d irec ted  b y  th e  la te  Professor a c a d e m i
cian  G. P a n t o . T h ey  were also a d o p te d  ab ro ad ,  in métallogénie s tu d ie s  b y  
colleagues in b o th  Germ an R epub lic s ,  in F in lan d  etc.

T he  new  principles and  m e th o d s  developed in  connection  w i th  igneous 
rocks p ro m o te d  th e  genetic ex p la n a t io n  o f  in tru s ive  igneous rocks, e.g. th e  
recognition  of  th e  basically d iffe ren t  ch a ra c te r  o f  th e  tw o H u n g a r ia n  g ra n i te  
occurrences. This problem was o u t l in ed  a t  th e  H u n g a r ia n  Geochem ical Con
ference of 1959. Accordingly, th e  g ran i te  m ass of th e  Velence M o u n ta in s  is 
a h ig h -s i tu a te d  p lu to n ,  the  g ra n i t iz a t io n  in  th e  Mecsek M ounta ins  re p re se n ts  a 
deeper m ig m a ti t ic  level. This recogn it ion  p roved  to  be th e  basis for su b s e q u e n t  
inves t iga t ions  of  these m ou n ta in s  ( G y . B u d a , В. J a n t s k y , etc.).

The inves tiga tions  in to  igneous rocks led to  th e  recognition  o f  th e  e ssen tia l  
geochem ical causes of th e  g rea t- tec to n ic  m ovem en ts .  The fo rm a t io n  o f  th e  
C a rp a th ian  B asin  system was exp la in ed  on th e  basis o f  th e  vo la ti le  c o n te n t  
which de r ived  from  the  se d im e n ta ry  rocks su b d u c ted  along the  fo rm er B e n i o f f  
zones supposed  in th e  two chain  m o u n ta in s ,  i.e. in th e  D inarides a n d  C a r p a th 
ians, and  w hich  reascended in  th e  s u b s t r a tu m  of th e  cen tra l  basin  s y s te m . I t  
was found  th a t ,  th is  ascending b ra n c h  showing d i la ta t io n  divergencies u n d e r  
th e  e a r th ’s c ru s t  (Moho surface) consum es b y  d issolution a t ta c h in g  th e  lower 
p a r t  o f  th e  deep-crus t and fo rm ing  a m a n t le  v a u l t .  A t  the  sam e t im e ,  i t  p ro 
vokes a p a r t ic u la r ly  heavy  vo lcan ism  a n d  associated  ore m in e ra l iza t io n  as 
well as th e  h igh - tem p era tu re  h e a t  f lu x  cha rac te r is t ic  of th is  bas in  sy s te m . This 
model is now  applied  on a w orld-scale  u n d e r  th e  te rm s  “ m an tle  d ia p i re ”  an d  
“ in te ra rc  b a s in ”  in case of s im ilar  geological s t ru c tu re s  to  the  C a rp a th ia n  bas in  
system .

W h en  in th e  sixties, on th e  basis o f  deep-bores exploring th e  c ru s ta l  
s t ru c tu re  o f  ocean floors, th e  p la te - tec to n ic  m odel o f  co n t inen ta l  d r i f t  th e o ry  
was g ra d u a l ly  developed, i t  p ro v e d  to  be a re la t ive ly  easy  ta s k  to  sy n th e t iz e  
b y  m eans  o f  generalizing th e  geochem ical m igra t ion  concept, m a n y  processes 
of  rock a n d  ore form ation , f u r th e r  the  fo rm ation  of  a p a r t  of h y d ro ca rb o n s .  
The cycle o f  volatiles  of th e  sed im en ts  p roved  to  be of world-wide ex tens ion  
an d  could  be applied  to  th e  whole  of b o th  the  Circumpacific  a n d  th e  M edi
te r r a n e a n  belts .*  The series o f  localized tran sfo rm a tio n s  a n d  m e l t in g  of 
d iffe ren t  rock  groups has lead f ina l ly  to  th e  assum ption  of the release o f  vo la ti le

* T h e  period ica l “ O sztá ly k ö z lem én y ek ”  w as s ta r te d  w ith  a  p ap er d e a lin g  w ith  th is  
p ro b lem , u n d e r  th e  nam e “ G eonóm ia és B á n y á sz a t” . T h is period ical is in te n d e d  to  serve 
general e a rth -sc ien tif ic  purposes (C h a p te r  V III) .
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c o n te n t  and of its  a c c u m u la t io n  in th e  igneous p a r t ia l  melt, i.e. in  th e  “ asteno- 
s p h e re ”  a t  a d e p th  o f  80 to  100 kilom etres (“ v a p o r  pillow”  model). In  th is  w ay  
th e  p roblem  of t h e  g loba l  lubrican t of th e  l i th o sp h e re  p la tes  was e lucidated . 
A m o n g  others, th is  m ode l  was verified b y  th e  geochemical inves t iga t ion  of 
oceanic  ridges b y  K . B oström .

The studies c a r r ie d  o u t  in our la b o ra to ry  co n tr ib u ted  to  th e  d e te rm in a 
t io n s  of  the  d ep th  o f  fo rm e r  m agm a ch a m b e rs  b y  m eans of several in d ep en d en t  
m e th o d s  (different geochem ical ra tios , e x p e r im e n ta l ly  de te rm in ed  t e m p e r a 
tu r e  and  pressure v a lu e s ,  directions of dip o f  th e  fo rm er Benioff zones as well 
as th e i r  distances f ro m  th e  volcanoes).

IV. H igh-pressure  h ig h - te m p e ra tn re  modelling

All the  above , h o w ev er ,  were m ere ly  a ssu m p tio n s  deduced  from th e  
t h e o r y  on the  geochem ical potentia l  e x p o u n d e d  in 1952 55 as a genera l
s t a r t in g  point. T he  m o d e ll ing  and s im u la t io n  in de ta il  of abyssal processes 
unaccessib le  to  d i re c t  observa tion  and , in  genera l ,  th e  re liab ili ty  and  exper i
m e n ta l  verification o f  geoscientific s t a te m e n ts  were  still to  be solved.

I n  1960 th e  a u th o r ,  assisted b y  B. S im Ó, e lab o ra ted  th e  principles of th e  
devo la t i l iza t ion  te c h n iq u e s  useful for th e  d if fe ren tia l  m easu rem en t  of volatile  
re lease .  This m e thod  h a s  since found a w ide app lica t ion .  I t  was m a in ly  as an 
ap p rec ia t io n  of these  inves t iga t ions  t h a t  S im Ó o b ta in ed  his Cand. Sc. degree. 
T h is  gave  an im p e tu s  t o  studies on zeolites on  th e  basis of u p - to -d a te  in te r 
n a t io n a l  m ethods b y  E .  P é c si-D o n á t h , w h o  su m m arized  her  results  in a 
d is se r ta t io n  for th e  C a n d .  Sc. degree.

To s tu d y  th e  b e h a v io u r  of volatiles  w i th in  the  rocks requ ired  high- 
p ressu re  and h ig h - te m p e ra tu re  experim en ts .  T h e  p re l im ina ry  experim en ts  
were carr ied  out m a in ly  b y  L. P esty  who, to g e th e r  w ith  B. K u b u r s z k y  and  
la te r  b y  E. T omor, d es ig n ed  then  the  ty p e  of  b o m b  which, in d ep en d en t ly  of 
us, w as  developed u n d e r  th e  nam e “ cold seal t y p e ” in the  Carnegie Geo
p h y s ica l  L ab o ra to ry ,  as  well. The s tab i l iz a t io n  o f  pressure was assured b y  
m e a n s  o f  a special p ressure- increas ing  e q u ip m e n t  designed b y  J .  S c h l a t t n e r . 
L a te r  th e  h igh-pressure  h ig h - tem p era tu re  e x p e r im e n ts  of long d u ra t io n  were 
a u to m a te d  b y  p a r t ly  fo re ign  ins trum ents .

M ost of our in v e s t ig a t io n s  were p e r fo rm e d  w ith  s ta n d a rd ,  carefully  
in v e s t ig a te d  rock a n d  m in e ra l  samples ( ca rb o n a te -b ea r in g  clay, b row n coal 
o f  low ra n k ,  obsid ian , a n d es i te ,  basalt,  se rp en t in e ) .  Their phase  t r a n s fo rm a 
t io n s  as a function of  p re s su re  and te m p e ra tu re  were de te rm ined . I t  was ascer
ta in e d  t h a t  the t r a n s fo rm a t io n  of crys ta l l ine  rocks  is considerable only  a t  
v o la t i le  pressure. I n  o p e n  sys tem  m aking  possib le  th e  release of vo latiles  only  
som e po lym orphic  t r a n s fo rm a t io n s  and  o x id a t io n  processes to o k  place even
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a t  550 °C and  a t  10,000 a tm  pressure ,  w ith o u t  a n y  real rec ry s ta l l iz a t io n .  We 
fo u n d  t h a t  th e  conven tiona l descr ip t ion  of  rock t ra n s fo rm a t io n  w i th  only 
t e m p e r a tu r e  and  pressure  va lues  is no use. This becomes u n a m b ig u o u s  when  
severa l,  f i r s t  of all tw o m ain  v a r ie t ie s  o f  p ressure , i.e. l i thos ta t ic  a n d  vo la ti le  
p ressu res  are separa ted . T he  l i th o s ta t ic  pressure  essentia lly  d e te rm in es  the 
m a x im u m  of volatile p ressure  in th e  rock which  is th e  basic c o n d i t io n  and 
a c t iv a t in g  fac tor  of rec ry s ta l l iz a t io n .  The degree o f  t r a n s fo rm a t io n  is d e te r 
m ined  f i rs t  o f  all b y  t e m p e ra tu re .  These re la t ions  are now  w ide ly  know n , 
h a v in g  been  de te rm ined  in d e p e n d e n t ly  in d ifferen t labora to r ies  o f  th e  world 
b u t  t h a t  t im e  th ey  m e a n t  p ro b lem s  in the  assessm ent of  igneous, m e ta m o rp h ic  
and  ore m inera liza tion  as well as in orogenic processes and  n u m e ro u s  p h e n o m 
ena o f  e a r th ’s evolution. T h e  num eric  values of th e  in tr ica te  de ta i ls  o f  the 
rec ry s ta l l iza t io n  of ou r  s t a n d a r d  rocks were d e te rm ined  for tw o  m a in  types  
of  rocks ,  i.e. for crystalline  a n d  “ a m o rp h o u s”  rocks. In  th e  spir i t  o f  th e  t r a n s 
v a p o r iz a t io n  theo ry  th e  f u n d a m e n ta l  d a ta  on th e  effect of aux il ia ry  rocks  were 
num erica l ly  dete rm ined . This w ork  of  L. P e s t y , O. T o m s c h e y , B. K l i b u r s z k y  
a n d  E .  T omor was aw ard ed  th e  prize of th e  p res iden t  o f  th e  A c a d e m y  of 
Sciences (1972).

T he  th i rd  model o f  th eo re t ica l ly  possible recrys ta l l iza t ion , i.e. t h a t  from 
vo lcan ic  glass (mainly from  obsidian) was sep a ra ted ly  in v e s t ig a te d  b y  L. 
P e s t y . Thus, in add it ion  to  recrysta ll ization  th e  factors of sp o n tan eo u s  
c ry s ta l l iz a t io n  were p u t  in a new  light. His resu lts  to ge the r  w i th  th e  high- 
p ressure  techniques of  ou r  l a b o ra to ry  are sum m arized  in his M. Sc. d isse r ta t ion .

In  connection w ith  rec ry s ta l l iza t io n  in v es t iga t ion  of  clays O. T o m sc h ey  
e x te n d e d  the  phase d iag ram  o f  kaolin ite  u p  to  750 °C and  e lu c id a te d  the 
de ta i ls  o f  form ation  and  t ra n s fo rm a t io n s  of th e  tran s i t io n a l  m in e ra l  phase  
(k ea t i te ,  anda lus i te -X , h id ra ls i te ,  A l-m ontm orillon ite) .  These were su m m arized  
in his M. Sc. d isserta tion .

On th e  occasion of th e  geochemical conference in th e  Sov ie t U n ion ,  in 
1964, th e  q u a n t i ta t iv e  m odel o f  th e  ex te rna l  f luid zone (“ p r im i t iv e  a tm o s 
p h e re ” ) o f  th e  E a r t h ’s ea r ly  ev o lu tiona ry  s ta te  was developed w i th  a con
s id e ra t io n  of the  in itia l d isperse  d is tr ibu tion  of  th e  fine cosmic d u s t  con ten t .  
This becam e the  bases of o u r  “ con trac t io n —d i la ta ta t io n ”  m odel, acco rd in g  to 
whi ch  th is  gradually  decreas ing  p r im itive  a tm o sp h ere  p layed  a p re d o m in a n t  
role in th e  f irs t  billion y ears  o f  E a r t h ’s life and  its g rea t  pressure  is one o f  the 
cause  o f  th e  initial sm aller  v o lu m e  resp. la ter  d i la ta t io n  of th e  E a r th .  B y  means 
of  a m e th o d  based on th e  o xygen  d is tr ibu tion  and  q u a n t i ty  o f  s e d im e n ta ry  
rocks a model concerning th e  chem ical composition  of  the  ex te rn a l  f lu id  sphere 
of  th e  E a r th  was also c o m p u te d  (1969). On th e  basis of th e  o b ta in e d  q u a n t i 
t a t iv e  and  qua l i ta t iv e  p a ra m e te rs  resp. th e ir  ev a lua tion  in re spec t  o f  pressure 
and  te m p e ra tu re ,  th e  e x p e r im e n ta l  modelling of th e  early  period  o f  th e  E a r th  
su rface  characteriz ing  th e  sc a rc i ty  or absence of fossils was in i t ia te d  in 1973.
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T h ese  experim ents  a re  to  t h r o w  light upon  ino rg an ic  rock  fo rm atio n  a n d  the  
ev o lu t io n  of organic m olecu les  as well as t h e  b iological processes based  th e re 
u p o n .

V. X - ra y  diffractometry. B au x i te  studies

T h e  de te rm in a t io n  o f  t h e  m ostly  f in e -g ra in ed  p ro d u c ts  o b ta in ed  in the  
e x p e r im e n ta l  rock t r a n s f o r m a t io n  became possib le  w ith  the  pu rchase  of a 
m o d e rn  X -ray  d i f f ra c to m e tr ic  equipm ent in  1963.

T h e  d iffrac tom etric  m e th o d  of phase a n a ly s is  was developed  in it ia lly  in 
c o o p e ra t io n  with a c a d e m ic ia n  N á r a y -Szabó b y  o u r  cow orker Gy . B á r d o s s y . 
T his  w o rk  included th e  d e te rm in a t io n  of th e  q u a n t i t y  of am orphous  m ater ia l .  
I n  ad d i t io n ,  he also c a r r ie d  ou t regular c o m p a ra t iv e  studies  on H u n g a r ian  
b a u x i t e s  in chemical, m ine ra log ica l ,  technological a n d  genetic respects  (Cand. 
Se. d isse r ta t ion) ,  th u s  p r o v id in g  a practical he lp  to  b a u x i te  in d u s try ,  too. L a te r  
his inves t iga t ions  were g r a d u a l ly  ex tended  to  all k a r s t  b a u x i te  deposits  o f  the  
G lobe. I n  addition to  geochem ical ,  m inera log ica l,  s t ra t ig rap h ic  an d  genetic 
co ns ide ra t ions  geo s tru c tu ra l  a n d  p la te-tec ton ic  a sp ec ts  have  also been  involved 
in his s tudies. This w ork ,  n o w  in press in its  E n g l ish  version, was aw arded  
b y  D. Sc. degree. W ith  his w o rk s  B á r d o ssy  h as  g a in e d  in te rn a t io n a l  re p u ta t io n  
a n d  h is  knowledge has  b een  pro f ited  of b y  n u m e ro u s  countries  o f  E u rope  
a n d  Africa.

M. T óth has re c e n t ly  deve loped  a new  d if f rac to m e tr ic  m e th o d  to  d e te r 
m in e  t h e  degree of c r y s ta l l in i ty  of kaolinite . T h e  p ra c t ic a l  s ignificance o f  th is  
m e th o d  is focussed on th e  c o rre la t io n  of th e  c ry s ta l l in i ty  of  c lay  m inera ls  and  
o p t im a l  horizon of h y d r o c a r b o n  deposits a n d  on a m ore exac t  m easu rem en t  
o f  d iagenesis  in the  H u n g a r i a n  G rea t  Plain a n d  s im ila r  se d im e n ta ry  basins.

VI. O rgan ic  geochemistry a n d  biogeochem istry

I n  accordance w i th  t h e  previous C h ap te rs  t h e  geochemical significance 
of  o rg a n ic  m a t te r  could  b e  o u t l in ed  in i ts  a c t iv a t in g  effect in o th e r  rock 
fo rm in g  processes b y  th e i r  h ig h  volatile c o n te n t  re leased  b y  differen t meta- 
m o rp h ic  processes, in  t h e i r  applicab ili ty  for  m easu r in g  th e  m e tam o rp h ic  
degree  o f  crystalline rocks  b y  m eans of the ir  sensib le  and  easy -to -ex trapo la te  
t r a n s fo rm a t io n  as well as in  th e i r  biological re la t ions .

Specialized geom icrobiological work b e g a n  in  1962 w ith  J .  S z o l n o k i ’s 

e n t r y .  H is  work has e n h a n c e d  th e  deve lopm ent of  d irec t  p rac t ica l  o r ien ta t ion  
in  geom icrobiology a n d  th e  e s tab lishm ent o f  a n  ac tive  geomicrobiological 
l a b o r a to r y .  He bred th e  m o s t  requ ired  microbe t r ib e s  and  used th e m  in n u m e r 
ous sec to rs  of practice. H e  d e a l t  w ith  the in f luence  on  those  fea tu res  of p e t ro 
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leum  of hyd rocarbon  deposits  w hich  are decisive from the p o in t  o f  view  of 
p ro d u c t io n ,  and w ith  th e  p rob lem s of d e su lphu r iza t ion  by  microbes. E ssen tia l  
resu lts  w'ere ob ta ined  in th e  microbiological o x id a t io n  of sulphide ores n o ta b ly  
in th e  enr ichm en t of ores in m in ing  p ro d u c ts  and  spoil-banks. H e  p rov ided  
a so lution promising even  in p rac t ica l  respect,  b y  the microbiological t r e a t 
m e n t  o f  th e  red  m ud  w a s te r  o f  b a u x i te  p rocessing whose u t i l iza t ion  has  been 
r a th e r  inefficient th u s  far.

R ecen tly ,  in coopera t ion  w ith  th e  O G IL -exper ts ,  Szolnoki a d v a n c e d  
th e  d irec t  prognostics o f  th e  S ou th  H u n g a r ia n  hyd rocarbon  d ep o s i ts .  He 
inv es t ig a ted  th e  positive anom alies  which can  be de te rm ined  b y  m ean s  of 
microbiological (bac te r ium  co un ting  and  m e a su re m e n t  of b a c te r iu m  a c t iv i ty )  
and  gas-ch rom atog raph ic  procedures  in th e  surficial fo rm ations ,  soils and 
w a te rs  caused b y  h y d ro c a rb o n  m igra t ion . He d e m o n s tra te d  t h a t  th e se  coincide 
w i th  th e  s t ru c tu ra l  anom alies .  His s ta te m e n ts  proved  to be v a l id  a n d  have  
in some cases been con firm ed  b y  deep-bores (produc tive  wells) d r i l led  in  the  
respec tive  po in ts . This m e th o d  seems to  be m u c h  more econom ic t h a n  t h a t  
o f  th e  s t ru c tu re  d e te rm in a t io n s  b y  m eans o f  expensive seismic, g ra v im e tr ic  
a n d  geological m e thods  which  do n o t  in d ica te  th e  real h y d ro c a rb o n  c o n te n t  
o f  th e  s truc tu res .

Since th e  an a ly tica l  l a b o ra to ry  sec to r  is d irec ted  by  Cs. S a jg ó  h y d ro 
ca rb o n  chem is try  has been  pu sh ed  increas ing ly  in to  the  fore in t h e  w ork  of 
th is  sector. A lready  in th e  course o f  th e  f i r s t  investigations o f  th e  h y d ro 
ca rbons  of Algyő a new  co lu m n -c h ro m a to g rap h ic  m ethod  was e la b o ra te d .  He 
was a im ed  a t  th e  d e te rm in a t io n  of th e  source  rocks. The tw o  m a in  fac to rs  
theo re t ica l ly  know n, i.e. t h e  sa l in i ty  a n d  o x ygen  facies, were d e te rm in e d  in 
d iffe ren t  core samples b y  m eans  of  d ifferen t serial analyses, t e s t in g  c r it ica lly  
p a r t ly  th e  eva lua tion  o f  th e  in f ra red  and  u l t ra v io le t  spec tra  o f  th e  soluble 
o rganic  and  insoluble ke rogen  com ponen ts ,  a n d  p a r t ly  the  r e c e n t ly  p resu m ed  
e lem en t  ra tios, e.g. В /G a, F e 2/ F e 3, Ni/Со, Y/Cr, V/Ni, to de te rm in e  th e  sa l in i ty  
or  oxygen  facies. A ccord ing  to  his resu lts ,  t h e  source rocks o f  t h e  U p p e r  
P a n n o n ia n  should be t r a c e d  in th e  Low er P a n n o n ia n  of saprope lic  c h a ra c te r  
r a th e r  th a n  in th e  U p p e r  P a n n o n ia n  of  g y t t j a  ty p e .  Sajgó  w on a ju n io r  prize 
o f  th e  A cadem y  of Sei. b y  these  inves t iga t ions .

VII. Ore m ineralization. Electron inicroprobe

I n  our la b o ra to ry  th e  ore m inera l iza t ions  were inves t iga ted  f i r s t  f rom  the 
theo re t ica l  p o in t  o f  view. I n  1955 56 th e  th eo re t ica l  scheme o f  t h e  op tim al
d e p th  of  fo rm ation  of  d iffe ren t  igneous ore ty p e s  was e lab o ra ted  ta k in g  into 
considera tion  th e  degree o f  c ry s ta l l in i ty  a n d  o th e r  features of  t h e  associa ted  
rocks. These s ta te m e n ts  o f  g rea t  im p o r tan ce  in th e  practice  o f  ore  p rognostics
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a n d  p lan n in g  of ore p r o d u c t io n  are often re fe r red  to  in the  in te rn a t io n a l  l i te ra 
tu r e .  In  th e  em p lacem en t  o f  ore  deposits th e  h y d r a t e d  ionic radii o fh e a v y  cations 
also p la y  an im p o r ta n t  role w hich  in 1955 in  th e  “ G eochem is try”  was deduced  
f ro m  th e  sizes of c a t io n s  in th e  solid la t t ic e  a n d  from  their  ionic p o te n t ia l .

In  the  deduc tion  o f  t h e  em placem ent of  o re  deposits  from th e  m ob il i ty  
a n d  m ig ra t io n  c ap ac i ty  o f  t h e  ore-forming ions t h e  in troduc tion  of t h e  no tion  
o f  so lu t io n  and m elt  m o b il i t ie s  of the chem ical e lem en ts ,  resp. its c o m p u ta t io n  
m e a n t  a new  solution. T h e  m e l t  mobility of t h e  ions  was defined as t h e  q u o t ie n t  
o f  t h e  e lem ent c o n c e n tra t io n  of  pegm atit ic  g ra n i te s  a n d  of the average  crus ta l  
c o n cen tra t io n s .  This v a lu e  is a measure of i ts  a f f in i ty  to  granitic  m elts .  T h e  solu
t io n  m ob il i ty ,  however, is de f in ed  as the  q u o t i e n t  o f  th e  element co n c e n tra t io n  
in t h e  c layey  rocks a n d  in t h e  original c rust and  th i s  is th e  index n u m b e r  of  th e  
a f f in i ty  to  clay m inera ls .  T h e  values c o m p u te d  in  th is  w ay are a r ra n g e d  
ac c o rd in g  to  the geochem ical groups of th e  e le m e n ts  and  closely re f lec t  th e  
geochem ical  system o f  th e  elements.

All these shed l ig h t  u p o n  the  theore t ica l  a sp e c t  of ore m in era l iza t ion .  
D irec t  in s tru m en ta l  m e a su re m e n ts  were n o t  p e r fo rm e d  in the f irs t  t e n  years 
o f  t h e  labo ra to ry .

In 1964 I got a c q u a in te d  w ith  the m an y -s id ed  applicab il i ty  of th e  e lec tron  
m ic ro p ro b e  in geological t a s k s  and in o the r  b ra n c h e s  of industry  and  science. 
I n  acco rdance  w ith  th e  a g re e m e n t  concluded w i th  t h e  p resident of th e  C entra l  
P l a n n in g  Office of t h a t  t im e  th e  considerable fu n d s  needed for th e  p u rch ase  
of  t h e  in s tru m e n t  cou ld  b e  ob ta ined . T h u s ,  f i r s t  in Sou theast E u ro p e ,  the  
m ic ro p ro b e  eq u ip m en t  co u ld  be purchased  fo r  t h e  Geochemical R esea rch  
L a b o r a to r y  in co -ow nersh ip  w i th  the R esea rch  I n s t i t u t e  for M eta llu rgy .

I n  th e  person o f G y . P a n t o , the  sc ien tis t  ab le  to  direct the  la b o ra to ry  
s e c to r ,  was found. In  E n g l a n d  and France  he h a d  gained a p ro found  k n ow l
edge o f  th e  m icroprobe te c h n iq u e s  and w idened  i t  in  J a p a n .  B y  m eans  of  th is  
e q u ip m e n t  efficient m a n y - s id e d  and, p a r t ly ,  th eo re t ic a l ly  new inves t iga t ions  
h a v e  b een  perform ed since 1966. Gy . P a n t o  o b ta in e d  the  first m ic rop robe  
re su l ts  in th e  in v e s t ig a t io n  o f  the  rock-fo rm ing  m inera ls  of th e  n o r th e rn  
B ö rz s ö n y  M ountains. L a t e r  he  collected new  d a t a  on  different h y d ro th e rm a l  
ore  m inera l iza t ions .  S u b s e q u e n t ly ,  toge ther  w i th  G y . B a r d o s s y  he developed  
a n e w  m e th o d  for th e  in v e s t ig a t io n  of the b a u x i t e  te x tu re s .  R ecen tly ,  he  has 
d e a l t  w i th  the  trace m in e ra ls  of the  two g ra n i te  occurrences of H u n g a ry ,  
d e sc r ib in g  num erous m in e ra ls  so far unknow n in th i s  co u n try  and  exp la in ing  
th e i r  genesis as well. In th is  respect the  re su l ts  concern ing  the d is t r ib u t io n  
of  r a r e  ea r th s  in H u n g a r y  a re  of great im p o r ta n c e .  U n d e r  his d irec t ion  the  
s ec to r  perfo rm ed  n u m e ro u s  n e w  microprobe a n a ly se s  for geology, m in in g  and  
for  o th e r  sciences (e.g. m ed ica l  sciences) and  for  in d u s t ry ,  as well. Gy. P anto  
is n o w  d irec tor  of th e  w ho le  L abora to ry .

P h y s ic is t  G. N a g y , re sea rch  associate o f  th i s  sector, in i t ia te d  in d e 
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p e n d e n t  methodological d ev e lo p m en t ,  la te r  in his M. Sc. d is se r ta t io n  he pro
v ided  con tr ib u t io n s  to  a m ore e x a c t  know ledge on in trusive  igneous processes 
by  m eans  of  th e  d e te rm in a t io n  o f  p ressure  and te m p e ra tu re  p a ra m e te r s  based 
on th e  correla tion  of the  chem ica l  com position  of  some co-genetic  igneous 
m inera l pairs.

Effic ient developm ent of th e  sec to r’s a c t iv i ty  required  the  e s ta b l ish m e n t  
of an u p - to -d a te  grinding-polishing w orkshop  which  had to  serve also for the 
o th e r  sectors o f the  lab o ra to ry  a n d  was ru n  b y  A. P r á g a i . This w ork  has  enabled 
P rágai  to  become a gem specia lis t  and  get involved in industr ia l  ed u ca tion .

VIII. Comprehensive w orks, na tiona l and in te rna tiona l re la t ions

On th e  basis of the  jo in t  re search  resu lts  o f  the  la b o ra to ry  a n d  o f the  
professorsh ip  f irs t  the  “ G eokém ia”  (G eochem istry)  (1955), l a te r  t h e  “ Föld 
szerkezete  és fejlődése”  (S t ru c tu re  an d  evo lu tion  of th e  E a r th ,  1968) were 
pub lished . The la t te r  con ta ins  th e  com plex  critical investiga tion  o f  th e  evolu
tion  models, based on h igh-pressure  exp er im en ts .  Accordingly, th e  theories  
den y in g  originally  each o th e r  rep re sen t  th e  cha rac te r iza t io n  of d if fe ren t  earth-  
scientific  factors. They  do n o t  exc lude each o th e r ,  moreover, are  va lid  only 
to g e th e r .

In  1970 the  m onograph  o f I. K u bo vics  a n d  Gy . P anto  re fe r red  to  in 
C h a p te r  I I I ,  was published on th e  s t ru c tu re  a n d  igneous fo rm a t io n s  o f  the  
M á tra  and  B örzsöny M ounta ins .

The m onograph  on k a r s t  b au x i te s  by  G y . BÁr d o ssy  a n d  ou tl ined  
u n d e r  p a ra g ra p h  V is in press.

The E a r th  Sciences a n d  M ining Division of  th e  H u n g a r ian  A c a d e m y  of 
Sciences established in 1965 has been  in close re la t ion  with t h e  la b o ra to ry  
because  of  b o th  being head ed  by  th e  a u th o r .  W ith in  the f ra m e  o f  the 
D ivision th e  organized in te rd isc ip l in ing  coopera t ion  between d if fe ren t  ea r th  
sciences has  been p ro m o ted  b y  th e  “ E a r t h ’s m a te r ia l  and  e n e rg y  f lows” 
p ro jec t  launched  for this pu rp o se .  The f i rs t  fo rm u la t io n  of the  jo in t  p ra g m a t ic  
sy n th es is  o f  E a r th  sciences was pub lished  in 1974 (Géonomies, p re l im in a ry  
ed ition). In  the  sense of th is  w ork  the  E a r th  becam e a special ce les t ia l  body  
s h a rp ly  differing from th e  o th e r  p lan e ts  because of  the  accu m u la t io n  o f  w a te r  
an d  associa ted  clay m inerals  on its surface. I t s  cyclic “ m e g a d y n a m is m ”  of 
geochem ical b ackg round  includes, on one h an d ,  an  ex te rna l  f lu id  zone  in te r 
a c t in g  w ith  the  solid E a r th ,  to g e th e r  w ith  th e  paleoclimatological cycles and 
th e  as tenospheric  “ vapor  p illow ”  m echan ism , on th e  o the r  hand , th e  te r re s tr ia l  
life. T he  cyclic cha rac te r  o f  te r re s tr ia l  life re su lted  in a h igh ly  developed  
acce lera t ive  evolution which  reflec ts  sensitive ly  th e  te rres tr ia l  geochem ical 
and  cosmic physical cycle sy s tem s.  The sys tem  of cycles p rovides a com m on 
q u a n t i f ic a te d  basis for in te rd isc ip l in a ry  researches (next paper  in thi s  volum e).
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I n  th is  m anner  g e o n o m y  contribu tes  to  t h e  s t ren g th en in g  of th e  d ialectic  
m a te r ia l i s t ic  world c o n c e p t .  Thus, considerab le  efforts  have been  m ade  to  
in t ro d u c e  its m ost s ig n if ican t  results  bo th  in to  p u b l ic  and  secondary  educa tion .  
T h e  a c t iv i ty  of th e  l a b o r a to r y  has been e x te n d e d  to  th e  problem s of science 
o rg a n iz a t io n  and po licy  a n d  p o s t-g radua te  e x te n s io n  tra in in g  of teach ers  of 
s e c o n d a ry  schools, m o s t ly  b y  th e  a u th o r  an d  b y  T . PÓKA.

T h e  researchers o f  th e  la b o ra to ry  have  a lw ay s  been in close re la t io n  w ith  
th e  sc ien tif ic  life a b ro a d .  I n  1959 th e  In te r n a t io n a l  Geochemical Conference, 
l a t e r  d if fe ren t  in te rn a t io n a l  coal-petrological, igneous and m e tam o rp h ic  sym - 
posia ,  w ere  organized b y  th e  L abora to ry .

G y . B a r d o s s y  is one of  the  leading officials of in te rn a t io n a l  b au x i te  
co o p e ra t io n .  L. Soós h as  b een  the  cons tan t  H u n g a r ia n  rep re sen ta t iv e  in th e  
in te rn a t io n a l  works on coal petro logy. Gy . P a n t o  has been th e  s ec re ta ry  of 
th e  G eochem is try  C om m iss ion  of the  H u n g a r ia n  A cad em y  of Sciences. T he  
a u t h o r  o f  this pap e r  h a s  b een  one of th e  c h a i rm e n  of the  C a rp a th o -B a lk an  
A sso c ia t io n  of the  I n t e r n a t io n a l  Geological C ongress, fu r the r  th e  p res id en t  of 
its I X t l i  Conference as well as cha irm an  of th e  H u n g a r ia n  N ational C om m ittee  
of  t h e  In te rn a t io n a l  U n io n  of Geological Sciences an d  of th e  In te rn a t io n a l  
G eo d y n am ics  Pro jec t .  H e  is a lead ing  official in  th e  In te rn a t io n a l  G eochemical 
and  Cosmochemical A ssoc ia t ion  and h o n o ra ry  m e m b e r  of n um erous  foreign 
a n d  n a t io n a l  ea r th -sc ien t i f ic  associations, m e m b e r  of the  H u n g a r ia n  and  
A u s t r i a n  Academies o f  Sciences and  of th e  W o r ld  Acad, of Sei. and  A rts ,  
an d  p re s id e n t  of th e  E a r t h  Sciences and M in ing  Division of th e  H u n g a r ia n  
A c a d e m y  of Sciences.

F in a l ly  let us t r y  to  re cap i tu la te  th e  lessons of  our work. I f  in these  
f i r s t  t w e n t y  years o f  t h e  L a b o ra to ry  a geochem ical  school of som e dy n am ic  
o u t lo o k  could develop w h ich ,  in cooperation  w i th  th e  U n iv e rs i ty ’s Pe tro logy  
and  G eochem is try  D e p a r tm e n t  has unfolded i ts  ac t iv i t ie s  b o th  n a t io n a l ly  and  
in te rn a t io n a l ly ,  th is  h a s  b een  possible because  th e  problem s of geochem istry  
h av e  b e e n  in v es t iga ted  w i th  approaches o th e r  t h a n  th e  conventional,  s ta t ic  
a s se s sm e n t  of da ta .

T o  deepen and  w id en  th e  scope of large-scale  research  on o u te r  re la t ions  
we h a v e  found  useful fo r  th e  s ta f f  of the  L a b o r a to r y  to  include geologists an d  
g eochem is ts  coopera t ing  w i th  experts  in chem ica l  engineering, geophysics, 
p h ys ics  a n d  m echanical engineering  m a in ta in in g ,  nevertheless  th e  p r inc ipa lly  
g eochem ical  app roach  a n d  objectives  of th e  L a b o ra to ry .

I n  as m uch as possib le , our researches h a v e  proceeded from th e  solid 
la n d  su rface  g radually  to  d ee p e r  and deeper u n d e rg ro u n d .  R ecently ,  deep-bore 
sam ples  r a th e r  th a n  o u tc ro p s  have been in v e s t ig a te d .  U nder  such conditions 
it  is o f  g rea t  im p o r ta n c e  to  advoca te  t h a t  th e  co n tem pla tive  m acroscopic  
o b s e rv a t io n  of nea r-su rface  exposures and core sam ples  and th e ir  i n t e r p r e ta 
t io n  a re  ind ispensable  fo r  t h e  cu lt iva t ion  in e v e ry -d a y  practice  of geochem istry-
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based  geonom y. T he  la n d  surface is the  m o s t  ac t ive  critical zone o f  the  
E a r t h ’s evo lu tion  w here  th e  rocks are m o s t ly  connec ted  w ith  t h e  volatiles 
a c t iv a t in g  th e m  a n d  d e te rm in in g  a t  an  increas ing  ra te  th e  ev o lu t io n  o f  the  
whole bo d y  a n d  life o f  th e  Globe.

T he  L a b o ra to ry ’s re su lts  were achieved w ith  b o th  s ta f f  a n d  b u d g e t  
l im ited  com pared  to  th e  average  of scientific in s t i tu t io n s .  To im p ro v e  its effi
ciency th e  m ost econom ical research  p rocedure  has  been m ade  ava i lab le ,  i.e. to 
crea te  f irs t  th e  th eo re t ica l  bases and  th en  to  proceed  to  a n y  large-scale  in 
s t ru m e n ta l  research . W e  believe t h a t  th e  w iden ing  possibilities for q u a n t i ta t iv e  
theore t ica l  research  co rre la ted  w ith  p ractica l m easu rem en ts  a t  an  ev e r  growing 
ra te  is a considerable  g u a ra n te e  for fu r th e r  deve lopm en ts  in E a r t h  sciences.

К ДВАДЦАТИЛЕТИЮ ГЕОХИМИЧЕСКОЙ НАУЧНО-ИССЛЕДОВАТЕЛЬСКОЙ 
ЛАБОРАТОРИИ ВЕНГЕРСКОЙ АН

Э. САДЕЦКИ-КАРДОШ Ш

Р е з ю м е

Геохимическая Научно-Исследовательская Лаборатория Венгерской Академии 
Наук была учреждена в 1955 г. с тем, чтобы способствовать исследованиям месторождений 
полезных ископаемых на основании изучения миграции элементов. Исследования вначале 
проводились под общим руководством и частично с использованием общих приборов и 
аппаратуры вместе с силами кафедры минералогии и петрографии и петрографии-гео
химии Университета им. Лоранда Этвеша. По мере увеличения количества сотрудников 
Лаборатории постепенно до 26 человек, кафедры, с одной стороны, и Лаборатория, с 
другой, также стали все более и более независимыми друг от друга. Исследования вначале 
осуществлялись путем сочетания классических аналитических методов со спектрографи
ческими методами определения редких и рассеянных элементов и петрографическими 
микроскопическими методами. К этим работам впоследствии присоединились экспери
ментальные исследования на моделях в условиях повышенного давления и повышенной 
температуры, а также рентгеновские дифрактометрические, элементарно-микрозондиро- 
вочные методы; кроме того внедрились методы органической химии и микробиологии.

Итоги работ первых двадцати лет существования Лаборатории сводятся к следую
щему. Усовершенствовалось определение параметров фаз превращения (минералогических 
фаций) метаморфитов, то есть параметров «давление-температура», установленных -  впер
вые в мире — еще перед учреждением Лаборатории (1949- 1950 гг.) на основании данных 
метаморфизации углей. Было выявлено постепенное богащение рассеянных элементов в 
процессе углефикации в результате ухода летучих компонентов. Разрабатывались и вне
дрялись на разносторонней практике категории систематизации бурых углей по болотным 
зонам. Были определены генетические условия компонентов угля, обнаруженных в про
цессе проведенных раньше исследований. Для определения степени диагенетического пре
вращения осадочных пород было принято применение измерений рефлексионной способ
ности витринитовых зерен. Работники Лаборатории проявили инициативу — со введением 
новых принципов — по разработке карты метаморфитов и их фундамента в пределах 
Карпато— Балкански— Динарской области в рамках международного сотрудничества 
между странами этого региона. Было выявлено несколько минеральных фаций, до сих пор 
неизвестных на территории Венгрии. Были выявлены основные генетические типы маг- 
матитов, богатых летучими, причем была расширена и укомплектована система классифи
кации магматических горных пород. Определились факторы взаимодействия магмати
ческих и осадочных горных пород, а также направления и принципиальный порядок по
следовательности трансвапоризационной миграции элементов. Было доказано различное 
происхождение двух выходов гранитоидов, известных на территории Венгрии, при этом 
выявлены были мигматические связи Мечекских гранитов. Следует отдельно упомянуть в 
числе применений в Венгрии и за границей разработанных нами принципов систематиза
ции и классификации магматитов - работы, посвященные монографиям о Северной Матре,
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горах Бёржёнь и горах Токай. На примере Карпатской системы бассейнов впервые на 
международной арене мы выявили механизм диапира мантии (междуговой бассейн) на 
основании цикличной миграции летучих веществ. Для освещения динамизма тектоники 
плит мы ввели учение о накоплении летучих лубрикантного характера, происходящих из 
субдуцированных осадочных отложений в верхнем пограничном слое астеносферы. В про
цессе проведенных нами экспериментов по превращению горных пород в условиях повы
шенного давления — частично путем разработки новой технологии — одновременно мы 
измеряли механическое давление и давление летучих компонентов. Дали характеристику 
процесса превращений стандартных горных пород и минералов в функции давления, 
температуры и времени. Определение переходных фаз, образующихся в процессе изменения 
pt вулканического стекла, каолинита и монтмориллонита также дало много новых резуль
татов. В настоящее время осуществляется моделизация взаимодействия между наземной 
палео-атмосферой, палео-гидросферой (полученных путем соответствующих вычислений) и 
земной корой на основании результатов определения образующихся при этом органических 
и неорганических соединений. Рентгено-дифрактометрическая группа сотрудников Лабо
ратории разработала новую методику количественного определения аморфных фаз. Исходя 
из детальных минералогических, химических и геолого-генетических исследований вен
герских и зарубежных бокситов была разработана монография карстовых бокситов Земли. 
Для определения степени кристаллизации каолинита был создан новый дифрактометри- 
ческий метод. Микробиологическая рабочая группа Лаборатории разнообразно использо
вала методы микробиологической активации в разработке месторождений нефти и газа и в 
области обогащения руд. На основании микробиологических аномалий была развита ме
тодика поисков и разведки углеводородов. Рабочая группа по органической химии осве
тила проблему материнских пород крупнейшего нефтегазового месторождения Венгрии. 
Рабочая группа по электронному микрозондированию разработала новый метод изучения 
текстурных особенностей бокситов. Выявлены были многочисленные новые компоненты 
венгерских гранитоидов и было освещено распределение редких земель в этих горных оро- 
дах. Определение некоторых параметров комагматических минералов позволило внести 
новый вклад в решение вопроса о глубине формирования этих магматитов. По заказам со 
стороны, данная рабочая группа способствовала к решению многочисленных практичес
ких и теоретических вопросов.

Лаборатория участвовала в разработке темы «Потоки вещества и энергии Земли«, 
выдвинутой Венгерской Академией Наук. В результате этих работ был, в частности, от
крыт универсальный закон циклов. Также в качестве организации руководителя наша 
Лаборатория принимала участие в международном сотрудничестве по бокситам, в работах 
Карпато-Балканской Ассоциации Международного Геологического Конгресса, в работе 
венгерской комиссии Международного Геодинамического Проекта и в международном 
сотрудничестве по петрографии угля.
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TYPES OF COMPOSITION ZONING 
IN THE GARNETS OF POLYMETAMORPHIC ROCKS 

AND THEIR GENETIC SIGNIFICANCE

By

P .  Á r k a i  G . N a g y  — G y . P a n t o

HUNGARIAN ACADEMY OF SCIENCES, LABORATORY FOR GEOCHEMICAL RESEARCH, BUDAPEST

B etw een  th e  m in era l p a rag en e tic  c o n d itio n s  and  th e  ty p es o f  co m p o sitio n  
zon ing  in g a rn e ts  o f th e  p o ly m etam o rp h ic  ro c k  sam ples deriv ing  from  th e  d iffe re n t 
c ry sta llin e  com plexes o f th e  C a rp a th o -P a n n o n ia n  te r r i to ry  th e  follow ing re la tio n s  can  
be d e te rm in ed :

1. T he zoning o f th e  g a rn e ts  o f p re d o m in a n tly  a linand ine  co m p o sitio n  in  th e  
m e ta m o rp h ite s  (G ö rg e teg — B abócsa, S W -T ran sd a n u b ia )  o f m ed iu m -p ressu re  green- 
sch ist facies (o f q u a r tz -a lb i te -e p id o te -a lm a n d in e  subfacies) and  in  th e  m e ta m o rp h ite s  
o f m ed iu m -p ressu re  a lm an d in e—am p h ib o lite  facies o f s ta u ro lite -a lm a n d in e  subfacies 
(A lgyő, S o u th  G rea t P la in )  is o f n o n -eq u ilib riu m  c h a ra c te r, i t  fo rm ed in  th e  course 
o f  p rogressive  m etam o rp h ism  (th e  Ca an d  p a r t ly  th e  M n co n ten ts  d ecrease , th e  Fe 
an d  Mg c o n te n ts  increase  an d  th e  F e /F e+ M g  ra tio  decreases tow ards th e  g ra in ’s edge). 
T he re tro g ra d e  m e tam o rp h ism  o f low  te m p e ra tu re  g reensch ist facies (q u a r tz  a lb ite - 
m u sc o v ite -ch lo rite  subfacies) is n o t re p re se n ted  o r on ly  d iffusive M n-rich  edge  of 5- 
to  -10 m icron  th ick n ess  in d ica te  i t  in  th e  g a rn e ts .

2. T he g a rn e ts  fo rm ed  in  th e  course o f  th e  “ p e rip lu to n ic”  m e ta m o rp h ism  re a c h 
ing th e  a lm a n d in e -am p h ib o lite  facies, an d  fo rm ed  fro m  th e  rocks of g re en sc h is t facies 
a ro u n d  th e  V ariscan  in stru s iv e  g ran ite -m ass o f  th e  L itt le  C a rp a th ian s sh o w  zoning 
s im ila r to  t h a t  described  u n d e r 1.

3. T he orig ina l zoning of th e  g a rn e t g ra in s  fo rm ed  in  th e  course o f th e  m e ta 
m orph ism  of m ed iu m -p ressu re  a lm a n d in e -am p h ib o lite  facies (s ta u ro lite -a lm a n d in e  su b 
facies) is covered  by a  d iffusion-like seco n d ary  zon ing  (increase of C a -co n ten t a t  th e  
expense  of Fe, Mg a n d  p a r tly  o f M n, th e  in crease  o f  F e /F e  -j- Mg ra tio )  fo rm ed  d u rin g  
th e  re tro g ra d e  m etam o rp h ism  o f high- o r m ed iu m -te m p e ra tu re  g re en sc h is t fac ies  
(q u a rtz -a lb ite -e p id o te -a lm a n d in e  o r q u a r tz -a lb i te -e p id o te -b io t ite  su b fac ies) being  
g en etica lly  co n n ec ted  w ith  th e  V ariscan  m ig m a tit iz a tio n  and  g ra n itiz a tio n  (Szánk , 
G re a t P la in ; K o k a v a  series, K o hu t-zone). T h e  p h en o m en o n  can  be e x p la in ed  b y  th e  
b u ilt- in  o f Ca re leasing  from  am phibole, b asic  p lag ioclase  and  g a rn e t d u r in g  re tro 
g rad e  m etam o rp h ism  a n d  p ro b a b ly  by  th e  C a-m etaso m atism  of th e  “ b a s ic  f ro n t” 
co n n ec ted  to  m ig m a titiz a tio n ; th is  in d ica tes  re la tiv e ly  h igh  w a ter p re ssu re  a n d  low 
p a r tia l  CO, p ressu re .

Introduction

The m a jo r  p a r t  o f  th e  crystalline  b a s e m e n t  of th e  C arp a th o —B a lk a n — 
D in a r id e  a rea  is fo rm ed  b y  P recam b rian  rocks  o f  po lym etam o rp h ic  c h a ra c te r .  
In  these  rocks th e  re t ro g ra d e  processes following th e  f irs t  progressive r e c ry s ta l 
l iza tion  do no t  reach  th e  equilib rium  s ta te :  th e  m ixing of the  m in e ra l  pa ra -  
geneses o f  d ifferent age an d  facies m ake  d iff icu l t  n o t  only the  e x p la n a t io n  of 
iso topic  age analyses b u t  also th e  exac t  d e te rm in a t io n  of the  m e ta m o rp h ic  
m inera l  facies o f  th e  m e tam o rp h ic  even ts  a n d  of th e  sequence o f  processes.
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T h e  aim  of th is  p a p e r  has  been to  d e te rm in e  relations be tw een  th e  m eta-  
m o rp h ic  h is to ry  and  com posit ion  zoning o f t h e  rock-form ing m inera ls  o f  poly- 
m e ta m o rp h ic  rock-sam ples  deriv ing from  d if fe ren t  geological en v iro n m en ts .  
T h e  g a rn e ts  of p re d o m in a n t ly  a lm andine  co m pos it ion  seemed to  be m o s t  s u i t 
ab le  fo r  th is  purpose  be ing  a b u n d a n t  in th e  g reensch is t  and  am p h ib o l i te  facies 
a n d  w h ic h  are of least  in t ra la t t ic e  ionic d iffusion  velocities ou t  o f  th e  m eta-  
m o rp h ic  m inerals  ju s t  due  to  th e ir  s t ru c tu ra l  peculiarities . Because of  th is  and  
of t h e i r  m orphological and  gra in  size cond it ions  th e  garnets  p reserve  for th e  
m o s t  p a r t  th e  effect o f  ph y s ica l  an d  chemical p a ra m é trés  of th e  m e ta m o rp h ic  
r e c ry s ta l l iz a t io n  of n on -equ il ib r ium  ch a ra c te r .

I n  th e  course of  m e tam o rp h ic  pe tro log ica l applica tion  of th e  e lec tron  
m ic ro p ro b e  investiga tions th e  previous a spec ts  ( K h o r sh in s k i  [24], Z e n  [41]) 
w ere  ev idenced , i.e. th e  m e tam o rp h ic  rocks do n o t  reach in general h u t  only 
a p p r o a c h  th e  equ ilib r ium  s ta te s .  The ev idences of  non-equilib rium  c h a ra c te r  
are  t h e  c rysta ls  of d if fe ren t  chemical com pos it ion  of a given m in e ra l  ty p e  
a n d /o r  th e  chemical com posit ion  zoning of th e  m inera l grains.

I n  th e  m inerals  of chang ing  chem ical com position  o f  th e  progressive  
s im p le  m e ta m o rp h ic  rocks zoning occurs w h e n  th e  c rys ta l’s ra te  o f  g ro w th  is 
g r e a te r  t h a n  th e  diffusion velocities of th e  ions form ing th e  m inera l  w ith in  
th e  c ry s ta l  and  w hen  one or more of th e  cond it ions  below will be  rea lized : 

th e  chemical com position  of th e  m inera l-fo rm ing  m edium  changes  in 
th e  course of  crys ta l l iza t ion ;
th e  diffusion ve loc ity  of th e  e lem en ts  form ing th e  zonal m in e ra l  is 
sm aller in th e  m inera l-form ing  m e d iu m  th an  th e  ra te  o f  crys ta l  
g row th  of th e  m inera l (d iffusion-controlled  oscillation zoning); 
th e  te m p e ra tu re  a n d  pressure co n d it ions  of crys ta l l iza t ion  (con
sequen tly  th e  e lem en t  d is tr ib u t io n  coefficients of th e  coexis ten t 
minerals) are changing .

T h e  condition  of su rv iv a l  of th e  n o n -e q u i l ib r iu m  sta te  form ed in th is  w ay  
is t h e  re la t iv e  rap id  decrease of  te m p e ra tu re  a n d  pressure af te r  the  com ple tion  
of r e c ry s ta l l iz a t io n  w hich  lim its  the  m easu re  o f  subsequen t  e lem ent diffusion.

I n  th e  course of  re t ro g ra d e  m e ta m o rp h ism  certa in  mineral phases  of  the  
ro c k  o r  th e  in te rna l  p a r t s  o f  th e  ind iv idua l  g ra ins  are of inert  b eh av io u r .  In  
th is  case  e i ther  th e  genera t ions  of d ifferent com posit ion  of a given m in e ra l  or 
c o m p o s i t io n  zonings of  g ro w th  or diffusion ch a ra c te r  w ith in  one g ra in  m ay  
dev e lo p .
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Types and form ation o f the composition zoning of garnets 
on the basis o f literature data

A fter  th e  s ta te m e n ts  o f  M iy a s h ir o  [28], E n g e l  a n d  E n g e l  [14], S t urt  
[37], N a n d i  [33] an d  o the rs  in  th e  course of  p rogress ive  m e ta m o rp h ism  th e  
average  FeO a n d  MgO c o n te n ts  o f  garnets  will increase , th e i r  CaO a n d  MnO 
co n ten ts  will decrease w ith  increasing  te m p e ra tu re  a n d  pressure .

Sa x e n a  [35] explains  th is  phenom enon  b y  th e  t e m p e r a tu r e - a n d  pressure- 
d e p e n d e n t  m ixing fea tu res  o f  th e  com ponen ts  o f  th e  ga rn e t  solid  so lu tion . 
U n d e r  g ranu lite  facies cond it ions  Fe, Mg a n d  Mn fo rm  nea r ly  ideal m ix tu re ,  
th e  less Ca is m ixed on ly  to  sm aller  ex ten t .  I n  t h e  ep ido te—a m p h ib o l i te  facies 
th e  m ix ing  of Fe, Mn a n d  Ca is ideal, th e  role of  Mg is doub tfu l .  To a p p ro a c h  
th e  ideal m ixing a t  low te m p e ra tu re s  and  p ressu res  th e  s im ila r i ty  o f  ionic 
rad ii ,  a t  high te m p e ra tu re s  a n d  pressures t h a t  o f  ion iza tion  p o te n t ia ls  are 
of  decisive role. Because of  th e  com plex  ch a ra c te r  o f  th e  ga rn e t  solid so lu tion  
th e  M g/Fe ra t io  and  Ca c o n cen tra t io n  can be ap p l ied  only  in case of  rocks 
of  sim ilar  chemical com posit ion  to  th e  a p p ro x im a te  ind ica t ion  of m e ta m o rp h ic  
degree.6 ♦

A ccording to  th e  c o m p u ta t io n s  by  m ean s  of  correla tion  coefficients
(L o pe z - R uiz a n d  Cacho  [27]) th e  MnO con ten t  o f  g a rn e ts  is con tro l led  b y  the  
S i 0 2, A120 3 an d  FeO c o n te n ts  o f  th e  enclosing rock . The MnO an d  MgO q u a n t i 
t ies  o f  th e  rocks con tro l  p a r t ia l ly  th e  CaO c o n te n t  o f  garnets .  A less obvious 
corre la t ion  exists  be tw een  th e  MnO, A120 3 an d  CaO con ten ts  of t h e  enclosing 
rocks  and  th e  FeO c o n te n t  o f  garne ts .

A ccording to  th e  e lec tron  m icroprobe ana lyses  of  garnets  [1, 2, 4, 5, 6, 
9, 10, 11, 15, 17, 18, 26] in t h e  m e tam orph ic  g a rn e t  grains o r ig in a ted  during 
progressive m e tam o rp h ism , th e  MnO and CaO co n ten ts  g rad u a l ly  decrease, 
th e  FeO and  MgO co n ten ts  increase from  th e  c en tre  to w ard s  th e  edges.

B row n  [9] explains  th e  zoning o f g arne ts  f i r s t  o f  all b y  th e  com position  
changes of th e  en v iro n m en t ,  b y  th e  re s tr ic ted  c h a ra c te r  o f  d iffusion a n d  no t 
b y  changes of  te m p e ra tu re  a n d  pressure  d u r ing  c rys ta l l iza t ion . D issim ilarly  
to  th e  ru le  m en tioned  above  in  th e  garnets  o f  th e  rocks of chang ing  ch em is try  
and  belonging to  th e  ch lo r i te  an d  b io tite  zone th e  change o f  M nO is com 
p en sa ted  b y  CaO, MgO a n d  FeO , in o the r  cases th e  change of CaO b y  FeO, 
MnO an d  MgO tog e th e r .

A ccording to  H o l l is t e r  [18] and  A t h e r t o n  [2] th e  fo rm a tio n  o f  zoning 
of th e  igneous and  m e ta m o rp h ic  garne ts  can  be described  b y  th e  P f a n n  or 
R a y l e ig h  f rac t io n a t io n  m odel. A t low te m p e ra tu re s  co rrespond ing  to  the  
greenschis t  facies th e  a f f in i ty  of  M n2 + and p a r t ly  of  Ca2 + is g re a te r  to  garne t  
th a n  to  the  o th e r  coex is ten t  m inerals . The MnO c o n te n t  o f  th e  c rys ta l l iza t ion  
m ed ium , con ta in ing  0.1 to  0.3 per  cen t MnO in genera l,  will su d d en ly  decrease 
in  th e  course of  g row th  of th e  g a rn e t  grains; t h e  MnO co n ten t  o f  g a rn e t  de
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c re a se s  paralle l  w ith  i t .  T h is  decrease is c o m p en sa ted  b y  th e  increase  of  MgO 
a n d  F e O  contents . In  th e  in t e r n a l  p a r t  of the  garnejts inves t iga ted  b y  A t h e r t o n  
no  d if fu s ion  was found, th e  m ig ra t io n  of Mn2+ has been  res tr ic ted  to  a re la tive ly  
sm all  a re a  (0.066 cm 3) in  t h e  su rround ing  m ed iu m . On the  basis o f  th e  grain 
size a n d  grain size d i s t r ib u t io n  of garnets  th e  m easure  of sphere  of  action 
t a k i n g  p a r t  in c ry s ta l l iz a t io n  can be d e te rm in e d  an d  th is  increases  with 
in c re a s in g  tem p era tu re  a n d  m anifes ts  itse lf  in g ra in  size grow th .

I n  th e  garnets o f  c o n ta c t  m etam orpliic  rocks  th e  jo in t  in f luence  of the  
t e m p o r a l  change of t e m p e r a tu r e  and  of the  H o l l is t e r  A t h e r t o n ’s seggrega- 
t io n  p h en o m en o n  was d e m o n s t r a te d  b y  O k r u s c h  [34]. The large-sized garnets  
o f  t h e  rocks  of s il l im anite  isograde  are h a rd ly  zonal ( long-lasting , co n s tan t  
h e a t - a c t io n ,  high t e m p e r a tu r e ,  high diffusion ve loc ity ) .  In  th e  rocks  of  lower 
t e m p e r a t u r e  the changes o f  F e O  an d  MnO c o n te n ts  of th e  g a rn e ts  are de te r 
m in e d  f i r s t  of all b y  th e  c h a r a c te r  of te m p e ra tu re  change d u r in g  c rys ta l l iza 
t io n .  T h e  segregation m o d e l  is unsu itab le  to  ex p la in  th e  inverse  zoning  (the 
M n  c o n te n t  increases to w a r d s  th e  edges).

In v e s t ig a t in g  th e  g a r n e t s  o f  the  m e ta m o rp h i te s  of g reensch is t  and 
a m p h ib o l i t e  facies M ü l l e r  a n d  S c h n e id e r  [29] underl ine  th e  significance of 
r e d o x  conditions of th e  ro c k s .  A t  a given t e m p e r a tu r e  th e  Mn c o n te n t  of the  
g a r n e t s  increases w ith  in c re a s in g  value of o x y g en  fu gac ity  (H s u ,  [19]). The 
a u t h o r s  above reject th e  se g re g a t io n  c ry s ta l l iza t ion  model of H o l l is t e r  and 
A t h e r t o n  since the e lem en ts  req u ired  for th e  c ry s ta l l iza t ion  of g a rn e ts  do not 
d e r iv e  f ro m  homogeneous re se rv o ir  and there  is no c o n s ta n t  f ra c t io n a t io n  fac tor  
b e tw e e n  th e  garnet a n d  t h e  reservo ir .  The h igh  M n co n ten t  of th e  ga rne ts  of 
e a r ly  p rec ip i ta t io n  is e x p la in e d  b y  th e  c ry s ta l l iz a t io n  in i t ia t in g  a t  th e  local 
M n c o n cen tra t io n s  of  th e  o r ig in a l  sediments.

A ccord ing  to B r o w n  [ 1 0 ] ,  a t  given p ressure  a n d  te m p e ra tu re  th e  chem i
cal c o m p o s i t io n  of th e  g a r n e t  is homogeneous w h e n  th e  sam ple co n ta in s  much 
m in e ra l  phases and th e  g a r n e t  is in equilib rium  w i th  all of th e m . I n  th is  case 
t h e  com p o s i t io n  zoning is p r o b a b ly  caused b y  th e  change of t e m p e r a tu r e  and 
p re s s u re .  I n  the sys tem  o f  a fewr mineral phases  zoning is caused  b y  th e  Mn 
e x t r a c t i o n  from the c ry s ta l - fo rm in g  m edium . A ssu m in g  th e  reac t io n  cp idote  -j- 
-|- c h lo r i te  =  garnet: if  t h e  a lu m in a  con ten t  o f  th e  sys tem  increases as com 
p a r e d  to  th e  Fe and Mn q u a n t i t i e s ,  the  Ca c o n te n t  o f  th e  g a rn e t  will decrease. 
I n  M n -r ic h  rocks the  inc rease  o f  Ca con ten t  to w a rd s  th e  edges o f  g a rn e t  grains 
m a y  b e  connected  w ith  th e  loss of Mn co n ten t  o f  ep ido te  and w i th  th e  decom 
p o s i t io n  o f  the  rem ain ing  C a-r ich  epidote. T he  change  of th e  g a rne t-fo rm ing  
r e a c t io n  (epidote -j- ch lo r i te  -f- m uscovite  =  g a rn e t  -j- b io t i te  in s te a d  of  epi
d o te  -J- chlorite  =  garne t)  m a y  resu l t  in an e x te rn a l  zone less a b u n d a n t  in  Ca.

T h e  models quo ted  a b o v e  describing th e  change  of com position  of  garnets  
d iffe r  f ro m  one an o the r  in  t h e  different e x p la n a t io n  of th e  significance of 
m in e r a l ,  physical, chem ica l  a n d  paragene tic  fac to rs  ac ting  d u r in g  crystal-
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lization . I t  seems to  be p ro b a b le  t h a t  th e  fac to rs  above d e te rm in e  to g e th e r  
th e  t re n d s  of changes o f  com position .

R ecen t ly  m ost of t h e  a u th o rs  agree t h a t  considerab le  d iffusion does no t 
ta k e  place in garnets  (“ r e f ra c to ry  m inera l” ). I n  recen t  t im es l im ited  diffusion 
is a ssum ed  only in case o f  m u lt i-phase , periodic  m e tam o rp h ic  processes.

In  case of po lym etam orph ism  only th e  ex te rn a l  zones of th e  g a rn e t  grains 
ta k e  p a r t  in th e  reac t io n s ,  in general. D epend ing  on th e  diffusion conditions 
of th e  en v ironm en t th e  second  ga rn e t  g enera t ion  (diffusion edge) is in  equ i
l ib rium  w ith  the  coex is t ing  Fe-M g-contain ing m inera ls  in a sphere  o f  action  
g rea te r  b y  one order of m a g n i tu d e  th a n  th e  th ickness  of th e  edge ( K w a k , [25]).  
I f  th e  ga rn e t  grains are  fo u n d  re la tive ly  fa r  f rom  one a n o th e r ,  in  th e  areas 
be tw een  th e  spheres of ac t io n  th e  f irs t  b io t i te  genera t ion  being in eq u il ib r ium  
w ith  th e  f irs t  ga rn e t  g e n e ra t io n  (i.e. w ith  th e  core) can  also be  d e m o n s t ra te d .  
As a re su lt  of re t ro g rad e  m e tam o rp h ism  a t  th e  edge of th e  g a rn e t  o f  n o rm al 
zona li ty  a diffusion zone o f  0.1 — 0.4 m m  th ick n ess  has deve loped  in which 
th e  Mn con ten t  s tro n g ly  increases  and  th e  Mg c o n te n t  s trong ly  decreases . This 
change is com pensa ted  b y  th e  opposite change o f com position  of  t h e  b io t i te  
edge in th e  sphere of a c t io n  o f  ab o u t  5 m m  rad ius  a ro u n d  th e  g a rn e ts .

D e B e t h u n e  et al. [6] de te rm ined  M n-rich str ips  of 25 m icron  w id th  
and  Ca-rich strips of 10 m ic ro n  w id th  along th e  edges, fissures a n d  inclusions 
of  th e  garnets  o f  a lm a n d in e —am phibo li te  facies sam ples which  h a v e  been 
g enera ted  by th e  r e t ro g ra d e  m e tam o rp h ism  of A lpine alb ite—ep id o te—chlorite  
subfacies. The chlorite  fo rm in g  from th e  resorb ing  ga rn e t  c a n n o t  b u i l t - in  Mn 
and  Ca. The inward m ig ra t io n  of Ca and Mn in th e  m arg ina l zone o f  ga rn e t  is 
co m pensa ted  b y  th e  o p p o s i te  m igra tion  of Fe  a n d  Mg. W hen  th e  re leasing  Ca 
is bu il t- in  in to  o the r  m ine ra ls  (epidote, calcite), no Ca-rich zone is fo rm ed  in 
th e  garne ts .

A fter  the  ex p e r im e n ts  o f  S c h n e id e r  [36] below 700 °C a n d  a t  2 k ilobar 
w a te r  pressure  g a rn e t  is t ra n s fo rm e d  in to  b io t i te ,  m ag n e t i te  a n d  plagioclase. 
T he  beginning  of m e lt in g  favours  the  fo rm a tio n  of  b io tite .  I n  t h e  diffusion 
edge of  10 20 m icrons th ick n ess  form ing in th e  ga rn e t ,  th e  q u a n t i t i e s  of Mn
and  Fe increase, those  o f  Mg an d  Ca decrease.

D e B e t h u n e  e t  al. [6] s tud ied  the  g a rn e ts  o f  p o ly m e ta m o rp h ic  Alpine 
m ica-schis t  and  augengneiss  series of th e  M onte R osa  zone of th e  Alps (formed 
d u r ing  unce r ta in  m esozonal  pre-Alpine and  a lb i te—epido te—q u a r tz —a lm a n d in e  
subfacies Alpine m e ta m o rp h ism )  which are p e rm e a te d  b y  g ran i te  apophyses,  
aplites  and  pegm ati tes .  G a rn e ts  are com plex-zonal:  in th e  in te rn a l  core th e  Mn 
and  Ca decrease, th e  q u a n t i t i e s  of Fe and  Mg increase o u tw a rd .  Th is  relict 
core is sep a ra ted  by  a l im it- l ine  m arked  b y  inclusion series ( re so rp t io n  phase), 
from  th e  edge, fo rm ed d u r in g  th e  re trograde  m e ta m o rp h ism  b y  c rys ta l l-g row th  
of th e  ga rne t .  A t th e  b eg in n in g  th e  Ca an d  Mn co n ten ts  are g re a te r  t h a n  a t  the  
edge of th e  in te rna l  core, th e n  these  are g rad u a l ly  decreasing. N e a r  th e  m argin ,
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w i th in  t h e  strip  of 20 to  40 m icrons th e  Mn becom es a b u n d a n t  aga in  (this is 
r e l a t e d  to  the  re so rp tion  c o n n e c te d  w ith  th e  t h i r d  [chloritic] phase).

G r a n t  and W e i b l e n  [16] explain  th e  increase  of  Mn a n d  F e  con ten ts  
a n d  decrease  o f  Mg c o n te n t  tow ards  th e  m arg in s  of  ga rn e t  grains  b y  the  
d if fu s io n  occurring d u r in g  t h e  resorbtion of  th e  re tro g rad e  t ra n s fo rm a t io n  
b e lo w  th e  second s i l l im an ite  isograde of m ig m a ti t ic  gneisses.

S u m m in g  up i t  c an  h e  s ta te d  th a t  on th e  effect of re t ro g ra d e  m e ta 
m o r p h is m :

a) th e  Mn (and in  c e r t a in  cases Fe a n d  Ca) re leasing in th e  course of 
r e s o r b t io n  connected to  th e  b io t i t iz a t io n ,  ch lo r i t iz a t io n  of the  g a rn e t  grains, 
c h a n g e  th e  original zon ing  o f  th e  grains m ig ra t in g  tow ard s  its c en tre  (Mn-, 
M n -F e -  or  Mn-Ca-ricli s t r ip s  develop). The increase  of  th e  e lem ents m en tioned  
a b o v e  is com pensated  b y  t h e  decrease of M g -q u a n t i ty .  The com position  of the  
d if fu s io n  edge is d e te rm in e d  m o st ly  by  th e  presence  an d  com posit ion  of  the 
o th e r ,  Ca- or Fe-Mg m inera ls  fo rm ing  during  th e  re tro m o rp h ism , its th ickness ,  
h o w e v e r ,  is controlled b y  th e  t ra n s fo rm a t io n  t e m p e r a tu r e  and  th e  t im e  period 
o f  t h e r m a l  effects.

b )  a round  th e  ex is t in g  g a rn e t  grains, w hich  b e h a v e  them selves as crys ta l  
g e rm s ,  accom panied  w i th  in te rse r t io n  of th e  re so rp t io n  phase , t h e  ga rne t  
f o r m a t io n  follows being d i f fe re n t  in com position  f rom  the  re so rp t io n  edge 
( r ic h e r  in  Ca and Mn), a n d  w i th in  th is  growing edge th e  d is t r ib u t io n  tendencies  
o f  t h e  e lem ents  are s im ila r  t o  th e  changes o f  n o rm a l  ga rn e t  zoning.

Mineralogical—petro log ica l and geochem ical investigations

1. Investiga tion  methods

T h e  chemical ana lyses  o f  th e  p o ly m e tam o rp h ic  rock  samples of  d ifferent 
geo logical positions der iv ing  f ro m  South  T ra n sd a n u h ia  and  S o u th e rn  G re a t  Plain  
( H u n g a r y )  and from th e  W e s te r n  C arpa th ians  (Czechoslovakia) (Table  I) ,  the  
m ic ro sco p ic  mineralogical—petro log ical in v es t iga t ions  of th e  ga rn e t-h ea r in g  
s a m p le s  a n d  of the ir  en v iro n s ,  as well as th e  e lec tro n  m icroprobe analyses  of 
t h e  c h a n g e s  of com position  in  th e  garnets  were ca rr ied  ou t.

T h e  qua li ta t ive  a n d  q u a n t i t a t i v e  analyses o f  th e  inv es t ig a ted  mineral 
g ra in s  w ere  carried o u t  b y  m e a n s  of JX A -5  e lec tro n  m icroprobe a t  an  ac
c e le r a t in g  voltage of 15 kV. T h e  garne t  g rains, reg a rd ed  ch a rac te r is t ic  and 
ch o se n  on  th e  basis of t h e  q u a l i ta t iv e  inves t iga t ions ,  were ana lyzed  on a po in t  
series a lo n g  a line, m o s t ly  f r o m  edge to  edge th r o u g h  th e  g ra in ’s cen tre .

T h e  com puter  p ro g ra m  o f  D uncum b  a n d  J o n e s  [12] w ith  insign if ican t  
m o d if ic a t io n s  was used for  e v a lu a t io n ,  th u s  in ad d i t io n  to  th e  rea l (corrected) 
v a lu e s  i t  com puted  the  n u m b e r  of  ions w ith in  th e  u n i t  cell, as well. T he  oxide 
su m  o f  t h e  analyses falls w i th  a  few  exceptions b e tw e e n  98.5 and  102.5 p e r  cent.
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Table I

Chemical com positions o f the investigated garnetiferous rock samples

A В c D, D. E

SiO, 44.73 75.48 60.97 61.13 63.10 60.68

TiO , 3.16 0.36 0.75 0.98 1.05 0.75

A L 0 3 15.94 12.89 18.34 16.50 15.20 20.73

Fe20 3 3.37 0.55 0.21 1.82 2.16 1.30

FeO 12.48 1.75 4.68 4.97 4.71 4.12

MgO 4.99 0.33 2.72 3.23 2.67 1.42

MnO 0.43 0.12 0.12 0.27 0.17 0.10

CaO 6.10 1.71 2.87 2.91 2.67 1.35

N a20 2.60 5.38 3.88 3.32 3.32 1.45

K ,0 0.84 0.60 2.95 2.73 2.48 4.20

H „ 0 + 2.29 0.78 1.65 1.08 0.89 2.28

ÍL O - 1.36 0.06 0.02 0.89 0.37 0.71

P A 0.10 0.05 0.10 0.22 0.27 0.09

c o 2 1.81 0.55 0.46 0.00 0.06 0.48

T o ta l 100.20 100.61 99.72 100.05 99.94 99.66

A — g arn e tife ro u s  am ph ibo lite , G ö rg e teg -B ab ó csa  bo re  No. 27, core sam p le  N o. 6, 
(2430.5 m )

В i= g a rn e tife ro u s  m uscovitic  b io tite -g n e iss , b o re  AlgyS-70, core sam p le  N o. 4, 
(2 4 6 9 -2 4 7 0 .5  m)

C =  g a rn e tife ro u s , s tau ro litic , am p h ib o lic  b io tite -g n e iss , Z ahorska B is tr ic a , L itt le  
C a rp a th ian s , C zechoslovakia

D =  g a rn e tife ro u s  b io tite-gneiss, b o re  Szank-26: D , =  sam ple  No. 3. (1837 — 1840 m ); 
D , =  sam ple  No. 7 (1900 1901 m )

E  =  g a rn e tife ro u s , s tau ro litic  m ica  sch ist, I la ß a v a , K o h u t zone of V eporides, C zecho
slo v ak ia

A n alysts: В , С, E : J a n k o v ic s , L . G eochem ical R esearch  L ab o ra to ry  o f  th e  H u n 
g a rian  A cadem y o f Sciences;

A, D ,, D 2: P i t t e k , Gy . N a tio n a l M useum , Coll, o f Min.

2. D escription o f  the samples and  their investigation  results

A ) Garnetiferous amphibolite  (Bore  No. GB-27 core sam ple No. 6)

This sam ple  derives from th e  m e ta m o rp h ic  crysta ll ine  b asem en t  exp lo red  
b y  boreholes in th e  environs of  G örge teg -B abócsa  in S W -T ran sd an u b ia .  The 
crysta ll ine  b a se m e n t  consists e ssen tia l ly  of  g ran i te  gneiss and  s u b o rd in a te ly  
of  am ph ibo li te  ( S z á d e c z k y - K a r d o s s  et ah , [38]). Locally  th e  g ra n i te  gneiss 
t ran sfo rm ed  in to  p o ly m e tam o rp h ic  te c to n i te  o f  non-equ il ib r ium  s ta te ,  i.e. in to  
fe ld spa r-bear ing  m ica-schist, m y lo n i te  and  phy l lo n i te .  On the  basis o f  analog ies  
of  the  Mecsek M ounta ins ,  the  igneous a c t iv i ty  is o f  E a r ly  B a ik a l ian  age, th e
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m eso zo n a l  m e tam o rp h ism  is of Yariscan, w hile  th e  re trograde  m e ta m o rp h ism  
is o f  A lp ine  age. As to  th e  chronological a t t e m p t s  based on geological and  
te c to n ic  a ssum ptions ,  th e  older (B aika lian )  age of the  m ain  m e ta m o rp h ism  
a n d  th e  Y ariscan  age of  th e  re trog rade  p h ase  seem  to be p robable .  T he  m inera l 
p a ra g e n e s is  of th e  sequence  of  m a x im u m  garn e t-am p h ib o l i te  resp . epido te-  
a m p h ib o l i te  facies is as follows: qua r tz ,  o rtl ioc lase ,  plagioclase, b io t i te ,  m usco 
v i te ,  re sp .  chlorite , seric ite , a p a t i te ,  calc ite  a n d  in smaller q u a n t i t ie s  ga rne t ,  
z ircon , som etim es s tau ro l i te  and k y an i te  ( B a l á z s , [3]).

T h e  core sam ple  No. 6 of the  bore G B-27 (2430.5 m) is a g a rne tife rous  
a m p h ib o l i te  of s ligh tly  schistose te x tu re .  I t s  rock-form ing m inera ls  in  order 
o f  q u a n t i t y  are: ho rn b len d e  (hyp id iom orph ic ,  xenom orphic) o f  50 to  200 in 
a v e ra g e  a n d  500 m icrons m ax im a l  leng th , th e se  are often c rysta ls  o f  reso rbed  
edge a n d  in certa in  p a r ts  o f  th e  rock are s t ro n g ly  transfo rm ed : as a resu lt  of 
th e i r  t r a n s fo rm a t io n  ch lorite , ca rbona te  m in e ra l  a n d  small q u a n t i ty  o f  sericite- 
m u s c o v i te  were form ed, ra re ly  w ith  m uscov ite -ch lo r i te  paralle l  in te rg ro w th  
s t r ip s  a f te r  am phibole . P lagioclases are r a r e ly  of  po lysyn the tic  tw ins ,  som e
t im e s  show  inverse zoning ( the  A n-co n ten t  increases  tow ards th e  edges), often 
c o n ta in  m y rm ck it ic  v e rm ic u la r  qu a r tz  a n d  inclusions. The com posit ion  of 
p lag ioc lase  is 10 to  18 per  cen t  An. The a v e rag e  and  m axim al d ia m e te r  of the  
re so rb e d ,  p re d o m in a n t ly  h yp id iom orph ic ,  r a re ly  idiomorphic or xen o m o rp h ic  
g a rn e t  g ra ins  are 100 resp. 800 micron. T he  sm alle r  grains are id iom orph ic ,  in 
g en e ra l ,  t h e  g rea te r  ones are f ragm en ted  b u t  no  rolled s t ru c tu re  a ro u n d  them  
can  be  observed . The g re a te r  grains are s u r ro u n d e d  by  inclusions or  are of 
inc lus ion-core .  The inclusion zones lie pa ra l le l  w ith  the edges of  th e  c rysta ls  
w h ich  re la te s  to  s ta t ic  cond itions  of g row th . ( Inclusions of the  ga rn e ts :  opaque , 
q u a r t z ,  plagioclase). T ra n s fo rm a tio n  of g a rn e t  can n o t  be observed . T he  rock 
c o n ta in s  l i t t le  q u a r tz ,  h e m a t i te  and  i lm enite  resp . zircon and a p a t i te  rep re sen t  
th e  o p a q u e  resp. accessory m inerals.

O n  th e  basis of th e  ana lyzed  m a te r ia ls  o f  the  above, as well as o f  the  
G B -22 , 11 and  6 bores th e  m inera l pa ragenes is  o f  the  1st p rogressive m e ta 
m o rp h is m  o f  the  gran ite  a n d  basic m a g m a t i té  as s ta r t in g  rocks (q u a r tz ,  albite- 
o ligoclase , hornb lende , a lm an d in e  garnet,  m u sco v i te ,  bio tite , M g-chlorite) can 
be a ss ig n ed  to  th e  q u a r tz -a lb i te -c p id o te -a lm a n d in e  subfacies o f  th e  m ed iu m  
p re ssu re  greenscliist facies a f te r  W in k l e r  [39].  T h e  U n d  i.e. re t ro g rad e  rec ry s 
ta l l i z a t io n  m a y  represen t  th e  lo w - tem p era tu re  range  of the  g reensch is t  facies 
( fo rm a t io n  of  chlorite , seric ite  and  c a rb o n a te  mineral) .

T h e  inv es t ig a ted  g a rn e t  grains of d if fe ren t  d iam eter  are  zoned . The 
zon in g  is cha rac te r is t ic  o f  th e  progressive m e ta m o rp h ic  rocks: th e  q u a n t i ty  
of Ca decreases  from  th e  cen tres  tow ards  th e  g r a in ’s edges and  th is  change  is 
c o m p e n s a te d  by  the  increase of  Fe and to  a sm a lle r  ex ten t  of th e  Mg co n ten ts .  
T he  r a t h e r  l i t t le  Mn c o n te n t  does no t  show s ign if ican t  changes (Figs 1 a n d  2).

T h e  c rys ta l l iza t ion  of  th e  garne t  grains  in  th e  course of progressive  m eta-
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TYPES OF COMPOSITION 25

Figs 1 and 2. C hange of chem ical com position  o f g a rn e t  gra ins along a line  fro m  edge to  
edge. Sam ple  A: g a rn e tife ro u s  am ph ibo lite , G ö rg e teg -B ab ó csa , bore No. 27, sam p le  No. 6
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m o rp h is m  (i.e. increasing  te m p e ra tu re )  is p ro b a b ly  evidenced b y  t h e  change  
of t h e  F e /F e  -I- Mg ra t io s .  I n  the  g a rn e t  g ra in s  inverse or com plex  zoning 
r e la t in g  to  re trograde  m e ta m o rp h ism  c a n n o t  he  observed.

B) G arnetiferous, m uscovitic biotite gneiss  (core  sample No. 4 of  t h e  bore 
A lgyo-70 , 2469 2470.5 m)

T h e  m etam o rp h ic  b a se m e n t  of th e  s o u th e r n  p a r t  of th e  G re a t  P la in  
cons is ts  o f  Proterozoic-Paleozoic , g a rn e t  a n d  s tau ro l i te  hearing gneiss, m ica 
sch is t  a n d  am phibo lite  de r iv ing  p re d o m in a n t ly  from  granitoid rocks  an d /o r  
a rk o s ic -c la s t ic  sed im ents  a n d  su b o rd in a te ly  f ro m  basic  and acidic vo lcan i te s .  
T h e  m e ta m o rp h ic  age is E a r ly  B a ika lian  a n d  Y a r isc a n  and the  m e ta m o rp h is m  
is p r e d o m in a n t ly  m esozonal (S z á d e c z k y - K a r d o s s  et al. [38]). I n  t h e  a rea  
of  t h e  A lgyő  s t ru c tu re ,  on  th e  basis of R b-S r  iso top ic  d a ta  S zalay  a n d  K ovach  
(p e rso n a l  com m unica tion )  assum e e p id o te -am p h ib o l i te  facies m e ta m o rp h is m  
a n d  m ig m a t i t iz a t io n  of  H e rc y n ia n  age a n d  o f  greenschist facies o f  A lpine 
(Ju rass ic -C re taceous)  age.

A cco rd ing  to  N a g y  — S z e p e s h á z y  [31] in  th e  n o r th e rn  p a r t  o f  t h e  Algyő 
s t r u c tu r e  (where the  a n a ly zed  sam ple  is fo u n d )  d iaph to r ized  mica sc h is t  and  
gneiss-like  rocks are fo u n d  con ta in ing  q u a r tz ,  b io tite ,  m uscovite ,  g a rn e t ,  
f e ld sp a r  a n d  som etim es ch lo r ite .  In  th e  s o u th e rn  p a r t  of the  s t ru c tu re  (Deszk- 
F e ren cszá l lá s )  these rocks  were g ran itized : w i th  a new  albite and  a lb i te -m icro -  
cline g en e ra t io n ,  and  w i th  decreasing sch is to s i ty ,  rocks of g ran ite -gne iss  and  
g ra n i te  fea tu re s  were fo rm ed .

T h e  sam ple  No. 4. o f  th e  bore  Algyo-70 is a hom ogeneous rock  of sch is tose  
s t r u c tu r e .  I t s  main m inera ls  (in o rder of q u a n t i t y ) :  quar tz ,  older tw in - lam el-  
l a t e d  in v e rse  zonal o ligoclase-andesine of a b o u t  30 per  cent An, a n d  y o u n g e r  
p lag ioc lase  form ing a tw in -  a n d  zone-free a lb i te  genera tion , an d  b io t i te  t r a n s 
fo rm in g  g rad u a l ly  in to  ch lo r ite .  The faded  b io t i te  sheets enclose loca lly  c a r 
b o n a te - c o n ta in in g  s tr ips .  C arbona tes  occur in  t h e  groundm ass sp o rad ica l ly  
a c c o m p a n ie d  m ain ly  b y  seco n d a ry  op aq u e  m in e ra ls ,  too. The rock  consis ts  of 
m u s c o v i te  o f  considerable  less a m o u n t  t h a n  b io t i te  ( tab u la r  m uscovite  g e n e ra 
tion) ,  a n d  tog e th e r  w i th  ca rb o n a te ,  sericitic g enera t ion .  Occasionally  micro- 
cline g ra in s  also occur. T he  orig inal m ax im a l  m e a su re  and average m e a su re  of 
the  g a r n e t  p o rp h y ro b la s ts  are  700 1000 resp . 200 -  300 microns. T h e  in ta c t
g a rn e t  g ra in s  are id iom orph ic .  The grains a re  s t rong ly  fissured a n d  t r a n s 
fo rm e d  in to  chlorite  +  q u a r tz  -)- opaque  h eap s  to  different ex ten ts .  A ro u n d  
the  ga rn e t i fe ro u s ,  decom posed  heaps b io t i te  can  be found in  genera l,  b u t  
b io t i te  su r ro u n d e d  th e  fo rm er  ga rn e t  g rain , i t  is n o t  t ransfo rm ation  p ro d u c t  
b u t  s y n g e n e t ic  w ith  th e  g a rn e t .  The b io t i te  fo u n d  as inclusion in th e  i r re g u la r  
sh a p e d  g a rn e ts  is a ccom pan ied  b y  plagioclase o f  oligoclase-andesine c o m p o s i 
tion  ( I  genera t ion ) ,  i.e. i t  can  be considered sy n g en e t ic  with the  g a rn e t .
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On th e  basis o f  th e  q u a r tz ,  o ligoclase-andesine, h io tite , m u sc o v i te  (I), 
g a rn e t  m ineral paragenesis  the  I  progressive m e tam o rp h ism  o f  t h e  sam ple  
(e x t ra p o la t in g  th e  s tau ro li te  and  k y a n i t e  con ten t)  can  he assigned to  W i n k l e r ’s 
[39] low te m p e ra tu re ,  m edium  p re ssu re ,  a lm and ine -am ph ibo li te  facies while 
th e  I I  re trog rade  m e tam o rp h ic  p h a s e  (quar tz ,  á lh i te ,  chlorite , seric ite , o p aq u e ,  
ca rb o n a te  m ineral)  can he ass ig n ed  to  th e  low te m p e ra tu re  q u a r tz -a lb i te -  
m uscov ite -ch lo r i te  suhfacies o f  t h e  greenschist facies. (This r e t ro g ra d e  t r a n s 
fo rm a tio n  can he p ro b ab ly  co n n ec ted  w ith  th e  m igm a ti t iz a t io n  a n d  g ran it iza -  
t ion  processes ev idenced  in th e  s o u th e r n  p a r t  o f  th e  s t ru c tu re  t h o u g h  in d ica 
tions of m elting  can n o t  be o b se rv ed .  Moving to w ard s  th e  m ig m a t i te  zone the  
te m p e ra tu re  of th e  re trograde  t r a n s fo rm a t io n  increases [h io tite  zone].)

The change o f chemical c o m p o s i t io n  along a line of a ga rne t  p o rp h y ro b la s t  
o f  th e  sam ple (Fig. 3), i.e. th e  d ec rease  of Mn and  Ca con ten ts  as well as the 
increase of Fe a n d  Mg con ten ts  f r o m  th e  centre  to w ard s  th e  edges a re  c h a ra c 
teristic . This zoning ty p e  and  th e  g ra d u a l  decrease of th e  Fe /F e  4" Mg to w ard s  
th e  edges ind ica te  the  c ry s ta l l iz a t io n  of th e  g a rn e t  grains in t h e  course  of 
progressive m e tam o rp h ism  of in c rea s in g  te m p e ra tu re .  The effect o f  r e t ro g ra d e  
m e ta m o rp h ism  corresponding to  th e  chlorite  isograde m ay  be e v id e n c e d  by 
th e  Mn increase accom panied  w i th  F e  decrease found  in case of m e a su re m e n ts  
b y  every  five m icrons of th e  edge .

[
Si
Í N ,6|*V*

5 -

Si

F ig . 3. C hange o f chem ical co m p o sitio n  o f th e  g a rn e t g ra in  from  edge to  edge. Sam ple  В 
garn e tfero u s b io tite -g n e is s , bore A lgyő-70, sam ple  No. 4
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C) B io tite  gneiss w ith  g a rn e t , staurolite, am phibole  (Zahorska  B istr ica ,  L itt le  
C a rpa th ians ,  C zechoslovak ia)

T h e  sample d e r iv es  f ro m  m etam orph ic  e n v iro n m e n t  of th e  Yariscan 
g r a n i t e  in trusion of  t h e  L i t t l e  C arpa th ians :  f ro m  th e  U pper  P ro te rozo ic  pelitic- 
ca rb o n aceo u s  sed im en ts  a n d  basic m a g m a t i te s  o f  th e  P ez in o k -P e rn ek  series 
r e c ry s ta l l iz cd  for th e  m o s t  p a r t  in the ep id o te -a m p h ih o l i te  facies in th e  La te  
B a ik a l i a n  m e tam orph ic  cycle  (classification a f te r  K a m e n ic k y  and  K rist  [21]). 
As to  o th e r  concepts ( K a m e n i c k y , L. [22])  t h e  E a r ly  Paleozoic sequence 
e v id e n c e d  by  palyno log ica l  m e thods  m e ta m o rp h iz e d  in the  greenschist facies 
d u r in g  th e  Yariscan cycle  w i th  perip lu tonic  p rogressive  m e tam o rp h ic  zonality  
o f  se v e ra l  km  w id th  a r o u n d  th e  Variscan g ra n i te  in trusion .

T h e  sample in v e s t ig a te d  formed from  f ine -g ra ined  pelitic sed im ent,  
c o n ta in in g  organic (g ra p h i t ic )  materia l.  The f i r s t  m e ta m o rp h ism  of greenschist 
fac ies  a n d  being p a ra l le l  w i th  th e  sed im en ta ry  s t r a t i f ic a t io n  resu lted  in a rock 
o f  quar tz -a lb i te -se r ic i te -m u sco v i te -ch lo r i te -b io t i te  paragenesis . T he  mineral 
p a rag en es is  of the  p e r ip lu to n ic  progressive ( I I )  m e ta m o rp h ic  phase : b io tite , 
g a r n e t ,  staurolite , g reen  am ph ibo le ,  plagioclase, q u a r tz ,  which on th e  basis 
o f  W i n k l e r ’s classif ica tion  [39] can be assigned to  th e  s tau ro li te -a lm and ine  
su b fac ie s  of the a lm an d in e -am p h ih o l i te  facies o f  m e d iu m  pressure . The sep a ra 
t io n  o f  th e  two m e ta m o rp h ic  phases arc in d ic a te d  b y  th e  d ifferen t sch is tosity  
d i re c t io n s  and differences in  g ra in  size. In  th e  en v iro n s  of the  g ran ite  in trusion  
no  m e lt in g ,  m ig m a t i t iz a t io n  or  m etasom atic  p h e n o m e n a  are know n.

T h e  composition z o n in g  of the  g a rn e t  g ra in s  charac ter ized  b y  s ta t ic  
c ry s ta l l iz a t io n  cond itions  ( idiom orphic , inclusion-free)  is o f  s imple norm al 
t y p e :  f ro m  the  centre t o w a r d s  th e  edges the  Ca a n d  Mil decrease, th e  qu an t i t ie s  
o f  F c  a n d  more s ligh tly  o f  Mg increase.

D) G arnetiferous biotite g n e iss , bore No. S zan k -2 6  (D L =  sam ple  No. 3, 
* 1837 1840 m; D , =  s a m p le  No. 7, 1900- 1901 m)

T h e  crystalline b a s e m e n t  of  the  cen tra l  p a r t  o f  th e  D an u b e—T isza -In te r-  
f lu v e  o f  th e  Great H u n g a r ia n  P la in  (from where  t h e  sam ples D  derive) consists 
o f  u s u a l ly  non-equilibrial m y lo n i t ic  gneiss, m ica  schist-like gneiss, qua r tz -  
m ica -sch is t ,  am phibolite  r e s p .  epigneiss, seric ite  gneiss, fe ldspar-bear ing  or 
se r ic i t ic  quartz ite ,  p h y l l i t ic  m ica  schist sequence  which were fo rm ed  from 
E a r ly  B aika lian  arkosic s a n d s to n e ,  pelite and  v o lcan ic  s ta r t in g  rocks o f  acidic 
to  b a s ic  composition a n d  w ere  recrystallized p re d o m in a n t ly  in cp ido te-am phi-  
h o l i te  facies, su b o rd in a te ly  in  greenschist facies d u r in g  th e  V ariscan  cycle 
(S z ade cz k y^-Kardoss  e t  al. [38]). The B b -S r  iso top ic  chronological d a ta  
in d ic a te  p redom inan tly  V a r is c a n  epi-mesozonal a n d  su b o rd ina te ly  Alpine 
(C re taceous)  re trograde  m e ta m o rp h ism .
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According to  S z e p e s h a z y  [31] in  th e  G rea t  P la in  a cen tra l  zone  of 
S W —N E  strike consis ting  m ainly  o f  o rthogneiss  (B aja  J á n o sh a lm a  Táz- 
lá r  T ú rk e v e —K örösszegapáti)  is s u r ro u n d e d  b y  tw o parallel n o r th e rn  and  
s o u th e rn  series consis ting  of pa ra -m ica-sch is ts  an d  gneisses (Izsák S z á n k  
B ih a rn a g y b a jo m  H ajdúszoboszló  a n d  M adaras  -K e le b ia  — Á so t th a lo m  Al- 
győ  P u sz ta fö ld v ár ,  respectively). I n  all these  zones am phibo lite  m asses  of 
p ro b a b ly  ortho origin and  undergone  also d iaph to res is  can  also he fo u n d  
(Szánk , Miske, K eleb ia ,  Ö ttöm ös, A lgyő , E n d rő d ,  Békéssám son, B ih a r n a g y 
b a jo m ) .  As to  th e  a u th o r  quoted  ab o v e  th e  f i r s t  progressive m esozonal m e t a 
m o rp h ism  is of E a r ly  Baikalian  age a n d  th is  en d u red  epi-mesozonal effects 
d u r in g  th e  Variscan cycle. Along c e r ta in  zones th is  was accom panied  b y  u l t r a 
m e ta m o rp h ism  (g ran it iza t ion) .  G ra n i t iz a t io n  is m an ifested  in th e  fo rm a t io n  
o f  g ran i te ,  m ig m a ti te -g ran i te  gneiss, fe ld spa r ized  gneiss showing g ra d u a l  
t r a n s i t io n  tow ards t h e  older m e ta m o rp h i te s ,  th e  m igm ati t ic  g ra n i te  m ass 
e n d u re d  p o ta sh -m e ta so m a tism  also d u r in g  th e  V ariscan  cycle.

T he  analyzed  sam ples  of th e  b o re  Szank-26  are found  in seve ra l  k i lo 
m e tre s  d istance from  th e  marginal zone of  th e  m ig m a ti t ic  g ran ite  m ass .  I n  the  
S zán k  a rea  the  gneiss- and m ica-sch is t- l ike  m e tam o rp h ic  sequence consis t ing  
o f  q u a r tz ,  fe ldspar, b io t i te ,  su b o rd in a te ly  of  m uscovite  an d  g a rn e t  c a n  be 
ex p la in ed  as d ia p h to r i te s  or m y lon ites  o r ig in a ted  from  older p a ragne isses  or 
m ica  schists or th e i r  elastics (greyw acke).  A long  th e  line b e tw een  t h e  bores 
Szank-30  and Szank-39  the  rocks c o n ta in  considerab le  q u a n t i ty  of  n ew  á lh i te  
w hich  m a y  ind ica te  in it ia l  g ran i t iza t io n .  I n  th e  so u th eas te rn  p a r t  o f  t h e  area 
(Szank-26 , etc.) r e la t iv e ly  fresh a m p h ib o l i te  sequence  o f  g rea t  e x te n s io n  can 
be  fo u n d  (Sz e p e s h a z y  [31]).

I n  accordance  w ith  I van csic s  [20] th e  rock-form ing  m inera ls  o f  th e  
a m p h ib o l i te  sequence  are: green a m p h ib o le ,  q u a r tz ,  oligoclase (A n2e) resp. 
basic  relics (An50_ e0), b io tite , ch lo r i te ,  ep ido te ,  zoisite, t i t a n i te ,  o p aq u e ,  
g a rn e t ;  accessories: a p a t i te ,  zircon, ru t i le ,  i lm en ite .  The m e ta m o rp h ic  re c ry s 
ta l l iz a t io n  can be assigned to  W i n k l e r ’s q u a r tz -a lh i te -e p id o te -a lm a n d in e  su b 
facies o f  the  g reensch is t  facies. T h e  r e t ro g ra d e  m e tam o rp h ic  effects a re  in d i
c a te d  b y  th e  am p h ibo le  —> epidote a n d  b io t i te  ->  ch lorite  t ra n s fo rm a t io n s .

T h e  bore Szank-26  t rav e rsed  th i s  sequence  consisting of p r e d o m in a n t ly  
am p h ib o l i te  and  su b o rd in a te ly  b io t i te  gneiss o f  f ine -m ed iu m -g ra in ed  and 
schis tose  s t ru c tu re  conta in ing  occas iona lly  micro-folds be tw een  1797 to 
1901 m etres. B e tw een  th e  two ty p e s  o f  ro ck  th e re  is a con tinuous  t r a n s i t io n ,  
th e y  a l te rn a te  each  o the r  several t im e s .  B o th  ty p es  conta in  c o n c o rd a n t  or 
lense-likely th ic k e n in g  quartz  or q u a r tz - fe ld s p a r  s tr ips  and  spots  w h ich  were 
gen e ra ted  m ostly  b y  m etam orph ic  d if fe re n t ia t io n  and  su b o rd in a te ly  b y  initial 
m elting .

R ock-form ing  m inerals  of th e  a m p h ib o l i te  a n d  b io tite  gneiss: h o rn b len d e  
(2 V =  —67 —68°, y  I c =  12 — 18°). I t  is o f  i r regu la r  shape in general,  a n d  often
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F ig . 4. H o rn b len d e  g ra in  fro m  am p h ib o lite  w ith  l ig h te r  C a-rich  s trip s. B ore S zank-26 , 1797—  
1798 m . a. e lec tro n  p ic tu re ; b. C aK a X -ra y  p ic tu re . 6 m m  =  19 m icrons

F ig. 5. In v e rse  zonal o ligoclase a n d  a lb ite  g en era tion . B o re  Szank-82, am p h ib o lite ; a. e lec tro n  
p ic tu re ; b . C a K a X -ray  p ic tu re . 6 m m  =  19 m icrons

c o n ta in s  q u a r tz ,  fe ld spa r ,  opaque , a p a t i te  a n d  epidote  inclusions. R a re ly  
o p t ic a l  (birefringence) a n d  chem ical com posit ion  zoning can be observed :  from  
th e  c e n t re  tow ards  th e  g ra in ’s edge th e  p o ta s h  c o n te n t  is s trongly , th e  Ca a n d  
A1 c o n te n t s  slightly  increas ing , while the  q u a n t i t y  o f  Mg decreases. I t s  t r a n s 
fo rm a t io n s :  along f issures poste rio rly  Ca-rich ho rnb lende  strips were fo rm ed  
(Fig. 4 /a  b). The S i-co n ten t  o f  the  Ca-rich s t r ip s  and  of th e  orig inal h o r n 
b len d e  is th e  sam e, in  th e  s tr ips  the  Ca c o n te n t  o f  th e  hornb lende  increases 
on th e  a c c o u n t  of AI, Fe  and  Mg due to  d iffus ion  processes. The. in te n s i ty  of 
th e  t r a n s fo rm a t io n  process am phibo le  —> b io t i te  (-f- epidote) -f- chlorite  is con 
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siderab ly  chang ing  w ith in  a d is ta n c e  of  cen t im e tre :  locally t h e  co m p le te  
process, locally  only  th e  in te rm e d ia ry  or on ly  th e  end p roduc ts  c a n  he  re 
cognized.

B o th  in th e  am phibolite  a n d  b io t i te  gneiss samples older oligoclase- 
andesine  of  som etim es  inverse zon ing , p o ly sy n th e t ic  twins and  o f 20 to  35 per 
cen t  A n, a n d  a younger  álhite g en e ra t io n  w i th  ra re  po lysyn the tic  tw in s  and  
free of  zoning in  general can be s e p a ra te d  (Fig. 5 /a -b ) .

T he  in f re q u e n t  an t ip e r th i t ic  m icrocline of  sometimes p o rp h y ro b la s t ic  
c h a ra c te r  an d  w i th  inclusions m a y  re la te  to  in it ia l  melting. In  th e  ro ck s  of 
m ore acidic chem ical com position  th e  m ain  coloured ingredient is t h e  b io t i te  
t ran s fo rm in g  g rad u a l ly  into ch lo r i te  a n d  m uscov ite .  Muscovite occurs  in sm all 
q u an t i t ie s  e i th e r  to g e th e r  w ith  or  fo rm ing  f rom  b io ti te .  E p ido te  (2 Y  =  80°,
oc/c = 4 — 9°, у / a 26 — 27°) a n d  zoisite (2 Y — -(-82°) occur in  b o th  rock 
ty p es .  These can  be found also in  t h e  rocks c o n ta in in g  abso lu te ly  f re sh  a m p h i 
boles and  oligoclase-andesine, t h u s  these  w ere  p re su m ab ly  form ed j u s t  in th e  
f i rs t  p rogressive recrysta ll ization  p h ase .  T he ir  o th e r  generation  is fo rm e d  in  the  
re tro g rad e  t ra n s fo rm a t io n  phase  f ro m  th e  Ca releasing in the  course  o f  bio- 
t i t iz a t io n  of am ph ibo le  and a lb i t iz a t io n  o f  th e  more basic p lag ioclase .  The 
fissure-filling ep ido te  of the  th i rd  ty p e  follows h y d ro th e rm a l  su lph ide  m inera ls .  
T he  q u a r tz  g ra ins  elongated  in t h e  sch is to s i ty  d irec tion  are often o f  u n d u la to r y  
ex t in c t io n  a n d  inclusions in th e  gneisses w hich  is no t ch a rac te r is t ic  o f  the  
am phibo li tes ,  in  general. Chlorite can  he ex p la ined  as the  e n d -p ro d u c t  of the  
decom position  process of da rk  sil icates. A m ph ibo les  always c o n ta in  t i t a n i t e  
a n d  ap a t i te .

G a rn e t  is m ore  f requen t  in  b io t i te  gneisses h u t  can also be  fo u n d  in 
am ph ibo li tes .  T he  grains of g rea te r  size (up to  m ax . 2000 microns) a re  c racked ,  
f issured an d  hyp id iom orphic ,  in  general.  T h e y  arc sometimes o f  inc lusions: 
b io t i te  —> ch lo r ite ,  q u a r tz ,  ep ido te  a n d  o p aq u e .  W h en  com paring t h e  d iffe ren t  
g ra ins , th e  fac t  t h a t  th e  q u a r tz -b io t i te ,  e tc . environs were fo rm ed  f ro m  or 
to g e th e r  w i th  th e  garne t ,  c a n n o t  he  u n am b ig u o u s ly  decided.

The chem ical composition zon ing  o f th e  sm aller  isometric id io m o rp h ic ,  
less f issured or xenom orphic , re so rb ed  g ra ins  is charac terized  b y  a Ca-rich 
s tr ip  of ch ang ing  th ickness  of seve ra l  to  25 80 m icrons (Fig. 6/a-b). A ccord ing
to  th e  along-line analysis  of these  g a rn e t  g ra ins  (Figs 7 and 9) in t h e  edges th e  
su d d en  increase of  C a-content is c o u n te rb a la n ce d  by  th e  jo in t  dec rease  of  Fe, 
Mg an d  Mn. T h e  t ran s i t io n  b e tw een  th e  Ca-rich edge and the  in te rn a l  core is 
con tinuous . Series o f  inclusion o r  d ifference in re frac tion  re la t ing  to  g ra d u a l  
g ro w th  ca n n o t  be  recognized. T h u s ,  th e  p h en o m en o n  can be c o n n e c te d  w ith  
re tro g rad e  m e ta m o rp h ism  and  can  be ex p la ined  as inverse, c o m p lex  zoning  
of diffusion orig in  which concealed th e  acc iden ta l  original (progressive) zoning 
of th e  grains. T h e  re trograde  c h a ra c te r  o f  th e  fo rm ation  of the  in v e rse  zoning 
m a y  be ev idenced  b y  increase o f  F e /F e  -f- Mg ra t io s  tow ards th e  edges, an d
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F ig . 6. Sm all-sized  iso m etric  g a rn e t  grains of d iffu sio n  C a -rich  edge w ith  m ea su re m e n t lin e . 
S am p le  D x: g a rn e tife ro u s b io tite -g n e is s , bore S zan k -2 6 . sam p le  N o. 3; a. e lec tro n  p ic tu re ;  

b . C a K a X -ra y  p ic tu re , 6 m m  =  17 m icrons

I

F ig . 7. Change o f ch em ica l com position  o f th e  g ra in  m ark ed  by  line  in  F ig . 6

th e  Ca d is t r ib u t io n  p ic tu re s  (Figs 10/a-b, 12 /a-b) o f  th e  g reater  p o rp h y ro b la s ts  
o f  i r re g u la r  shape m a y  re la te  to  the  diffusion orig in .  In  add it ion  to  th e se  Ca- 
r ic h  s t r ip s  of chang ing  th ick n ess  and o ccu rr ing  in  general (bu t  n o t  a lways) a t
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Fig. 8. R esorbed  g a rn e t g ra in  w ith  C a-rich  diffusion  edge. Sam ple  Г>„: g a rn e tife ro u s b io tite -  
gneiss, bore S zank-26 . sam ple  No. 7, a. e lectron  p ic tu re ; b . C aK a X -ray  p ic tu re , 6 m m  =

37 m icrons

Fig. 9. C hange of chem ical com position  o f th e  g a rn e t g ra in  of Fig. 8

th e  g ra in ’s edges, along the  fissures existed d u r in g  th e  re trograde  effect Ca-rich  
s t r ip -n e tw o rk  of d ifferent th ick n ess  was fo rm ed .  T he  along-line d is t r ib u t io n  
curves (Figs 11, 13) show the  changes of e lem en ta l  concen tra t ions  d iscussed  
in case of th e  sm aller  grains.
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F ig . 10. L arge-sized  fissu red  g a rn e t  g ra in  o f  C a-rich  edge w ith  m easu rem en t line . Sam ple 
D j: g a rn e tife ro u s  b io tite -g n e iss , b o re  S zank-26 , sa m p le  No. 3; a. e lectron  p ic tu re ; b . C aK a

X -ra y  p ic tu re , 6 m m  =  33 m icrons

F ig . 11. Change o f co m p o sitio n  along th e  lin e  o f  th e  g a rn e t g ra in  o f F ig . 10

I t  is seen in Figs 14/a-b t h a t  th e re  is no  close re la tionsh ip  b e tw een  the  
p o s i t io n  o f  the  b io tites  fo rm in g  th e  b o u n d a r ie s  or inclusions of  th e  g a rn e ts  and  
o f  t h e  Ca-rich strips. N everthe less ,  i t  can  b e  a ssum ed  th a t  th e  re m ig ra t io n  of 
Ca in to  th e  garnet re leased  in the  course of  t ra n s fo rm a t io n  o fg a rn e t -b io t i te s
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Fig. 12. O ther p a r t  o f  th e  large-sized g a rn e t  g ra in  of F ig . 10; a. e lectron  p ic tu re; w ith  m e a su re 
m e n t line ; b. C aK a X -ra y  p ic tu re , 6 m m  =  33 m icrons

Fig. 13. A long-line  change o f chem ical co m p o s itio n  in  th e  g rain  of F ig . 12

plays also an  im p o r t a n t  role, th e  microscopic p ic tu re s  indicate  n o t  su ch  local 
h u t  general C a-m etasom atic  effect s a tu ra te d  th e  whole grain.

The co m p lex  zoning d iscussed above can  be  ex p la ined  b y  two fa c to rs  or 
b y  the ir  jo in t  e ffec t:  a) by  th e  C a-m e ta so m a tic  e ffec t of th e  basic f ro n t  c o n 
n ec ted  to th e  m ig m a t i t ic  g ran it iza t ion ,  or b) b y  th e  bu ilt- in  of Ca re leas ing
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F ig . 14. C a-zoning of g a rn e t in  th e  en v iro n s o f th e  b io ti te  g ra in ’s b o u n d a ry  a n d  o f th e  in 
c lu s io n . Sam ple D j; a. e lec tro n  p ic tu re ; b. C aK a X -ra y  p ic tu re , 6 m m  =  17 m icrons

in t lie course  of re tro g rad e  t r a n s fo rm a t io n s  connected  to  g ra n i t iz a t io n  (gar
n e t  —> b io t i te ,  am phibo le  —> b io t i te ,  andesine-oligoclase  -» albite).

S u m m in g  up : on th e  basis  o f  the  m in e ra l  paragenesis q u a r tz  oligoclase- 
a n d e s in e  — hornb lende  ep ido te  (I) b io t i te  (I) garnet (I), th e  am p h ib o l i te  — 
g a rn e t i f e ro u s  b io tite  gneiss sequence  of  t h e  Szank-area  can be ass igned  as 
a g a in s t  t h e  former c lassifications to  W i n k l e r ’s [39] lo w er- tem p era tu re  a lm an- 
d in e -a m p h ib o l i te  subfacies of  B a r ro w - ty p e .  T h e  lo w er- tem p era tu re  a n d  the  
m ed iu m -p re s su re  range  can  be ev idenced  b y  the  presence of  e p id o te  and 
p lag io c la se  com position , and b y  th e  s ta u ro l i te -k y a n i te  conten ts  o f  t h e  environs, 
r e sp e c t iv e ly .  The m inera l paragenes is  a lb i te  b io tite  (II)  — e p id o te  (II)  
q u a r t z  ga rn e t  (II)  fo rm ed  in th e  r e t ro g ra d e  crysta ll iza tion  p h ase  connec ted  
to  t h e  V ariscan  m ig m a ti t ic  g ran i t iz a t io n ,  is charac ter is t ic  of th e  m e d iu m -  or 
h ig h - te m p e ra tu re  range  of th e  g reenschis t  facies (quar tz -a lb i te -ep id o te -b io t i te  
o r  q u a r tz -a lb i te -e p id o te -a lm a n d in e  subfacies) .  The chlorite  a n d  m uscov ite  
f p rm e d  from  bio tite  could  be form ed e i th e r  d u r ing  th e  com p le t in g  p h ase  of 
d e c re a s in g  te m p e ra tu re  o f  th e  I I  ( re trog rade)  phase, or during  a n ew  (Alpine) 
r e t r o g r a d e  phase of lower te m p e ra tu re .

E) G arnetiferous, staurolitic m ica schist, H a c a v a ,  K o h u t  zone o f  th e  V eporides, 
W e s te rn  C arpa th ians ,  C zechoslovakia

T h e  sample derives f rom  n a r ro w  m e tam o rp h ic  s tr ip  ly in g  be tw een  
V a r i s c a n  g ran ite  masses o f  th e  V epor a n d  K o h u t  m oun ta in s .  A cco rd in g  to  
K a m e n i c k y , J. and K r is t , E . [21] th is  be longs  to  the  so-called K o k a v a  series 
re c ry s ta l l iz ed  p re d o m in a n t ly  in e p id o te -am p h ib o l i te  facies from  P ro te rozo ic
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Fig. 15. Sm all-sized g a rn e t g ra in  o f C a-rich diffusion  edge w ith  m easu rem en t line . Sam ple  E: 
g a rn e tife ro u s s tau ro litic  m ica sch ist, H acav a , K o h u t-zo n e; a. e lectron  p ic tu re ; b . C aK a X -ray

p ic tu re . 6 m m  =  17 m icrons

F ig. 16. A long-line change  of chem ical co m p o sitio n  of th e  grain  o f F ig . 15

peli t ic -psam m itic ,  ca rbonaceous ,  su b o rd in a te ly  basic  igneous rocks in th e  late 
B a ik a l ian  cycle and  un d e rg o n e  th e  Alpine re t ro g ra d e  m e ta in o rp h ism . In  the 
sam p le ’s environs, in th e  m arg ina l  zone of th e  g ra n i te  mass of V ep o r  (village 
Tisovec) the  m ig m a ti t iz a t io n  of th e  gneiss m ica schist  series, severa l  kilo-
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F ig . 17. C a-ricli diffusion s tr ip  in  large-sized  fissu red  g a rn e t  g ra in . Sam ple  E : a . e lectron  
p ic tu re ; b . C a K a  X -ra y  p ic tu re . 6 m m  =  17 m icrons

F ig . 18. A long-line changes o f  ch em ica l com position  fro m  edge to  edge. S am p le  E , large '
s iz ed , fissu red  g a rn e t g ra in

m e tr e s  fa r th e r  (ou tcrops o f  t h e  Muran-gneiss a n d  am phibolite)  i ts  re t ro g rad e  
m e ta m o rp h is m  of b io t i te  iso g ra d e  can  he obse rved .

Rock-form ing  m in e ra ls  o f  th e  in v es t iga ted  sam ple :  q u a r tz  (som etim es in 
s t r ip s  sep a ra ted  b y  m e ta m o rp h ic  d iffe ren tia tion),  m uscov ite ,  sm all  b io t i te  of
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genera lly  chloritic  decom posit ion , v e ry  l i t t le  seric it ically  decom posed  plagio- 
clase of  25 to  35 per  c e n t  An com position , f u r th e r  s tau ro l i te ,  op aq u e .  Chlorite , 
seric ite-m uscovite  a n d  á lh i te  can be regarded  o f  secondary  fo rm a tio n .

G arne ts  form  p o rp h y ro b la s ts  and heap s  consisting  of id iom orph ic-  
hyp id iom orph ic  gra ins , re la t in g  to  sy n k in em a tic  ( ro ta t io n )  g row th . T h e  g rea te r  
grains con ta in  m a n y  q u a r tz  inclusions. I n  th e i r  env irons  lense-like wedging 
m uscov ite -b io ti te -ch lo r i te  s tr ips  can  be found .  L ocally ,  the  ch lo r i t ic  decom 
position  of garne ts  can  he observed.

The smaller,  id iom orph ic ,  hyp id io m o rp h ic  a n d  g rea te r  x e n o m o rp h ic  
s tro n g ly  c racked  g ra ins  are  cha rac ter ized  b y  th e  d iffusion Ca-edge dem o n 
s t r a te d  in case o f  sam ple  D  (Fig. 15/a-b) and  b y  th e  Ca-rich s tr ip  n e tw o rk  fo rm ing  
along fissures (Fig. 17). I n  th e  sm aller grains th e  change  o f  Ca is c o m p en sa ted  
b y  th e  change of opposite  d irec tion  of th e  F e  a n d  Mg, th e  q u a n t i t y  of  Mn is 
m in im al,  in th e  g rea te r  g ra ins  th e  q u a n t i ty  of  Mn follows also th e  co n c e n tra t io n  
changes of Ca (Fig. 18).

The first ,  p rogressive  m e tam orphosis ,  o f  th e  sam ple  (q u a r tz ,  oligoclase- 
andesine, m uscovite ,  b io t i te ,  ga rne t ,  s tau ro li te )  c an  be assigned to  th e  m edium - 
p ressure  s tau ro l i te -a lm an d in e  subfacies of  th e  a lm an d in e -am p h ib o l i te  facies. 
T he  second ( re trograde)  recrys ta l l iza t iou  c o n n e c te d  to  th e  V ariscan  m ig m a ti t ic  
g ran it iza t ion  can  be assigned  to  th e  g reenschis t  facies (q u a r tz -a lb i te -ep ido te -  
b io t i te  or q u a r tz -a lb i te -ep id o te -g a rn e t  subfacies) o f  m ed ium  or h igh  te m p e ra 
tu re  (fo rm ation  o f  á lh i te  genera tion , I I  g a rn e t  genera tion). T h e  ev idenced  
I I I  ( re trograde) rec ry s ta l l iz a t io n  a f te r  th e  m ig m a ti t iz a t io n  ( fo rm a t io n  of 
ch lorite  and  sericite) m a y  ind ica te  Alpine effect o f  small t e m p e ra tu re .

Conclusions

1. In  th e  rocks cha rac te r ized  b y  progressive f i r s t  rec rys ta l l iza t ion  phase 
of th e  h ig h - te m p e ra tu re  q u a r tz -a lb i te -ep id o te -a lm an d in e  subfacies (sam ple  A ), 
of th e  B arrow -type  m ed ium -pressu re  greenschis t  facies and  o f th e  s tau ro li te -  
a lm and ine  subfacies (sam ple  В ) o f  lo w - te m p e ra tu re  and m ed iu m -p ressu re  
subfacies of th e  a lm an d in e -am p h ib o l i te  facies a n d  b y  th e  lo w - te m p e ra tu re  
greenschist facies of I I  re t ro g rad e  c rys ta l l iza t ion  ph ase  rem ain ing  u n d e r  the  
b io t i te  isograde, th e  g a rn e ts  o f  p re d o m in a n t ly  a lm an d in e  com pos it ion  are of 
s imple, norm al zoning: th e  g rad u a l  decrease o f  Ca (and  in sam ple  В  t h a t  of 
Mn) tow ards  th e  edges is co m pensa ted  b y  th e  increase  of  Fe an d  ( to  a sm aller 
ex ten t)  of Mg. This ty p e  o f  zoning can be ex p la in ed  b y  progressive, n o n -eq u i
lib r ium  c rys ta l l iza t ion :  f i r s t  of all b y  the  increase  of  t e m p e ra tu re  a n d  pressure  
decreasing F e /F e  +  Mg ra t io )  a n d  only p a r t ly  b y  th e  f rac t io n a t io n  m odel of 
H o l l i s t e r — A t h e r t o n . ( In  sam ple  A  m an g an ese  does no t  decrease  to w ard  
th e  edges.)
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O n  th e  effect of low  t e m p e r a tu r e  re t ro g ra d e  m e tam o rp h ism  (chloritiza- 
t io n  o f  g a rne t)  the  orig inal zon ing  o f garne ts  does n o t  change, or as in case of 
s a m p le  В  ve ry  th in , 5 - to -10-m icrons- th ick  M n-rich  diffusion s tr ip  c o m p e n sa te d  
b y  F e -d ec rease  develops (s im ila r ly  to  those  desc r ibed  b y  D e  B e t h u n e  e t  al. 
[7]). T h e  Ca released d u r in g  th e  ch lo r i t iza t ion  of  ga rne ts  forms ca lc ite .

2. T h e  garnets  of a lm a n d in e -a m p h ib o l i te  facies (sample C) fo rm ed  during  
“ p e r ip lu to n ic ”  progressive m e ta m o rp h ism  fro m  th e  rocks of lo w - te m p e ra tu re  
g re e n sc h is t  facies in th e  e n v iro n s  of in trus ive  (non-m igm ati t ic )  g ra n i te  mass 
can  b e  ch arac ter ized  b y  n o r m a l  simple zoning: th e  decrease of  Mil a n d  Ca 
c o n te n t s  as well as th e  in c re a se  of th e  Fe a n d  Mg con ten ts  can be exp la ined  
as p ro g re s s  ve non-equ  l ib r iu m  crysta ll iza tion .

3. I n  th e  garnets  o f  th e  rocks cha rac te r ized  b y  m ed ium -pressu re  a lm a n 
d in e -a m p h ib o l i te  facies ( s tau ro l i te -a lm an d in e  subfacies) of I. p rogress ive  m eta-  
m o rp h ic  phase  as íveli as b y  11. re trograde  m e ta m o rp h ic  phase of m e d iu m -  an d  
h ig h - te m p e ra tu re  g reensch is t  facies (q u a r tz -a lb i te -ep ido te -b io ti te  o r  q u a r tz -  
a lb i te -ep id o te -a lm an d in e  subfacies)  connected  genetica lly  to  th e  m ig m a ti t ic  
g r a n i t iz a t io n ,  diffusive in v e rse  zoning has d eve loped  (samples Ü  a n d  E )  w hich  
can  b e  charac terized  b y  C a-increase  co m pensa ted  b y  Fe, Mg and  p a r t l y  Mil 
d e c rease  in  a thickness o f  m a x .  80 microns fo rm e d  like rims at  t h e  edges or 
n e tw o r k s  along the f issures. T h e  form ation  of th is  ty p e  of zoning can  be ex 
p la in e d  e i th e r  by the  b u i ld in g - in  of Ca in to  t h e  g a rn e t  la ttice  re leased  during  
th e  r e t ro g ra d e  m e tam o rp h ic  reac tions  (am phibo le  —> bio tite , g a rn e t  —> b io ti te  
andesine-o ligoclase  -> a lb i te )  charac ter ized  b y  h ig h  Ри2о and  low p co in 
t h e  m a rg in a l  zone of m ig m a t i t i c  g ran it iza t ion , o r  b y  th e  C a-m e ta so m a tism  of 
th e  “ b a s ic  f ro n t”  co n n ec ted  to  m ig m ati t iza t ion .

C onsequen tly ,  th e  d e m o n s t r a te d  new diffusive  zoning ty p e  can  be applied  
to  d e te r m in e  the  t e m p e r a tu r e  of re trog rade  t r a n s fo rm a t io n  of th e  rocks of 
a m p h ib o l i t e  facies and  to  in d ic a te  ind irec tly  th e  m ig m a ti t ic  g ra n i te  masses 
b e in g  gene tica l ly  con n ec ted  w i th  the  re tro g rad e  m e ta m o rp h ism . B y  m eans  
of  th e  inves t iga t ion  of th e  zon ing  of g a rn e ts  in fo rm ations  can be o b ta in e d  
f i r s t  o f  all on the ev o lu tion  o f  th e  buried  c rys ta l l in e  basem en t exp lo red  by 
d e e p -b o re s .

R E F E R E N C E S

1. A t h e r t o n , M. P. — E d m u n d s , W . M.: An e lec tro n  m ic ro p ro b e  s tu d y  o f som e zoned
g a rn e ts  from  m e ta m o rp h ic  ro c k s . E a r th  P la n e t. Sei. L . 1, 185, 1966.

2. A t h e r t o n , M. P .: T he v a r ia t io n  in  g a rn e t, b io ti te  a n d  ch lo rite  co m position  in  m ed ium -
g ra d e  pelitic  rocks fro m  th e  D a lrad ian , S c o tlan d , w ith  p a r ticu la r  re fe ren ce  to  the  
z o n a tio n  in garnet. C o n tr. M in. P e tr .,  18, 347, 1968.

3. B a t á z s , E .: A d é ld u n á n tú li m e ta m o rf  és m élységi m ag m á s  k épződm ények  g e n e tik á ja  és
e lte rje d ése  a sz é n h id ro g é n k u ta tó  fú rások  a la p já n  (G enetics an d  e x te n s io n  o f th e  
m e ta m o rp h ic  and  ig n eo u s fo rm a tio n s  of S o u th  T ra n s d a n u b ia , on  th e  b asis  o f  h y d ro 
c a rb o n  ex p lo ra to ry  w ells). O G IL  Je l., B u d a p es t, 1968.

4. B a n n o , S.: N otes on ro c k -fo rm in g  m inerals, 34. Z onal s tru c tu re  of p y ra lsp ite  g a rn e t in
S a n b a g aw a  schists in  th e  B essi A rea, Sh ikoku . J .  Geol. Soc. J a p a n , 71, 185, 1965.

Acta Geologica Academiae Scientiarum  Hungaricae 19, 1975



TYPES OF COMPOSITION 41

5. D e BETHUNE, P . Go o s s e n s , P .— B e r g e r , P .: E m p lo i des g ren a ts  zonaires  com m e
in d ic a te u rs  du  degré de m étam o rp h ism e. C. R . A cad . Sei. P a ris , 260, 6946, 1965.

6. D e  B e t h u n e , P .— L a d u r o n , D. e t a l.: G renats zonés de la  zone d u  M ont R ose (Valle
A nzasca, N a v a ra , I ta lie ) . B ull. Suisse Min. P e tr .,  48, 437, 1968.

7. D e  B e t h u n e , P .— L a d u r o n , D .— B o cquet , J . :  D iffusion  processes in re so rb ed  g a rnets.
C ontr. Min. P e tr .,  50, 197, 1975.

8. B izo u art , H . Ca p d e r i l l a , R. G a r e n , C.: M icroanalyse  de g ren ats  d ’ap lite s  e t de
g ra n ite s  de Galice o rien ta le  (E sp ag n e). Bol. Geol. M in., 81, 299, 1970.

9. B r o w n , E. H .: T he g reen sch ist facies in p a r t  o f E a s te rn  O tago , New Z ea lan d . C ontr.
Min. P e tr .,  14, 259, 1967.

10. B r o w n , E. IL : Som e zoned g a rn e ts  from  the  g reen sch ist facies. A m er. M in. 54, 1662. 1969.
11. Cr a w f o r d , M. L .: C om position  of p lagioclase and  a sso c ia ted  m inerals in som e schists

fro m  V erm o n t, U SA  a n d  S o u th  W estlan d , New Z ea lan d , w ith  in ferences a b o u t  the 
p e ris te rite  prob lem . C ontr. M in. P e tr .,  13, 269, 1966.

12. D u n c u m b , P .— J o n e s , E . M.: E lec tro n  probe m ic ro an a ly sis : An easy -to -u se  co m p u te r
p rogram  for co rrec tin g  q u a n ti ta t iv e  d a ta . T ube  In s t r .  R es. Lai). R ep ., 1969.

13. E d m u n d s , W. M. At h e r t o n , M. P .: P o ly m etam o rp h ic  ev o lu tio n  of g a rn e t in th e  F an ad
aureo le, D ionegal, E ire . L ith o s, 4, 147, 1971.

14.  E n g e l , A .  E . — E n g e l , C. G . :  Progressive  m etam o rp h ism  a n d  g ra n itiz a tio n  of th e  m ajo r
p aragneiss, N o rth -W e st A d iro n d ack  m o u n ta in s, N ew  Y o rk . I I .  M ineralogy . Bull. 
Geol. Soc. A m er., 71, 1, I960.

15. F e d i u k o v a , E. — V e j n a r , Z.: O p tic  an d  c ry p tic  zon ing  of g a rn e ts  in W est-B o h em ian
am p h ib o lite s . L ith o s, 4, 205, 1971.

16. Gr a n t , J .  A. W e i b l e n , P . W .: R e tro g rad e  zoning in g a rn e t n ear th e  second sillim an ite
isograde. A m er. J .  Sei., 270, 281, 1971.

17. H a r t e , В. H e n l e y , K . J . :  O ccurrence of co m p o sitio n a lly  zoned a lm an d in ic  garnets
in reg ionally  m e tam o rp h o sed  rocks. N a tu re , 210, 689, 1966.

18. H o l l is t e r , L. S.: G arn e t zoning: an  in te rp re ta tio n  based  on  th e  R ay le ig h  frac tio n a tio n
m odel. Science, 154, 1647, 1966.

19. H s u , L. C.: Selected  ph ase  re la tio n sh ip s in the  system  Al Mn Fe Si— О H . A m odel
for g a rn e t eq u ilib ria . J .  P e tro l., 9, 40, 1968.

20. I v ancsics , J . :  A D é l-D u n a —T isza köze a m fib o lilja in ak  k ő zettan i-g eo k ém ia i v izsg á la ta
(Petro log ical-geochem ica l in v es tig a tio n  of th e  am p h ib o lite s  o f the  S o u th  D an u b e  — 
T isza  In te rflu v e). T hesis ; B u d a p es t, 1972.

21. K a m e n i c k y , J .  K r is t , E .: E rlä u te ru n g e n  zur K a rte  de r m e ta m o rp h e n  Z onen de r W est
k a rp a te n . A c ta  Geol. A cad . Sei. H ung .. 13, 9, 1969.

22. K a m e n ic k y , L.: L itho log ische  S tu d ien  und s tru k tu re lle  R e k o n s tru k tio n  des K rista llin i-
kum s der Z en tra len  W e s tk a rp a te n . KBG A . X . C ongr. B ra tis la v a , 1973.

23. K e r r i c k , D. M. - E m i n l ü z e r , L. B. - V ill a u m e , J .  F .: T he role o f carb o n  film  th ick n ess
in e lectron  m icroprobe  an alysis. Am er. M iner., 58, 920, 1973.

24. K h o r s h i n s k i , D. S.: P hysico -chem ica l bases o f th e  an a ly se s o f  m ineral parag en eses (in
R ussian ). A cad. U S S R , M oscow, 1957.

25. K w a k , T. A. P .: An a t te m p t  to co rre la te  n o n -p red ic ted  v a r ia tio n s  o f d is tr ib u tio n  co
effic ien ts w ith  m ineral g ra in  in te rn a l in hom ogeneity  u sing  a field ex am p le  s tud ied  
near S u d b u ry , O n ta rio . C ontr. M in. P e tr ., 26, 199, 1970.

26. L e a k e , B. E .: Z oned g a rn e ts  from  th e  G alw ay g ra n ite  an d  its  ap lites. E a r th  P la n e t. Sei.
L ., 3, 311, 1967.

27. L o p e z - R u iz , J .  -  Cacho , G. L. A.: T he garn e ts  o f th e  E a s te rn  a rea  of th e  S ierra  de Gua-
d a rra m a , S istem a C en tra l, Spain . Chem. Geol., 13, 269, 1974.

28. M i y a s h ir o , A.: C alc ium -poor g a rn e t in re la tion  to  m etam o rp h ism . G eochim . Cosm ochim .
A cta , 4, 179, 1953.

29. Mü l l e r , G .—S c h n e i d e r , A.: C h em istry  and  genesis o f g a rn e ts  in m e ta in o rp h ic  rocks.
C ontr. Min. P e tr .,  31, 178, 1971.

30. N aga itzev , Y u . V.: On th e  zoning o f m eta ino rph ic  m in e ra ls  e tc . (in R u ssian ). Izv . Acad.
Sei. U SSR . Ser. Geol., 8, 114, 1971.

31. N a g y , E .— Sz e p e s h á z y , K .: M agyarország m ély fö ld tan i té rk é p e  a p a leo zo ik u m n ál f ia ta 
lab b  kép ző d m én y ek  e lh a g y ásáv a l (Deep-geological m ap  of H u n g a ry  neg lecting  the 
fo rm atio n s y o u n g er th a n  Paleozoic). M ap-legend. M Á F I, B u d ap es t, 1971.

32. N a g y , G.: A cta  Geol. A cad . Sei. H ung . 1975. m an u sc r ip t.
33. N a n d i , K .: G arn ets  as indices o f progressive reg ional m etam o rp h ism . M iner. M ag., 36,

89, 1967.
34. O k r u s c h , M.: G a rn e t-c o rd ie rite -b io tite  equ ilib ria  in th e  S te in ach  aureo le, B av aria . C ontr.

Min. P e tr .,  32, 1, 1971.

A da  Geologica Acadcmiac Scientiarum Hungaricae 19, 1975



42 Á RKA I, P .-N A G Y , G .-PA N TÓ , GY.

35. Sa x e n a , S. K .: D is tr ib u tio n  o f  e lem en ts  betw een  co ex istin g  m inerals a n d  th e  n a tu re  of
so lid  solution in  g a rn e t. A m e r. M iner., 53, 994, 1968.

36. S c h n e i d e r , G.: E x p e r im e n ta l re p la ce m en t o f g a rn e t b y  b io tite . N eues J a h r b .  M iner.
M o n a tsh efte , 1, 1, 1975.

37. S t u r t , B. A.: The c o m p o s itio n  o f  g a rn e ts  from  p e litic  sc h is t in re la tio n  to  th e  g rade  of
re g io n a l m etam orph ism . J .  P e tro l. ,  3, 181, 1962.

38. S z á d e c z k y -K ardoss , E .— J u h á s z , Á. B alázs, Б .:  E rlä u te ru n g  zu r K a r te  de r M eta-
m o rp h ite  von U n g arn . A c ta  Geol. A cad. Sei. H u n g ., 13, 27, 1969.

39. W i n k l e r , H. G. F .: D ie G en ese  de r m etam o rp h en  G este ine . — S p rin g er V. B e rlin —
H eid e lb e rg —New Y o rk , 1965.

40. W i n k l e r , H. G. F .: A b o litio n  o f  m etam o rp h ic  facies, in tro d u c tio n  o f th e  fo u r div isions
o f  m etam orph ic  s tag e , a n d  o f  a  c lassification  b ased  on  isograds in  com m on  rocks. 
N e u es  Ja h rb . M ineral. M o n a tsh .,  5, 189, 1970.

41. Z e n , E - a n : C om ponents, p h a se  a n d  c rite ria  o f chem ica l eq u ilib riu m  in  rocks. A m er. J .
S e i., 261, 1963.

ТИПЫ ЗОНАЛЬНОСТИ ПО ХИМИЧЕСКОМУ СОСТАВУ В ГРАНАТАХ 
ПОЛИМЕТАМОРФИЧЕСКИХ ПОРОД И ИХ ГЕНЕТИЧЕСКИЕ ЗНАЧЕНИЯ

П. А Р К А Н -Г .  НАДЬ—ДЬ. ПАНТО 

Р е з ю м е

Исследования образцов полиметаморфических горных пород, происходивших 
из кристаллического фундамента Юго-Запада Задунайского края и южной части Большой 
Венгерской низменности, а также из серий Кокава и Пезинок-Пернек Западных Карпат 
позволили определить следующие закономерные связи между минерально-парагенетичес- 
кими условиями пород и гранатовыми зернами в них:

1. Зональность метаморфитов зеленосланцевой фации (кварц-альбит-эпидот-альман- 
диновой подфации) или альмандин-амфиболитовой фации (ставролит-альмандиновой под
фации), относящихся к среднему диапазону давлений (Гёргетег-Бабоча или Альдьё), 
характеризуется уменьшением содержания Са и частично Мп, увеличением содержания 
Fe и Мг и уменьшением соотношения Fe/Fe +  Mg в сторону краев зерен. Такая зональ
ность развивалась в процессе неравновесного по характеру, прогрессивного мета
морфизма. Проявлений ретроградного метаморфизма зеленосланцевой фации (кварц- 
альбит-мусковит-хлоритовой подфации), развивающегося в условиях пониженных тем
ператур или сосвсем не обнаружено в гранатах или же они ограничивались формирова
нием в них тонкой диффузионной каймы толщиной 5—10 микронов с обогащением Мп.

2. Гранаты, образовавшиеся в процессе прогрессивного, «периплутонического» ме
таморфизма, дошедшего до альмандин-амфиболитовой фации в серии Пезинок-Пернек 
Малых Карпат, вокруг массы интрузивных варисских гранитоидов обнаруживают нор
мальную зональность, соответствующую характеристике, изложенной в пункте 1.

3. На оригинальную зональность гранатовых зерен, образовавшихся в процессе ме
таморфизма альмандин-амфиболитовой фации (ставролит-амфиболитовой подфации) в 
условиях среднего диапазона давлений, наложена вторичная зональность диффузионного 
характера, развивавшаяся по краям и вдоль трещин гранатовых зерен в условиях ретро
градного метаморфизма зеленосланцевой фации (кварц-эпидот-альмандиновой или кварц- 
альбит-эпидот-биотитовой подфаций) повышенной или средней температуры, генетически 
взаимносвязанного с варисской мигматизацией, то есть гранитизацией (увеличение содер
жания Са за счет Fe, Mg и частично Мп, увеличение соотношения Fe/Fe +  Mg, Санк, серия 
Кокава, Кохутская зона). Такое явление обусловлено, повидимому, вступлением в состав 
гранитов Са, освобождающегося из амфибола, основного плагиоклаза и граната в процессе 
ретроградных метаморфических изменений или, возможно, Са-метасоматозом «основного 
фронта», связанного мигматизацией, причем оно свидетельствует об относительно повы
шенном давлении Ря2о и пониженном давлении Рсо2-

A cta  Geologien Academiae Scientiarum H ungaricae 19, 1975



Acta Geologien Academiae Scientiarum Hungaricae, Tom us 19 (1— 2), pp . 43 58 (1975)

TEMPERATURE DETERMINATION 
OF IGNEOUS PROCESSES ON THE IÎAS1S 

OF THE COMPOSITION 
OF COEXISTENT MINERAL PAIRS

By

G. N a g y

HUNGARIAN ACADEMY OF SCIENCES, LABORATORY FOR GEOCHEMICAL RESEARCH, BUDAPEST

T w o te m p e ra tu re  d e te rm in a tio n  m e th o d s , i.e. th e  m ag n e tite -ilm e n ite  (m -i)  
m e th o d  o f B u d d in g t o n  and L i n d s l e y , d e te rm in in g  even oxygen fu g a c ity , a n d  th e  
b io ti te -g a m e t (b -g )  m eth o d  of Sa x e n a  w ere a p p lied  to  andesites a n d  d a c ite s  o f  th e  
B ö rzsöny  a n d  C serhá t M o un ta ins (N o r th -H u n g a ry ) . T he sequences o f  te m p e ra tu re  
v a lu es o b ta in e d  b y  th e  m -i m e th o d  w ere in  acco rd an ce  w ith  th e  co n clu sio n s re fe rre d  
to  b y  o th e rs  fo r vo lcan ic  processes. C e rta in  te m p e ra tu re  values w ere  a s su m e d  to  be 
t h a t  o f m ag m a cham bers . In  th is  w ay  th e  te m p e ra tu re  o f tw o m agm a c h a m b e rs  were 
e v a lu a te d  in  case o f b o th  m o u n ta in s . B o th  th e  m - i  an d  th e  b -g  m e th o d  co u ld  be 
ap p lied  in  tw o  specim ens and  th e  re su lts  a re  in  accordance.

In tro d u c t io n

T here  is a poss ib ili ty  to  d e te rm in e  th e  conditions of d iffe ren t  geological 
processes on  th e  basis o f  th e  c o m p o s i t io n  o f  some minerals ( t ra c e  e lem en t  
con ten t)  o r  o f  th e  e lem ent d is t r ib u t io n  b e tw e e n  certa in  m inera l  p a ir s .  To 
de te rm in e  th e  te m p e ra tu re  (f irst o f  all in  cases of igneous processes)  the  
m ag n e t i te - i lm en ite  m e thod  based  on  th e  e x p e r im e n ts  of B u d d i n g t o n  and  
L i n d s l e y  [7] has  p roved  to  be p a r t i c u la r ly  su itab le  which, in  a d d i t io n  to  
te m p e ra tu re ,  ind ica tes  oxygen fu g ac i ty .  O n  th e  basis  of the  F e 2+-M g d i s t r ib u 
t ion  of  ce r ta in  silicate m ineral p a irs  t e m p e ra tu re -d e te rm in in g  m e th o d s  were 
also e lab o ra ted  [20].

The app l ica t io n  of  e lec tron  m ic ro p ro b e  considerably p r o m o te d  the  
dev e lo p m en t  o f  th e  m ethods ab o v e  a n d  t h e  ex tens ion  of th e i r  a p p l ic a t io n  
since b y  m eans  o f  i t  th e  m ineral g ra ins  o f  m icroscopic  m easure can  b e  a n a ly zed  
in d iv id u a l ly  a n d  ind ep en d en t ly  o f  th e  d i s tu rb in g  effects of th e i r  inclusions 
a n d  acc iden ta l  inhom ogeneities.

This  p a p e r  deals w ith  th e  a p p l ic a t io n  o f  tw o te m p e ra tu re -d e te rm in in g  
m e th o d s  based  on th e  com position  of  c o e x is te n t  mineral pa irs  a n d  applied  
to  th e  T e r t i a ry  volcanic  rocks o f  th e  B ö rz sö n y  and  Cserhát M o u n ta in s .  The 
m a g n e t i te - i lm e n i te  m e th o d  used w ide ly  for igneous rocks indicates t h e  a p p ro x i 
m a te  pre-effusion  te m p e ra tu re  (i.e. t h a t  o f  th e  m agm a cham ber)  o f  effusive 
rocks. R e la t io n  was found  be tw een  th e  v a lu es  o b ta in ed  and th e  success ion  of 
rock  fo rm a tio n .  D e te rm in a t io n  o f  t e m p e r a tu r e  o f  a m agm a c h a m b e r  n e a r  the
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su rface  a n d  of a n o th e r  one ly ing  a t  g rea te r  d e p th s  p roved  to  be possible. The 
second , i.e. th e  b io t i te -g a rn e t  m ethod  enab les  t e m p e ra tu re  d e te rm in a t io n  on 
th e  b as is  o f  F e—M g  d is t r ib u t io n .  This m e th o d  w as  e labo ra ted  by  S .  K . S a x e n a , 

[19] on  th e  basis o f  th e rm o d y n a m ic  c o n s id e ra t io n s  an d  s ta t is t ic  e v a lu a t io n  
of t h e  d a t a  of m e ta m o rp h ic  rocks; this m e th o d  is less e labora ted . I t  w as  an 
in te r e s t in g  p rob lem  w h e th e r  th e  m ethod  c a n  b e  app lied  to  igneous ro ck s  and  
how  t h e  re su lts  are accep tab le .  The resu lts  v e r i f ie d  th e  applicab il i ty  o f  th e  
m e th o d ,  i.c. th e  o b ta in e d  te m p e ra tu re  v a lu es  ag ree  w ith  those o f  th e  m - i  
m e th o d .

Tem perature-determ ining m ethods applied

M agnetite—ilm enite method

T ita n o m a g n e t i te  (in t h e  following: m a g n e t i te )  and  ilmenite occu rr in g  
f r e q u e n t ly  in  n a tu re  are th e  m em bers of th e  solid  solutions m a g n e t i te —ulvo- 
spinel a n d  h e m a t i te —ilm e n ite ,  respectively  ( D e e r  e t  al. [10]). T he  m e th o d  
b ased  on  th e i r  com pos it ion  was e labo ra ted  b y  A. F . B u d d i n g t o n , D . H . 
L i n d s l e y  [7] af te r  th e  recogn it ion  th a t  u n d e r  c e r ta in  conditions m a g n e t i te  
a n d  i lm en ite  m a y  he fo rm ed  in equ il ib r ium  w i th  each o ther  a n d  in th is  
case t h e i r  com position  d i rec t ly  depends on t h e  fo rm a t io n  (or t r a n s fo rm a t io n )  
t e m p e r a tu r e  and  o x ygen  fu g ac i ty .  (As c o n t r a s te d  to  th e  form er concep t ,  e.g. 
K o c h  S z t r ó k a y  | 14], m a g n e t i te  and i lm e n ite  do no t  form solid so lu tion  
even  a t  h igher  te m p e ra tu re s ,  th e  frequen tly  o c c u r r in g  “ exsolution”  lam ellae ,  
tre llis  o r  g ra n u la r  in te rg ro w th  are really th e  r e s u l t  o f  oxidation.)  The re la t io n s  
b e tw e e n  th e  com posit ion  of  th e  two m inerals  a n d  th e i r  fo rm ation  cond it ions  
were e x p e r im e n ta l ly  d e te rm in e d ,  thus th e  co n d i t io n s  of form ation  can  be 
d e te rm in e d  on th e  basis  o f  th e  composition. T h e  v a lu es  of R. W. T a y l o r  [251 
o b ta in e d  a t  1300 °C are  in good accordance w i th  th e i r  results. The re la t io n  
b e tw e e n  th e  com position  of  m agne ti te  an d  i lm e n i te  and  the  fo rm a tio n  t e m 
p e r a tu r e  a n d  oxygen  fu g a c i ty  a f te r  B u d d i n g t o n  a n d  L i n d s l e y  [7] are show n  
in F ig . 1, su p p le m e n te d  Avith th e  results of R .  W . T a y l o r  [25].

T e m p e r a tu r e  d e te rm in a t io n  can be m ore  ea s i ly  perform ed by  m eans  of 
Fig. 2, rep re se n t in g  th e  inve rse  figure of Fig. 1. I n  b o t h  cases th e  com posit ions  
of t h e  m inera ls  are g iven  in mole per cents o f  t h e  end-m em bers  of solid so lu 
tions.

R e s u l t s  o b ta in ed  b y  th is  m e thod  are o f te n  c i ted .  I t  is m ost f r e q u e n t ly  
app lied  to  effusive igneous rocks,  e.g. I. S. E .  C a r m i c h a e l  [8], I. S. E .  C a r 

m i c h a e l  a n d  J .  N i c h o l l s  [9], A. T. A n d e r s o n  a n d  T. L. W r i g h t  [3], J .  C.  

S t r o m e r  [22], etc. (som e o f th e m  sta te  t h a t  t h e  re su l ts  obta ined  are in good 
a g re e m e n t  w ith  those  d e te rm in e d  by  other m e th o d s ) ;  to  p lu tonic  igenous rocks  
e.g. A. I .  T u g a r i n o v  [28], e tc .  The successful a p p l ic a t io n  of th is  m e th o d  to

Acta Geologien Academiae Scieniiarum Hungaricae 19, 1975



TEMPERATURE DETERMINATION OF IGNEOUS PROCESSES 45

Fig. 1. C om positions o f coex isting  m ag n e tite -u lv ö sp in e l ( th in  lines) and  ilm e n ite -h a e m a tite  
(h eav y  lines) solid so lu tions as fu n c tio n s o f te m p e ra tu re  a n d  lo g arith m  of o x y g en  fu g ac ity  
(lo g Уо2)* C om positions a re  g iven  in  m ol%  (e.g. fo r ilm en ite s  H5 m eans 5 m ol%  h a e m a tite  
an d  95 m ol%  ilm en ite ; fo r m ag n e tite  U 20 m eans 20 m o l%  ulvösp inel and  80 m o l%  m ag n e
tite ). T ak en  from  B u d d in g t o n  and  L i n d s l e y  [7] a n d  su p p lem en ted  w ith  re su lts  o f  R . W.

T aylor  [25] (dashed  lines)

ulvöspinel in m n n n e t i t e

Fig. 2. T em p era tu re  o f fo rm atio n  of co ex isten t m ag n e tite s  an d  ilm enites as fu n c tio n  o f th e ir 
com positions. F rom  d a ta  o f [7] an d  [25]. E llipses in d ic a te  ± 1 .1  m ol%  h a e m a tite  a n d  ± 1 .4  
m o l%  u lvösp inel an a ly tic a l errors. M ethod is ap p licab le  above  600 °C and  3 mo 1% hue m a tite

(dashed  line)
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m e ta m o rp l i ic  rocks is ra re  see, e.g. A. F .  W i l s o n  e t  al. [26], etc. A m ong  th e  resu lts  
o b t a in e d  b y  oxygen iso top ic ,  optica l p y ro m é tr ie  a n d  th is  m e th o d  good agree
m e n t s  h a v e  been  o b se rved  b y  A. T. A l f r e d  e t  al. [1] an d  A. F .  W i l s o n  

e t  a l .  [26].
T o  exp la in  th e  t e m p e r a tu r e  and  oxygen  fu g a c i ty  ob ta ined  b y  th is  m e th o d  

th e  fo llow ing  has to  be t a k e n  in to  c o n s id e ra t io n :  crysta ll ized  m a g n e t i te  and  
i lm e n i t e  are  in eq u il ib r ium  w i th  th e i r  e n v i ro n m e n t ,  i.e. w ith  th e  m a g m a  
m o s t ly  o f  f lu id  s ta te  (if th is  is n o t  h indered  b y  a m inera l crys ta l l iz ing  a ro u n d  
t h e m )  a n d  in  th e  course  of slow cooling th e  com posit ion  corresponds to  th e  
p re v a i l in g  s ta te .  C onsequen tly ,  in case of  th e  p lu to n ic  igneous rocks th e  cond i
t io n s  ch a rac te r iz in g  th e  la s t  p h ase  of c ry s ta l l iz a t io n ;  in  case of effusive rocks 
t h e  c o n d i t io n s  preced ing  som e k ind  of su d d en  te m p e r a tu r e  decrease (effusion, 
m ig r a t io n  in to  colder e n v iro n m e n t)  a n d  can  be  d e te rm ined  b y  th is  m e th o d .

T h e  m e th o d  can be  ap p l ied  b e tw een  600 a n d  1300 °C for o xygen  fugaci- 
t ie s  co rrespond ing  to  t h e  ran g e  o f  20 to  90 mole p e r  cen t  m a g n e t i te  and  
85 to  97 mole per cen t  i lm en ite .  Below 600 °C A. L i n d h  [16] o b ta in e d  i lm en ite  
co m p o s i t io n s  s lightly  d if fe ren t  from  those  o f  B u d d i n g t o n  and  L i n d s l e y  [7], 
a n d  a t  h ig h er  oxygen fugac it ies  no u n am b ig u o u s  re su lts  were o b ta in ed .  I t  is 
e x p e c te d  t h a t  the  s u b s e q u e n t  inves t iga t ions  e x te n d  the  m e th o d  to  h igher  
o x y g e n  fugacities  over 1000 °C. (Though m a g n e t i te  and ilm enite  m a y  form  
o u t  o f  t h e  limits m e n tio n ed  above, th e  a p p l ica t io n  o f  the  m e th o d  concern ing  
th  ese  cond it ions  is no t  well-estab lished .)

A ccu ra cy  o f  the method

A ccu racy  is l im ited  b y  th e  following sources of error:
a) E x p e r im e n ta l  e rro rs  o f  B u d d i n g t o n  a n d  L i n d s l e y  [7]: as to  th e  

a u t h o r s ’ opinion these  cause  + 3 0  °C u n c e r ta in ty  in  te m p e ra tu re  d e te r m in a 
t io n  a n d  +  ha lf  an o rd e r  o f  m ag n itu d e  in  o x y g en  fugac ity  d e te rm in a t io n .

b )  T race  e lem ents e n te r in g  th e  la t t ic e  of  m a g n e t i te  and  ilm en ite  cause 
e r ro r  o f  un k n o w n  m easu re ;  n o  experim en ts  w ere  carried  o u t  concern ing  th is  
p ro b le m .  To tak e  th is  in to  considera t ion  a reca lcu la t io n  m e thod  is sugges ted  
b y  B u d d i n g t o n  and  L i n d s l e y  [7] a n d  i t  is supposed  th a t  in case o f  r a th e r  
low  t r a c e  e lem ent c o n te n t  th e  error caused  b y  th e m  is negligible as co m p ared  
to  t h e  ex per im en ta l  error . S o m ew h a t  d iffe ren t  reca lcu la t ion  m e th o d  is su g 
g e s te d  b y  I . S. E. Ca r m i c h a e l  [8]

c) A f te r  B u d d i n g t o n  a n d  L i n d s l e y  th e  effect of pressure  p reva il ing  
d u r in g  fo rm a tio n  is also negligible. This  is s u p p o r te d  b y  th e  ex p e r im e n ts  of 
A. L i n d h  [16] carried  o u t  u p  to  1000 k b a r .

d )  A naly tica l errors.

I n  case of b o th  m in era ls  th is  is com posed o f th e  m easu rem en t errors o f iro n , t i t a 
n iu m  a n d  m inor e lem ents; th e  la t te r  one can  be ta k e n  in to  acco u n t as th e  e rro r o f iro n  an d  
t i ta n iu m  (because  of th e  re c a lc u la tio n  m en tio n ed  u n d e r  b). L e t us deno te  th e  iro n  c o n te n t
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rem a in in g  a f te r  th e  reca lcu la tio n  o f t r a c e  e lem ents by  s(F e), th e  t i ta n iu m  c o n te n t by  s(Ti), 
th e ir  erro rs (includ ing  th o se  c au sed  b y  tra c e  e lem ents) b y  <4s(Fe) an d  zls(Ti). I t  c an  be  de
m o n s tra te d  th a t  in  case o f m a g n e tite  th e  m ole frac tio n  of u lv o sp in e l is

M u s p
3.198

s(Fc)

<Ti)
+  1.166

( 1 )

In  case of ilm en ite  th e  m ole f ra c tio n  o f  h em a tite :

M hem —

s(Fe)

*(Ti)
s(Fe)

s(Ti)

—  1.166

+  1.166

( 2)

T he erro rs  of m ole frac tio n s: 

3.498A M ,usp '
s(Fe)

*<Ti)
1.166

1

*< Ti)
H«(Fe)]* +

j ( F e )

•СП)
/Js(Ti) (3)

A M hem is sim ilar.

In  our case th e  a n a ly t ic a l  errors: A M usp =  + 1 . 4  mole p e r  cent; 
A M hem =  + 1 .1  mole p e r  cen t .  T h e  error o f  te m p e ra tu re  d e te rm in a t io n  caused 
by  th e m :  in case i l fhem =  7 m ole p e r  cent, M ubp =  40 mole p e r  cen t  is + 3 0  °C; 
M hem =  6 mole p e r  cen t,  M usp =  60 mole p e r  cen t  is + 4 0  °C; M hem =  4 mole 
pe r  cen t,  M asp =  60 mole p e r  c e n t  is + 5 0  °C (Fig. 2). R e s u l ta n ts  o f  these  
errors an d  th e  + 3 0  °C u n c e r t a in ty  m entioned  u n d e r  a) m ean  b y  tu r n s  + 4 5 ,  
+  50 resp. + 6 0  °C; th e  u n c e r t a in ty  of oxygen fu g ac i ty  m a y  be se t to  + 1  order 
of m ag n itu d e .

Notes on oxygen fu g a c ity

U n d er th e  cond itions d iscussed  in  th is p ap er th e  oxygen  fu g a c ity  equals th e  p a r tia l  
p ressu re  of th e  oxygen  on  th e  sp o t ( th is  derives from  th e  d isso c ia tio n  p a r tly  o f w a te r , C 0 2, 
e tc .). A t c o n s ta n t te m p e ra tu re , h ig h e r  oxygen  fu g ac ity  in d ica te s  m ore  o x id a tiv e  conditions. 
In  case o f d iffe ren t te m p e ra tu re s , ho w ev er, th is  is n o t a lw ays v a lid . W h en  reg ard in g  th e  
o x id a tio n -red u c tio n  co n d itions o f th e  b u ffers (resp. of th e  N i— N iO , a t  least) to  be c o n s tan t 
in d ep en d en tly  o f th e  te m p e ra tu re , a tran sfo rm e d  oxygen fu g a c ity  ( i/o ,)  can  be defined  by  th e  
follow ing form ula :

( /oj
b g /о , (0 

log / о с  NNo(0
(4)

w h e r e /o 2(l) deno tes th e  oxygen  fu g a c ity  o f th e  in v es tig a ted  sy s tem  a t  t te m p e ra tu re , / o 2nno6)  
den o tes th e  oxygen  fu g ac ity  o f  th e  N i— NiO b u ffer a t  th e  sam e te m p e ra tu re . T h e  values 
o b ta in ed  in th is  w ay (in  case o f re su lts  a t  a b o u t— 1, a t  lea s t)  describe  th e  o x id a tio n -red u c tio n  
co nd itions in d ep en d en tly  o f th e  te m p e ra tu re . W hen  th e  cu rves o f B u d d i n g t o n  an d  L i n d s l e y  
[7] show n in F ig . 1 a re  d e m o n s tra te d  in  th e  ( — </q2 p lan e  in s te a d  of th e  l — lo g /о г  p lane 
(F ig . 3), th e  m ag n e tite  an d  ilm en ite  cu rv es are  b e tte r  se p a ra te d  fro m  each  o th e r  ( th u s , can  
be m ore easily  seen a n d  h a n d le d ) a n d  th e  effect ex erted  b y  te m p e ra tu re  and  o x id a tio n -  
re d u c tio n  cond itions on th e  c o m p o s itio n  of m inerals can  be b e tte r  d e m o n s tra ted .
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transformed oxygen 
fugac ity  (relative unit)

F ig . 3. C om positions of coex istin g  m a g n e tite s  ( th in  lines) and  ilm en ites  (h eav y  lines) and 
b u ffe r  c u rv e s  (dashed lines) as fu n c tio n s  o f tem p e ra tu re  an d  tran s fo rm e d  oxygen  fu gacity .

(T ran sfo rm atio n  of o r ig in a l cu rv es of B u d d in g t o n  a n d  L i n d s l e y )

The biotite-garnet method

A s co n tra s ted  to  th e  m a g n e t i te - i lm e n ite  m e th o d  th is  is n o t  confirmed 
b y  e x p e r im e n ts ;  it is app lied  less w idely an d  can  be u sed  first o f  all in  case 
of  m e ta m o rp h ic  rocks. T he  te m p e r a tu r e  dependence  of th e  F e 2+ and Mg 
d i s t r i b u t io n  of b io tite  and g a r n e t  has been in v es t ig a ted  b y  n u m ero u s  au tho rs  
(e.g. L. L. P e r t s h u k  [27], R . G o r b a t s h e v  [13], S .  K . S e n  a n d  K. R . C h a k r a - 

b o r t y  [21], etc.) and it  a p p e a re d  t h a t  th e  re la t ion  is affec ted  also b y  th e  quan- 
t i t ie s  o f  t h e  o ther  e lem ents. S .  K .  S a x e n a  [19] b ro u g h t  in to  connec tion  the  
c o m p o s i t io n s  of b io tite  a n d  g a r n e t  o f  93 m e ta m o rp h ic  sam ples  b y  m eans of 
s t a t i s t i c  m e th o d  with  th e  fo rm a t io n  te m p e ra tu re  a ssum ed  on geological bases, 
a n d  he cou ld  produce a t r a n s fo rm e d  form of th e  coefficient o f  i ron-m agnesium  
d i s t r i b u t io n  which is u n a m b ig u o u s ly  the  fu nc tion  of  t e m p e r a tu r e  ( the descrip
t io n  is g iven  also in th e  bo o k  o f  S a x e n a  [20]).

A p p ly in g  this m e th o d  W . H . D e n n e n  e t  al. [11] d e te rm in e d  a te m p e ra 
tu re  v a lu e  of abou t 650 °C for t h e  fo rm ation  of  gneiss, in accordance  w ith  the  
t e m p e r a t u r e  ob ta ined  on th e  basis  o f  the a lu m in a  c o n te n t  o f  q u a r tz  ( their  
ow n m e th o d ) .

T h e  accuracy  of t e m p e r a tu r e  o b ta inab le  b y  th is  m e th o d  is affected by 
tw o  f a c to r s :  a) the  u n c e r ta in ty  o f  th e  m e thod , th is  can be e s t im a te d  to  be at 
+  50 ° C  on the  hasis of th e  sp re a d s  given b y  S a x e n a  [20]. b) The error of
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T K D, th e  tran s fo rm ed  d is t r ib u t io n  coefficient de r iv ing  from the  in a c c u ra c y  
of analyses. I n  our m easu rem en ts  A T K D =  + 0 . 1  an d  th is  co rresp o n d s  to  

! 33 °C a t  550 °C. The r e s u l ta n t  o f  th e  tw o errors  p roves to  be + 6 0  °C. F o r  
th e  re la t ion  o f  th e  ana ly tica l  erro rs  a n d  T K D see details  in the  d is s e r ta t io n  
of  G. N a g y  [17].)

Samples investigated

The te m p e ra tu re -d e te rm in in g  m e th o d s  have  been  applied to  th e  vo lcan ic  
rocks of th e  B örzsöny  and  C se rhá t  M oun ta in s  (N o r th  H ungary ) .  R e g a rd in g  
th e  fo rm a tio n  o f  the  cen tra l  p a r t  o f  th e  B örzsöny  M ounta ins  a m o d e l  was 
developed b y  G y . P a n t o  ( K u b o v i c s  P a n t o  [15]; G y . P a n t o  [10]) a c c o rd 
ing to  w hich  th re e  cycles of  th e  volcanic  a c t iv i ty  and  w ith in  t h e m  14 
phases  w ere  se p a ra te d  and  a r ran g ed .  T he  sam ples of  th e  Börzsöny  M o u n ta in s  
derive from  his collection and  these  re p re sen ted  th e  ind iv idual phases . ( E x c e p 
t io n  is th e  genetically  u n c e r ta in  specim en B-x.) T he  fo rm ation  o f  t h e  c e n t r a l  
and  so u th w es te rn  p a r t  o f  th e  C se rh á t  M oun ta in s  was expla ined  b y  P .  Á r k a i  

[4]; th e  sam ples  ob ta in ed  from  h im  rep resen t  also th e  ind iv idual ev o lu t io n  
phases. T ab le  I  en u m era te s  th e  in v es t ig a ted  sam ples in each m o u n ta in ;  th is  
gives th e  presence  of i lm enite ,  hom ogeneous  a n d  “ exso lu ted”  m a g n e t i te  g ra ins  
(15 microns in  d ia m e te r ,  a t  leas t) ;  a n d  th e  poss ib ili ty  of ap p lica t ion  o f  th e  
m e thods .  D e ta i led  geological p a ra m e te rs ,  petro logical descrip tions, e tc .  are 
given in th e  l i te ra tu re  c ited .

Course o f  analyses

T he m in e ra l analyses needed  fo r th e  a p p lic a tio n  of th e  te m p e ra tu re -d e te rm in in g  
m eth o d s w ere ca rried  ou t by  m ean s o f th e  JX A -5 -ty p e  (JE O L ) e lectron  m ic ro p ro b e  o f  th e  
G eochem ical R esea rch  L ab o ra to ry  o f th e  H u n g a ria n  A cadem y of Sciences. F o r  th e  in tr o 
d u c tio n  of th e  e lec tro n  m icroprobe  as well as th e  p rob lem s con n ec ted  w ith  th e  q u a n t i ta t iv e  
analysis see e.g. C. A. An d e r s e n  [2], o r D. R . R ea m an  a n d  J .  A. I sasi [6].

Sam ple  prepara tion:  T h in  sec tio n s o f 60 m icron  th ic k n e ss  and  w ith o u t g lass c o v e r w ere 
p re p a re d  fro m  th e  rock  sam ples to  be in v es tig a te d . P o ssib ly  large-sized , h o m o g en o u s, w ell- 
p o lish ed  m a g n e tite  and  ilm en ite  g ra in s  be ing  inclusions o f  p h en o cry sts  as w ell as b io ti te  
g ra in s  ly in g  beside  or inside th e  (re la tiv e ly  large-sized) g a rn e t g ra ins were selected  fo r  m e a su re 
m e n t  u n d e r  m icroscope, five  a t  least fro m  each  m ineral species. (One large-sized g a rn e t  g ra in  
w as  in v es tig a te d  a t  5 po in ts in each  slide.) A fte r th is  th e  th in  sections h av e  b e e n  co v ered  
b y  v a c u u m -ev a p o ra te d  copper film s. B efore  m easu rem en ts  th e  grains w ere c h ec k ed  by 
m ic ro p ro b e , too , th e  hom ogeneity  o f th e  g a rn e t g ra ins w as checked  along one line. I n  o n e  case 
an  iro n -rich  core w as found  in th e  c en tre , th u s  th e  m ea su re m e n t was carried  o u t  in  th e  ex 
te r n a l  (n e a r th e  b io tite )  p a r t.

A n a ly tica l conditions. M a g n e tite -ilm en ite  an a lyses w ere perform ed on 20 kV , b io ti te -  
g a rn e t analyses on  15 kV. Q u a n tita tiv e  an a ly se s o f trac e  e lem en ts , p resen t in less t h a n  0.1 per 
c en t and  v a n a d iu m  have been  o m itte d  ( th e  la s t  because  of th e  coincidence of th e  V K X an d  
T i K ß  lines) b u t  i t  w as d e m o n s tra ted  in all cases th a t  th e  v a n ad iu m  c o n ten t did n o t su rp a ss  th e  
te n th  o f th e  t i ta n iu m  co n ten t. M easu rem en ts  were pe rfo rm ed  in general by  m eans o f  focussed  
e lec tro n  b eam  (five-five  co u n tin g s p e rfo rm ed  n ear each  o th e r) . T he analysis o f th e  lam e lla r  
“ e x so lu ted ”  m ag n e tite  gra ins o f th e  sam ples B-2 and  B-9 w as carried  ou t by m ean s o f  a  b eam
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T able  I
Rock samples fro m  Börzsöny M ountains

01о

Cycle Phase
Sample Magnetite

Ilmcnite
Magnetite-

ilmenite
method

Biotite-
garnet
methodSign Rock type Locality Homo

genous
“Exso-
luted”

S tra to - 2 B-2 B io tite-hornb lende  andesite G odóvár Peak , side (2nd
volcanic bridge) C C C a a

3 B-3 H ypersthene-bearing  hornblende
andesite D osnya creek, T üdősvölgy

well — C C a —

4 B-4 Pyroxene-hornblende andesite R ákos creek, up p er section — C — —

5 B-S H ornblende-bearing  pyroxene
andesite M ogyorósbérc Ridge C — C a —

6 B-6 Pyroxene andesite Confluence of K em ence and
Fekete  creeks c — c a —

Caldera 7 B-7 B io tite-hornb lende dacite K ovácspuszta c ___ c + ___ ___

8 B-8 H ornblende andesite Csarnó creek, side of Ku-
rucbérc — — c — —

9 B-9 Pyroxene-bearing  hornblende
andesite W side of iNagyóros Peak c C c a —

10 B-10 H ornblende-bearing  pyroxene R ákos creek c + — — —
11 B - l l Pyrite-bearing  pyroxene andesite E gyházas creek c c c a —

Final 12 B-12 G arnet-bearing  b io tite-
chlorodacite Csarnó creek — c a

13 B-13 G arnet-bearing  hornblende
andesite Drinó creek 3 rd  tr ib u ta ry c c a a

14 B-14 Pyroxene-hornblende andesite
w ith  garnet Fekete  creek c — c a

9 B-x D acite B ajdázó hill — - c a

Rock samples fro m  Cserhát M ountains

I Cs-17 B ronzite-bearing  aug ite-andesite Fekete  hill c ___ c a ___

i l Cs-62 H ypersthene-bearing  augite-
andesite Fiskő hill Bercel-bér dyke c — c a —

i n Cs-34 A m afic andesite Bercel hill c — — — —

IV Cs-41 Am afic andesite Szanda hill c + - c + - -

a =  applicable c =  contains + =  eroded grains

NAGY..
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F ig. 4. B ack sca tte red  e lec tro n  im age of som e m easu red  m ineral g ra in s , a) “ E x so lu te d ’ 
ilm enite  (grey) in m ag n e tite  (w h ite ), specim en B-3; b) ilm en ite  (g rey) in p y ro x en e  w ith  ad" 
h e ren t and  an in d ep e n d en t “ e x so lu te d ”  m ag n e tite  (w h ite), specim en  B -9; c) “ e x so lu te d ’ 
m ag n e tite  and  hom ogeneous ilm en ite  w ith  inclusions. (W h ite  g ra in s n ear ilm en ite  a re  pyrites)- 
Ilm en ite  phase  in m ag n e tite  is “ c lean er”  (richer in  T i) th e n  in d ep e n d en t ilm en ite  g ra in . Speci
m en B - l l ;  d) b io tite  inclusion  (grey) in g a rnet. (W h ite  g ra ins in b io tite  are  ilm en ite s .)  Speci

m en B-2

of 20 m icrons d iam e te r an d  o f c o u n tin g  of 10 to  25 tim es in d iffe ren t p a r ts  o f th e  g rains. In  the 
“ e x so lu ted ”  m ag n e tite  g ra in s o f  th e  sam ple B-3 th e  m ag n e tite  a n d  ilm en ite  p h ases were a n a 
lyzed sep ara te ly  by  focussed  e lec tro n  beam , th e  av erage  co m p o sitio n  of th e  g ra ins was cal
cu la ted  on the  basis o f th e  b a c k sc a tte re d  electron  im age acco rd ing  to  th e ir  area l ra tio .

A tom ic n u m b er, a b so rp tio n  a n d  flourescence co rrec tio n  w ere carried  o u t by  m eans of the  
co m p u te r p rogram  of P . D u n c u m b  and  M. J ones  [12].

T he ev alu a tio n  o f th e  in d iv id u a l gra ins was perfo rm ed  se p a ra te ly . T he av erag e  va lues of a 
g roup  consisting  of severa l (in  m o st cases th ree , a t  lea s t)  g ra ins w ere used  for d e te rm in a tio n s. 
In  case o f g a rn e t th e  av erag e  v a lu es o f five analyses o f each  g ra in  w ere u sed . ( In  severa l cases the  
m ag n e tite  or ilm enite  g ra in s fell in to  tw o groups, th e n  th e  p ro b lem  of coex istence  had  to he 
in v es tig a ted . C oexistence is u n p ro v e d  betw een  m ag n e tite  I an d  ilm en ite  I g ro u p s of specim ens 
B -2, B-14 and Cs-17.)
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A c c u ra c y  o f  analyses

I n  case of m agn e t i te :  t h e  e r ro r  of Fe is + 1 . 4  p e r  cen t  ( inc lud ing  th e  errors 
o f  t r a c e  elements), th e  e r ro r  o f  T i is + 0 .4  per  cen t ,  th e  e r ro r  o f  m o la r  com 
p o s i t io n  is + 1 .3  mole pe r  c e n t .  ( In  a few cases th e  e rro r  o f  ana lysis  is g rea te r ,  
p r o b a b l y  due  to  the sm alle r  g r a in  size.) In  case o f  i lm en ite :  th e  e rro r  o f  bo th  
F e  a n d  T i is + 0 .5 5  pe r  c e n t ,  th e  error of m o la r  com pos it ion  is + 1 .1  mole 
p e r  c e n t .  (The error of t r a c e  e le m e n ts  was e s t im a te d  to  th e  t e n th  of  th e  m eas
u r e d  v a lu e  in bo th  cases.)

I n  case of b io tite  a n d  g a r n e t :  the  e rro r  o f  Si a n d  Fe  is e v a lu a te d  to  
+  3 p e r  c e n t  of the  m e a su re d  v a lu e ,  the  e rro r  o f  th e  e lem en ts  o f  1 to  10 per 
c e n t  co n c e n tra t io n s  ( inc lud ing  Al) is + 6  per cen t  o f  th e  m easu red  v a lue ,  excep t 
p o t a s s iu m  con ten t  w hich  is p ro b a b ly  too  low. (This l a t t e r  in fluence  upon 
t e m p e r a t u r e  d e te rm ina tion  is negligible.)

R esults and their interpretation

T h e  resu lts  of m a g n e t i te  a n d  ilm enite  analyses  as well as th e  te m p e ra tu re  
a n d  o x y g e n  fugacity  va lues  d e r iv e d  from th e m  are  show n in T ab le  I I .  The 
o x id e  t o t a l  o f  m agnetite  a n a ly se s  is too  low, in som e cases. This  can  he caused 
b y :  m a x .  1.5 per cent V20 3; e v e n tu a l  ox ida tion  o f  m a g n e t i te ;  in four  cases, 
an  a n a ly t i c a l  error g rea te r  t h a n  th e  e s t im a ted  one (in th e se  cases th e  error 
o f  t e m p e r a t u r e  de te rm in a t io n  w as  ta k e n  also to  he  g rea te r) .

T h e  ana ly tica l  resu lts  o f  b io t i te  and  g a rn e t  as well as th e  te m p e ra tu re  
v a lu e s  a r e  shown in T ab le  I I I .  Since w a te r  c o n te n t  c a n n o t  he de te rm in ed  
b y  m e a n s  o f  microprobe, th e  o x id e  sum  to ta l  of b io t i te  ana lyses  ca n n o t  am o u n t  
to  100 p e r  cent.

I n te r p r e t a t i o n  of th e  r e s u l t s  o f  th e  Börzsöny  sam ples :  t e m p e ra tu re  values 
o b ta in e d  b y  the  m -i  m e th o d  in  t h e  f irs t  ( initial a n d  s t ra to v o lcan ic )  cycle in 
c rease ,  i n  t h e  second cycle ( ca ld e ra )  decrease p ara l le l  w ith  th e  change  of ex 
p lo s io n  e n e rg y  and m a te r ia l  s u p p ly  (Fig. 5). T h e  t e m p e ra tu re  r u n  foliotes 
well t h e  change  of 87Sr/86Sr i s o to p e  ra te  de te rm in ed  b y  K . B alogh  e t  al. [5]. 
I n  t h e  in i t i a l  and s t ra to v o lc a n ic  cycles th e  m a te r ia l  derives f ro m  a secondary  
m a g m a  c h a m b e r  of 800 to  840 °C , i ts  t e m p e ra tu re  p ro b a b ly  increased  be tw een  
th e  e r u p t io n s .  The las t  m e m b e r  o f  th e  s t ra to v o lcan ic  sequence  rem a in ed  here 
for a s h o r t  t im e  a t  m ost, i t  d e r iv e s  from  a deeper  m a g m a  c h a m b e r  o f  ab o u t  
940 °C c a l led  in the  following p r im a r y  m agm a c h a m b e r  ( th e  re la t iv e ly  low 
Sr i s o to p e  r a te  of the  sam e sa m p le  supports  th is  conclusion). T he  m a te r ia l  of 
th e  c a ld e r a  phase  e ither  d e r ives  f rom  a secondary  m a g m a  c h a m b e r  of h igher 
t e m p e r a t u r e  th a n  the  p re c e d in g  one or rem ained  for  only  a sh o r t  t im e  in  the  
s e c o n d a r y  m a g m a  cham ber .
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Table II

Results o f  magnetite and ilmenite analyses

Speci
men

Group
Fe,04 Ti02 Si02 A120 3 MgO MnO Ulvö-

spinel. Inclusion Group
FeO Ti02 Si02 MgO MnO Haema

tite, Inclusion
m 1 +  A l  

(°C)
log fo2 
(atm)W.% mol% W.% mol%

Magnetite Ilmenite

B-2 1 79.3 12.9 0.6 1.0 0.7 0.5 40.6 g 1 47.8 50.9 0.2 1.7 0.9 6.4 g 800±  50 - 1 4 .6

11 88.7 2.3 0.3 5.3 0.5 1.4 7.5 g- g t 11 47.6 51.3 0.1 0.7 0.9 4.0 g t < 6 0 0

B-3 1 82.1 13.2 0.4 1.9 0.7 0.4 40.5 g- P 47.3 49.6 0.2 1.7 0.9 7.4 g- p 820±  45 - 1 4

11 74.7 21.1 0.4 1.5 1.5 0.5 63 g

B-5 82.4 14.1 0.4 2.1 1.1 0.5 42.6 g, a 47.5 49.7 0.2 1.8 0.6 7.5 g- a (p) 8 4 0 ±  45 - 1 3 .5

B-6 73.0 18.5 0.9 1.7 0.7 0.7 60.0 g< P 46.2 51.1 0.2 2.5 0.8 6.4 g> p 9 4 0 ±  50 - 1 2 .2

B-9 75.2 15.4 0.6 2.9 0.7 1.2 50.2 g* P 46.0 50.1 0.2 2.3 1.2 7.3 g, p, a 890±  50 - 1 2 .8

B - l l 1 78.2 18.7 0.4 2.1 0.3 0.3 57.3 g 1 47.7 51.8 0.2 0.7 1.0 3.8 g 840±  60 - 1 4 .5

11 81.9 14.5 0.2 1.4 0.2 0.1 46.6 g 11 47.5 52.3 0.4 0.7 0.8 2.7 g 7 1 0 ^  88 ' - 1 0 0 - 1 8 .4

B-13 85.8 4.5 1.1 1.1 1.5 0.3 14.6 a 44.1 51.8 0.4 2.9 0.8 4.2 a , b , gt 6 1 0 ±  50 - 2 0 .5

B-14 79.8 11.2 0.9 3.0 2.2 0.5 35.4 g - a 46.0 51.8 0.9 1.3 0.6 2.7 g, a 680- 1 0 0 - 1 9

Cs-17 74.8 23.5 0.6 1.1 1.2 0.4 69.7 g 1 46.3 50.4 0.2 1.3 0.5 4.3 g 960±  60 - 1 2 .2

11 44.0 52.0 0.2 1.3 0.5 0.0 g

Cs-62 73.6 19.4 0.1 2.9 0.7 0.6 59.2 g* p> f 47.0 50.0 - 1.0 0.8 5.4 g- P 905±  50 - 1 3 .6

g =  groundm ass p =  pyroxene a =  am phybole g t =  g a rn e t b =  b io tite  f =  feldspar 

In  specim en B-3 th e  “ exsolu tion”  tem p era tu re  is 685 °C (average of 5 grains)
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T able  I I I

R esults o f  biotite

Biotite

Specimen Si02 | Al20 3 J FeO | MgO | MnO | Ti02 К ,0  Na,0

B -2 34.2 14.8 23.8 10.8 0.15 3.8 7.3 0.3

B -12 35.2 15.4 22.3 11.0 0.13 4.1 7.4 0.3

B -1 3 /I 36.5 15.9 24.4 11.5 < 0 .1 3.7 7.3 0.5

B-13/11 37.0 15.7 24.8 10.0 < 0 .1 4.0 7.2 0.2

B -x 36.5 16.7 19.4 11.2 < 0 .1 3.6 7.2 0.2

O x y g en  fugac ity  va lu es  o f  th e  sample a lone are  n o t  expressive. O n  th e  
h as is  o f  th e i r  t ran sfo rm ed  o x y g e n  fugac ity  in th e  m a g m a  ch am b er  o f  800 to  
840 °C o f  th e  f irs t  cycle (and  of th e  sam ple B-9 of  th e  second cycle) m ore 
o x id a t iv e  conditions p rev a i led  t h a n  in the  p r im a ry  m ag m a  c h am b er  (sam ple  
B-6, 940  °C), while th e  sa m p le  B - l l  of th e  second  cycle e ither  go t a m ore  
r e d u c t iv e  env ironm en t f rom  th e  p r im a ry  m a g m a  cham ber  or t r a n s p o r te d  
a m o re  red u c t iv e  m ater ia l  (o f  h ig h er  su lp h u r  co n te n t )  in advance.

I n  tw o  cases (sam ples  B-3 and  B - l l )  th e  phases  of the  “ e x s o lu te d ”  
g ra in s  p ro v e d  to be large e n o u g h  to he a n a ly zed  ind iv idua lly  (Fig. 4 /a  an d  
4/c). I n  case of bo th  sam ples  th e  te m p e ra tu re  o f  “ exso lu tion”  w as less b y  
a b o u t  130 °C th a n  th e  f o r m a t io n  te m p e ra tu re .  In  case of sam ple  B-3 th e  
o x id a t io n - re d u c t io n  co n d it ions  d id  no t change d u r in g  cooling, th e  (o r ig inally  
less oxy g en -co n ta in in g )  sa m p le  B - l l  becam e m ore  reduc tive .

I n  th e  sample B-2 tw o  k in d s  of m inera l p a irs  are  found. The fo rm a t io n  
t e m p e r a t u r e  of the m a g n e t i te  a n d  ilm enite  g ra ins  of  th e  g roundm ass is 800 °C,

°c
1000

900

800-
Jr

Jc

700

600

Stratovol -  
canic

Caldera Final
cycle

phase

F ig . 5. T em p era tu re s  e s tim a te d  b y  m —i m eth o d  in  fu n c tio n  o f vo lcan ic  phases of B ö rzsö n y  M ts
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and  garnet analyses

Garnet

SiO, I Al,0, I FeO I MgO CaO | TiO, | MnO
w  о / " • /о

36.4 18.7 30.4 3.5 6.1 0.3 2.5 550

37.9 21.5 29.8 3.8 6.2 0.2 2.7 550

36.7 19.3 31.9 4.1 5.9 0.3 1.6 550

38.6 20.0 31.6 3.8 6.4 < 0 .1 1.5 550

38.4 20.4 28.6 4.8 7.0 < 0 .1 0.8 530

t h a t  of inclusions of  g a rn e ts  is less th a n  600 °C, in accordance  w i th  th e  550 °C 
o b ta in e d  b y  th e  b io t i te -g a rn e t  m e th o d .  (The com position  of m a g n e t i te  ana lyzed  
in one b io t i te  grain falls b e tw een  th e  tw o groups.)  C onsequen tly ,  th e  ga rn e t  
and  b io t i te  grains to g e th e r  w ith  th e ir  inclusions form ed in th e  f ina l  phase  
of  crysta ll iza tion .

B y  m eans of th e  m a g n e t i te - i lm en ite  m e th o d  te m p e ra tu re  s o m e w h a t  less 
th a n  600 °C was o b ta in ed  for  th e  garne tife rous  rocks of the  th i rd  (final)  cycle. 
In  these  rocks, sim ilarly  to  th e  grains in ga rne ts  o f  th e  sam ple B-2, m a g n e t i te  
an d  ilm enite  were fo rm ed  in th e  final period of  solidification. T he  te m p e r a tu r e  
o f  550 °C ob ta ined  b y  th e  b io t i te -g a rn e t  m e th o d  re la tes  also to  th is  fac t .

The m—i m ethod  could  be app lied  only  in case of  sam ples o f  th e  1st and 
U n d  phases  (Cs-17 resp . Cs-62) of  the  C serhát M ounta ins .  A cco rd ing  to  P. 
Á r k a i  [4] th e  m a te r ia l  o f  th e  f i rs t  e rup tion  derives d irec tly  from  th e  p r im a ry  
m a g m a  cham ber ,  th u s  th e  960 °C of the  sam ple  Cs-17 can be re g a rd e d  as the  
te m p e ra tu re  o f  th e  p r im a r y  m ag m a cham ber .  ( In  th e  sam e sam p le  “ p u re ”

transformed 
oxygen fugacity

-1.0- X

x B-3
X

X

о
B-U

X
B-11

о formation 
X .exsolution'

О0“5

Ов-n

0 B-6

о
CS-62 о

CS-17

- 1.2
600 700 800 900 1000 °C

Fig. 6. T em p era tu res  an d  tra n s fo rm e d  oxygen  fugacities o f  specim ens, d e te rm in e d  b y  m -i
m ethod
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i lm e n i te  grains c o n ta in in g  n o  hem ati te  can  also be  found , p ro b a b ly  from  the  
f in a l  p h ase  of so lid if ica tion .)  The m ethod  re s u l te d  in 905 °C to  th e  sam ple 
Cs-62 o f  th e  second igneous  phase , in acco rdance  w i th  P . Á r k a i  [4] t h a t  th e  
U n d  a n d  subsequen t  p h a s e s  spent longer t im e s  in  th e  secondary  m ag m a  
c h a m b e r .  On the  basis  o f  t ran s fo rm ed  o xygen  fu g a c i ty  d a ta  th e  conditions 
w h ic h  prevailed  here p ro v e d  to  be more o x id a t iv e  th a n  in th e  p r im a ry  m agm a 
c h a m b e r .

T h e  b io t i te -g a rn e t  m e th o d  could be ap p l ie d  to  four sam ples  of  the  
B ö rz s ö n y  M ountains. I n  all cases the  te m p e ra tu re  p roved  to  be 530 to  550 °C. 
I n  tw o  cases the  m ag n e t i te - i lm e n i te  m e th o d  cou ld  also be app lied  to  th e  
m in e ra l  grains w ith in  th e  g a rn e t  and h io ti te ,  t h e  resu lts  showed good agree
m e n t .

Conclusions

a) According to  th e  re su l ts  ob ta ined  b y  th e  m —i m ethod ,  th e  p r im ary
m a g m a  cham bers of  th e  B ö rzsö n y  and C serhá t  M o u n ta in s  are of  nea r ly  the  
s a m e  te m p e ra tu re  (940 r e sp .  960 °C); it  c an  be  assum ed  t h a t  th e i r  dep ths  
w ere  also the  same. T h is  is in  harm ony  w ith  t h e  s t a te m e n ts  of E . S z a d e c z k y - 

K a r d o s s  [23] and [24] b a s e d  on p la te - tec ton ic  considera t ions .  T he  t e m p e r a 
t u r e  o f  th e  secondary  m a g m a  cham ber be long ing  to  th e  1st phase  of th e  B ör
z sö n y  M ounta ins  is low er t h a n  th a t  of the  C se rh á t  M oun ta in s  (800 840 resp.
905 °C).

b) More reduc tive  co n d i t io n s  prevailed  in  b o th  th e  p r im a ry  a n d  second
a r y  ( I I .  cycle) m agm a c h a m b e r s  of the  C serhá t  M o u n ta in s  th a n  in those  of the  
B ö rz sö n y  M ountains. T h is  agrees  with the fa c t  t h a t  in the  B örzsöny M ounta ins  
th e r e  a re  minerals (h io t i te ,  am phibole ,  etc.) w h ich  re la te  to  the w a te r  con ten t  
o f  m a g m a ,  while these  a re  a b se n t  in the C se rh á t  M ounta ins .

c) The b—g  m eth o d  o f  S a x e n a  can be ap p l ied  also to  igneous rocks and 
p ro v id e s  less error t h a n  e s t im a te d .  Biotite a n d  g a rn e t  o rig inated  u n d e r  similar 
co n d i t io n s  in bo th  (1st a n d  I l l r d )  cycles i.e. in th e  f ina l  stage of th e  solidifica
t io n  o f  th e  m agm a, p ro b a b ly  under  the effect o f  th e  Al-rich m a te r ia l  of the  
e n v i ro n m e n t .
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ОПРЕДЕЛЕНИЕ ТЕМПЕРАТУРЫ МАГМАТИЧЕСКИХ ПРОЦЕССОВ ПО СОСТАВУ 
СОСУЩЕСТВУЮЩИХ ПАР МИНЕРАЛОВ

Г. НАДЬ

Р е з ю м е

Для андезитов и дацитов гор Бёржёнь и Черхат (Северная Венгрия) были применены 
два метода определения температуры, а именно: магнето-ильменитовый (m-i) метод, раз
работанный Баддингтоном и Линдслеем, позволяющий также и определение фугасности 
кислорода, и биотито-гранатовый метод (b -g), разработанный Саксеной. Значения тем
пературы, полученные методом m -i, хорошо согласовывались со значениями, определен
ными другими исследователями для вулканических процессов. В отношении некоторых 
температур было допущено, что они представляют собою температуры магматических оча
гов. Таким образом как в горах Бёржёнь, так и в горах Черхат оценивались температуры 
двух магматических очагов. Как метод m-i, так и метод b-g мог быть применен в двух 
случаях, и полученные результаты были соизмеримы.
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TRACE MINERALS OF THE GRANITIC ROCKS 
OF THE VELENCE AND MECSEK MOUNTAINS

By

G y . P a n t o

HUNGARIAN ACADEMY OF SCIENCES, LABORATORY FOR GEOCHEMICAL RESEARCH. BUDAPEST

T he tw o H u n g a rian  g ran ite  occurrences o f d iffe ren t genesis, i.e. th e  igneous 
one in th e  V elence M o un ta ins and th e  a n a te x it ic  one  in  th e  M ecsek M o u n ta in s , d iffer 
from  each  o th e r  in th e ir  trace  m in e ra l a ssem blage, too . The conditions o f occurrence  
an d  th e  c h a ra c te ris tic s  o f th e  m ain  rep lac in g  e lem en ts  of th e  trace  m in e ra ls  verify  
th e  d is tin c tio n  be tw een  tw o genetic  g roups.

T he accessory  m inerals a re  d iscussed  in  d e ta il,  em phasizing  th e ir  s ig n ifican t 
fea tu res  also from  th e  genetic  p o in t o f view .

R e la tiv e ly  v o la tile  As p lay s a s ig n ifican t ro le  in the  Velence M o u n ta in s , and 
is less im p o r ta n t  in  th e  M ecsek M o u n ta in s . L ess m obile  Cu is su b o rd in a te  in  th e  Velence 
M o un ta ins.

T here  a re  considerab le  d ifferences in  th e  t ra c e  e lem ent co n te n t a n d  s tru c tu re  
o f z ircon a n d  t i ta n ite  occurring  in b o th  m o u n ta in s . A llan ite  (o rth ite ) is o f su b o rd in a te  
q u a n ti ty  in th e  V elence M ountains.

X en o tim e  is an  accessory m in e ra l c h a ra c te ris tic  of th e  Velence M ou n ta in s , 
being  a b se n t in th e  M ecsek M oun ta ins. M onazite  is a b u n d a n t in  th e  M ecsek a n d  su b 
o rd in a te  in  th e  V elence M ountains. T h eir ra re  e a r th  e lem en t com position  an d  co n d i
tio n  of occurrence  can  be traced  b ack  to  g en etic  cau ses in b o th  m o u n ta in  ran g es w hich  
d e te rm in es th e  p osition  of the  lig h t (C e-ea rth s) a n d  h eavy  (Y -earths) la n ta n id e s . The 
sep a ra tio n  is m ore expressed  in case of th e  occu rren ce  of th e  c a rb o n a te s  fo rm ed 
secondarily  an d  co u n te rb a lan ced  w ith  su p p le m e n ta ry  anions. T he m in e ra ls  o f  the  
b a s tn ae s ite  g roup  are  w ide-spread in th e  M ecsek a n d  m issing in th e  Velence M ou n ta in s .

T he v a r ia tio n s  o f e lem ents, especially  o f th e  ra re  e a r th  m eta ls in  th e  accessory  
m inerals is a u sefu l m eans of in v es tig a tin g  th e  genesis o f g ran ito id  rocks. T h e  se p a ra 
tio n  o f th e  h eav y  an d  lig h t lan ta n id e s  d u rin g  th e  processes can  be o b se rv ed  n o t only 
cam ouflaged  in rock -fo rm ing  m inerals b u t  in fo rm  o f accessory m inerals as well.

H u n g a r ia n  exam ples  o f  the  u p p e rm o s t  a n d  middle horizons o f  g ran it ic  
m a g m a tism  are  found  a t  th e  surface in th e  Velence and  Mecsek M oun ta in s  
( S z á d e c z k y - K  a r d o s s , 1968).

In  th e  Velence M ounta ins  th e  g ran it ic  m a g m a t ism  is rep resen ted  b y  post- 
k inem atic  (Carboniferous) real igneous, b a th o l i te - ty p e  granites  o f  unconfo rm - 
able position w hich  were p e n e tra te d  b y  y o u n g e r  andesitic  vo lcan ism . The 
gran ite  o f  th e  Mecsek M ountains is ch a ra c te r iz e d  by  syn -k inem atic  an a te x i t ic  
(Caledonian) g ran ito id s  of deeper level a n d  b y  la te -k inem atic  p o ta s h  m e ta -  
m o sm a tic  (Variscan) g ran ito ids  ( S z a d e c z k y - K a r d o s s , 1968; B u d a , 1969, 
1972).

On th e  basis o f  th e  geological position  ( J a n t s k y , 1957), p o ta sh - fe ld sp a r  
inves t iga t ions  ( B u d a , 1969) and R b -S r  iso tope  de te rm in a t io n s  ( K o v a c h , A. 
e t  al., 1968) of  th e  H u n g a r ian  g ran ite s  a gene tic  d is tinc tion  b e tw e e n  two 
occurrences is w ell-m otiva ted .
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I n  add it ion  to  d e p th -d e p e n d e n t  d ifferences o f  gran it iza t ion  t h a t  to o k  place 
in  tw o  levels some s im ilarit ies  can  also be recogn ized . The g ran ite  o f  t h e  Mecsek 
M o u n ta in s  was d if fe ren t ia ted  only  once a n d  p r im it ive ly ,  while t h a t  o f  th e  
V e le n c e  M ounta ins  was s t ro n g ly  and  re p e a te d ly  d iffe ren tia ted . C on seq u en t ly ,  
i t  c a n  b e  assum ed t h a t  t h e r e  are differences also in th e  p r im a ry  or  orig inal 
t r a c e  e le m e n t  resp. t ra c e  m in e ra l  assem blages.

T o  answer th is  q u e s t io n  i t  was t r ied  to  co m p are  th e  t r a c e -e le m e n t-b e a r 
in g  t r a c e  m ineral assoc ia t ions  of  th e  d if fe ren t  g ran ito id  rocks o f  th e  two 
m o u n ta in s .  This w ork  is o f  doub le  aim:

1. to  complete th e  know ledge  of th e  m in e ra l  composition  o f  g ran i to id  
r o c k s ;  and

2. to  d e m o n s tra te  th e  d ifferences b e tw e e n  th e  tw o occurrences, and  to 
g e t  a c q u a in te d  w ith  th e  ch a rac te r is t ic s  o f  t h e  b e h a v io u r  of ce r ta in  e lem ents  
a t  d i f fe re n t  dep th  levels.

Sam pling and m ethod

I n  th e  course of s a m p l in g  th e  aim was to  t a k e  samples show ing d iffe ren t  
f e a tu r e s ,  w e l l-docum ented  b y  th e  re le v a n t  d a t a  available . The sam ples  o f  the 
tw o  m o u n ta in s  listed in  T a b le s  1 an d  I I  were inv es t ig a ted  in deta il .

I n  case of c lassif ica tion  th e  te rm ino logy  p roposed  by  Gy . B u d a  (1972) 
w as  u se d .

I n  sp ite  of the w ide d is t r ib u t io n  of th e  g ra n i to id  rocks all over  th e  w orld , 
t h e i r  accessory  m inerals  h a v e  been in su ff ic ien tly  s tud ied . W ith  th e  d ev e lo p 
m e n t  a n d  wide- app lica tion  o f  m o d e rn  in v e s t ig a t io n  m ethods  several ra re  e a r th  
a c c u m u la t io n s  of co m m erc ia l  v a lue  have  b een  recognized b u t  a lm o s t  in  all 
cases  f ro m  w eathered , a l te re d  ty p es ,  i.e. from  alb it ized , greisenized, kao lin ized , 
e tc .  r o c k s  (K . A. V l a s o v , 1968).

T h e  present work is b a se d  f irs t  of all u p o n  elec tron  m icroprobe in v e s t ig a 
t io n s .  A f te r  a detailed in v e s t ig a t io n  of  th e  th in  sections of samples t h e  a ccu ra te  
t r a c e  m in e ra l  research was ca r r ied  o u t  by  m ean s  o f  th e  in s t ru m e n t  o f  JX A -5  
ty p e .  As a resu lt  of these  in v es t ig a t io n s  th e  new  p laces of occurrence o f  n u m e r 
ous m in e ra ls  have been d e te rm in e d  and  m odes of  appea rance ,  e lem en t  a ssoc ia 
t io n  a n d  frequency  of th e  m in e ra ls  in d é tec tab le  b y  microscope could  also be 
e v id e n c e d .  W hen  exploring  th e  to ta l  e lem ent associa tion  of the  m inera ls  w hich  
c a n  b e  m easu red  by  m ean s  o f  th is  m e th o d ,  less a t te n t io n  was p a id  to  th e i r  
q u a n t i t a t i v e  d is tr ibu tion .

B ecau se  of the  th e o re t ic a l  l im ita t io n s  o f  th e  app lied  m e thod , e.g. m e a s u re 
m e n t  poss ib i l i ty  from В to  U, th e  inv es t ig a t io n  o f  several cha rac ter is t ic  m in e r 
als k n o w n  in granites u n d e r  microscope was neglected . These are m a in ly  th e  
a c c e s so ry  minerals of Li-, Be- an d  В -co n ten t ,  i.e. th o r tv e i t i te ,  p h e n a c i te .  
s p o d u m e n ,  tourm aline , a m b ly g o n ite ,  beryl,  ch rysobcry l ,  lepidolite , e tc .
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Table I

F eatures o f  occurrence o f  the accessory m inera ls, Velence M ounta ins

Frequency Mineral Grain-size Occurrence

1. R ed feldspar-bearing biotite granite  (poor in accessories; o u tcro p  of M-7 M otorw ay)

M ain: a p a tite 1 0 -  30 f t b io tite , feldspar, q u a rtz
ru tile 10 40 p edge of b io tite
zircon 5 -  20 f t fe ldspar

F req u en t: a rsen o p y rite 8 f t decom posed feldspar
ch era lite 5 60 p feldspar, b io tite

K arc: p y rite 20 p fe ldspar
h u tto n ite 3 ft cheralite
galena 8 f t cheralite
ch alco p y rite 10 f t feldspar
sp h a le rite 5 f t feldspar

2. Grey biotite granite , Szűzvár (very  poor in accessories)

M ain: a p a tite 3 0 -  50 f t b io tite , feldspar
zircon 20 -  80 f t b io tite , feldspar

F req u en t: to u rm alin e 1 2 0 -  20 f t fe ldspar
R are: a rsen o p y rite 10 p fe ldspar

3. G rey biotite granite, Pálka dip-head  (rich  in accessories)

M ain: a p a ti te 3 0 -  40 f t b io tite
z ircon 5 -  70 f t b io tite
t i ta n ite <  100 ft b io tite
ru tile 1 5 -  40 f t b io tite
flu o rite 5 90 f t q u a rtz , feldspar

F req u en t: sp h a lerite 5 -  20 f t fe ldspar, b io tite
R are: th o ria n ite 10 f t b io tite

cobaltine 15 f i b io tite
a llan ite  (o rth ite ) 600 f t in d ependen t
galena 15 f i b io tite
a rsen o p y rite 60 p feldspar
pero v sk ite 10 f l b io tite

4. A p lite , Székesfehérvár aplite m ine  (riel in  accessories)

M ain: zircon 5 0 - 1 0 0  f t fe ldspar, q u artz
x eno tim e 2 0 -  30 f t to g e th e r w ith  zircon

F req u en t: ru tile

M n -con tain ing  iron-

10— 15 f t in  fissures and in th e  in te rs tice s  
o f grains

oxide 100 f t independen tly
R are: a p a tite 5 f.i fe ldspar

m o n az ite 10 f t fe ldspar
fe rm o rite 15 f t q u a rtz
galena 4 f t fe ldspar
a rsen o p y rite 15 f t q u a rtz

5. K a olin ié  granite , N adap , quarry  (rich in accessories)

M ain: p y rite large g ra ins unfam iliar in g ran ite
zircon 50 100 f t fe ldspar
x en o tim e 5 -  20 f t q u a rtz , feldspar

F req u en t: m o n az ite 40— 60 f t fe ldspar
ru tile 5 — 10 f t b io tite

R are: ch a lco p y rite 20 f t fe ldspar
sp h a le rite 10 ft q u a rtz
b lo m stran d in e 15 f t quartz-fissures
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T able  II

M ecsek M o u n ta in s

F requency Mineral Grain-size Occurrence

S y n k in e m a tic  anatexitic granodiorites

6. Red porphyroblastic microcline-bearing biotitic granodiorite. Erdősm ecske , 
railw ay station  (v e ry  rich  in accessories)

M ain: a p a tite 1 0 - 1 5 0  fi bio tite , som etim es fe ld sp ar
zircon 30 — 100 fi b io tite
ru tile 5 - 1 2 0  ft b io tite  (m ainly  decom posed)
m onazite  I 5 - 1 0 0  fi b io tite
m onazite  I I 1 -  20 и calcite
calcite v e in le ts and large spots a ro u n d  b io tite

F re q u e n t: chalcopyrite 2 0 -  50 /1 feldspar
tho rite 20 ft decom posed b io tite

R a re : zirkelite 5 - 20 ft bio tite  and  fissures
sphalerite 30 ft w ith  m onazite
galena
u ra n o th o rite  (v a rie ty )

5 ft in b io tite  w ith  th o r ite

aurelite 35 ft chalcopyrite, fe ld sp ar
allanite  (o rth ite ) 10 30 ft feldspar

7. H eavily  biotitic, amphibolic , colourless, porphyroblastic microcline granodiorite.
Erdősmecske, railw ay station  (rich in accessories)

M ain: tita n ite 4 0 - 4 0 0  ft bio tite , fe ldspar, in d ep en d en t
a p a tite 5 -  80 ft biotite

F re q u e n t: zircon 5 0 - 1 0 0  ft biotite
b astnaesite 10 ft feldspar, e x te rn a l zone o f zircon

R a re : chalcopyrite 5 -  10 ft feldspar
galena _5 ß feldspar
pyrite 5 — 50 ft feldspar

8. Schistose, biotitic, porphyroblastic granodiorite. K ismórágy, railway station  

a) light strip  (poor in accessories)
M ain: ap a tite 0 1 CO о b io tite

rutile heaps decom posed b io tite
F re q u e n t: bastnaesite 5 — 15 p  

and  veins feldspar
R a re : zircon 1 5 -  30 p feldspar and  b io tite

b) dark strip  (rich  in accessories; w ith  am phibole)
M ain: ap a tite 1 0 - 1 5 0  ft biotite, feldspar

zircon 5 -  80 ft feldspar, b io tite
tita n ite
bastnaesite

heaps 
re ticu la ted  

veined  sp o tty

b io tite  border, am ph ibo le  

feldspar, am phibole
F re q u e n t: ru tile 1 0 -  40 ft tita n ite , b io tite , a p a ti te

calcite 300 ft veined feldspar, betw een  b io tite  slates
R a re : ilm enite 20 ft bio tite

chalcopyrite 5 -  10 ft feldspar
barite 2 -  5 ft feldspar
m ag netite? 5 — 10 /( feldspar
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Tabic I I  (c o n tin u ed )

Frequency I Mineral Grain-size Occurrence

Late-kinem atic potash-metasomatic granite

9. F ine-grained , slightly biotitic veined granite  granite aplite, K ism órágy  
(very rieh  in  accessories)

M ain:

F re q u e n t:

R are :

zircon
a p a tite
cheralite
m onazite
bastn aesite

leucoxene
ilm enite
ru tile
m ag n e tite

a llan ite  (o rth ite ) 
th o ria n ite

5 - 30 fi
5 - 40 /(
5 - 30 /4

5 - 30 и
re tic u la te d ,
v e in ed , sp o tty  
sp o tty  heap  
1 0 - 4 0 0  p  

5 -  40 p  

th in  veins 
2 -  20 p

30 -50  p sp o tty
5 p

biotite, feldspar 
b io tite, feldspar 
bio tite  
b iotite 
decom posed 

b iotite p a rts  
decom posed b io tite  
independent b io tite  
b io tite

in te r
woven

biotite
feldspar
m agnetite  (in fe ld sp ar)

Inc lu s io n s
10. Boundary o f  heavily biotitized amphibolite inclusion 

and o f  red microclinic granodiorite. Erdosmecske

a) amphibolitic p a r t  (rich  accessories)
M ain: tita n ite 50 300 /.i biotite, am phibo le, independe

a p a tite 5 -  40 (1 bio tite , feldspar
F re q u e n t: chalcopyrite 10 - 40 /4 am phibole, b io tite

galena L 5 /t feldspar, zircon
pyrite 10 40 /1 am phibole
zircon 5 — 50 fi feldspar

R are : sphalerite 20 30 /I am phibole, in d ep en d en t
bastn aesite 10 Ц feldspar

b) granodioritic p a rt (poor in accessories)
M ain: a p a tite 5 ti feldspar

chalcopyrite 1 0 -  70 fi feldspar
ru tile 30 /( decom posed fe ld sp ar

F re q u e n t: gelana 1 5 /I feldspar
R are : b a rite 5 /< feldspar

sphalerite 3 , 4 feldspar
gypsum 5 ц feldspar
zircon 10 fi feldspar
p y rite 200 /4 feldspar
m onazite 3 ,c feldspar

11. B iotitic  amphibolite, E rdosm ecske  (rich in accessories)

M ain: tita n ite 10 60 /t am phibole, in d ep e n d en t
ru tile 5 fi edge of b io tite  w ith  t i ta n i te
ap a tite 2 - 3 x 4 0  /I feldspar (needles)

F re q u e n t: zircon 10 60 /1 feldspar
b astnaesite v e in s 30 100 fi amphibole
p y rite 1 0 - 1 0 0  /t am phibole, b io tite , fe ld sp ar
chalcopyrite 8 20 /« am phibole, b io tite , fe ld sp ar

R are : a llan ite  (orth ite) 70 /t plagioclase fe ldspar
sphalerite 10 60 к am phibole, fe ldspar
galena 4 / 4 am phibole
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Table I I I

Biotitic granodiorite, 
Erdősmecske, 
Mecsek Mts.
See No. 6.*

Entire sedimentary 
shell including 

effusives**

Average com
position of 

granitic rocks**

Average com
position of 

basaltic rocks**

Average R EE 
contents of the 

whole Crust 
of Earth**

L a 12 .3 18 18 13 18

Ce 4 2 .4 35 33 26 34

P r 3 .7 4 .8 5 .6 4 .4 4 .8

N d 12.5 2 0 18 15 18

Sm 7 .7 4 .8 4 .2 3 .8 4 .4

Gd 0 .4 7 4 .6 6 . 0 - 4 .6 5 .1

T b 1 .42 0 .8 — — —

D y 1 .87 3 .7 3 .7 3 .6 3 .8

E r 0 .6 7 2 .3 2 .2 2 .2 2 .8

Y b 8 1 .9 1 .7 1.7 2 .4

Y 18 22 16 17 26

Ce/Y 2 .6 2 .3 2 .6 2.2 2 .0

* A n alysis m ade by  R i tk á ié in  T árcaközi B iz o ttsá g  
** A fte r  R onov e t al. (1974)

Specific geochem istry and occurrence conditions of the minerals

S u lp h id e s

Galena ( P b S ) :  F in e -g ra in e d ;  often occurs  in  granito ids. I t  is fo u n d  in  
f e ld sp a r ,  am phibole , b io t i te  a n d  m a y  be th e  inc lu s io n  of  o ther  accessory m in e r 
als, e.g. o f  cheralite  (Fig. 1) a n d  of zircon (F ig . 2). T he  galena grains o f  th e  
b io t i te  g ra n i te  deriv ing f ro m  th e  environs of  th e  inc lined  shaft  of P á t k a  are  
of  s i lv e r  con ten t .  The g a len a  o f  E rdősm ecske  occurs  to g e th e r  w i th  th o r i te ,  
in te r g r o w n  w ith  it, as well. I t  can  he found m o s t  f r e q u e n t ly  a round  th e  a m p h i 
b o l i te  inc lusions and  occurs in te rg row n  w ith  c h a lc o p y r i te  and py r i te  resp . as 
in c lu s io n  in  th e  p y r i te  itself . In  th e  galena g ra in s  o f  th e  Mecsek M o u n ta in s  
no s i lv e r  co n ten t  could be de te rm in ed ,  in  th is  reg ion , however, i t  is m ore  
f r e q u e n t  th a n  in th e  Velence M ounta ins .

Sphalerite  ( Z n S )  : I t  is f o u n d  alm ost in  all o f  th e  inves t iga ted  fo rm a tio n s .  
I t  is m o s t  f req u en t  also in th e  sam ple  of P á tk a ,  u s u a l ly  in b io tite  and  fe ldspar .  
I t s  o c cu rren ces  in th e  M ecsek M ounta ins  a re  co n n ec ted  w ith  decom posed  
m o n a z i t e  a n d  w ith  p y r i te  a n d  chalcopyrite  o f  a m p h ib o l i te .  Sphalerites o c c u r 
r ing  in  am p h ibo li te  are of  considerab le  Fe a n d  less Mn conten t.
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Fig. 1. G alena inclusion  in chera lite . M-7 H ighw ay , V elence M ts. E lectron  p ic tu res : a .)  6 m m  =  
33 m icrons; b .) 6 m m  8.3 m icrons

Fig. 2. G alena  inclusion  in zircon of th e  a m p h ib o lite . E rdősm ecske , M ecsek M ts. E le c tro n
p ic tu re : 6 m m  =  8.3 m icrons

Chalcopyrite (CuFeS.2)  : I t  occurs m o s t ly  in th e  rocks of th e  Mecsek 
M ounta ins ,  m a in ly  in th e  varie ties der iv ing  f rom  th e  environs of am p h ib o l i te .  
In  th e  Velence M ounta ins  it  is found  ra n d o m ly  in  feldspar. In  th e  M ecsek 
M ounta ins  i t  can  be found  in th e  q u a r tz  o f  g ranod io r i te ,  and to g e th e r  w ith  
m onaz ite ,  u ra n o th o r i te  and auerli te  in  th e  su rro u n d in g  of fe ldspar (F ig .  3). 
I t s  m ore considerab le  accum ulations are fo u n d  in  rocks a b u n d a n t  in m afic  
silicates, in  th e  d a rk  s tr ip  of schistose g ran o d io r i te  and  in am phibo li te .  I n  th e  
fe ldspar a n d  m a in ly  in the  hornb lende  i t  occurs  to g e th e r  w ith  su lph ides .
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F ig . 3. C halcopyrite , u ra n o th o rite , in o n az ite  an d  au erlite  in b io titic  g ra n o d io r ite . E rdős- 
m ecske, M ecsek M ts. E lec tro n  p ic tu res : a .) 6 m m  =  33 m icrons; b .) 6 m m  =  17 m icrons; 

X -ra y  p ic tu res  o f p ic tu re  b .) c .) P Ka; d .) SKa; e.) T h L l; f .)  CaKa; g .) CeL:t

Pyrite  ( F eS 2)  : I t s  conditions of  occurrence  are similar to  th o s e  o f  chalco
p y r i te .  In  th e  Velence M oun ta in s  it  ap p ea rs  only  in the  kao lin ié  g ran i te  of 
N a d a p ,  w ith  a Co-conten t due to  an d e s i te  p en e tra t io n .  In  th e  M ecsek M oun
ta in s  i t  is connec ted  w ith  a m p h ib o l i te  a n d  tvith th e  su rround ing  g ranod io r i te .  
I t  is found  m ain ly  in  ho rnb lende ,  r a r e ly  in fe ldspar to ge the r  w i th  o th e r  sul
ph ides .  Some of th e  grains co n ta in  ga len ite  inclusions, o thers  c o n ta in  Co.

Cobaltine ( C o A sS ) :  I t  is fo u n d  on ly  in th e  b io tite  of th e  b io t i te  g ran ite  
o f  P á t k a  as inclusion. It co n ta in s  Ni as t race  element.

Fig. 4. A rsen o p y rite  in b io tite  g ran ite . P á tk a ,  Velence M ts. E lectron  p ic tu re : 6 m m
m icrons

33
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Arsenopyrite  ( F e A s S )  : I n  the  Velence M o u n ta in s  i t  is found as accessory 
m in e ra l  in  all fo rm a tio n s  ev en  in aplite, in t h e  M ecsek M ountains, however, 
i t  cou ld  no t  be d e m o n s t ra te d .  I t s ,  alm ost in all cases, idiomorphic crysta ls  are  
f o u n d  in  fe ldspar (Fig. 4); t h e  smaller ones are  r a re  and  m ay occur also in 
q u a r tz .

Oxides

I lm en ite  (  F e T i 0 3)  : A l th o u g h  it  is considered  to  be wide-spread mineral 
in  g ra n i te s  a t  the  s tu d ie d  loca tions  it  is rare  b o t h  f rom  q u a n t i ta t iv e  and  d is
t r i b u t io n  poin ts  of v iew . R e c e n t ly  p ro b ab ly  o n ly  its a lte ra tion  p roduc ts  are 
f o u n d  in  fo rm  of leucoxene , ru ti le ,  t i ta n i te  a n d  decom position  aggrega tes  of 
u n id e n t i f ia b le  cha rac te r .  I n  t h e  Velence M ou n ta in s  it  could no t be iden tif ied , 
in th e  Mecsek M ounta ins  i t  is found  in the  d a rk  sil ica te-r ich  am phibolit ic  p a r ts .  
I n  th e  b io t i te  of th e  d a rk  s t r ip  of granodiorite  o f  schistose s t ru c tu re  as well 
as in  t h e  am phibolite  th e  a l te ra t io n  of i lm enite  in to  t i t a n i te  can be observed
(F ig . 8).

R u ti le  (TiO,,) : C o n s ta n t ,  mostly  th e  m a in  accessory m ineral o f  th e  
in v e s t ig a te d  g ran ito id  rocks  and  associated am p h ib o l i te s .  It is for th e  m os t  
p a r t  an  a l te ra t io n  p ro d u c t  o f  an  o ther  m ineral.  I t  c an  be form ed from ilm enite , 
t i t a n o m a g n e t i t e ,  t i t a n i te ,  b io t i te  and am phibole .

I t  occurs in all t h e  g ran i t ic  rocks of th e  Velence M ountains. I t  shows 
a close re la t ion  w ith  b io t i te  and  it can be th e  inc lus ion  of the  fresh p a r t  o f  
b io t i te ,  a l te ra t io n  p ro d u c t  o f  large decom posed t i t a n i t e  and th e  su b s tan ce  
f i l l ing  u p  th e  fissures b e tw e e n  b io tite  slates a n d  o th e r  grains. Out o f  its t ra c e  
e le m e n ts  N b ) > T a  a n d  Sn  in d ica te  t i ta n i te  as source . The presence of  Sc in  
ru t i le  accom pany ing  b io t i te  is unexpected  because  o f  its ionic rad ii  (Sca + =  

0.81, T i4+ =  0.68). T h e  occurrence  of Sc in b io t i te  is well-known from  th e  
l i t e r a tu r e .  I f  b io tite  is th e  o n ly  Fe-Mg m ineral o f  th e  rock, e.g. in th e  Velence 
M o u n ta in s ,  Sc can e n te r  th e  la t t ic e  of only th is  m ine ra l  ( S z á d e c z k y - K a r d o s s , 

1958). in  th e  course of  decom posit ion  or fo rm a t io n  o f  b io tite  Sc m a y  becom e 
th e  c o n ta m in a t in g  e lem en t  o f  ru tile  p rov ing  th e  connection of b io t i te  a n d  
ru t i le .

In  th e  rutiles o f  t h e  Mecsek M ountains th e  Sc-conten t could be ra re ly  
d e te rm in e d .  In  all cases it a p p e a rs  when ru t i le  lies on th e  margin of th e  a l te red  
b io t i te ,  e.g. in case o f  red  microclinic, b io t i t ic  g ranod io r i te .  In th is  case, in 
a d d i t io n  to  Sc, the  t r a c e  e le m e n t  association of  Ca, Fe , N b, Sn and  Ge could 
also be  d e m o n s t ra te d .  I t  is fo u n d  as inclusion also in  fe ldspar b u t  only  w hen  
it c o n ta in s  b io tite  inc lus ions ,  too. I ts  f req u en t  fo rm  of appearance  is t h a t  of 
sm all  g ra in  aggregates a r o u n d  t i tan i te .  In  such  cases i t  forms leucoxene-like 
ag g reg a te s  and in a d d i t io n  to  its Fe and Mn c o n te n t  Nb and Ta can alw ays 
be d e te rm in e d .  The Fe  a n d  M n conten ts  are p r e s u m a b ly  th e  derivatives  of th e
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original ilm enite  co m p o n en t ,  th e  a l te ra t io n  of which in to  t i t a n i t c  resp. its 
ru ti l iza tion  also occur.

C onsequently ,  it  can  be s ta te d  th a t  th e  ru t i le  o f  b io t i te  connec tion  con
ta ins  also Sc in a d d i t io n  to  th e  charac ter is t ic  N b a n d  Ta t race  e lem en ts ,  while 
t h a t  o f  i lm enite  or t i t a n i t e  connection con ta ins  Mil an d  Fe, too . Sn  is know n 
only  from  th e  Velence M ounta ins  which re la te s  to  pegm a ti t ic  t i t a n i t e  con
nections.

Thorianite ( T h , U ) 0 2 and cerianite ( C e , T h ) 0 in add it ion  to  its  T h  and 
U co n ten t  th e  th o r ia n i te ,  occurring  tog e th e r  w ith  t i t a n i t e  in th e  b io t i te  of the 
g ran ite  of the  P á t k a  env irons  in th e  Velence M ounta ins ,  con ta in s  Ca, Ce, La, 
Pd, Zr and  Y.

R e la ted  cerian ite  could be de te rm ined  in th e  sligh tly  b io t i t ic  fine-gra ined  
g ran ite  dyke of K ism ó rág y .  In  addition  to  th e  m a in  co m p o n en ts  Ce and Th 
i t  con ta ins  La , N d ,  Ca, P b  a n d  U. I t  occurs as inclusion of la rg e r  m agne ti te  
gra in  in fe ldspar.

Magnetite ( F e 2+ F e 3 + Orl)  : th is  generally  accep ted  in g red ien t  o f  g ran i
toids is u n f re q u e n t  in form  of identifiable  and  u n a m b ig u o u s ly  def inab le  grains 
in th e  Velence a n d  Mecsek M ounta ins . Ti and , o ften , Mn c o n te n t  is cha rac 
te ris tic  of it. I t s  occu rrence  is bound  m ain ly  to  b io t i te  b u t  it m a y  a p p e a r  as 
inclusion in fe ld sp a r  a n d  in  o th e r  m inerals . T he  less exac tly  d e te rm in e d  iron 
oxide p ro d u c ts  a n d  leucoxene-like fo rm ations  m a y  be of m a g n e t i te  origin.

Perovskite (C a T iO :i)  : th is  could be d e te rm in e d  on ly  in one case, i.e. on 
th e  m arg in  o f  th e  b io t i te  o f  b io t i te  g ran ite  o f  P á tk a .  In  ad d i t io n  to  th e  main 
com ponen ts  i t  co n ta in s  Fe, Mn, Nb and Ce. No genetic  s ignificance can  be 
a t t r ib u te d  to  th is  special occurrence.

Blomstrandine (P r io r i té )  ( Y ,  Ce, Th, Ca, N a ,  U ) (T i,  N h, T  a).,0fí : this 
accessory m inera l is k n o w n  also from  one sam ple ,  i.e. in th e  f issu re  of  qu a r tz  
o f  th e  kaolinié g ran i te  o f  N ad ap .  O u t  of its com p o n en ts  Nb > T a ,  Ce and  Ca 
do n o t  ta k e  p a r t  in  su b s t i tu t io n .  The m ain  com p o n en ts  of th e  f i r s t  g roup are 
U  and Th. I t s  F e -c o n te n t  is de tec tab le .

Zirkelite ? (Ca, Ce, Y ,  Fe) ( T i ,  Zr, T h ) :i0 7 ( B l a k e  an d  S m i t h , 1913; 
S t r u n z , 1970): local cu r io s i ty  in th e  red  p o rp h y ro b la s t ic  m icrocline-bearing  
b io t i t ic  g ranod io r i te  o f  E rdősm ecske . The e x ac t  iden tif ica t ion  o f  th e  small 
grains occurring in  th e  decom posed  p a r ts  o f  b io t i te  could no t  be perform ed. 
On th e  basis o f  th e  e lem ents  th is  oxide m inera l  is believed to  be z irkelite  
belonging to  th e  p e ro v sk i te  g roup and  know n  as m ineralogical cu r ios i ty .  I ts  
m ain  elem ents are T h ,  Zr, Ca and  ra re  e a r th  e lem ents ,  and  d e tec tab le  q u a n t i 
ties о f  Ti, Y, U and  Fe  are  also presen t.  T he  a b u n d a n t  ra re  e a r th  association 
of th e  m inera l is w o r th y  of m en tion . U nlike th e  general tendenc ies ,  b o th  the 
l igh t (Ce-earths) a n d  h e a v y  lan tan id es  (Y -earths) are  p resen t  in i t .  Q u a n t i ta t iv e  
re la t ions  of th e  e lem en ts :  Ce ]> N d >  La )> Sm, l )y  Y b , H f  >  Gd, P r  >  
>  E u , Ho > T b .
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Silica tes

Z ircon  ( Z r S i O J :  c o m m o n  accessory m inera l  of th e  g ran i to id  rocks. 
U n d e r  t h e  effect of e lec tron  b e a m  it shows in tense  ch a rac te r is t ic  v io le t  ca thode  
lum inescence .  These are m o s t ly  grains enclosed in b io t i te  (Fig. 5) a n d  are for 
th e  m o s t  p a r t  su rrounded  b y  a pleochroic halos. T h e  grains m a y  occur also in 
f e ld sp a r ,  amphibole, q u a r tz  a n d /o r  alone. T h ey  a re  often  zonal (Fig. 6) and 
m o s t ly  id iom orphic . I n  a d d i t io n  to  Zr and Si, H f  is a lw ays p re sen t .  The m ost 
f r e q u e n t  t race  elements are  Ca and  Y, the  less a b u n d a n t  ones are  Fe , T h , U, 
Sc a n d  D y .  In  anion f o r m a t io n  th e  su b s t i tu t io n  of  P O t for SiO, is m an ifes ted  
b y  th e  p h o sp h a te  con ten t .  T h e  gra in  size varies  b e tw een  wide l im its ,  i.e. from  
severa l  m icrons to m a x  200 m icrons .  R egard ing  its  inclusions th e  a p a t i te  is 
m o re  f re q u e n t ,  in its e x t e r n a l  zones xeno tim e also occurs and th e  zircon 
o c c u r r in g  in  am phibolite  c o n ta in s  also galena (Fig. 2).

C o n s ta n t ly  presen t ,  H f  is inhom ogeneous on ly  in  one case. I t  a ccum ula tes  
in  t h e  m arg in a l  zircon s t r ip  o f  th e  kaolinié g ran i te  o f  N ad ap .

Y  is an  im p o r ta n t  t r a c e  e lem en t in th e  g ra n i to id  rocks of  th e  Velence 
M o u n ta in s .  I t  is less f re q u e n t  in  th e  Mecsek M o u n ta in s ,  in th e  g ra ins  connec ted  
w i th  a m p h ib o l i te  it  c an n o t  be  iden tif ied . This can  be  exp la ined  b y  th e  existence 
of  a n  iso -s truc tu ra l  c o n n e c t io n  be tw een  zircon a n d  xeno tim e .  A ccord ing  to 
l i t e r a t u r e  d a ta  ( D e e r  e t  al., 1967) 4 -w eigh t-per-cen t  xeno tim e  is k n o w n  in 
z ircon . T h e  P  appear ing  t o g e th e r  w ith  Y e n te r in g  th e  la t t ice  is in d ica t iv e  of 
x e n o t im e  connections. In  t h e  a p l i te  of the  Velence M ounta ins ,  some D y  in d ic a t 
in g  t h e  Y -ea r th s  and  d e te c ta b le  by  m eans of  th is  m e th o d ,  also occurs. On the  
m a r g in  o f  zoned grains, an  a c c u m u la t io n  o f  Y , P  an d  D y  was observed . In  the 
ac id ic  igneous rocks th e  c ry s ta l l iz a t io n  of K -fe ld spa rs ,  to g e th e r  w ith  the 
a c c e s so ry  minerals m o n az i te  a n d  o r th i te ,  re su lts  in  th e  sep a ra t io n  of  Y -ea r th s
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Fig. 5. Zoned z ircon  in  b io tite  from  g ran od io rite . E rd o sm ecsk e , Mecsek M ts. E le c tro n  pic; 
tu res : a .) 6 m m  33 m icrons; b .) 6 m m  =  8.3 m ic ro n s; X -ray  p ic tu res of p ic tu re  b .)  c .) C a^a-

d .) [ La- e.) К « ' f )

from  th e  C e-earths  (Cr u f t , 1966). The m o n a z i te -o r th i te  assemblage consum es 
some of th e  C e-earths  (Се-Eu) and  these  m a y  be bu il t- in  in the p o ta sh - fe ld sp a r  
as well. The ra re  e a r th  e lem ents p reserved  in  m e lt  become re la t ive ly  r ich  in Y, 
th o u g h  th e ir  to t a l  q u a n t i ty  decreases. T h u s ,  t h e  p ro d u c ts  of su b se q u e n t  igneous 
c rys ta l l iza t ion , i.e. th e  p egm ati t ic  m inerals , a re  expec ted  to be r e la t iv e ly  rich 
in Y -ea r th s  (Y a n d  G d-Lu), resp. in h e a v y  la n th a n id e s .  On th e  bas is  o f  this 
phenom enon  th e  conclusion can he d raw n  t h a t  th e  ex te rna l  zones o f  t h e  zoned 
grains were fo rm ed  la ter,  p ro b a b ly  in th e  p e g m a t i t ic  stage. The s t a t e m e n t  of 
M u r t h y  (1958) there fo re  seems to  he in o p e ra t iv e  in our case, i.e. th e  crys ta l-
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l iz a t io n  o f  zircon of igneous orig in  is of sh o r t  d u ra t io n  and is co m p le ted  ju s t  
a f te r  t h e  localization of  m a g m a ,  before th e  fo rm a t io n  of o the r  m inera ls .

T h is  s ta te m e n t  is s u p p o r te d  h y  th e  role o f  Ca. Ca is responsible, fo r  th e  
m o s t  p a r t ,  for zoning. I t  a p p e a rs  in re la t ive ly  h ig h  quan ti t ies  and  a c c u m u la te s  
in  t h e  e x te rn a l  zones. T he  core of  the  zoned z ircon  grains is for the  m o s t  p a r t  
C a-free , th e i r  m arg ins , how ever ,  a lready  c o n ta in  to g e th e r  w ith  Y  a n d  P  b u il t  
in t h e  C a -co n tcn t  a n d  th is  is p robab ly  ac c o m p a n ied  by  s t ru c tu ra l  t r a n s 
f o r m a t io n  tow ards  a p a t i te  (F igs  5 an d  6). T h e  bu ild ing  in of Ca in  z ircon 
la t t ic e  in  th e  younger  e x te rn a l  zones affords a chance  to  sepa ra te  tw o  g e n e r 
a t io n s  o f  zircon. The Ca-free z ircon of nea r ly  idea l  com position is rea lly  an  ear ly  
p r i m a r y  c rys ta l l iza t ion  p ro d u c t  b u t  th is  m a y  o b ta in  a C a-con ta in ing  coat.  
Z irco n  w i th o u t  zoning, b u t  C a-bearing , belongs to  a second genera tion . I n  m o s t  
o f  t h  e cases  th e  C a-con ten t  in d ica tes  th e  Y  a n d  P  conten ts  discussed above .

I n  cases of zoning th e  F e -c o n te n t  of t h e  z ircon grains is s im ilar  to  th e  
Ca d is t r ib u t io n .  The F c -c o n te n t  of zircon is well know n from l i te ra tu re .

T h e  only  occurrence of  Sc  in zircon is c o n n e c te d  w ith  th e  red , p o rp h y -  
ro b la s t ic ,  m icrocline-bearing, b io t i t ic  g ranod io r i te  o f  Erdősm ecske. Sc a c c u m u 
la te s  in  zones of Y , Ca a n d  P  con ten t ,  p r o b a b ly  being s u b s t i tu te d  for  Y, 
s im i la r ly  to  the  case o f  th o r tw e i t i t e  [(Sc, Y )2Si00 7] (Fig. 5).

T h  an d  IJ co n ten ts  cou ld  no t a lways be  d e tec ted ,  these tw o e lem en ts  
ly ing  a t  t h e  lim it app licab i l i ty  o f  the  m e th o d ,  b u t  from the aureoles o f  g ra ins  
o c c u r r in g  in b io tite  conclusions could be d ra w n  as to  the ir  co n s tan t  p resence . 
W i th in  t h e  Velence M ou n ta in s  in  the  zircon o f  th e  kaolinié g ran ite  o f  N a d a p  
b o th  e le m e n ts  accu m u la te  in th e  m arginal p a r t s  and  in isolated spo ts  in  th e  
in te rn a l  zone, s im ilarly  to  Ca. D issimilarly  to  th is ,  in the  colourless por- 
p h y ro b la s t ic  microcline g ranod io r i te  and  in  t h e  zonal grains of th e  d iked  
g ra n i te  o f  th e  Mecsek M o u n ta in s  the  Ca and  T h  accum ula tions  are s e p a ra te d
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F ig . 6. Z oned zircon and x en o tim e  from  g ra n ite  ap lite . Velence Mts. 6 m m  17 m icrons 
a .)  e lec tro n  p ic tu re ; X -ray  p ic tu res : b .) Y l s ;  c . )  Z r L a ;  d .) C a ^ a ;  e.) F e ^ a; f  )  D v u

f ro m  each  o ther ,  Th is a c c u m u la ted  in  th e  Ca-free nucleus. To d ra w  general 
conclusion  is unexped ien t  due to  th e  small n u m b e r  of o b se rv a t io n  d a t a  on 
T h  a n d  U.

Thorite (T h S iO i )  ( Uranothorite, A u er l i te )  Huttonite ( T h S i O x)  : O u t 
o f  th e  m inera ls  of zircon s t ru c tu re  i t  is u ra n o th o r i te ,  and ou t of th e  isom orph ic  
va r ie t ie s  i t  is aurelite  t h a t  occurs in th e  red  p o rphyrob las t ic  m icrocline-bear-  
ing b io t i t ic  granodiorite  o f  E rdősm ccske ,  a t  th e  co n tac t  of q u a r tz  a n d  feldspar. 
I t s  in te rg ro w th  w ith  sulphides can  also be encoun tered . In  one case  i t  is the  
inc lusion  of  chalcopyrite , in  a n o th e r  i t  occurs in te rg row n w ith  g a lena .  U ra n o 
th o r i t e ,  or its  va r ie ty ,  con ta ins  th e  following e lem ents:  Si, Th , Z r ,  Ca, Ce >
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L a  N d  >  Sm, U , Y ,  P ,  P b ,  Fe. The d is t in c t io n  of  tho r i te  var ie t ies  m a y  
n o t  be  ju s t i f ied ,  th e  c o n te n t  o f  su b s t i tu t in g  e lem en ts ,  however, is u n a m b ig u 
ously  o f  genetic sign if icance . On th e  basis o f  su lph ide  m inerals  occurring  
to g e th e r  w ith  it  t h e  p e g m a t i t ic -h y d ro th e rm a l  orig in  can be suggested  (see 
F ig . 3).

I n  th e  red  fe ld sp a r -b e a r in g  b io tite  g ra n i te  o f  th e  Velence M ounta ins  th e  
T h S i 0 4 occurring  w i th o u t  t r a c e  elements is f o u n d  as inclusions in chera lite .  
Since chera l i te  is a Ca- a n d  T h-con ta in ing  m o n a z i te ,  i t  can he assum ed  to  be 
h u t t o n i t e  (TliSiOj) w h ich  is isomorphous w i th  th e  m onazite  occurring  as 
inc lusions in cheralite .

Titan ile  ( C a T i S i 0 5)  : T i ta n i te  m ay  he a p r im a r y  mineral in m os t  of th e  
in v e s t ig a te d  rocks. I n  th e  Velence M ounta ins  i t s  on ly  occurrence could be 
o b se rv e d  in th e  grey  b io t i te  gran ite . H ere  i t  is fo u n d  m ostly  to g e th e r  w i th  
b io t i te ,  in its m arg ina l  decom posed  p a r ts  and  b e tw e e n  its lam inae  w i th  sm all 
ru t i le  a l te ra t io n  p ro d u c ts .  I t s  t race  e lem ents c a n n o t  be de te rm ined .

I n  th e  Mecsek M o u n ta in s  it  is a f re q u e n t  accessory  mineral h u t  occurs 
o n ly  in am p h ib o le -co n ta in in g  rocks or to g e th e r  w i th  am phibolites . I t  can  he 
seen f ro m  th é  differences in accessory m inera ls  t h a t  th e  colourless p o rp h y ro -  
h la s t ic  microcline g ra n o d io r i te  shows closer co r re la t io n  w ith  am ph ibo li te  t h a n  
th e  re d  v a r ie ty  does. I n  th e  Mecsek M oun ta in s ,  t i t a n i t e  occurs in th e  heav i ly  
h io t i t ic ,  am phibolic , colourless , p o rphyroh las t ic  m icrocline g ranodiorite ,  in th e  
d a rk  s t r ip  of the  sch is tose  h io tit ic  p o rp h y ro h la s t ic  microcline g ranod io r i te  
(“ p a le o s o m ” ) and  in  a m p h ib o l i te .  Sn >  Fe  r e la t io n  is always cha rac te r is t ic .  
Tn th e  colourless m icrocline  granodiorite  o f  E rd o sm ecsk e  i t  is n o t  associa ted  
w i th  b io t i te ,  th o u g h  it is p re se n t  in it  h u t  in  decom posed  form. I t  is f re q u e n t  
in  h o rn b le n d e s ,  and  occurs  also in feldspars. I n  t h e  rock  th e  b io t i t iz a t io n  of  
h o rn b le n d e  can he o b se rv ed .  The d is t r ib u t io n  o f  e lem ents  in t i t a n i t e  is i r reg 
u lar .  I n  ce r ta in  places t h e  q u a n t i t y  of Sn is d o u b le d ,  Si and Fe show th e  sam e 
v a lu e  in b o th  phases, w hile  in  the  Sn-rich p h a se  t h e  quan ti t ies  o f  Ca and  Ti 
dec rease  (Fig. 7). In  th e  d a r k  s tr ip  of schistose g ranod io r i te  i t  is found  on th e  
m a rg in s  of  b io tite  a n d  in  decom posed form  w i th in  b io t i te  w ith  an  Nb a n d  
T a  c o n te n t .  The grains o f  ru t i le  inclusions a n d  th o s e  of  a ru ti le -bear ing  b o rd e r  
due  to  decom posit ion  a rc  f re q u e n t .  In  th is  rock  th e  fo rm ation  of t i t a n i te  from  
i lm en ite  is also know n. I lm e n i te  occurring as b io t i te  inclusion tran sfo rm s  in to  
t i t a n i t e  on th e  m arg ins  (F ig .  8). The t i t a n i te - ru t i le  series of ilm enite  origin is 
c h a ra c te r iz e d  b y  M n -co n ten t .

I n  am phibo lite  th e  t i t a n i t e  is an  accessory  m in e ra l  of high q u a n t i ty  an d ,  
s im u l ta n e o u s ly  w ith  b io t i te  fo rm ation , its  t r a n s fo rm a t io n  to  ru t i le  can  be  
o b se rved .

A llan ite ,  (Orthite) (Ce-epidote) (Ca, Ce, L a ) 2 (A l ,  Fe, Be, M g, M n ) 3 •
■ (O , OH, S iO i ■ S i . ,O J  or (Ca, M n , Ce, L a ,  Y ,  T h ) 2(F e 2+, Fe3+, T i )  ( A l ,  

F e3+)., ■ 0  ■ O H ( S i . M - ) ( S i O J .
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F ig . 7. T ita n ite  c o n ta in in g  t in  from  g rano d io rite . E rd ő sm ecsk e , M ecsek M ts . 6 m m  =  33 
m icrons a .) e lectron  p ic tu re ; b .) SnLa X -ra y  p ictu re

A ccording to  l i t e ra tu re  d a ta ,  allanite  is k n o w n  as an  accessory  m ineral 
o f  g ran ites ,  g ranod io r ites ,  m onzonites  and  syen ites .  I t  occurs, a t  th e  sam e tim e, 
in large q u an t i t ie s  in  hornfelses and p egm ati te s .  A ccord ing  to  ce r ta in  l i te ra tu re  
d a ta  of H u n g a ry  (B. N a g y , 1967), a llanite , as th e  m o s t  cha rac te r is t ic  accessory 
m inera l ,  w ould p la y  an  im p o r ta n t  role in th e  ra re  ea r th  accu m u la t io n s  of 
g ran ito ids .  This s t a t e m e n t  is no t  approved  h y  o u r  investiga tions.  Though 
o r th i te  grains could be iden tif ied  in cer ta in  ro ck s ,  th e i r  q u a n t i ty  p ro v ed  to  
he subo rd ina te .

The large gra in  (500 microns) found in th e  g rey  b io t i te  g ran ite  o f  P á tk a  is 
heavily  zonal and  con ta in s  ap a t i te  and ru t i le  inclusions (Fig. 9). In  add i t io n
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F ig . 8. A lte re d  ilm enite in  b io ti te  f ro m  g ran od io rite . K ism ó rág y , M ecsek M ts. 6 m m  =  17 
m ic ro n s  a .)  electron  p ic tu re ; X - ra y  p ic tu re s  of p ic tu re  a .) b .) F e ^ a; c.) Tij<a ; d .) Si^*;

e.) CaKa

to  t h e  m a in  rock-form ing e le m e n ts  i t  con ta ins  Ce, L a ,  Nd, Sm, T h , Y  a n d  Ti. 
I n  t h e  m arg in a l  zone C e-ea r th s  and  Ca are accu m u la ted .

T h e  o the r  exam ple of  p r im a r y  o r th i te  fo rm a t io n  is in th e  M ecsek M oun
ta in s .  I n  add ition  to  th e  Ce ]>  L a  N d  g roup  th e  gra in  of a b o u t  100 microns 
is G d -  a n d  Th-conta in ing . I n  add i t io n  to  th e  Ca a n d  Fe a c c u m u la t io n  th e  
q u a n t i t y  of  rare  ea r th  is d ec reased  to  th e  l im it  o f  de tec tion  in  th e  m arg in a l  

one  o f  t h e  spo tted  m inera l  a n d  i t  is p robab le  t h a t  th e  c rys ta l l iz a t io n  of th e  
g ra in  w as  completed as ep id o te .

O r th i t e  of secondary  o r ig in  can  be ra re ly  found , in th e  red  m icrocline- 
b io t i t e  granodiorite  of E rd ő sm e c sk e  and  in th e  f ine-grained, s l ig h t ly  b io t i t ic ,  
d ik e d  g ra n i te  of K ism órágy . T h is  secondary  v a r ie ty  is form ed b y  th e  decom-
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Fig. 9. Zoned a llan ite  (o rth ite )  in  b io tite  g ran ite . P á tk a ,  Velence M ts. 6 m m  =  33 m icrons 
a.) e lectron  p ic tu re ; b .) P « a; c.) CeLa; d .) F e ^  X -ra y  p ic tu res

posit ion  of feldspars a n d  is o f  fine-gra ined  d issem ina ted  h a b i t  (Fig. 10). The 
ap p ea ran ce  of epido te  g roup  in fe ldspar, essentia lly  a t  th e  cost o f  th e  a n o r th i te  
co m ponen t,  does n o t  necessar ily  m ean  a w ea th e r in g  h u t  is th e  re su l t  o f  an 
endogenic  t ransfo rm ing  effect (pneum ato li t ic ,  h y d ro th e rm a l) .  Th is  o r th i te  
gen e ra ted  by  the  process connec ted  w ith  a lb i t iza t ion  is found  m o s t ly  in a 
m e tam ic t ic  s ta te .

I t  can be assum ed  t h a t  g ran ito ids  orig inally  co n ta ined  m ore o r th i te ,  h u t  
th e  d ifferent acidic, f luo r ine -bea ring  and  ca rb o n a te  solutions fo rm ed  rare  
e a r th  e lem ent f lu o r in e -ca rb o n a tes  from th e  dissolved ra re  e a r th  e lem ents 
p ro d u ced  by  the  h y d ra te d  decom position  of  th e  grains, a n d  th is  ro c k  ty p e  is, 
the re fo re ,  more a b u n d a n t  in  m inera ls  of b a s tn a e s i te  ty p e .

TRACE MINERALS OF THE CRAM 'IIC ROCKS
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F ig . 10. A llan ite  (o rth ite ) in  a lte re d  fe ldspar from  g ra n o d io rite . E rdősm ecske , M ecsek M ts. 
6 m m  =  33 m icrons, e lec tro n  p ic tu re

Phosphates

X eno tim e  (  Y P O \)  : T h is  m ineral shows special fea tu res  of occurrence, 
fo r  i t  is wide-spread in  th e  Velence M ounta ins ,  b u t  canno t be found  in th e  
g ra n o d io r i te  of the  Mecsek M oun ta in s .  The s e p a ra t io n  of th e  Ce- a n d  Y -ea r th s  
m e n t io n e d  above becom es m o re  conspicuous since th e  ap pearance  of xeno tim e 
in  t h e  Velence M ounta ins  is m a in ly  connected w i th  ap li te ,  i.e. i t  is accu m u la ted  
in  t h e  y ounger  igneous p r o d u c t s .  Thus, th o u g h  th e  k ao lin iza t ion  of  th e  N a d a p  
o cc u r re n ce  was due to  a n d e s i te ,  this can be ass igned  to  th e  la te r  phase  of 
g ra n i t ic  m agm atism , too.

I t  is f requen t  as inc lu s ion  in zircon, a n d  occurs on its m arg in  in  form  
o f  an  o r ien ted  in te rg ro w th  w h ic h  has been d e te rm in e d  b y  th e  zircon s t ru c tu re  
(F ig .  6). X eno tim e  c o m m o n ly  conta ins  rare  e a r th  e lem ents  w ith  an ionic radius  
s im i la r  to  t h a t  of Y, as well a s  Y -ear ths  of 64 to  71 a tom ic  n u m b e r  or heav y  
l a n th a n id e s  (Y 3+ =  0.92, G d :i+ =  0.97-Lu3+ =  0.85 Â). F ro m  th is  group, 
D y  is a lw ays presen t in h ig h e s t  q u a n t i ty ,  Y b  (> E r  >  H o are im p o r ta n t  in 
a dec reas in g  order, and , f in a l ly ,  Gd, Tb, Sm, T m  a n d  N d  can  also be de tec ted .

I n  th e  small-sized g ra in s  occurring in th e  g ran i te  of N a d a p  and  enclosed 
in q u a r t z  and fe ldspar th e  e lem en ts  listed above  are accom panied , d e tec tab ly ,  
b y  L a  and  Ce.

M onazite  (CePOx)  - Cheralite (Ca, Ce, L a ,  T h )P O i : I so -s t ru c tu ra l  w ith  
h u t t o n i t e  and cheralite , m o n a z i te  m ay  be a w ide -sp read  accessory m inera l  of 
g ra n i to id s .  In  the a m p h ib o l i te  o f  the  Mecsek M o u n ta in s  connec ted  w ith  g r a n i t 
o ids, however, it does n o t  occu r .  A lthough p re se n t  in  th e  Velence M ounta ins ,  
on  th e  basis of the  in v e s t ig a te d  samples it  is q u a n t i t a t iv e ly  more w ide-spread
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Fig. 11. M onazite  in a lte red  b io ti te  from  g ra n o d io rite . E rdősm ecske, M ecsek M ts. 6 m m  =  
33 m icrons, a .) an d  b.) a re  e lectron  p ic tu re s ; c .) CeLoc X -ray  p ic tu re  o f b .)

in th e  rocks of  th e  Mecsek M ountains. No s h a r p  distinction can be m a d e  be
tw een  m onaz ite  and  chera lite , i.e. its Ca a n d  T h -r ich  varie ty . This con s id e rab ly  
depends  on th e  su b s t i tu t io n  conditions o f  Ca-Ce and La-Tli. In  case of  Ce- 
ea r th s  th e  overw helm ing  m a jo r i ty  of  th e  r a r e  e a r th  element c o n te n t  o f  the  
m inerals  consists  o f  Ce, L a  and  Nd (ab o u t  80 p e r  cent). In  the  Velence M oun
ta in s  th e  sequence of Ce >  L a  >  Nd, in th e  M ecsek M ountains t h a t  o f  Ce 

N d >• L a  is cha rac te r is t ic .  The case of  L a  >  Ce is unknow n.
I n  th e  ap lite  o f  th e  Velence M oun ta in s  m onaz ite  is rare  accessory  com 

p o n e n t  in fe ldspar .  In  th e  kaolinié g ran ite  o f  N a d a p  it  occurs to g e th e r  with 
zircon, in g rea te r  grains b u t  less f r e q u e n t ly  th a n  xenotim e. I t s  r a re  e a r th  
e lem ent c o n te n t  is charac ter ized  b y  th e  Ce ]> L a  ]> Nd, Gd, P r  a n d  Th
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F ig. 12. S ta r-sh a p ed  m onazite  f ro m  g ran o d io rite . E rd ő sm ec sk e , Mecsek M ts. E le c tro n  p ic 
tu res : a.) and  b .) 6 m m  =  33 m icrons, c .) 6 m m  =  8.3 m icrons

a s so c ia t io n .  Cheralite is w ide -sp read  in th e  b io t i te  g ran ite  of th e  h ig h w a y -c u t  
a n d  is a re la t iv e ly  f req u en t  accessory  m inera l .  I n  add it ion  to  its Ca a n d  T h  
c o n te n t ,  t h e  rare  ea r th  e lem en ts  Ce >  La ]> N d ,  Gd, less Si, Zr, Y  a n d  tra c e s  
of  F e ,  U  occur. I ts  a p p e a ra n ce  is associa ted  w i th  b io tite , and h u t to n i t e  a n d  
g a le n a  c a n  be found in it  as inc lusions (Fig. 1).

T lie  m onazite -chera l i te  association  becom es a main accessory m in e ra l  
in t h e  g ra n i to id  rocks of  th e  Mecsek M oun ta in s .  M onazite occurs f i r s t  o f  all 
in t h e  r e d  microclinic b io t i t ic  g ranod io r i te  o f  E rdősm ecske, while che ra l i te  
is f o u n d  in  th e  younger ve in ed ,  f ine-gra ined  g ran i te -ap l i te  of M órágy.

T h e  feldspars of th e  in v es t ig a ted  b io t i t ic  g ranod io rite ,  and  th e  ro c k  i t 
self, a re  ca rbona te -bea r ing  in  form of ve in le ts .  Two varieties of re la t iv e ly
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Fig. 13. M onazite  su rro u n d ed  by c h era lite  in  g ra n ite  ap lite . K ism órágy , M ecsek M ts. 6 m m  =  
8.3 m icrons a.) e lec tro n  p ic tu re ; b .) C a^a ; X -ray  p ic tu re

F ig. 14. A p a tite  an d  z ircon inclusions in  b io ti te  fro m  g ran ite . Szűzvár, Velence M ts. E lec tro n  
p ic tu re , 6 m m  =  33 m icrons. W h ite  =  zircon, g ray  =  a p a ti te

f re q u e n t  m onaz ite  can  be d is t ingu ished . T h e  p r im a ry  m onazite  is co n n ec ted  
f i rs t  o f  all w ith  b io t i te  and occurs in  its a l te red  p a r ts  w ith  a p a t i te  a n d  ru tile  
(Fig. 11). The size of  m onazites in  th e  fe ldspars  is smaller. In  a d d i t io n  to  the  
sm all q u a n t i t y  o f  Ca and Y, th is  assem blage  is charac ter ized  b y  Ce >  N d  

L a  ]> P r  >■ Sm. Occasionally, i t  occurs  to g e th e r  w ith  sp h a le r i te  and 
cha lcopyri te .  This finer-gra ined  v a r i e ty  m a y  he th e  resu lt  of fe ldspar  a l te ra t io n .

S ta r - sh a p e d  m onazite  o f  p e cu l ia r  a n d  disssimilar com position  is fo rm ed  
in th e  calcite  ve in le ts  nex t  to  th e  rock-ca lc i te  b o u n d a ry  in 10 to  15 m icrons 
size, p ro b a b ly  as a result o f  m e ta s o m a t ic  ca rb o n a te  m obiliza tion . I n  the

6 Acta Geologien Academiae Scientiarum Hungaricae 19, 1975



82 PANTÓ, GY.

F ig . 15. A p a tite  an d  ru t i le  in  a lte re d  b io tite  from  g ra n o d io r ite . K ism órágy , M ecsek M ts.
6 m m  =  33 m ic ro n s; a .)  e lec tro n  p ic tu re ; b .) T iKc[ a n d  c )  X -ray  p ic tu res

ca lc ite  ve in le ts ,  a n d  on th e i r  m argins the  u n d is so lv ed  f rac tu red  partic les o f  th e  
rock  are  f loating . T h e  ca lc i te  contain ing Mg a n d  Fe is zonal and  consum es 
th e  fe ldspar .  This m o n a z i te  is of ab o u t  1.8 p e r  c e n t  S-content which seems 
to  rep lace  P 0 4. I t s  r a r e  e a r th  elements are  ch a ra c te r iz e d  f irs t  o f  all h y  Ce- 
e a r th s :  Ce >  N d >  L a  >  G d >  P r  > T b .  In  sp i te  o f  the  calcitic e n v iro n m e n t ,  
t h e y  co n ta in  only t r a c e s  of  Ca, in add it ion  to  T h  a n d  Y. I t  is p robab le  t h a t  
th e  c a rb o n a te  m ob il iza t io n  released the  ra re  e a r t h  e lem ent of fe ldspars b u t  
as a re su l t  of th e  p re c ip i t a t in g  effect of C a C 0 3 th e se  were p rec ip i ta ted  w ith in  
a r e la t iv e ly  short  d is ta n c e .  The su lphu r  e n te r in g  th e  m onazite  s t ru c tu re  
p r o b a b ly  derives f rom  th e  su lphu r  con ten t w h ich  was presen t in th e  hyd ro -  
th e rm a l  phase  and  p ro m o te d  the  fo rm ation  o f  su lph ides  (Fig. 12).
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F ig. 16. A p a tite  in  fe ld sp ar from  am p h ib o lite . E rd ő sm ecsk e , M ecsek M ts. E le c tro n  p ic tu re
6 m m  =  33 m icrons

The m o n az i te  of the  g ran i te  ajilite is again  assigned to  th e  p r i in a ry  
v a r ie ty .  In  ad d i t io n  to  th e  association  Ce >  N d  >  L a ,  Sm, Gd, Ca a n d  T h  
b o u n d  m a in ly  to  apa ti te - inc lu s ioned  b io ti te  a n d  to  th e  a l te red  b io t i te - fe ld sp a r  
g roundm ass ,  t races  o f  Fe and  U are  also found . T he  la t te r ,  m ost d i f fe re n t ia ted ,  
p roduc ts  are  cha rac te r ized  by  th e  g row th  o f m on az i te  as a coat on che ra l i te  
(Fig. 13), b u t  pu re  ap a ti t ic  coa t in g  also occurs.

The Ca-Th-rich  cheralite  following the  m on az i te  form ation  occurs  in d e 
p e n d en t ly ,  as well. I t s  e lem ent c o n te n t  is ch a ra c te r iz e d  b y  th e  Ce >  N d  >  La , 
Ca, T h , Gd, P r ,  U, Fe and Y association . I t  is w orth  of  m ention  t h a t  in  th e  
coat enclosing m onaz ite  itse lf  th e  T h -c o n te n t  h a rd ly  increases, b u t  a c o n s id e r 
able bu ild ing-in  o f  Ca can be observed . These e x t re m e  cases be tw een  m o n a z i te  
and  chera lite  ca n n o t  be, o f  course , c learly  d is t ingu ished .

A pa ti te  (Ca-0( F ,  OH, C l ) (P O i ) 3)  ferm orite  ( Sr, As-apa tite )
(Ca, S r ) 5( F ) ( ( P 0 i ) i ( A sO ,J3. T h o u g h  a p a t i te  is a significant accessory  m in e 
ral o f  th e  g ran i to id  rocks a lm os t  in all cases, i ts  chemical and  t r a c e  e le m e n t  
v a r ia b i l i ty  is low. This can be a t t r ib u te d  to  th e  presence of pure  a p a t i t e  and  
p ro b ab ly  to  th e  fac t  t h a t  th e  q u a n t i ty  of its  t r a c e  e lem ents  canno t be d e te c te d  
by  m ic rop robe  techniques.

In  accordance  w ith  l i t e ra tu re  d a ta ,  F - a p a t i t e  of most m a rk e d ly  closed 
s t ru c tu re  can  be found  in g ran ites .  This is v a l id  for m ost of th e  a p a t i t e s  of 
the  Velence a n d  Mecsek M ounta ins .  C l-apa ti te ,  how ever, also occurs. I n  th e  
Velence M oun ta in s  th e  ap a t i te  inclusion in b io t i te s  o f  th e  P á tk a  g ra n i te ,  the  
ap a t i te s  o f  g ranod io r i te  associa ted  w ith  th e  d iked  g ran ite  and  am p h ib o l i te  
of th e  Mecsek M ountains are C l-apatites .

6 * A c t a  G e o lo g ie n  A c a d e m i a e  S c i e n t i a r u m  H u n g á r i á i é  1 9 ,  1 9 7 5
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I n  th e  Velence M o u n ta in s  a p a t i te  is a sso c ia ted  m ostly  w ith  h io t i te  and  
i t  r a r e ly  occurs in d e p e n d e n t ly  or in fe ldspar .  I t s  jo in t  appea rance  w i th  z ircon 
is f r e q u e n t  (Fig. 14) in  g ra ins  o f  30 to  40 m ic ro n s  size. In  th is  a p a t i te  o f  zircon 
s u r ro u n d in g  th e re  are  som etim es  Ce, Y  as well as Si replacing P ,  too . As in c lu 
sion i t  is know n in o r th i te .

I n  th e  Mecsek M o u n ta in s  i t  is m a in ly  inc lusions in h io t i te  (Fig. 15) and  
o f te n  th e  only  inclusion in  i t .  I t  ra re ly  occurs  in d ep en d en t ly  or in  fe ldspar .  
T h e  inc lusions found  in  fe ldspars  are f in e r -g ra in ed  an d  less id iom orph ic .  I n  th e  
red  m icrocline  b io t i t ic  g ranod io r i te  of E rd ő sm e c sk e  Sr-conta in ing  a p a t i t e  can  
also b e  found .  I t s  ap p e a ra n ce  in  th e  f irs t  c ry s ta l l iz a t io n  phase  is p ro v e d  b y  its 
o c c u r re n ce  in  zircon as inc lus ion  (Fig. 5). I t s  g ra ins  are com m on as inclusions 
in  m o n a z i te ,  in th e  d ik ed  g ran ite  i t  shows a m a rk e d  a ff in i ty  to  m o n az i te ;  
m o n a z i te  is som etim es overgrow ing  as a p a t i te .
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In  am p h ib o lite  i t  is o f sm aller size and  a sso c ia te d  w ith  fe ld sp ar (F ig . 16). 
I t  is u su a lly  need led , u n lik e  its  occurrence in  g ran o d io rite  o r b io tite  c h a ra c 
te rized  b y  large h ex ag o n a l g ra ins of 150 m icro n  size (Fig. 15).

A m ong th e  accessory  m inerals, a p a ti te  is t h a t  w hich show s th e  m ost 
conspicuous id io m o rp h ism .

Igneous a p a tite s  are  cha rac terized  b y  th e  accu m u la tio n  of Ce, Sr an d  Y . 
U n d er p e g m a titic  co n d itio n s Mn m ay  also e n te r  th e  la ttice . In  re sp e c t of 
a p a tite , th e re fo re , th e  g ra n ito id  rocks of th e  tw o  m o u n ta in s  differ fro m  each  
o th e r; th e  p red o m in an ce  o f Ce, Y, Si, Sr a n d  th e  unam biguous p resence  
o f flu o rin e  are c h a ra c te r is tic  of th e  V elence M o u n ta in s . The M n -co n ta in in g  
a p a tite  o f th e  g ra n ite  a p lite  o f th e  M ecsek M o u n ta in s  refers to  p e g m a titic  
connections.

S r-A s-ap a tite  (fe rm o rite ) occurs only  in  th e  ap lite  of S zék esfeh érv ár, 
in  q u a r tz  associa ted  w ith  zircon  (Fig. 17). A cco rd in g  to  C r u f t  (1966), th e  
a p a tite s  deriv ing  from  p lu to n ic  in tru sions a re  ch a ra c te riz e d  by  Sr. T h e  fac t 
t h a t  th e  g ran ite  o f th e  V elence M ountains is m o re  heav ily  d iffe re n tia ted  is 
con firm ed  b y  th e  p resence  o f elem ents m ob ilized  a t  low est te m p e ra tu re  an d  
re la tiv e ly  v o la tile , e.g . A s, w hich occurs b o th  in  th e  la ttic e  of a p a t i te  an d  
su lph ides m en tio n ed  above.

Sulphates

T hese m inera ls  occu r su b o rd in a te ly  as accesso ry  com ponen ts a n d  are  
w o rth  m en tio n in g  o n ly  as local curiosities o r occu rrences.

Baryte ( B a S O i )  is fo u n d  in  form  of sp o ts  o f  several m icron size in  th e
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a l t e r e d  fe ld spa r  of th e  d a r k  s t r ip  of  schistose b io t i t ic  g ranod io r ite  o f  K ism ór- 
á g y .  B a  p ro b ab ly  derives f ro m  th e  B a -c o n te n t  o f  feldspars.

I n  th e  red microclinic g ranod io r i te  o f  E rdősm ecske  su lph ide  m inera ls  
can  b e  found  toge the r  w i th  g yp su m  (C a S 0 4 • 2H..0) in the  decom posed  feld
sp a rs .

Carbonates

C alcite  and its v a r ie t ie s  are  m ost w id e -sp read  of all the  c a rb o n a te  m in e r
als. T h e se  minerals p la y  a p p a re n t ly  a s ign if ican t  role in the  p rocess  o f  grani- 
t i z a t i o n  o f  th e  Mecsek M o u n ta in s ,  in th e  m ob il iza t ion  of ra re  e a r th  e lem ents ,  
re sp .  in  th e i r  p rec ip i ta t ion . T h e y  are co m m o n  in decomposed fe ld sp a rs  and 
w ere  a lso  formed u n d e r  th e  effect of h y d ro th e rm a l  solutions. T h ese  can n o t  
b e  r e g a r d e d  as accessory c o m p o n en ts  of g ran i te ,  th u s  the ir  d iscuss ion  is 
n e g le c te d .

T h e  water-free c a rb o n a te s  w ith  s u b s t i tu te  anions and  th e i r  h y d ra te d  
v a r i e t i e s  conta in ing  ra re  e a r th  e lem ents  m obilized  in th e  course o f  g ran it iza -  
t io n ,  a re  of  secondary  o rig in  an d  gene tica l ly  charac ter is t ic ,  d iag n o s t ic  com 
p o n e n t s .  These minerals can  be  te rm e d  co llec tive ly  as bastnaesite (Ce, L a ,  N d)-  
• ( F  • C 0 3) ,  because of  th e  presence  o f  Ca, Y  an d  Th, how ever,  t h e  te rm  

b a s tn a e s i te -h y d ro ce ru s s i te  p ro p o sed  by  S t r u n z  (1970) is more co r rec t .  A cco rd 
ing  to  t h a t  classification, th e se  m inera ls  can  be classified as c o m p ris in g  th e  
fo l lo w in g  varie ties:

bastn aesite  
parisite  
rü n tgen ite  
synchisite  
doverite

a n d  th e i r  subvarieties:

h y d ro x y l-b as tn a es ite  (C e ,L a [(0 H )C 0 3]
th o riu m -b a stn ae s ite  T h  (Ca, ra re  e a r th  e lem ents) [F(CO.,)] ■ 2 H 20

T h e  ind iv idual m em b ers  of th is  m inera l g roup canno t be e x a c t ly  dis
t in g u i s h e d  due to th e ir  sm all  size and  t r a n s i t io n s  and  to  the  l im i ta t io n  of  the  
r e s e a rc h  m e thod . T he ir  occu rrence  ch a rac te r is t ic s ,  however, are w ell-defined , 
th e s e  c a n  be discussed as b a s tn a e s i te .

T h e  m ost c h a rac te r is t ic  fea tu re  of  th is  g roup  is: while th e se  m inerals  
c a n n o t  b e  found  in th e  V elence M o un ta in s ,  th e y  are w ide-spread in  t h e  Mecsek 
M o u n ta in s  (Fig. 18). I n  th e  Mecsek M o u n ta in s  th e y  are u n a m b ig u o u s ly  con
n e c te d  w i th  the  colourless p o rp h y ro b la s t ic  microcline g ranod io r i te  w hich  is 
in g e n e t ic  re la tion  w ith  am p h ib o l i te .  This re la t io n  is more consp icuous in  th is  
case ,  as i t  occurs bo th  in a m p h ib o l i te  a n d  in th e  da rk  s trip  of  t h e  b a n d ed

Ce[F/C O :,)]
CaCe.,[F„(C03)3]
Ca,Ce‘ [F 3(C 0 3V]
C aC e[F (C 03),']
C aY [F (C 0 3)2]
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Fig. 18. B astn aesite  from  g ra n o d io rite . K ism órágy , M ecsek M ts. 6 m m  =  33 m ic ro n s a.) in
am p h ib o le , b .)  and  c.) in fe ld sp ars

schistose granodiorite  (“ p a leosom ” ) and  it is th e  m a in  ra re  e a r th  m inera l ,  hu t  
it  is absen t  in the  su r ro u n d in g  red  microclinic g ranod io r i te .  I t  is also worth 
of m en tio n  th a t  its occu rrence  is b ound  f irs t  o f  all to  fe ldspar and  is sepa ra ted  
from  m onaz ite .  M onazite  favours  the  red  microclinic v a r i e ty  a n d  is bound 
to  b io tite .  Their co -appearance  is associated w ith  th e  more hom ogeneous, 
m ixed  and  more d iffe ren t ia ted ,  fine-grained ap lite .

The bas tnaes i te ,  p re c ip i ta te d  in fissures o f  300 m icrons  leng th  and 
5 microns w id th ,  occurr ing  in n e s te d ,  re t icu la ted  an d  ram ous  fo rm s in the 
decom posed p a r ts  o f  th e  acidic plagioclases and  colourless po rp h y ro b la s t ic  
microclines, is cha rac te r ized  b y  an a b u n d a n t  t ra c e  e lem en t assoc ia tion  (Fig. 
19). T he ir  rare  e a r th  e lem en t  c o n te n t  derives f i rs t  o f  all from  fe ldspars ,  since
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F ig . 19 . B astn aesite  in a m p h ib o lite . E rdősm ecske, M ecsek M ts. E lec tro n  p ic tu re s , 6 m m  =
33 m icrons

th e  l a c k  of  monazite in th i s  ro ck  type  is caused  p ro b a b ly  b y  th e  elem ents 
r e p la c in g  Ca and K. T he  m e m b e rs  of the  b a s tn a e s i te  g roup  a ccu m u la te  f irs t  
o f  all  t h e  light rare e a r th  e le m e n ts .  The sep a ra t io n  of  th e  l igh t  and  h e a v y  rare 
e a r t h  e lem ents  is caused  p r im a r i ly  by  th e  processes recu r r in g  in  th e  crust.  
C o n se q u e n t ly ,  the  b e h a v io u r  o f  th e  rare ea r th  e lem en ts ,  m a in ly  t h a t  of th e  two 
l a n th a n id e  groups (Ce- resp . Y -e a r th s ) ,  depends b o th  on c ry s ta l  chem ica lly  and 
on  t h e  conditions of  f o rm a t io n .  This is ex a c t ly  re f lec ted  b y  th e  ra re  ea r th  
e l e m e n t  association of  b a s tn a e s i t e  of the  “ p a le o ” - an d  “ n eo so m ” . In  the 
M ecsek  M ountains th e  lack  o f  xeno tim e also confirm ed  th is  fact.

O f  th e  elements o f  b a s tn a e s i te  occurring in  am p h ibo li te ,  Y  p lays signif
i c a n t  ro le  and t ran s i t io n s  le a d in g  to  doverite  h a v e  been  p ro d u ced  Ca, Y , Ce, 
L a ,  N d ,  P r ,  Gd, Sm, F e ,  E u ,  F ,  C. Th is here  negligible. I n  th e  bas tn aes i te  
h o u n d  to  feldspar, Y  is o m i t t e d ,  Ca, Ce, La, N d , P r ,  Gd, F  and  C can  he d e te r 
m in e d .  T h e  subsequent p h a s e  o f  d ifferen tia tion  is ch a rac te r ized  b y  th e  de
c rea se  o f  Ca and ap p ea ran ce  o f  T h ,  as i t  is seen in  t h e  m inera ls  occurring  in the  
a p l i te  o f  K ism órágy: L a ,  Ce, N d ,  Th , Fe, Ca, F ,  C. The evo lu tion  of  th is  series 
is w o r t h  o f  note in case o f  t h e  colourless p o rp h y ro b la s t ic  m icrocline grano- 
d io r i te ,  where  the  z ircon o f  h o rn b le n d e  is coa ted  b y  bas tn aes i te  an d  from  this 
e n v e lo p  th e  substance s p re a d s  along the n e tw o rk  o f  fissures. T he  presence of 
Ca h e re  is unproved , Ce, L a ,  N d ,  Gd, F  and C are th e  m ain  co m ponen ts ,  i.e. the 
v a r i e t i e s  tend ing  to  b a s tn a e s i t e  are developed a n d  T h  ca n n o t  be dete rm ined .

A ll these facts in d ic a te  t h a t  in the Mecsek M oun ta in s  th e  m a te r ia l  dif
f e r e n t i a t e d  prim itive ly  in  t h e  c ru s t  contains to g e th e r  th e  l igh t an d  heavy  
l a n th a n id e s  bu t w ith  p ro g re ss in g  differentia tion  th e se  are g rad u a l ly  set apa r t .  
I n  case  o f  the  Velence M o u n ta in s  th e  heavy  lan th a n id e s  accu m u la te ,  th e  Ce-
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e a r th  m inerals  are u n f r e q u e n t .  In  th e  Mecsek M oun ta in s  th e  C e-earths  p re 
d o m in a te  and  th e  m e m b e rs  of  th e  final d if fe ren tia te  a c c u m u la t in g  th e  Y- 
ea r th s  are less f re q u e n t  t h a n  in th e  Velence M ounta ins .  This m a y  be caused 
e i ther  b y  th e  concea lm en t o f  th e  heavy  la n th a n id e s  or b y  th e  fa c t  t h a t  these 
were t r a n s p o r te d  in fo rm  of m ig ra t ing  com plexes p ro d u ced  b y  processes dis
s im ilar to  those of th e  Velence M ountains.

I t  is u n d o u b tfu l  w h e th e r  th is  genetic p ic tu re  is in f luenced  also b y  obser
v a t io n  (M. F l e i s c h e r , 1965) t h a t  the  acidic igneous rocks fa v o u r  th e  heavy  
lan tan id es  and Y -a c c u m u la t io n  (Velence M ounta ins) ,  un like  th e  rocks  of lower 
Si and  h igher  C 0 3 c o n te n t  w h ich  show s tronger  a ff in i ty  to  th e  l ig h t  lan tan ides  
(Mecsek M ountains).

Halogenides

O nly f luorite  (C aF .,)  could  be d e te rm in ed  o u t  o f  th e  ha logenides in the 
Velence M ounta ins . I t s  p n eu m a to l i t ic -h y d ro th e rm a l  occurrence in  th e  g ra n i t 
oid rocks is well-known. T h e  grains occurring  in th e  q u a r tz  a n d  a l te red  feld
spar  o f  th e  grey b io t i te  g ran i te  of P á tk a  do n o t  con ta in  a n y  t r a c e  elements 
d e tec tab le  b y  elec tron  m icroprobe.

Genetic conditions

T h e  ascenden t  m ig ra t io n  o f  d ifferent e lem ents  from  th e  m a n t le  or from 
th e  rocks of th e  deep -c ru s t  depends  on the  ionic seizes, on th e  crys ta l-chem ica l  
ch arac ter is t ics  of th e  enclosing m inerals  a n d  on th e  fea tu res  o f  processes. 
R e p e a te d  crusta l  processes a re  favourab le  to  a scen d en t  m ig ra t io n  a n d  selective 
accum ula tion .  I t  is a c o m m o n  o bse rva tion  t h a t  th e  m elt ing  processes b e t te r  
f rac t io n a te  th e  t race  e lem en ts  t h a n  th e  f ra c t io n a ted  c rys ta l l iz a t io n  itself. The 
rock-form ing  m inera ls  o f  rea l  igneous rocks are  m ore inclined to  cam ouflage 
ra re  e lem ents  in th e i r  l a t t ic e .  T heir  concen tra t io n  m ay  he supposed  to  take  
place in  case of r e p e a te d  processes (a lb itiza tion , g re isen iza tion , kaolin iza tion , 
etc.). T he  rocks o f  th is  t y p e  are, there fo re ,  su i tab le  for th e  re sea rch  of rare  
e a r th  e lem ent a ccu m u la t io n ,  h u t  a t  th e  same t im e  these  p rov ide  less in fo rm ation  
on the  co m para tive  inves t ig a t io n s  of th e  var ie ties  or s ta te s  o f  g ran i te  fo rm ation .

T he  basic d ifferences of  th e  t race  e lem ent,  resp . t race  m in e ra l  occurrences 
of  th e  tw o  basic gene tic  ty p e s  of g ran ito ids  occurring  also a t  th e  surface in 
H u n g a ry ,  can be su m m a r iz e d  as follows.

1. In  th e  g ran i te  o f  th e  Velence M oun ta in s  because  of  i ts  progressed 
d iffe ren tia t ion  the re  a re  re la t iv e ly  volatile  e lem ents ,  mobile a t  th e  lowest 
t e m p e ra tu re  (As: a rse n o p y r i te ,  cobaltine), m oreover  As en te rs  th e  la t t ice  of 
a p a t i te  o f  the  ap litic  ro ck s  b y  P 0 4 A s 0 4 s u b s t i tu t io n .  These  do n o t  occur 
in th e  Mecsek M oun ta in s ,  b u t  here th e  su lph ides of, less m obile , Cu plays 
s ign if ican t  role and  th is  is u n f re q u e n t  in th e  Velence M ounta ins .
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2. R u ti le  connected  w i t h  b io t i te  conta ins  also Sc, in ad d i t io n  to  the  
c h a ra c te r i s t ic  Nb ]> T a .  T h is  Sc-bearing  ru tile  is c h a rac te r is t ic  of th e  g ran ites  
o f  t h e  Velence M ountains  b u t  is ra re  in th e  Mecsek M oun ta in s .  T he  ru tile , 
w h ic h  c a n  be derived f rom  i lm e n i te  or t i t a n i te  co n ta in s  some F e  a n d  Mn, in 
a d d i t i o n  to  the Nb ^ > T a  c o n te n t  and th is  is c h a ra c te r is t ic  of th e  Mecsek 
M o u n ta in s .  Sn is know n o n ly  f ro m  th e  ru tiles  o f  th e  Velence M oun ta in s  which 
re la te s  to  pegm atit ic  r e la t io n s .

3. T h e  commonly w id e -sp re a d  zircon con ta in s  Y  due to  its iso -s t ru c tu ra l  
c o n n e c t io n  with xeno tim e. T h is  is charac ter is t ic  o f  th e  occurrences o f  the 
V e lence  M ountains. The “ p a le o s o m ”  of th e  schistose g ranod io r i te  and  a m p h i
b o l i te  o f  th e  Mecsek M o u n ta in s ,  as well as z ircon of th e  less d iffe ren tia ted  
m a te r i a l  connected w ith  a m p h ib o l i te  do no t  c o n ta in  Y. Y -hea r ing  zircon con
ta in s  P  in  addition  to  Y , a n d ,  a p a r t  from th e  v a r ie t ie s  o f  h e a v y  la n th a n id e s ,  it 
c o n ta in s  m ain ly  Dy. Ca p la y s  th e  p redom inan t  role in zoning, it  becomes 
a b u n d a n t  from the nucleus t o  th e  m argin. On th is  bas is  an  early  Ca-free, and 
a l a t e r ,  Ca-bearing zircon v a r i e t y  can  be d is t ingu ished . R a re ly  d e tec tab le ,  Th 
is s im i la r  to  the C a-co n ten t  in  th e  Velence M ou n ta in s ,  while in th e  Mecsek 
M o u n ta in s  it  accum ulates  in  t h e  early, Ca-free p a r t s .  Recause  of genetic  dif
fe ren ces  T h  is bound to  Z r  a n d  H f  in the  Mecsek M ounta ins ,  while in the 
V e lence  M ountains it  is b o u n d  to  the  Y -ea r th s  occu rr ing  la te r  to g e th e r  with 
Ca. T h i s  is obviously c a u se d  b y  th e  progressed d iffe ren tia t ion .  T he  c ry s ta l 
l iz a t io n  o f  zircon of igneous o rig in  is no t only an ea r ly  p h enom enon  o f  short  
d u r a t io n ,  b u t  it  con tinues  in  la te r  phases w i th  ce r ta in  crys ta l-chem ica l 
c h a n g e s .

4. I n  case of t i t a n i te  t h e r e  is a significant difference be tw een  th e  Velence 
a n d  M ecsek  M ountains. As a r e s u l t  of less d iffe ren t ia t io n  in th e  Mecsek M oun
ta in s  i t  occurs in am p h ib o l i te ,  in th e  colourless microclinic  g ranod io r i te  and 
in  t h e  “ paleosom ” alw ays in  am phibo li te -bea r ing  rocks as a m ed iu m  of the 
o r ig in a l  sed im en tary  resp . m e ta in o rp h ic  fea tu res .  In  th e  more heav ily  dif
f e r e n t i a t e d  igneous g ran i te  o f  th e  Velence M oun ta in s  i t  is u n f re q u e n t ,  and  
has  p r o b a b ly  reached th e  r u t i l e ,  leucoxene, etc. s ta te .  In  th e  Mecsek M oun
ta in s  t h e  Sn >  Fe c o n te n t  is ch arac ter is t ic ,  Sn is a ccu m u la ted  inhom oge- 
n e o u s ly .  I t  can be assum ed t h a t  th e  characteris tic  Sn  co n te n t  of th e  ru t i le  of 
th e  V e len ce  Mountains is t h e  re su l t  of t i ta n i te  a l te ra t io n  of s im ilar  origin.

5. As against th e  p u b l i s h e d  l i te ra tu re  d a ta  uncons idc rab lc  q u a n t i t y  of 
o r th i t e  was found in th e  in v e s t ig a te d  rocks, th u s  no significance could be 
a t t r i b u t e d  to  it  in rare  e a r t h  e lem ent accum ula tion .

6. X eno tim e  is a c h a ra c te r i s t ic  accessory m inera l  o f  the  Velence M oun
ta in s .  I t  could not be id e n t i f ie d  in the  Mecsek M ou n ta in s .  This is a typ ica l 
f e a tu r e  o f  the  separa t ion  o f  Ce- and  Y -ea r th s  a n d  its re la t iv e ly  f req u en t  
o c c u r re n c e  in aplite p roves  t h e  accum ula tion  of Y -e a r th s  in th e  fo rm ations  
of  l a t e r  s ta te .
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7. M onazite is f re q u e n t  in  th e  Mecsek M ounta ins ,  it  does n o t  occur  in 
am p h ibo li te .  As for its m ain  ra re  e a r th  e lem en ts ,  in the  Velence M oun ta in s  
th e  cha rac te r is t ic  p a t t e r n  is Ce >  L a  )> N d , while in the  Mecsek M ou n ta in s ,  
it  reads :  Ce >• N d >  La. Chera lite  is y o u n g e r  a n d  of la ter  origin in b o t h  cases, 
and  it  is form ed by  progressed C a -su b s t i tu t io n  o f  ra re  ear th  e lem en ts ,  sim ilarly  
to  th e  case of zircon. In  ex trem e  cases, th e  c rys ta ll iza tion  of  th i s  g roup  is 
t e rm in a te d  by ap a t i te .  The m e taso m atic ,  s ta r - sh a p e d  m onazite  o f  th e  Mecsek 
M ou n ta in s  is S -conta in ing , its origin can  be p ro b a b ly  traced  b a c k  to  th e  rare 
e a r th  e lem ents mobilized from  fe ldspar u n d e r  th e  effect of c a rb o n a te .

8 - The ap a t i te  c rys ta ls  of th e  rocks are  re la t ive ly  free of  t r a c e  e lem ents  
in b o th  m oun ta in s ,  th u s  no sha rp  d is t in c t io n  be tw een  the  tw o m o u n ta in s  is 
possible. The igneous a p a t i te  o f  th e  Velence M ounta ins  differs f ro m  t h a t  of 
th e  Mecsek M ounta ins  in co n ta in ing  also C c ,Y ,  Si and Sr, a n d  in th e  p res
ence of Fe  being certa in .

9. Considerable genetic sep a ra t io n  can  be  recognized in th e  ca rb o n a te s  
co m pensa ted  b y  s u b s t i tu te  anions. T he  m inera ls  of the  b a s tn a e s i te  g roup  are 
w ide-spread  in th e  Mecsek M ounta ins ,  a n d  are  abso lu te ly  absen t  in t h e  Velence 
M oun ta in s .  I t s  occurrence is th e  reverse  of t h a t  of monazite , i t  p re fe rs  to  join 
th e  am phibo lic  varie ties . I t s  secondary  occurrence  is u n am b ig u o u s  a n d  the  
s ep a ra t io n  of l igh t and  h e a v y  lan th an id es  can  be t raced  w ith in  th e  g ro u p .  I ts  
fo rm a tio n  is associa ted  w ith  th e  m obil iza t ion  of  ra re  ea r th  e lem en ts  c a m o u 
flaged  b y  feldspar. The possib ility , how ever, is n o t  excluded t h a t  t h e  in s tab i l i ty  
of o r th i te  and m onaz ite  u n d e r  th e  effect of l a t e r  ca rbona te  and  f lu o r in e -b e a r 
ing solutions p layed  im p o r ta n t  role in its  fo rm ation .

In  th is  re spec t  com parison  can be d ra w n  also w ith  th e  V elence  M oun
ta in s .  On th e  basis of b a u x i te  p rospec ting , in th e  deposits, w hose  orig in  can 
be der ived  from th e  Velence gran ite ,  a t  leas t  in p a r t ,  xeno tim e is found  as 
a tra c e  m ineral. R are  e a r th  m eta ls  m obilized during  bau x i te  fo rm a t io n  and 
dissolved p ro b ab ly  from fe ldspar occur in th e  b a u x i te  as b a s tn a e s i te ,  b u t  th is  
is a b se n t  in th e  original g ran ite .  S im ilar phen o m en o n  seems to  be  th e  case 
in th e  Mecsek M ounta ins  where g ra n i t iz a t io n  was the  mobilizing fa c to r  and 
b a s tn a e s i te  form ed secondarily .

The t race  m inera l research  pe rfo rm ed  in g ran ito id  rocks p ro v id es  useful 
in fo rm a tio n  to  m ake  clear th e  origin of  igneous fo rm ations of d if fe ren t  genesis. 
In  case of  g ran ito ids  i t  is troub lesom e  to  de te rm ine  th e  source  m ater ia l .  
According to  l i te ra tu re  d a ta  ( T a y l o r , 1964) th e re  is no s ign if ican t  r a re  ea r th  
e lem en t f rac tion ing  in th e  se d im e n ta ry  processes (shales, s a n d s to n e s ,  lime
stones). This p rob lem , how ever, can he solved on  th e  basis of m o d e rn  researches 
(A. B. R o n o v  et al. 1974).

It can  be s ta te d ,  however, t h a t  th e  cause  of the ra re  e a r th  element 
f rac t ion ing  in the  accessory m inerals  is con n ec ted  with the  h is to ry  o f  rocks. 
T he  higher C aO -conten t o f  g ranod io rites  is in re la tion  w ith  t h e  accessory

A d a  Geologica Academiae Scientiarum Ilungaricae 19, 1975



9 2 PANTÓ, GY.

m in e ra ls  according to  l i t e r a tu re  d a ta  (L e e  e t  a l . ,  1967). CaO m ay  affec t Ce- 
e a r th s  as a selective p re c ip i ta t in g  m edium . Th is  s ta t e m e n t  can be t a k e n  in to  
a c c o u n t  in  th e  e v a lu a t io n  o f  th e  differences b e tw e e n  th e  g ran ito ids  o f  th e  
V elence a n d  Mecsek M o u n ta in s  th ough  it is obv io u s  t h a t  th e  s e p a ra t io n  is 
m u c h  m ore  affected b y  th e  orig in  and re p e a te d  c ru s ta l  processes. T he  a c c u m u 
la t io n  o f  l igh t  lan th a n id e s  is charac ter is t ic  o f  c ru s ta l  rocks, in  genera l.  The 
m e l t in g  processes, how ever ,  f rac t io n a te  th e  t r a c e  e lem ents  and th e  m o re  acidic 
g r a n i to id  rocks are m ore  fa v o u ra b le  for th e  a c c u m u la t io n  of heavy  la n th a n id e s  
a n d  Y , t h a n  those  of  sm a lle r  Si and  h igher c a r b o n a te  conten t.

I t  is n o t  th e  f resh  ro ck s  discussed in th is  p a p e r  h u t  th e  a l te red  ty p es ,  
y o u n g e r  p ro d u c ts ,  i.e. ap li te s  a n d  pegm ati tes ,  a re  su itab le  for th e  e x p lo ra t io n  
of t h e  ra re  ea r th  e lem en t  accum ula tions  a sso c ia ted  w ith  g ran ito ids .  I n  th e  
case o f  th e  red  p o rp h y ro b la s t ic  m icrocline-bearing  granodiorite  of th e  Mecsek 
M o u n ta in s  (E rdősm ecske, ro c k  No. 6 in Tab le  I)  in  which bo th  th e  p r im a r i ly  
a n d  secondari ly  m obilized r a r e  ea r th  a c c u m u la t io n s  are present, t h e  mass- 
s p e c t ro m e tr ic  analyses y ie ld e d  d a ta  showing h a r d ly  a n y  dev ia tion  f ro m  th e  
v a r io u s  c ru s ta l  averages (see Table  II) .
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РАССЕЯННЫЕ МИНЕРАЛЫ ГРАНИТОИДОВ ГОР ВЕЛЕНЦЕ И МЕЧЕК
ДЬ. ПАНТО

Р е з ю м е

Оба различных по генезису гранитоидовых массива Венгрии — магматические гра- 
нитоиды гор Веленце и анатектические гранитоиды гор Мечен — различаются между собою 
и по ассоциации рассеянных минералов. Условия встречаемости и закономерности разме
щения рассеянных минералов, а также характерные черты их главных и замещающих эле
ментов подтверждают справедливость выделения этих двух генетических групп.

Автор подробно останавливается на рассмотрении акцессорных минералов, подчер
кивая их характерные особенности, важные даже с генетической точки зрения.

В горах Веленце относительно летучих мышьях играет важную роль, в то время как 
в горах Мечек его роль незначительная.

Менее мобильная медь в горах Веленце имеет подчиненное значение.
В обоих горных массивах присутствуют циркон и титанит, которые значительно от

личаются между собою по своему содержанию и составу рассеянных элементов.
В горах Веленце ортит присутствует в весьма подчиненном количестве.
Ксенотим является характерным акцессорным минералом гор Веленце, в горах Ме

чек он отсутствует. Монацит в горах Мечек характеризуется частой встречаемостью, в 
горах Веленце он играет подчиненную роль. Их составы редкоземельных металлов и усло
вия проявления последних в них в обоих горных массивах обусловлены генетическими 
причинами, что определяет место легких (Се-земли) и тяжёлых (У-земли) лантанидов. 
Разобщение ещё более отчетливо выявляется в отношении проявления образованных 
вторично и уравновешенных дополнительным анионом карбонатов. Если в горах Веленце 
минералы бастнезитовой группы совсем отсутствуют, то в горах Мечек они широко распро
странены.

Изменения элементов в акцессорных минералах, в особенности в случае редкозе
мельных металлов, являются полезным поисковым признаком для исследователей генети
ческих условий гранитоидов.

Разобщение тяжелых и легких лантанидов в ходе генетических процессов проявля
ется и в виде акцессорных минералов, не будучи ограниченным только лишь присутствием 
в спрятанном виде в породообразующих минералах.
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THERMAL DECOMPOSITION OF 
KAOLINITE SAMPLES UNDER SIMULTANEOUS LOAD 

AND VOLATILE PRESSURE

By

P e s t y , L. T o m s c h e y , O.
HUNGARIAN ACADEMY OF SCIENCES, LABORATORY FOR GEOCHEMICAL RESEARCH, BUDAPEST

T he th e rm al d eco m p o sitio n  of th e  k a o lin ite  o f C serszegtom aj w as in v es tig a te d  
u n d e r  sim ultaneous lo ad  an d  v o la tile  p ressu re  up  to  700 °C. The fa c t w as s t a te d  th a t  
v o la tile  (w ater) p ressure  p ro m o te s , th e  lo ad  p ressu re  h inders th e  th e rm a l deco m p o si
t io n  o f kao lin ite . In  a d d itio n  to  th e  c ry s ta llin e  p ro d u c ts  develop ing  d u r in g  th e rm a l 
d ecom position , am o rp h o u s silica w as also  fo rm ed w hich  u n d e r in creas in g  te m p e ra tu re  
dev elo p ed  (u n d er th e  e x p e rim e n ta l co n d itions), th ro u g h  th e  c ris to b a lite  a n d  k e a tite  
p h ases , in to  stab le  /1-quartz. O u t o f  th e  tra n s it io n a l p ro d u c ts  a n d a lu s ite -X  a n d  k e a tite  
w ere show n to  occur also b e y o n d  th e  ran g e  of th e  s ta b ili ty  field (e.g. a t  700 °C), o u t
lined  earlier.

O u t  o f  the  pressure , t e m p e ra tu re  and  concen tra t io n  p a r a m é t r é s  d e te r 
m in in g  th e  direction and  p h ase  equ il ib r ium  of endogenic processes th e  con
cep t  o f  pressure  should be m ore  precisely  defined since, as em p h as ized  i n [11], 
a t  leas t  tw o  k inds of p ressu re  o f  d ifferen t a n d  often  opposite  e f fec t  in the 
e a r t h ’s c ru s t ,  i.e. the  load  a n d  vo la ti le  p ressures, should  be t a k e n  in to  con
s id e ra t io n .  On th e  basis o f  th e  above  considera t ion  of E . S z a d e c z k y - K a r d o s s , 

th e  h igh p - t  investiga tions of  c lay  m inerals  resp. clay mineral b e a r in g  rocks 
h av e  b een  s ta r te d  in th e  H ig h -P re ssu re  D e p a r tm e n t  of th e  G eochem ical  
R esea rch  L abora to ry .  In  th e  course  of  these  investiga tions th e  e f fec t  o f  the 
load  a n d  vo latile  pressures a t  h igh te m p e ra tu re  has been in v e s t ig a te d  con
s i s te n t ly  in a separa te  w ay .

I n  th is  paper  th e  e x p e r im e n ta l  resu lts  o b ta in ed  in the  t e m p e r a tu r e  range 
below  a n d  above 550 °C will be pub lished ,  fu r th e r  th e  differences o f  t h e  c ry s ta l 
line  phases  caused by  th e  p a r a m e te r  d ivergencies w ith in  th e  s a m p le  will be 
d e a l t  w ith ,  finally  the  changes o f  crysta ll ine  phases  occurring w ith in  t h e  experi
m e n ta l  range  up to  750 °C will be  in te g ra te d  in to  a uniform  process .  I n  this 
p a p e r  som e of the  prev iously  p u b l ish ed  d a ta  will be assessed as a r e s u l t  o f  more 
a c c u ra te  de te rm ina tions .

T h e  technical p rob lem s of these  high p - t  experim ents  were  so lved  by 
E .  T o m o r  and  he took  p a r t  also in th e  p re p a ra t io n  and e f fe c tu a t io n  of  the 
e x p e r im en ts .  X -ra y  d iffrac tog ram s of the  sam ples  after  e x p e r im e n t  were 
recorded as well as the ir  ev a lu a t io n  was p a r t ly  carried  out b y  Gy . B á r d o s s y .
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Experim ental m e th o d s

T h e  experim ents  u n d e r  load pressure w ere  ca rr ied  out b y  th e  e q u ip m e n t  
p u b l i s h e d  earlier [3]. B e c a u s e  of the high t e m p e r a tu r e  no t only th e  pressure- 
t r a n s m i t t i n g  tube  b e tw e e n  th e  experim enta l b o m b  and  the  m a n o m e te r  b u t  
th e  lo a d in g  equ ipm en t i t s e l f  h a d  to be cooled. B y  m eans of th is  m e th o d  th e  
sw e ll ing  of  the ro ta t in g  f i t t in g s  and axes p r o v e d  to  be h indered  which  was 
s ig n i f ic a n t  from th e  p o i n t  o f  v iew of loading fo rce  t ransm iss ion  w i th o u t  loss.

T h e  experim ents  u n d e r  only volatile p r e s s u re  were carried  o u t  in th e  
R o y — O sborn  cold-seal h igh -p ressu re  bom bs [8] in  w h ich  smaller m odifica tions 
r e q u i r e d  for the  a u th o r s  pu rp o ses  [6] h a d  b e e n  m ad e .  As a re su l t  o f  these 
m o d if ica t io n s  the t e m p e r a t u r e  gradient w i th in  th e  bom b was reduced  to  
a m in im u m  [5, 6].

B y  means of th e  P t - P t R h  or other th e rm o c o u p le s  loca ted  in  th e  walls 
of th e  b om bs  and th e  p o in t -w r i te r s  linked w i th  t h e m  th e  te m p e ra tu re  of the  
e x p e r im e n ta l  space w as  co n t inuous ly  c o n tro l led  an d ,  on the  o th e r  hand ,  
in s e r t in g  th e rm o reg u la to rs  in to  the hea ting  c i rc u i t ,  th e  au tho rs  m an ag ed  to  
e n su re  t h e  au tom atic  i s o th e r m a l  conditions o f  t h e  ex p e r im en ta l  space  as well 
as a  r e g u la te d  heating . I n  case  of the ex p e r im e n ts  u n d e r  load p ressu re  s tead y  
h e a t in g  a t  the  same r a t e  in  every  e x p e r im en t  w as  provided  b y  m eans  of 
p ro g ra m m in g  disc in s e r t e d  in to  the th e rm o re g u la to rs .

E xp erim en ta l results

D a t a  and resu lts  o f  t h e  experim ents c a r r ie d  o u t  w ith  kao lin ite  s ta r t in g  
s a m p le  [1] are shown in  T a b le  I . Because of  th e  c o m p le x i ty  of th e  sy s tem  and  
o f  t h e  la c k  of the p a r a m é t r é s  dem anded b y  q u a n t i t a t i v e  ev a lu a t io n  of th e  
r e s u l t in g  synthetic  c r y s ta l l in e  phases th e  p e r c e n tu a l  d e te rm in a t io n  of t h e  
co m p o s i t io n  of the  s a m p le  h a s  been neglected . I n s te a d  of th is  th e  re la tive  
f r e q u e n c y  of the single c ry s ta l l in e  phases has  b e e n  m ark ed  by  nu m era ls  from 
5 to  0, w here  the q u a n t i t a t i v e  categories deno te  successively: 5 =  p re d o m in a n t ;  
4 a b u n d a n t ;  3 m e d iu m  q u a n t i ty ;  2 =  l i t t l e ;  1 = t race ;  — =  ab sen t .  The
r a te s  o f  crystalline p h a se s  showrn in Figs. 1 a n d  3 do  n o t  denote  th e ir  percen tage  
ra t io s ,  b u t  the  s e m i-q u a n t i t a t iv e  trends of  th e  t ra n s fo rm a t io n s  of  d ifferent 
e x p e r im e n ts  and th e  v a lu e s  o f  the  vertical axes  a re  iden tica l w i th  those  of 
T a b le  I .  I n  Figs 1 and  3 t h e  am orphous S i0 2 p h a s e ,  deno ted  b y  t race  (-(-) and  
a b s e n t  ( — ) signs in T a b ic  I  d u e  to  de te rm in a t io n  u n c e r ta in t ie s ,  is n o t  d em o n 
s t r a t e d .  T he  values in b r a c k e t s  of the t e m p e r a tu r e  a n d  d u ra t ion  co lum ns of 
t h e  t a b l e  indicate th e  f a c t  t h a t  the  continuous h e a t in g  was in te r ru p te d  for th e  
d u r a t i o n  w ith in  the  b r a c k e t s .

T h e  results of th e  e x p e r im e n ts  perform ed a t  450  °C and  2.0 k ilobars  load 
p re s s u re  were published  e a r l ie r  [12]. In these  cases no  change occurred  in  th e
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T a b le  I

Max.
Crystalline phases

Sample Load Temperature1 Duration1 volatile
kao
lin ite

andalu-
site-X

eristo-
balite

NotesNo. (kb) ( C) (hours) pressure
(bar) kao-

linite
pyro-

phyllite mullite keatite quartz phous
Si02

3862 1.0 450 150 265 5 4 — _
— — — —

3906 1.0 (450) (27) 1 1 3 2 2 — — — sam ple edge
3908 1.0 550 100 365 3 2 2 — 2 — — — + sam ple centre
3907 1.0 2 1 3 1 2 — — — + sam ple’s average

3937 1.0 (450) (27) 1 1 3 2 2 — — — -j- sam ple edge
3938 1.0 550 100 590 1 1 3 2 2 — — — sam ple centre
3936 1.0 1 1 3 2 2 — — — sam ple’s average

3965 1.0 700 8 460 — - - 1 3 — 1 4 - — a t 700 °C 4 hours

3992 1.0 700 47 495 — - — 1 4 — — 42 — a t 700 °C 4 hours

3821 2.0 (450) (48) 960 1 1 2 2 2 — — 1 trace 8 g sam ple
550 140

3829 23) (450) (48) 200 3 2 2 1 1 — — — 2 g sam ple
550 260

3853 2.0 (450) (48) 55 5 4 — — — — — — — 0.5 g sam ple
550 262

3831 23) (450) (48) 80 3 3 2 — 1 — — — + 1.0 g sam ple
550 262

3853 2.0 (450) (38) 1005 1 1 2 2 2 — — 1 trace 8 g sam ple
550 262

3839 2.0 (450) (72) 900 — 1 2 2 2 — — 2 — 8 g sam ple
550 268

3891 2.0 (450) (27) 235 1 1 2 2 1 1 — 1 trace sam ple’s edge
3892 2.0 550 100 2 2 2 2 1 — — — + sam ple centre
3890 2.0 1 1 2 2 1 1 — 1 trace sam ple’s average

3820 2TÖ 550 140 635 2 2 2 2 1 — — — + 4 g sam ple

3589 3.0 (450) (48) 315 4 1 2 1 1 - — — + 4 g sam ple
550 51

1 For exp lanation  of the  values in b rackets , see th e  tex t
2 See th e  te x t

D
ECO

M
PO

SITIO
N

 O
F K

A
O

LIN
ITE



98 PESTY, L.-TOM SCHEY, О.

s a m p le s  as com pared to  th e  s ta r t in g  m a te r ia l  a n d  th is  has been a t t r i b u t e d  to  
t h e  e f fec t  of load pressure  since w ith o u t  load p ressure  kaolin ite  is t ra n s fo rm e d  
in to  b -a x is  disordered k ao l in i te ,  i.e. m e ta k a o l in i te  above 400 °C. W h e n  r e g a rd 
ing  t h e  crystalline phases  o f  th e  sample of  th e  p re sen t  experim ent (app ly ing
1.0 k i lo b a r  load pressure) i t  is t ran s i t io n a l  b e tw e e n  th e  samples of  450 °C w i th 
o u t  lo a d  pressure and th o se  charac ter ized  b y  a load  pressure of 2.0 k ilobars ,
i.e. d u r in g  150 hours on ly  t h e  smaller p a r t  o f  kao lin i te  was t ra n s fo rm e d  in to  
m e ta k a o l in i te .  A m orphous  S i 0 2 of s ignificant q u a n t i t y  cannot be d e te rm in e d  
in  t h e  d iff rac togram , e i ther .

T h e  porosity  p ro d u c e d  ex perim en ta l ly  a n d  belonging to  a g iven  load 
is g e n e ra l ly  greater  th a n  t h e  values obse rved  in  n a tu re  [11]. On th e  basis 
o f  th e o re t ic a l  considera tions th is  is a t t r ib u te d  to  the  fac t t h a t  th e  p o ro s i ty  
o b ta in e d  u n d e r  a given load  p ressure  is a fu n c t io n  also of th e  size of th e  cylindric  
s a m p le :  th e  greater  th e  v a lu e  of  th e  c ircum ference /he igh t  ra tio  of  th e  sam ple, 
t h e  sm a l le r  the  porosity .

T o  solve tliis p ro b lem , tw o  series of e x p e r im e n ts  were in i t ia ted .  T h e  f irs t  
series  w as  aimed a t  th e  inv es t ig a t io n  of th e  ho r izo n ta l  (i.e. p e rp en d icu la r ly  
o f  t h e  load)  bu lk  d ens ity  d is t r ib u t io n  in th e  sam ple  and  of the  e x ten t  o f  c ry s ta l 
l ine  p h a s e  t ran sfo rm a tio n s .  T h e  second series h a d  th e  purpose of in v es t ig a t in g  
th e  e f fec t  of sample d ia m e te r /sam p le  he igh t  ra t io  on th e  process o f  deve lop 
m e n t  o f  crystalline  phases . T h is  la t te r  p rob lem  can  be app roached  in tw o  w ays: 
to  c h a n g e  e ither  the  d ia m e te r  or th e  h e igh t  o f  th e  experim enta l  sam ple .  Since 
in  case  o f  changing th e  d ia m e te r ,  on one h a n d ,  th e  experim enta l  b o m b  w ould 
h a v e  b e e n  changed in ev e ry  experim en t,  on  th e  o th e r  hand , d if fe ren t  loads 
w o u ld  h a v e  been app lied  to  th e  same load p ressu re  for samples of  d iffe ren t  
su r fa c e ,  th e  problem  was so lved  b y  chang ing  th e  height of the  sam ple .

O n  the  basis of th e  p la inconcave  shape  of  th e  samples a f te r  e x p e r im en t ,  
it w as  concluded  th a t  th e i r  b u lk  density  sh o u ld  be  grea te r  in th e  cen tre  th a n  
on t h e  m arg ins  con tac t in g  th e  bom b. The b u lk  d en s i ty  m easu rem en ts  (Table 
I I )  co n f i rm e d  this p re l im in a ry  assum ption .

W h e n  com paring th e  p o s t-ex p e r im en ta l  crys ta l l ine  phases o f  th e  sam ples 
3906, 3907, 3908 der iv ing  f ro m  the  same e x p e r im e n t  it  can be s t a t e d  th a t  
u n d e r  1.0 k ilobar load p re ssu re  th e  m ost in ten se  tran s fo rm a tio n  to o k  place 
on  t h e  m arg in  of the sam ple ,  i.e. kaolin ite  a n d  m etak ao l in i te  were p rese rved  
h e re  o n ly  in trace  q u a n t i t ie s  a n d  a low q u a n t i t y  of  py rophy ll i te  could  develop.

Table II

3891 3892 3890 3906 3908 3907 3947 3948 3946

sample’s sample’s sample’s

margin centre average margin centre average margin centre average

2.60 2.78 2.69 2.54 2.83 2.69 2.68 2.75 2.71
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In  th e  sample c en tre  in add it ion  to  th e  kaolin ite  a n d  m e ta k a o l in i te  o f  m edium  
q u a n t i ty  only low q u a n t i t ie s  o f  p y ro p h y l l i te  and  m u ll i te  were found .  A m o r
phous  silica can  be de te rm ined  in  all samples h u t  its  q u a n t i t y  is su b o rd in a te  a t 
th e  sample cen tre ,  i.e. where th e  decom position  of kao lin i te  is less progressed. 
This p h enom enon  can  he exp la ined  by  th e  fac t t h a t  load  p ressu re  restra ins  
th e  th e rm a l  decom position  of k ao l in i te -m e tak ao l in i te ,  i.e. a t  th e  sam e given 
vo la ti le  pressure  i t  ex tends  th e  s ta b i l i ty  field of these  c o m p o n en ts  tow ards 
h igher te m p e ra tu re s ,  and  in th e  sam p le  m arg in  th e  locally  h igher  p o ro s i ty  m ay 
fav o u r  th e  m ore ra p id  evolu tion  o f  w a te r  re leased b y  kao l in i te  d u r in g  its t r a n s 
fo rm a tio n .  A t  th e  sam ple  cen tre  w here  th e  to ta l  load  exceeds 1.0 k ilobar  the  
t ra n s fo rm a tio n  is o f  small e x te n t  during  100 hours. On th e  sam ple  m arg in , 
how ever, where load  pressure  p ro v e d  to  be less t h a n  1.0 k i loba r ,  th e  decom 
position  of kao l in i te -m e tak ao l in i te  was more in tense  a n d  in th e  course  of th is  
process the  re leasing  silica a c c u m u la te d  prov is iona lly  in  an  am o rp h o u s  s ta te .  
In  case of the  sam ples  3890, 3891, 3892, where 2.0 k i lo b a r  load  pressure  was 
applied, similar observa tions  can  be  m ade, i.e. in th e  sam ple  m arg in  in ad d i
t io n  to  th e  kao lin i te  an d  m e tak ao l in i te  in traces ,  some c r is toba li te  an d  quartz  
can  be iden tif ied , while a t  the  sam p le  cen tre  end u r in g  a load  p ressu re  of more 
th a n  2.0 k ilobars  th e  crysta ll ine  S i 0 2 phases are a b sen t ,  b u t  th e  quan ti t ies  
o f  am orphous silica a n d  kao l in i te -m e tak ao l in i te  are h igher.  T h u s ,  in th is  case 
b o th  c ris tobalite  an d  q u a r tz  are fo rm ed  a t  th e  expense o f  th e  am o rp h o u s  com 
pon en t .  In  th e  sam ples  3946, 3947, 3948 th e  phase  d ifferences d e m o n s t ra te d  
a n d  expla ined  ab o v e  canno t be de te rm in ed .  W hen com par ing ,  how ever, the  
ad e q u a te  d a ta  of  T ab le  I  w ith  th e  b u lk  d ens ity  values  of  T ab le  I I ,  i t  can  he 
s ta te d  th a t  th e  c rys ta ll ine  phase  difference be tw een  th e  cen tre  a n d  m argin  
o f  a sample is g rea te s t  there ,  w h ere  th e  differences o f  co rrespond ing  bulk 
densities  are also ex trem e. No difference in c rys ta ll ine  phases  can  be found , 
where th e  h u lk  d en s i ty  difference be tw een  th e  cen tre  and  m arg in  o f  th e  sample 
proves to  he negligible.

In  o the r  series o f  ex p e r im en ts  th e  sam ple he igh t  was d e te rm in e d  by  the 
sam ple  weight in t ro d u c e d  b y  m e a su re m e n t  in to  th e  b o m b . A ccord ingly , ap p ly 
ing b in a ry  lo g a r i th m  th e  t ra n s fo rm a t io n s  of th e  sam ples  of  0.5 — 1 2 — 4 8 g
h av e  been inv es t ig a ted  a t  c o n s ta n t  2.0 k ilobar  load  p ressu re  (Fig. 1). In  case 
of  th e  sam ple o f  0.5 g weight, w h ere  a t  th e  same t im e  th e  o r ig in a t in g  volatile 
p ressure  is of low est value, th e  t r a n s fo rm a t io n  of  sm alles t  m easu re  was ob
served. Only m e tak ao l in i te  a p p e a re d  as a new phase , b u t  k ao lin i te  rem ained 
p re d o m in a n t  in q u a n t i ty ,  as c o n t r a s te d  to  l i te ra tu re  d a ta  [2, 4] accord ing  to 
w hich  m e tak ao l in i te  would  be s ta b le  a t  550 °€ . Para l le l  w ith  t h e  increasing 
sam ple  q u a n t i ty  th e  size of sam ple  t ra n s fo rm a t io n  shows a p rogressive  t ren d  
and  in th e  sam ple  of  8 g w eight th e  kao lin ite  and  m e ta k a o l in i te  phases oc
cu r  only  in traces .  This can be exp la ined  b y  th e  fac t  t h a t  as a re su l t  of the 
con tinuous  2.0 k i loba r  load p re ssu re  th e  u p p e r  p a r t  o f  th e  sam ples  was
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S ta rtin g  0.5 1 2 i  8
sam p le  _______» .

g sam ple  quantity 

Fig. 1.

c o m p a c te d  to  a g rea te r  e x t e n t  t h a n  the lower one, i.e. in case of r a th e r  high 
s a m p le s  th e  pressure a c t in g  o n  th e  grain con tac ts  o f  th e  solid phase  is con
s id e ra b ly  lower in the  low er t h a n  in  the  u p p e r  p a r t .  C on seq u en t ly ,  in a cylin- 
d r ic  sam p le  when m oving  f r o m  th e  top  dow nw ards  th e  decrease of  hu lk  den
s i ty  is o f  the  same t e n d e n c y  t h a n  moving from  its  cen tre  o u tw ard s .  On th is  
bas is  iso-crysta ll iza tion  su rfaces  can  be assum ed w i th in  th e  sam ple  (Fig. 2),
i.e. w h e n  th e  load p re ssu re  p x decreases down- a n d  o u tw a rd s  w ith in  the  
s a m p le :  th e  measure of  t r a n s fo rm a t io n  “ k ”  will increase down- and  o u t 
w a rd s ,  i.e.

k 1 k 2 <C k.j kj.

W i th in  one sam ple  t h e  effect of the  horizon ta l  and  ve r t ica l  change of 
lo a d  p ressu re  upon th e  c o m p o s i t io n  of crystall ine  phases  can  be o b ta in ed  b y  
t h e  ev a lu a t io n  of th e  e x p e r im e n ta l  series pu b l ish ed  in ce r ta in  details  [10]. 
I n  acco rd an ce  w ith  th e se  d a t a  th e  m ost in tense t r a n s fo rm a t io n  of crystalline  
p h a se s  w as obtained as a r e s u l t  o f  1.0 k ilobar load  pressure ,  i.e. kao lin ite  and
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E

m etakao lin i te  rem ained  on ly  in  traces  while th e  sam ple  p re d o m in a n t ly  con
sisted of py rophy ll i te ,  a n d a lu s i te -X  and m ull i te  phases .  In  case of  iden tica l  
t e m p e ra tu re  a n d  sample q u a n t i t y  th e  increase of  load  pressure  h in d e r in g  the  
t ra n s fo rm a tio n  of crystall ine  phases  allowed increas ing ly  h igher a m o u n ts  of 
kaolin ite  a n d  m etakao lin i te  to  b e  preserved. T he  m easu red  vo la ti le  p ressure  
of th e  ex p e r im en ta l  sam ples is consis tent w i th  th e  t r a n s fo rm a t io n  o f  the  
crystalline  phases ,  since i ts  h ig h e s t  value was o b ta in e d  a t  1.0 k i lo b a r  load 
pressure a n d  paralle l th is  v a lu e  gradua lly  an d  p ro p o r t io n a l ly  decreases w ith  
increasing load . This co rresponds to  the  form er s ta te m e n ts .  N o tab ly ,  assum ing  
th e  same te m p e ra tu re  a n d  d u ra t io n  the  decom posit ion  o f  kao lin i te  is p ro 
po r t io n a te  w i th  th e  vo la ti le  p ressure ,  i.e. in th e  given case w ith  t h e  w a te r  
pressure i tse lf  [13, 14].

W h en  exam in ing  th e  te m p o ra l  conditions o f  th e  ex p e r im en ts  sh o w n  in 
Fig. 3 we observed  th a t  in  d if fe ren t  experim ents  th e  app ea ran ce  o f  a defin ite  
w a te r  p ressure  (pv) was g ra d u a l ly  postponed  w i th  increasing load  p ressure .  
This suggests t h a t  under  th e  e ffec t o f  low, e.g. 1.0 k i lobar ,  load p ressure  re s u l t 
ing in th e  re la t iv e ly  sudden  decom position  o f  kao lin i te  th e  w a te r  re leased  b y  
the  solid ph ase  increases th e  v o la t i le  pressure a t  th e  beg inn ing  of th e  reac tion  
which accelera tes  the  decom posit ion  of kao lin i te  (and  m etak ao l in i te ) .  This 
phenom enon  te n d s  to  decrease u n d e r  higher load  pressure  in d ep en d en ce  on

Acta Geologica Academiae S c ien tia ru m  Hungaricae 19, 1975



102 PESTY, L.-TOMSCHEY, О.

t h e  r a t e  o f  load pressure  in c rease  and  this is also consis ten t w ith  fo rm er s t a t e 
m e n t s  (E .  S z á d e c z k y - K a r d o s s  e t  al. [12]).

T h e  h ig h - tem p era tu re  p h a s e  of the  ex p e r im en ts  a t  700 °C a n d  u n d e r  load 
p re s s u re  is considerably s h o r te r  as com pared  to  those  of  550 °C because  of 
te c h n ic a l  considerations. T h e se  experim ents  ca rr ied  o u t  u n d e r  1.0 k i lo b a r  load 
p re s s u re  represen ted  th e  m a x im u m  of w ork ing  load  of th e  app lied  s t ru c tu ra l  
m a te r i a l s  and  in case o f  ex p e r im e n ts  longer th a n  four hou rs ,  p e rm a n e n t  
d e fo rm a t io n s  were g e n e ra te d  which  resu lted  in  p rac t ica l ly  th e  cessa tion  of 
lo a d  p ressu re .

A s a result of th e  e x p e r im e n ts  a t  700 °C th e  kao lin i te  (and  m etakao lin i te )  
c o n t e n t  o f  the  s ta r t ing  sa m p le  d isappeared  a n d ,  in  spite  of th e  re la t iv e ly  short  
d u r a t i o n  of  the  e x p e r im en t ,  t h e  equilib rium  sy s te m  consisting  of  m ull i te  -)- 
-f- S i 0 2 solid phases a t  1100 °C  and  1 a tm  was app roached .  T h e  presence of 
a n d a lu s i t e - X  and  k e a t i te  in  t h e  X -ra y  d iffrac tog ram s of th e  ex p e r im en ts  of 
700 °C  c a n  be proved  c o n v in c in g ly  (Tables I I I  a n d  IV). On th e  sam e basis 
no  a m o rp h o u s  S i0 2 does e x is t  in  the  sam ples, in  th e  ex p e r im e n t  o f  shorter  
d u r a t i o n  kea t i te  occurs in  t r a c e s  b u t  in the  sam ple  of th e  ex p e r im e n t  o f  longer 
h e a t i n g  i t  was q u a n t i t a t i v e ly  transfo rm ed  in to  q u a r tz  ap p e a r in g  in large 
a m o u n t s .  I t  is w o r th y  o f  n o te ,  however, t h a t  on th e  basis o f  th e  X - ra y  dif
f r a c to g r a m s  the  reflexions o f  th e  quar tz  c o m p o n e n t  of th e  sam ple  can n o t  he 
id e n t i f i e d  ne ither  w ith  th o se  o f  th e  a-, nor w i th  those  of th e  /?-quartz and  the 
p e a k s  a p p e a r  for the  m o s t  p a r t  a t  the ir  average  d-values . The re f lex ion  values 
o f  t h e  a.- and  ^ -q u a r tz  as w ell  as th e  reflex ion  va lues  and  re la t iv e  in tensities  
o f  t h e  sam ples  derived  f ro m  th e  experim en ts  o f  700 °C are su m m arized  in 
T a b le  V  (in the  tab le  o n ly  t h e  indep en d en t  peak s  are show n, those  covered 
p a r t l y  o r  to ta l ly  b y  th e  m u l l i te  peaks are neg lected).

W h e n  com paring th e  c rys ta l l ine  phases of  th e  exp er im en ts  of 700 °C and 
th o s e  o f  450 and 550 °C d iscussed  above i t  can  be s ta te d  t h a t  a t  700 °C the  
q u a n t i t y  of  anda lus i te -X  d ec reased  to  trace  a n d  th e  crystall ine  phases  kaolin ite , 
m e ta k a o l in i t e  and p y ro p l iy l l i te  were to ta l ly  decom posed  in th e  course  of the 
r e l a t i v e ly  short ex p e r im en ts .

F r o m  these fac ts  t h e  conclusion is d ra w n  t h a t  un d er  th e  given p v- p f t  
c o n d i t io n s  the c ry s ta l l iza t ion  process from kao l in i te  to  m ullite  +  SiO, proceeds 
a t  m u c h  lower t e m p e r a tu r e  th a n  in open sy s te m , th o u g h  th is  process was 
r e s t r a in e d  by  load p ressu re .  T h e  difference in  d u ra t io n  of th e  tw o experim ents  
o f  700 °C makes ev id en t  t h e  difference in th e i r  X - r a y  d iffrac togram s. K ea t i te  
is a t r a n s i t io n  p ro d u c t  o f  t h e  a- ,  /1-quartz fo rm a t io n ,  s im ilar to  th e  t ran s i t io n  
p r o d u c t s  m etakaolin ite ,  p y ro p h y l l i te ,  a n d a lu s i te -X  of th e  c ry s ta l l iza t ion  series 
f ro m  k ao l in i te  to  m u ll i te  -f- S i 0 2. As aga ins t  t h e  l i te ra tu re  d a ta  accord ing  to 
w h ic h  k e a t i te  would be fo rm e d  betw een  380 a n d  585 °C an d  350 a n d  1250 bars 
(e.g. [9]), in the  course o f  o u r  experim ents  k e a t i te ,  fo rm ed  u n d e r  conditions 
o t h e r  t h a n  the  equ i l ib r iu m  phase , because a f te r  longer d u ra t io n  its peaks
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Table III
C om parison o f  the devalues o f  a n d a lu s ite -X  fo u n d  

in  the experim ental sam ples and those pu b lish ed  by D. M. R oy  [7]

After Roy, D. M. Experiment

d(A) i/l . 3965 d(A) 3992 d(A)

5.60 50 5.581 5.551

4.55 30 — 4.55 —4.55

3.99 20 3.979 3.969

3.53 30 3.520 3.515

2.79 100 2.793 2.788

Table IV
X -ra y  diffractom etric data o f  keatite

After K e a t  Experiment 3965

4(A) I / I . d(A) I/I.

7.46 _ ? 9

5.64 5 9 9

5.28 5 9 ?

4.50 20 4.506 —20

3.72 70 3.752 65

3.42 100 3.427 100

3.33 20 9 9

3.11 20 3.108 23

2.516 5 2.510

2.246 5 2.255 — 5

2.174 5 2.170 — 5

2.148 5 2.145 —5

2.067 5 2.070 7

1.864 10 1.861 12

Table V

a-quartz 
ASTM 5-0490 

4(A)

Experiment 
No. 3965

d( A )
i/i.

Experiment 
No. 3992 

4(A)

/3-quartz
ASTM 11-252

4(A)

4.26 4.30 20 4.29 4.34

3.343 3.37 100 3.36 3.40

2.458 2.48 7 2.48 2.50
2.237 2.26 4 2.25 2.31
1.98 2.00 4 1.99 2.01

1.659 1.668 1 1.666 1.673
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c a n n o t  b e  iden tif ied . T h e  sim ilar  m u lt is tep  fo rm a t io n  of the  S i0 2 va r ie t ie s  
co rre sp o n d in g  to  e q u i l ib r iu m  s ta te  was a lread y  em phas ized  in p rev ious p a p e rs
[5, 6].

T h e  fo rm ation  of  th e  S i 0 2 va r ie ty  b e tw een  th e  a- and  /З-quartz  d iscussed  
ab o v e  can  be exp la ined  b y  th e  fac t t h a t  th e  la t t i c e  o f  /З-quartz ,  s ta b le  u n d e r  
th e  g iven  p - t  cond itions ,  could  no t  be t r a n s fo rm e d  in to  a -q u a r tz  becau se  of  
su d d e n  cooling. The re f lex io n  pa ram ete rs  o f  t h e  q u a r tz  va r ie ty  lie betw'een 
th e  correspond ing  re f lex ion  va lues  of sc- and /З-q u a r tz ,  th u s  th is  v a r ie ty  c a n n o t  
be id en t i f ied  as th e i r  m ix tu re ,  either. This S i 0 2 m odifica tion , how ever,  was 
fo u n d  also in th e  sam ples  o f  th e  experim en ts  p e r fo rm e d  only u n d e r  vo la t i le  
p re ssu re  a t  650 and  750 °C a n d  its reflexion v a lu e s  were identical w i th  th o se  
q u o te d  above.

I t  is w ell-know n t h a t  in  the  course of  k a o l in i te  decom position  m u ll i te  
o f  1 : 1 ra t io  -j- c r is to b a l i te  develop a t  1100 °C. I n  ou r  case the  fo rm a t io n  of 
th e  f in a l  p ro d u c t  m u ll i te  +  S i 0 2 takes  p lace a t  700 °C unlike in th e  open  sy s 
te m ,  t h e  only d ifference is th e  c rys ta l l iza t ion  o f  S i0 2 in form o f  /3-quartz 
in s te a d  of  cris tobalite . Th is  phenom enon  is e v id e n c e d  by  the  fac t t h a t  h igher 
vo la t i le  pressure  acce lera tes  th e  t r a n s fo rm a t io n  o f  cristobalite  in to  s tab le  
q u a r tz  a n d  a t  lower p re s su re  cristobalite  is t h e  s ta b le  form, re spec tive ly  [5]. 
R e g a rd in g  th e  m ull i te  com position , the  m u ll i te  o f  1 : 1 ra tio  is considered  
a t r a n s i t io n a l  m e ta s ta b le  p h a se  and on th is  bas is  in  ou r  experim ents  th e  fo rm a 
t io n  o f  m ull i te  of 3 : 2 r a t io  m a y  be supposed , t h o u g h  th is  canno t be  ve r if ied  
b y  th e  t r a d i t io n a l  X - r a y  d iffrac tom etric  m e th o d  applied.

W h e n  com par ing  th e  experim en ts  ca rr ied  o u t  as a function of  tw o  k in d s  
of  p re s su re  and  of t e m p e r a tu r e  w ith  those p e r fo rm e d  under vo latile  p ressure  
a n d  te m p e ra tu re  on ly  [6, 13, 14], th e  following can  be concluded:

1. I n  case of th e  e x p e r im en ts  carried o u t  u n d e r  only volatile  p re ssu re  a t  
low er  te m p e ra tu re  (e.g. a t  450 °C) and a t  1.0 k i lo b a r  or h igher p ressures  
h y d ra ls i te  was form ed in add it ion  to  p y ro p h y ll i te  as the  m e tas tab le  t r a n s f o r 
m a t io n  p ro d u c t  of m e ta k a o l in i te  [15]. In  case o f  th e  experim ents  w i th  th ree  
v a r iab le s  th is  crys ta l l ine  p h a se  did no t  fo rm  or b e in g  of short life i t  re m a in e d  
be low  th e  lim it of p e rc e p t ib i l i ty  because of low er vo la ti le  pressure a n d  r e a c t io n 
re s t r a in in g  effect o f  lo a d  pressure.

2. I n  the  e x p e r im en ts  carried  ou t a t  550 °C on ly  q u an t i ta t iv e  d ifferences 
e x is t  b e tw een  th e  sam ples  of  the  two k inds  o f  experim ents ,  i.e. as a re su l t  
o f  th e  abov e -m en tio n ed  reac tion -res tra in ing  e ffec t o f  load pressure, th e  q u a n t i 
t ies  o f  kao lin ite  and  m e tak ao l in i te  are co n s id e ra b ly  higher in th e  sam ples  of 
t h e  ex p e r im en ts  w i th  th re e  variables.

3. A t  h igher te m p e ra tu re s  (650 °C) th e  fo rm a t io n  of solid phases  reaches  
t h e  eq u il ib r ium  u n d e r  o n ly  volatile  p ressures w hile  un d e r  s im u ltaneous  load  
p re ssu re  th e  in te rm e d ia ry  t ran s fo rm a tio n  p ro d u c ts ,  anda lus ite -X  a n d  k e a t i te ,  
can  still  be  iden tif ied .
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T he th e rm a l  decom position  of kao lin i te  u n d e r  pressures in v e s t ig a te d  up  
to  750 °C can he su m m arized  in the  following schem e:

3 /Al2 0 3- 2Si02 ■ 2H20/ 
kaolinite

♦
3/AI20 3 • 2Si02 H20 / + 3H20

metakaoi Unite

2 / Al2 0 3■ 2Si02 H20 /  + Al2 0 3 • iSiOj -H20 + H20

cristobalite

keatite 

[1-quartz

Accord ingly , in  th e  f i rs t  stage of th e  k a o l in i te  decomposition th r e e  moles 
of w a te r  are re leased to g e th e r  w ith  th e  fo rm a t io n  o f  m etakaolin ite .  T h e  d e c o m 
position  of m e tak ao l in i te  yields hyd ra ls i te ,  p y ro p h y l l i te  and  w a te r  o f  one mole. 
O u t  o f  these  phases h y d ra ls i te  can be d e te rm in e d  only in the  sam ples  h a v in g  
en d u red  vo la ti le  p ressu re  since, un d er  th e  e ffec t o f  th e  load pressure  o u t l in ed  
above, i t  ra p id ly  decom poses and  can no lo n g er  be traced  a t  th e  e n d  o f  th e  
ex p e r im en t .  In  ad d i t io n  to  th e  mullite  of 1 : 1 r a t io  and  anda lus i te -X  o r ig in a t 
ing f rom  th e  decom posit ion  of hydra ls ite  a n d  py ro p h y ll i te  two moles o f  w a te r  
a n d  th re e  moles of am o rp h o u s  silica are re leased .  The app ea ran ce  o f  th is  
am o rp h o u s  phase  is unam b ig u o u s ly  in d ica ted  b y  th e  X -ray  d if f rac to g ram s .  
This  am orphous  phase  does n o t  occur w hen  th e  sam ple  consists on ly  of  k ao l i 
n i te  and  m etak ao l in i te .  A t  650 °C resp. a t  h ig h e r  tem p era tu res  th e  an d a lu s i te -  
X  -f- m ull i te  o f  1 : 1 ra t io  t ransfo rm s in to  m u ll i te  o f  3 : 2 ra tio  a n d  silica, the  
l a t t e r  one, to g e th e r  w i th  th e  am orphous p h ase  re leased  in the  p rev ious re a c t io n  
is t ran s fo rm ed  in to  ß -q u a r tz  th rough  c r is to h a l i te -k ea t i te  crysta ll ine  phases .
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U n d e r  g iven  load and  v o la t i le  pressure  and  in  t h e  tem p era tu re  range  o f  650 — 
700 °C th e  equilib rium  c rys ta l l in e  assem blage consists  of mullite o f  3 : 2 ra t io  
a n d  /3-quartz.

C onclusion

O n  th e  basis of th e  ab o v e  experim en ts  th e  following conclusions can  be 
d ra w n :

1. I n  case of e x p e r im e n t  a t  high t e m p e r a tu r e  and  high load a n d  vo la t i le  
p re s s u re  th e  load pressure  decreases from  th e  to p  downwards resp . f ro m  th e  
c e n t re  o u tw ard s  w ith in  th e  cy linder-shaped  ex p e r im en ta l  sam ple  a n d  th is  
a f fec ts  t h e  local hu lk  d e n s i ty  resp. crys ta l l ine  p h a se  conditions.

2. Tn th e  m e a su re m e n t  range  in v e s t ig a te d  th e  therm al decom p o si t io n  
of  k a o l in i te  is p ro m o ted  b y  th e  increase o f  vo la t i le  (water) p ressure  a n d  i t  is 
r e s t r a in e d  b y  increasing lo a d  pressure.

3. I n  the  course of  decom position  of h y d ra ls i te  and  py rophy ll i te  fo rm ed  
f ro m  m e tak ao l in i te  th e  fo rm a t io n  of a n d a lu s i te -X  an d  mullite is a cco m p an ied  
b y  th e  fo rm a tio n  of a m o rp h o u s  silica w hich  will he  transfo rm ed  in to  /3-quartz 
t h r o u g h  cristobalite  a n d  k c a t i t e ,  in acco rdance  w i th  the  earlier s t a t e m e n t  of 
one  o f  us .

4. B o th  an d a lu s i te -X  a n d  kea t i te  p ro v e d  to  be identifiable  even  a t  
700 °C , consequently ,  th e se  phases ,  th o u g h  u n s ta b le  a t  t h a t  t e m p e r a tu r e ,  do 
ta k e  p a r t  in the  reac tion  as t ran s i t io n  p ro d u c ts  in  accordance w i th  t h e  O s t - 

w a l d ’s s tep-ru le .
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ТЕРМИЧЕСКОЕ РАЗЛОЖЕНИЕ КАОЛИНИТОВЫХ ОБРАЗЦОВ В УСЛОВИЯХ 
ОДНОВРЕМЕННЫХ ДАВЛЕНИЙ НАГРУЗКИ И ЛЕТУЧИХ КОМПОНЕНТОВ

Л. ПЕШ ТИ-О. ТОМШЕИ

Р е з ю м е

Авторы изучали термическое разложение каолинита месторождения Черсегтомай в 
диапазоне температур до 700 °С под одновременными давлениями, вызванными нагрузкой 
и наличием летучих веществ. Они сделали вывод, что давление летучих (воды) способ
ствует термическому разложению каолинита, а давление, обусловленное нагрузкой, пре
пятствует ему. Кроме кристаллических продуктов, образующихся в процессе термического 
разложения, формируется и аморфное SiÖ2, которое при повышении температур проходит, 
по-видимому, кристобалитовую и кититовую фазы, причем оно в экспериментальных усло
виях превращается в стабильный ß кварц. Из числа переходных продуктов выявлен ан- 
далузит-Х и китит даже за пределами ранее оконтуренного диапазона стабильности 
(например и при 700 °С).
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SOME EPISTEMOLOGICAL PROBLEMS 
OF EARTH SCIENCES

B y

T. PÓKA

HUNGARIAN ACADEMY OF SCIENCES, LABORATORY FOR GEOCHEMICAL RESEARCH, BUDAPEST

A u th o r co m p reh en d s a re la tiv e ly  w ide ra n g e  of epistem ological p ro b lem s of 
th e  e a r th  sciences and  occasionally  trie s  to  c re a te  new definitions in  o rd e r  to  m ake 
c lear th e  su b jec t, fu n c tio n  an d  system s as well as th e  inform ation re la tio n s  o f th e  ea rth  
sciences. She app lies d ialectic , system s a n a ly s is  approx im ation  to  th e  d e f in it io n  of 
b o th  th e  sub jec t and  th e  system , an d  a d o p ts  a  b ro a d  notion  of e a r th  sc iences.

Subject o f  the earth sciences: a n a ly s is  o f th e  s tru c tu ra l p a rts  o f th e  E a r th  as a 
re la tiv e ly  closed sy s tem  an d  of th e  g en era l fu n c tio n a l relations of th e se  p a r ts  as well 
as th e  s tu d y  of th e  fo rm atio n  of th is  s t ru c tu re  (evo lu tion ); on these  b a se s  th e  d e te r
m in a tio n  of th e  special an d  general re g u la ritie s  concerning the  E a r th  a n d  th e  u tiliz a 
tio n  of these  know ledges in th e  social p ra c tic e .

F unction  o f  the earth sciences: in te rp re ta tio n  of the h istory  a n d  d y n a m ism  of 
th e  inorgan ic  w orld ( th e  e a r th )  su rro u n d in g  a n d  activ a tin g  th e  liv in g  w o rld  and 
soc ie ty  an d  on th e  b asis o f th is in te rp re ta tio n  th e  m ak in g  of prognostics on  th e  recen tly  
inaccessib le  te rre s tr ia l  spheres, on th e ir  p e c u lia r itie s  and processes, on  th e  sh o rt-  and 
lo n g -te rm  changes o f th e  e a r th  a n d  la s t b u t  n o t  le a s t on th e  occurrence , q u a li ty  and 
e x p lo itab ility  of th e  raw  m ate ria ls  an d  en erg y  sources.

A u th o r  tr ie d  to  develop  an  in te rn a l sy s te m  of sciences co rre sp o n d in g  to  the  
c lassifica tion . T his so-called s tru c tu ra l-g e n e tic  sy s te m  classifies th e  w hole  f ie ld  o f e a rth  
sciences by  m eans of th e  e le m en ta r  an a ly sis  o f th e  investigated  sy s te m  a n d  of the  
h isto rico -ep istem olog ica l d em o n s tra tio n  o f th e  co g n ition  process.

A pply ing  th e  th re e  m ain  schem es o f in fo rm a tio n  re la tions c h a ra c te r is tic  of 
th e  sciences she analyzes th e  recen t in te rn a l  a n d  ex te rn a l in fo rm atio n  flo w s o f the 
e a r th  sciences and  th e  process o f fo rm a tio n  of new  disciplines being a c tu a l ly  in de
v e lo p m en t.

1. Subject and function o f earth sciences

1.1. F undam en ts o f  science theory

In th is period of scientific and technical revolution, due to th e  enorm ous 
acceleration of the differentiation (specialization) of natural sciences, to  the 
dram atic developm ent of newer and new er branches of science and , at the 
same tim e, to the disappearance of dem arcational lines betw een disciplines 
in the in tensified  process o f integration, and last but not least — to  the 
real n ecessity  of organizing science at both  national and international levels 
of science policy, it is becom ing more and m ore indispensable to  determ ine  
on a scien tific  basis the spheres of activ ity , subjects and social fu n ction s o f all 
major disciplines.

C losely related w ith  the determ ination o f the subject of sc ien ces, how 
ever, is the exploration o f the inner structure o f  both the general and  more
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specified  fields of th e  v a r io u s  disciplines, t h e  rev e la t io n  of the  sy s te m  o f  
know ledge . T h a t  is w h y  u p - to -d a te  d e te rm in a t io n s  o f  the  subject of d if fe ren t  
sciences u sua lly  app ly  a sy s tem -theore t ica l  a p p ro a c h .  This procedure is j u s t i 
fied also b y  th e  fac t  t h a t  n a tu r a l  sciences (f irs t  o f  all astronomical, b io logical 
a n d  geological sciences) are  reflections in th e  h u m a n  m ind of d ifferent space- 
t im e  s t ru c tu re s ,  m a te r ia l  sy s tem s (“ system  sc ien ces” ). In  this w a y  sy s te m  
re sea rch  on a m a te r ia l is t ic  bas is  can be well a p p l ie d  b o th  in the  e x p la n a t io n  
of n a t u r a l  system s, b u t  in  th e  investigation o f  t h e  sy s tem  of sciences, as well.

T h e  epis tem ological classification of n a t u r a l  sciences can be useful in  
tw o w a y s :  on th e  one h a n d ,  th e  de te rm in a t io n  o f  t h e  subject and sy s te m  of 
sciences m a y  have  a s t im u la t in g  effect on th e  deve lopm en t of sciences b y  
re f lec t in g  th e  ac tua l  r e la t io n s  of the  ob jec t ive  sy s te m s  investiga ted , an d ,  on 
th e  o th e r ,  th is  know ledge is an  indispensable tool o f  science policy and  o rg a n iz a 
t ion .

M ost of th e  ep is tem olog is ts  s tand ing  on th e  basis of M arx ism , w h e n  
d e te rm in in g  th e  su b jec t  a n d  system  of sciences, s e t  o u t  from E n g e l ’s sy s te m  
of fo rm s of m otion. T he  g re a t  m ajo r i ty  of th e se  a u th o rs ,  however, agree  t h a t  
th e  c lassical system  has to  he  widened and m o d if ie d .  In  the m od if ica t io n  o f  
th e  or ig ina l  system  th e y  a p p ly  either the  p r in c ip le  of  subord ination  or  t h a t  
of coo rd in a t io n .  E .g . K e d e o w  (1965) derives t h e  com plex or co m bined  (b io 
logical, geological an d  social) forms of m otion  f ro m  th e  fundam enta l  o r  s im ple  
(physica l and  chemical) fo rm s on the  basis o f  t h e  principle of s u b o rd in a t io n .  
L a i t k o  (1967), on th e  basis  of the principle  o f  coordination, considers  th e  
co m p lex  forms of m o tio n  as forms of ex is tence  fo r  simple forms o f  m o tio n .  
A d ia lec t ic  com b in a t io n  o f  t h e  two principles c a n  be  found in the fo rm u la t io n  
b y  H ö r z  and  L ö t h e r  (1964), according to w h ic h  th e  complex forms o f  m o tio n  
are  th e  resu lts  of specific  in te rac t ions  be tw een  b as ic  forms of m o tio n  w hich  
are n o t  only  su b o rd in a te d ,  h u t  should also he r e g a r d e d  as factors a c t in g  s im u l
ta n e o u s ly  and  m an y -s id ed ly .

I n  th e  M arx is t  l i t e r a tu r e  one can f r e q u e n t ly  see the  iden tif ica t ion  of  th e  
su b je c t  o f  geology and even  t h a t  ol the  e a r th  sc iences  w ith  the geological fo rm  
of m o t io n ,  on the  basis  o f  th e  classical in t e r p r e t a t i o n  of the system  of form s 
of m o tio n .  E.g. accord ing  to  K e d r o w  (1965), geological N atu re  can  o n ly  be 
d e te rm in e d  as the  fo rm  of existence of a specif ic  cosmic body as a w hole  and  
of i ts  m inera l  and  gen e ra l ly  inorganic s u b s ta n c e .  A nother d e te rm in a t io n  of 
a s im ila r  sense b u t  c o n n e c te d  with the  b io log ica l  form of motion as well, is 
g iven b y  G u n t a u  (1968), considering th e  s u b je c t  o f  ea r th  sciences ( th e  geo
logical fo rm  of m otion) as one of the  forms o f  t h e  in terre la tion  of  physica l ,  
chem ical and  biological fo rm s of motion of t h e  su b s tan ce  in a ce r ta in  p a r t  of 
N a tu re  l im ited  in space  b y  th e  dimensions o f  t h e  E a r th  and in t im e  b y  its 
h i s to ry  f rom  th e  cooling off  o f  its surface to  t h e  p re se n t  time.

W h e n  M arxis t  re sea rch ers  insist on th e  app l ica t io n  o f  E n g e l s ’ classical
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sy s te m  of forms o f m o tio n ,  t h e y  are keeping  in view  th e  pr inc ip le  defined  hy 
h im  t h a t  the  sub jec t  o f  sciences is m a t t e r  in m otion  and  th e  a im  o f  science is 
t h e  cognition of  th e  m o tio n  o f  m a t t e r  (“  . . . h ab en  wir die B ew egung  der 
M ate r ie  e rk a n n t  . . so h a b e n  w ir  die M aterie  se lbst e r k a n n t” ). T h e ir  s t a n d 
p o in t ,  however, while s t a r t in g  from  a sound  basis, loses m u ch  o f  its  rea l i ty  
w h e n  these  au tho rs  t r y  in th e i r  classification to  app ly  m echan ica lly  th e  system  
o f  concre te  forms of m o tio n  e la b o ra te d  h y  Engels. In  his “ D ia lec t ics  o f  N a 
t u r e ”  Engels, n a tu ra l ly ,  deve loped  his sys tem  of forms of m o tio n  on th e  basis 
o f  th e  scientific know ledge of his t im e  (more precisely, on th e  basis  of th e  
sy s te m  of disciplines of  th e  m idd le  of  th e  19 th  cen tu ry ) .  A l th o u g h  th e  b a c k 
g ro u n d  of his sy s tem  is bas ica l ly  d ialectical,  th e  scope of i ts  ap p l ic a b i l i ty  is 
cons ide rab ly  re s tr ic ted  h y  th e  fa c t  t h a t  th e  sys tem  of concrete  form s of m otion  
can  only  reflect th e  sy s te m  of scientific  knowledge of a given pe r iod ,  be ing  a l
w ays  b ased  on it. C o n sequen tly  t h a t  th e  classification of sciences can  on ly  p a r t ly  
and  in great outlines coincide w ith  th e  sys tem  of forms of m o tio n  as d e te rm in ed  
h y  ph ilosophy. This does n o t  exclude, however, th e  influence o f  ph ilosophical 
t h e o r y  on th e  theo re t ica l  in v es t ig a t io n  of  sciences and , a t  th e  sam e  t im e ,  the  
new  scientific  know ledge a n d  th e  ep istom ological system s also re a c t  on the  
ph ilosoph ica l theo ry .  N everthe less ,  th e  tw o t r e n d s  of inv es t ig a t io n  differ from 
each  o th e r  bo th  in th e ir  levels a n d  in th e ir  ob jectives. The ph ilosoph ica l d e te r 
m in a t io n  (and system ) o f  th e  form s o f  m otion  refers to  th e  whole  o f  th e  ob 
je c t iv e  rea l i ty  (and it  sh o u ld  be va lid  in d ep en d en t ly  of t im e), while  ep is to m o 
logical s tudies are c o n d u c ted  in th e  sphere  of  cognition (in th e  sphere  of  
sciences) reflecting the  p re se n t  s tage  o f  d eve lopm en t (for p rac t ica l  purposes).

F ro m  th e  p o in t  o f  v iew  of ep is tem ology  an d  n a tu ra l  sciences, we are 
o f  th e  opinion th a t  in th e  ph ilosophical system  of dialectical m a te r ia l ism  the  
iden t i f ica t io n  of “ th e  form s of m o tion  according to  the ir  d irec t io n ”  (reversible 
a n d  irreversible m otion , c ircu la t ion ,  deve lopm en t)  as described b y  H o r v á t h ,
(1972), provides a g rea te r  c o n tr ib u t io n  to  th e  philosophical u n d e r s ta n d in g  of 
m o tio n  a n d  to th e  so lu tion  o f  th e  general theore t ica l  p rob lem s o f  special 
discip lines th a n  th e  in flex ib le  sy s tem  of th e  concrete  form s o f  m o tio n  as 
accep ted  earlier. A t  th e  sam e t im e ,  th e  d e te rm in a t io n  of the  sy s te m  o f  concrete  
form s o f motion (of th e  levels o f  o rgan ization) is th e  ta s k  o f  th e  d ifferen t 
specia l  disciplines and  shou ld  be based  on th e ir  theore tica l genera l iza t ions .

The systemic a p p ro a c h  m eans  a sign if ican t s tep  fo rw ard  in th e  science- 
th eo re t ica l  inves tiga tion  o f  n a tu r a l  sciences, in the ir  c lassification  a n d  sys
te m a t iz a t io n .

In  these  inves t iga t ions  sciences them selves have to  he v iew ed  in the  
re la t io n  o f  th e  p a r t  an d  th e  whole, o f  th e  e lem ent and th e  s t ru c tu re ,  in order 
to  avo id  th e  dangers of vu lg a r ,  s ta t ic  and  an tid ia lec t ica l  th in k in g .  In  a d d i t io n  
to  th is ,  however, th e  h is to r ica l-evo lu tiona l  analysis  is also necessa ry ,  since 
evo lu t io n  like in ob jec t ive  sys tem s is one of  the  m ain  aspec ts  o f  m o tion
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for su b je c t iv e  system s, to o .  T h e  jo in t  ap p l ica t ion  of  th e  two aspects , as well 
as th e  equ il ib r ium  of th e i r  p ro p o r t io n a l i ty  are  ind ispensab le  in d ia lectical 
ep is tem olog ica l  inves t iga t ions .

T h is  is the  reason w h y  th i s  a u th o r  is e n d e a v o u r in g  to  app ly  th e  general 
s t r u c tu r a l  and  sy s tem -th eo re t ica l  as well as th e  dynam ica l-genetica l  (historical) 
an a ly ses  a t  th e  c lassif ica tion  a n d  sy s te m a tiz a t io n  of  e a r th  sciences in  th is  
s tu d y .

1.2 .1 . The im portance o f  the classification

T h e  stage of d e v e lo p m e n t  of the  d iffe ren t  g roups  o f  n a tu ra l  sciences is 
d e p e n d e n t  on the  level o f  th e  in te rac t io n  be tw een  th e i r  disciplines, i.e. on the  
i n te n s i ty  th e y  are able to  p u t  a p a r t  of N a tu re  u n d e r  “ genera l b locade” . I t  was 
on ly  f ro m  th e  middle of  o u r  c e n tu ry  th a t  e a r th  sciences have  reached  a level 
o f  d e v e lo p m e n t  where one can  speak  of a un ifo rm  sy s te m  of “ e a r th  sciences“ , 
w i th  a un ifo rm  subject,  fu n c t io n ,  system  and  m eth o d o lo g y  un d er  deve lopm ent,  
c o m p r is in g  all disciplines w h ic h  had  earlier b een  deve lop ing  as m ore or less 
a p a r t .  F o rm erly ,  th e  t e r m  geology h ad  becom e co m m o n ly  know n paralle l  
a n d  as an  equ iva len t  to  th e  nam es  of physics, c h e m is t ry  and  biology. In  th e  
cou rse  of  developm ent,  how ever ,  this n o m e n c la tu re  has  acquired  a d ifferent 
m e a n in g ,  and  to d a y  i t  is n o  m ore a ca tego ry  ana logous  to  th e  o th e r  m a jo r  
g ro u p s  of  n a tu ra l  sciences.

I n  th e  presen t pe r io d  of th e  d eve lopm en t o f  e a r th  sciences th e re  exists 
an  in n e r  (scientific) a n d  a n  o u te r  (social) d e m a n d  for th e  u n d e rs ta n d in g  of 
t h e  essence of our f ie ld  of  science, for th e  id en t i fy in g  of its sy s tem , for the  
e lu c id a t io n  of its in fo rm a t io n a l  connections a n d  for th e  d e m o n s t ra t io n  of its 
social im portance .

T h e re  is ha rd ly  a n y  issue of our periodicals  w i th o u t  a t  least  one article 
on th i s  p roblem . In  th e  S o v ie t  U nion series o f  pub lica t ions  on th e  general 
ph ilo soph ica l  and ep is tem olog ica l  ach ievem ents  o f  n a tu r a l  sciences (“ nauko-  
v e d e n ie ” ) and  special v o lu m e s  are exclusively d e v o te d  to  e a r th  sciences, dea l
in g  — beside h is torical a sp ec ts  w ith  th e  sc ience-theore tica l p roblem s of 
e a r th  sciences as a w hole  or  some of the ir  d if fe ren t  b ranches .  A series of con
ferences  on “ M ateria l a n d  E n e rg y  Flows of the  E a r t h ”  organized since 1968 
b y  t h e  E a r th  Sciences a n d  Mining Division o f  th e  H u n g a r ia n  A cadem y  of 
Sciences has also set as an  a im  to e lucidate  th e  co n cep tu a l  and  m ethodological 
c o n n ec t io n s  betw een  d i f fe re n t  ea r th  sciences. T h e  epistom ological conclusions 
w ere  sum m arized  b y  S z a d e c z k y - K a r d o s s  (1974) in  his h an d b o o k  on “ Geo- 
n o m y ” .

T h e  Geological A ssoc ia t ion  of th e  G D R  organ ized  a sym posium  on th e  
c lassif ica tion  and  s y s te m a t iz a t io n  of e a r th  sciences as early  as in 1963, exc it
ing  a g rea t  in terest  and  g iv ing  rise to  a w ide -rang ing  social m o v em en t  so t h a t
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geological circles h ave  been  still keep ing  th e  ques t ions  arisen a t  t h a t  conference 
on th e i r  agenda.

On th e  in i t ia t io n  of  t h e  P res iden tia l  B o a rd  o f  th e  IU G S (1971, E n g e l 
h a r d t ), an In d e p e n d e n t  Com m ission on “ Geosciences and  M a n ”  has been 
es tab lished  to  inves t iga te  th e  social re la tions a n d  epis tem ological questions 
o f  e a r th  sciences.

The considerable  b ack w ard n ess  of e a r th  sciences in p ub lic  educa tion , 
f i rs t  of all a t  th e  lower an d  secondary  school levels, is a n o th e r  a rg u m e n t  for 
th e  necessity  of a c lear and  u n d e rs ta n d a b le  fo rm u la t io n  of the  essence o f  ear th  
sciences. The w ell-know n econom ical im por tance  of  ea r th  sciences, on  th e  other 
h a n d ,  d em ands  th e  e s ta b l ish m e n t  of an a p p ro p r ia te  theore tica l bas is  for the 
ta sk s  o f  science-organization  indispensable  for th e  rea liza tion  of n a t io n a l  and 
in te rn a t io n a l  science policies. In  th e  field of  e a r th  sciences it  is o f  p a r t ic u la r  
im p o r ta n c e  to  reveal th e  ob jec t ive  connections be tw een  th e  “ b a s ic ”  and 
“ ap p l ied ”  branches of  science for th e  d e te rm in a t io n  of the  p roper  p ropo rt ions  
of  th e i r  deve lopm ent.  The iden t i f ica t io n  of th e  a c tu a l  connections o f  different 
“ bas ic”  or “ th e o re t ic a l”  disciplines m ay  help in  es tab lish ing  a n e tw o rk  of 
in s t i tu t io n s  for fu n d a m e n ta l  search. A p ro p er ly  e la b o ra te d  science-theore tica l 
sys tem  m ay  prove  to  be helpfu l a t  th e  e lab o ra t io n  of th e  th e m a t ic s  o f  dif
fe ren t  g rea t  in te rn a t io n a l  d isc ip linary  or in te rd isc ip l in a ry  associa tions and 
research  program s, to o  (e.g. In te rn a t io n a l  Geological Correlation  P rog ram , 
Geodynam ics P ro jec t  etc.).

1.2.2. D ifferen t types o f  the classification o f  earth sciences

T here  is h a rd ly  a n y  of th e  n a tu ra l  sciences concern ing  which th e re  could 
b e  found  more m isconcep tions  an d  m is in te rp re ta t io n s  f re q u e n t ly  even 
am o n g  experts  o f  e a r th  sciences — th a n  concern ing  th e  su b jec t  a n d  system  
of ou r  science. A t p re sen t ,  several hu n d red  more-or-less scientific d e te rm in a 
t ions  of th e  sub jec t  o f  e a r th  sciences are know n.

E v en  th e  n o m e n c la tu re  for th e  d e te rm in a t io n  of  ou r  field o f  science has 
no t  y e t  been s ta n d a rd iz e d  in  th e  different language  areas. E n g l ish  “ geo
sciences” , G erm an  “ G eow issenschaften” , R uss ian  “ geologitsheskie n a u k i”  are 
in c o n te n t  no t  fully e q u iv a le n t  to  th e  H u n g a r ia n  nam e  “ fö ld tu d o m á n y o k ” . 
N o ta b ly  th e  expression used  b y  us, H un g ar ian s ,  has  a w ider sense b e t t e r  cor
respond ing  to  th e  G erm an  a n d  R uss ian  nam es of  “ E rd w isse n sc h a f te n ”  and 
“ n a u k i  о Zemle” , respec tive ly ,  b o th  of  th e m  also h a v in g  a b ro a d e r  m eaning . 
The m eanings of  the  E n g l ish  “ geological sciences” , G erm an  “ geologische W is
sen sch af ten ”  an d  R u ss ian  “ geologitsheskie n a u k i”  com prise  beside th e  m e a n 
ing o f H un g ,  “ fö ld ta n ”  (=  E n g .  “ geology” , G erm . “ Geologie”  and  R u ss ,  “ geo
lógia” ) o th e r  e a r th  sciences in a b ro ad e r  sense, too  (m ineralogy, pe tro logy , 
pa leon to logy , h is torical geology, geochem istry , geophysics), w ith  th e  excep
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t io n ,  how ever,  of m e teo ro lo g y ,  hydrology, g e o g rap h y ,  geodesy etc . T here  is 
e v e n  a n  extrem ist v iew  c o n t r a s t in g  “ p roper  geosciences”  to  “ geophysical 
sc ien ces”  ( P e s c h e l , 1973). A ccord ing  to B e l o u s o v  the re  are 3 fu n d a m e n ta l  
b r a n c h e s  of earth  sciences: geology, geophysics a n d  geochem istry . T he  con
t r a s t i n g  of geology in a n a r ro w e r  sense w ith  geophysics an d  geochem is try  
f r e q u e n t ly  occurs in th e  l i t e r a tu r e .  The l a t te r  tw o  are no t  even re g a rd e d  as 
p r o p e r  e a r th  sciences e.g. b y  W a t z n a u e r  (1973), in  whose op inion, i t  is only 
g eo logy  in  the  narrow er sense  t h a t  is dealing w ith  th e  h is tory  o f  th e  evolu tion  
o f  t h e  E a r th ,  while geophysics  and  geochem istry  a re  only  s tu d y in g  th e  p resen t  
p h y s ic a l  and chemical s t a t e  o f  N a tu re .  On th e  o th e r  h an d ,  one m a y  agree w ith  
M e d u n i n  (1973) p lac ing  s ide b y  side (co-ord inating) all e a r th  sciences (geol
ogy , geography, m eteo ro lo g y ,  etc.) as disciplines of  equal r a n k ,  since “ th ey  
d if fe r  f ro m  one a n o th e r  o n ly  in  the ir  m ethods a n d  v iew s”  (i.e. th e y  s tu d y  the  
d i f f e r e n t  levels and in te r r e la t io n s  of the given o b je c t  of th e  E a r t h  — from 
d i f f e r e n t  aspects).

T h e  above m e n t io n e d  vagueness  and u n c e r ta in ty  of the  n o m en c la tu re  
a re  a lso  reflected in th e  n a m e s  o f  scientific in s t i tu t io n s  and  organ iza t ions .  As it  
f r e q u e n t ly  occurs, i n s t i tu t io n s  dealing w ith  a r a t h e r  wide-range field o f  re 
s e a rc h  in  earth  sciences a re  ca lled  geological in s t i tu te s  (very often , n a tu ra l ly  
o u t  o f  respect for t r a d i t io n ) .  A t the  same t im e ,  th e  grea tes t  in te rn a t io n a l  
o rg a n iz a t io n  in earth  sc iences,  th e  former Geological Union, has b een  correc tly  
c a l led  In te rn a t io n a l  U n io n  o f  Geological Sciences since 1961. The Geological 
A sso c ia t io n  of the G D R  also ch anged  its n am e to  “ Gesellschaft fü r  Geologische 
W issen sch a f ten ” in 1965. A t  t h e  greatest u n ive rs i t ie s  th e  chairs  o f  disciplines 
in  e a r t h  sciences arc o rg a n iz e d  in “ faculties of geological sciences” .

T h e  relation, c o o p e ra t io n  and, consequently ,  th e  s t ru c tu re  of  the  disci
p l in e s  o f  earth  sciences h a v e  also undergone a considerab le  change in the  recent 
d e c a d e s .  The subject o f  t h e  d ifferen t m ajor fie lds  of science an d  t h a t  of the  
s m a l le r  disciplines are n o t  u n ch an g in g  either , a n d  change in its su b jec t  is fol
lo w e d  b y  a change in  t h e  a im  (function) a n d  m ethodo logy  of science. I t  is 
o n ly  n a tu r a l  th a t  th e  s u b je c t  o f  ea r th  sciences has  also been and  will be chang
in g  in  th e  course of t h e i r  d ev e lo p m en t .

T h e  dete rm ina tions  o f  t h e  subject of e a r th  sciences to  be fo u n d  in the  
l i t e r a tu r e  can he d iv id ed  in to  two fu n d am en ta l  g roups: c lassifications of a 
n a r r o w e r  scope (of a m o re  specialized type) a n d  classifications of a w ider scope 
(o f  a  m ore  general ty p e ) .

I n  the  d e te rm in a t io n s  o f  a narrow er sense o f  ea r th  sciences th e  sub jec t  
o f  t h e  l a t te r  are only t h e  so -called  geological zones (H ung, “ fö ld tan i  öveze tek” , 
R u s s ,  “ geologitsheskie o b o lo ts h k i” ) of th e  E a r t h  (surface of th e  E a r t h  and 
l i th o sp h e re )  and in t im e  o n ly  the  geological s t a t e  o f  the  E a r th  as a celestial 
b o d y  i.e. the period a f t e r  t h e  form ation of th e  o u te r  geospheres. One of the 
re p re se n ta t iv e s  of th is  v ie w  is, for example, B u k a n o v s k y  (1960) following in
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th e  s teps of  E n g e l s  a n d  V e r n a d s k i , re fe r r in g  to  E n g e l s ’ s ta te m e n t  accord ing  
to  w hich  th e  su b jec t  o f  geology is “ n o t  t h e  whole h is to ry  o f  th e  E a r t h  as 
a celestial b o d y  b u t  a certa in  h ighest s t a t e  of developm ent of  t h e  E a r t h ” . 
A t  th e  sam e t im e ,  he is referring to  V e r n a d s k y , too: “ all th e  p rocesses  in 
v es t ig a ted  geologically are only ta k in g  p lace  in a lim ited p a r t  of o u r  p la n e t  -- 
in th e  e a r th ’s c ru s t .”  He did no t  t a k e  in to  consideration  t h a t  th e  sc ien tis ts  
q u o te d  b y  h im  h a d  been keeping in s igh t  geology in a na rrow er sense a n d  no t 
th e  wide range  of  e a r th  sciences (it m a y  be ad d ed  th a t  some o f  t h e  b ran ch es  
of  e a r th  sciences h a d  n o t  even been fo rm ed  in  th e  t im e  of the  sc ien tis ts  cited). 
A t  th e  sam e t im e ,  only  few researchers  h a v e  pa id  due a t te n t io n  to  a n o th e r  
s ta t e m e n t  m ad e  b y  E n g e l s  in his D ia lec tics  o f  N a tu re :  “ The d if fe ren t  celestial 
bodies a n d  am o n g  th e m  our E a r th ,  too , are  concre te , n a tu ra l  ‘o rg a n ic a l ’ u n i ts  
( — sys tem s th e  italics are mine) and , as such, th e y  c o n s t i tu te  th e  su b jec t  
o f  an  in d e p e n d e n t  science.”  This idea  has  b een  fo rm u la ted  b y  Ch a i n  (1960): 
“ Geology is th e  science of  our p lan e t ,  th e  E a r t h ,  more precisely, o f  t h e  s t ru c 
tu r e  and  dev e lo p m en t  of the  E a r t h . ”

One can  of ten  f ind  a coun terposing  in th e  l i te ra tu re  of geo logy  a n d  of 
th e  o th e r  e a r th  sciences, too. E .g . P e s c h e l  (1973), p u t t in g  in t h e  c e n t re  of 
e a r th  sciences geology in a narrow er sense, considers the ir  o th e r  b r a n c h e s  as 
its  au x il ia ry  sciences. G u n t a u  (1968) reg a rd s  th e  re la tion  of geo logy  in  th e  
n a rro w er  sense to  th e  o th e r  e a r th  sciences as t h a t  of the  general to  th e  p a r t i c 
u la r .  An in te re s t in g  tran s i t io n a l  view  is r ep re sen ted  b y  E h m k e  (1974) whose 
classification  is o f  a w ider scope, th ough  n o t  regard ing , a t  th e  sam e t im e  e a r th  
sciences as an in te g ra te d  system . In  his op in ion , geological sciences in v e s t ig a te  
th e  s t ru c tu re ,  com position , changes a n d  d ev e lo p m en t  of the  E a r t h :  “ T h e ir  
su b jec t  is d e te rm in ed  in space by  th e  d im en s io n  of the  E a r th  a n d  in  t im e  by  
its h is to ry  from  th e  fo rm ation  of th e  e a r th ’s c ru s t  up to  our t im e .”  H e  divides 
e a r th  sciences in to  tw o groups: b ran ch es  in v es t ig a t in g  the  s t ru c tu ra l  side and  
those  in v es t ig a t in g  th e  genetic aspects . In  his classification e a r th  sciences in 
th e  w ider sense (s t ru c tu ra l  sciences: “ G eow issenschaften” ) are: p h ys ics  o f  th e  
E a r th  (m eteoro logy , hydrology etc., c h e m is t ry  of  the  E a r th ,  geodesy  a n d  
geography ; ea r th  sciences in th e  n a rro w er  sense (“ geologische W issen sch a f
t e n ” ) are those  inves t iga t ing , b o th  th e  s t r u c tu r a l  side, and the  h is to r ica l  a sp ec t :  
geophysics, geochem is try  (mineralogy, pe tro logy ) ,  paleontology a n d  geology. 
T h e ir  sub jec t  is l im ited  in space and  t im e  w i th in  th e  bounds of th e  l i th o sp h e re .  
A fo rm u la t io n  to ta l ly  similar to  th is  one w as given in 1972 by  Z h e r n y a k o v , 
P o k a r s k y  an d  N a z a r o v : “ the  su b jec t  o f  geology is th e  whole E a r t h  (no t  
only  its c rus t) ;  i t  inves tiga tes  th e  s t ru c tu re  a n d  h is to ry  of our p la n e t  to g e th e r  
w ith  fu n d a m e n ta l  laws of its d eve lopm en t b y  th e  m ethods of  th e  d if fe ren t  
n a tu r a l  sciences.”

In  H u n g a ry  th e  w ider in te rp re ta t io n  o f  e a r th  sciences was f i r s t  u sed  b y  
S z a d e c z k y - K a r d o s s  who has also carried  th ro u g h  th is  view in th e  w o rk  a n d
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re sea rch -o rg an iza t io n  of  th e  E a r t h  Sciences a n d  M ining  Division of th e  H u n 
garian  A c a d e m y  of Sciences.

1.2.3. A  conception fo r  classification  o f  earth sciences

T h e  f i r s t  t a s k  in  th e  c lassification  of e a r th  sciences is to  iden tify  th e  d if 
fe ren t  b ra n c h e s  of science a n d  subdisciplines w h ich  can he included in to  th e  
in te g ra te d  sy s tem  of e a r th  sciences. This is n o t  ea sy  to  carry  ou t since i t  n o t  
u n t i l  t h e  p a s t  decade t h a t  those  in teg ra t io n a l  co n nec tions  have been e lu c id a ted  
on t h e  b as is  o f  w hich  th e  b ran ch es  of science ca lled  to d a y  collectively e a r th  
sciences c a n  be inc luded  in th e  sys tem  of n a tu r a l  sciences as equal w ith  physics ,  
c h e m is t ry  a n d  biology. The t a s k  consists of f in d in g  th e  peculiarities d i f fe re n t ia t 
ing e a r th  sciences as one of  th e  e lements o f  t h e  sy s tem  of n a tu ra l  sciences 
from  th e  o th e r  n a tu r a l  sciences. The pecu lia r i t ies  d e te rm ined  in th is  w a y  will 
m a k e  i t  u n am b ig u o u s  w hich  b ranches  of science can  he assigned to  e a r th  
sciences. A f te r  th is ,  e a r th  sciences de te rm in ed  in  su ch  a w ay , now as a “ w h o le” , 
can  b e  d e f in ed  “ in i tse lf” , to o ,  on th e  basis o f  t h e  s t ru c tu re  and dy n am ics  of 
o b jec t iv e  re a l i ty  in v es t ig a ted .  T hus ,  a double  de f in i t io n  of e a r th  sciences can  
be g iv e n :  one of  th e m  d e te rm in in g  w h a t  t h e y  differ  f rom  o ther  n a tu ra l  sciences 
in, a n d  th e  o th e r  d e te rm in in g  th e ir  sub jec t  in a ta n g ib le  form.

T h e  d e te rm in a t io n  of th e  p lace of e a r th  sciences in the  system  of n a tu r a l  
sciences can  be la id  on an ob jec tive  basis w i th  th e  help of th e  d ia g ra m  b y  
S z á d e c z k y - K a r d o s s  (1975), sy s tem atiz ing  gen e ra l  m otion  (a d ia g ra m  on 
m o t io n  or  cyclic law), re fe rr ing  to  th e  sphere  o f  objec tive  rea l i ty  called  as 
“ p h y s ic a l  m a te r ia l” . I n  th is  d iag ram  th e  d i f fe re n t  ty p e s  of m ater ia l  sy s tem s 
a p p e a r  in  th e i r  h ie ra rch ica l  o rd e r  in  d iscre te  space - t im e  and  energy  h a n d s .  
T h  ese d isc re te  ranges  c l iarac terizab le  b y  c o n c re te  space-tim e, te m p e ra tu re  as 
well as b y  energy  a n d  cyclic law, d e te rm ine , a t  th e  same tim e, th e  re sea rch  
fie lds o f  th e  d iffe ren t  disciplines, too. On th is  bas is ,  e a r th  sciences as a whole 
in t h e  sy s te m  of n a tu ra l  sciences can he d e f in ed  as follows: The nam e
“d isc ip lin es  o f  earth sciences”  can be attributed to f ie ld s  o f science investiga ting  
in a n im a te  m aterial system s capable o f  developing and  carrying living  m ateria l 
system s in  the given concrete space-time and energy intervals. ( In  th is  d e f in i t ion  
th e  l a t t e r  p a ra m e te rs  are in ten t io n a l ly  n o t  d e te rm in e d ,  for the ir  spec if ica tion  
a n d  th e  cogn it ion  of th e  fields of  th e ir  in te rp e n e t r a t i o n  m ay  and does c o n s id e r
a b ly  ch an g e  w ith  th e  d ev e lo p m en t  of science, a n d  i t  would make the  def in i t io n  
i t se l f  changeab le  w ith  t im e.)

F r o m  th e  above def in i t ion  i t  follows t h a t  the whole o f  earth sciences m ust 
be considered a system -science fo rm in g  a tra n sitio n  between basic sciences (p h ys ics  
and  chem istry)  and  biological sciences as well as between basic sciences and  astro
nom ica l sciences as a connecting lin k  between them , surveying a f ie ld  o f  the 
m otion  o f  matter not studied  ( and not stud iable)  by other sciences.
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A t the  d e te rm in a t io n  of th e  su b je c t  o f  e a r th  sciences as an  in te g ra l  whole, 
th is  a u th o r  has s t a r t e d  from the  s t a n d p o in t  t h a t  th e  su b jec t  o f  n a tu r a l  sciences 
is in general th e  m u tu a l  connection  o f  th e  s t ru c tu re  of m a t t e r  w i th  th e  e lem ents  
o f  th is  s t ru c tu re  a n d  th e  inv es t ig a t io n  of  th e  func tiona l  regu la r i t ie s  o f  the  
s t ru c tu re ,  w ith  w hich , however, th e  reve la t ion  of  th e  in te r re la t io n  be tw een  
N a tu re  and  Man (society) is also associa ted . A t  th e  sam e t im e ,  i t  has  also to  
be ta k e n  into considera tion  a t  th e  def in i t ion  t h a t  cognition  a lw ays s t a r t s  from 
p rac t ica l  activ it ies  a n d  its aim, to o ,  is h u m a n  practice .

W ith  these considera tions in view, an d  s ta r t in g  from  th e  f i r s t  defin it ion , 
th e  sub jec t  of e a r th  sciences can be defined  as follows:

The subject o f  earth sciences is the ana lysis  o f  the structural p a r ts  ( elem ents)  
o f  the Earth  as a relatively closed system  and that o f  the general correlations 
(fun c tio n a l connections)  o f  these p a rts , as well as the cognition o f  the historical 
fo rm a tion  ( developm ent)  o f  this structure; on the basis o f  all th is, the determ ina
tion  o f  the special and  general regularities concerning the E arth  and  the u tiliza tion  
in  the social practice o f  the resulting knowledge obtained.

1 .3 fT h e  fu n c tio n  o f  earth sciences

The d e te rm in a t io n  of the  su b je c t  of sciences serves as a basis  fo r  the  
d e te rm in a t io n  of th e i r  functions, too .

T he  im m ed ia te  a im  and fu n c t io n  of  research  in th e  fie ld  o f  n a tu r a l  
sciences is the  cognition  of n a tu r e ’s laws, its  m ost f u n d a m e n ta l  func tion ,  
how ever,  is to  m ee t  m a n k in d ’s needs in social p rac tice .  T here  is h a r d ly  any  
b ra n c h  of science w here  th is  double  fu n c t io n  is b e t te r  em phasized  t h a n  in  the 
sys tem  of ea r th  sciences. E ven  th e  origin of its historical d ev e lo p m en t  was in 
th e  closest connection w ith  social p rac t ice  (mining), and  in ou r  t im es  i t  is ind is
pensab le  in th e  so lu tion  of the  m o s t  v i ta l ,  social and  econom ical p rob lem s 
(supp ly  of energy a n d  raw  m ate r ia ls ,  e n v iro n m en ta l  contro l,  space  e x p lo ra 
t ion , t ra n s fo rm a tio n  of  n a tu re ,  etc.).

O f th e  gnoseological functions of  n a tu ra l  sciences those  o f  “ in te r p r e ta 
t io n ”  (explanation) a n d  of “ fo res igh t”  (prediction) m a y  be m e n tio n e d  as 
p ro m in e n t ly  fulfilled b y  e a r th  sciences. In  th is  sense, th e  fu n c t io n  o f  ea r th  
sciences has been d e te rm in ed  by  th is  a u th o r  as follows:

To expla in  the dynam ism  and history o f  the non-liv ing  environm ent 
(E a r th )  o f  the bios and  the hutnan society, to m ake, on the basis o f  th is exp la n a 
tion , predictions about the properties and  processes in  its spheres not w ith in  reach, 
as ye t, fo r  direct observation concerning its changes in  the past and present as well 
as in  the near and d istan t fu tu re , and last but not least — about the depositions, 
qua lity  and use o f  m inera l raw m aterials and energy carriers.

In  the  l i te ra tu re  on ep is tem ology  th e  usual double  r e q u i r e m e n t  for
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a science  to  be acknow ledged  as independen t is to  h ave  an ind ep en d en t  sub jec t  
a n d  a m ethodo logy  of i ts  ow n.

O ne of the  proofs o f  t h e  independence o f  e a r th  sciences, th e  specif ic ity  
o f  t h e i r  sub jec t,  has b e e n  e lu c id a ted  above.

T h e  incredu li ty  co n ce rn in g  the  independence  of  e a r th  sciences has  its 
o r ig in  f i r s t  of all in t h e  f a c t  t h a t  these sciences m a k e  use of m a n y  theo re t ica l  
a n d  m ethodological re su l ts  o f  chem is try  and  of technological sciences and  even 
th e i r  deve lopm ent is v e ry  o f ten  decisively d e p e n d e n t  on th e  use of these  
m e th o d s .  On the  o th e r  h a n d ,  th e  specific m e th o d s  of  e a r th  sciences are m is
t a k e n ly  no t  recognized (or accep ted) ,  and, on th e  o th e r ,  th e  possib ility  for one 
o f  t h e  n a tu ra l  sciences to  use  th e  results  o f  a n o th e r  in  its  own field w ith o u t  
a n y  d am age  to  its in d ep en d en ce ,  is disclaimed.

T h e  m ethodological sy s te m  of earth  sciences has been s trong ly  p e n e t ra te d  
b y  m e th o d s  o r ig inating  f ro m  o the r  n a tu ra l  sciences, b u t  these  m e thods  are 
a p p l ie d  in a specific w ay ,  fo r  solving specific  ta sk s .  T hus , e a r th  sciences, 
t o g e th e r  w ith  biological and  as tronom ica l sciences m a y  also be called n a tu ra l-  
h is to r ica l  sciences as a g a in s t  physics and c h e m is t ry  w hich  m a y  be basica lly  
r e g a rd e d  as s t ru c tu ra l  sciences.

2. The system of earth sciences

I n  our days th e re  does n o t  exist any  fu lly  deve loped  sy s tem a tiza t io n  of 
e a r t h  sciences to  be g en e ra l ly  accepted  or used . T he  d ifferen t b ranches  of our 
science are m ost f r e q u e n t ly  classified into groups  b y  sep a ra t in g  th e  so-called 
“ s t r u c tu r a l ” , “ m a te r ia l  t e s t in g ”  disciplines (m inera logy , pe tro logy , geo
c h e m is t ry ,  geophysics) f ro m  h is torical-genetical e a r th  sciences (general geol
ogy ,  historical geology, tec ton ics ,  pa leon to logy , etc.). I n  th is  m echanical 
d iv is ion , however, th e re  is a con trad ic t ion , since w ith in  all subdisciplines one 
f in d s  these  two t r e n d s ,  o r  research approaches  a lw ays tog e th e r ,  only  w ith  
a d ifference in th e  p ro p o r t io n s ,  a t the  most.

T he  o ther  f r e q u e n t  ty p e  of sy s tem a tiza t io n  is th e  con tra s t in g  of geology 
(H u n g ,  “ fö ld tan ” ) in th e  n a r ro w e r  sense w ith  e a r th  sciences in th e  w ider sense, 
as be ing  allegedly on ly  a u x i l ia ry  disciplines of  geology.

As in the  case o f  c lassification , in sy s te m a t iz a t io n ,  too , th e  knowledge 
o f  th e  hierarchical sy s te m  of the  su bs tance  and m o tio n  an d  th e  system - 
th e o re t ic a l  app roach  are  v e r y  helpful. One has  to  s t a r t  here  from  th e  con
s id e ra t io n  th a t  sciences are  reflections in th e  h u m a n  m ind  of some o b jec t  or 
g ro u p  of phenom ena , i.e. t h e  s truc tu re  of science is d e te rm ined  b y  th e  s t ru c 
tu r e  o f  th e  object (sys tem ) inves t iga ted . S t ru c tu re  m eans  connections be tw een  
th e  e lem ents of th e  sy s te m . These connections h av e  form ed regularly ,  as a 
re su l t  of the  d ev e lo p m en t  o f  the  system , i.e. s t ru c tu re  is th e  m a te r ia l  m a n i
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fe s ta t ion  of th e  process of d e v e lo p m e n t  (“ frozen d e v e lo p m e n t” ). C onsequen tly  
th e  s t ru c tu re  (inner order) of science has also to  be d e te rm in ed  b y  his torica l 
m e th o d .  This process of science dev e lo p m en t  is f i rs t  of all ch a ra c te r iz e d  by  
th e  deepening of cognition: from  th e  descrip tion  of  d irec t p h e n o m e n a  th ro u g h  
sy s tem a tiza t io n  a n d  th e  rev e la t io n  o f  the ir  essence to w ard s  th e  cogn it ion  of 
general laws.

In  a sy s tem a tiza t io n  b u i l t  on  such principles one tries  to  f in d  s t ru c tu ra l  
a n d  genetical connections be tw een  th e  branches  of science (in th e  dialectical 
re la t ions  of th e  p a r t  and  th e  w hole ,  o f  th e  p re sen t  an d  th e  pas t) .

Such a sy s tem  can be i l lu s t ra te d  in a sys tem  of coo rd ina tes  b y  p lo t t in g  
on one of its axes th e  g radua l  b u i ld in g  up of th e  o rgan iza t iona l  levels o f  the  
su b jec t  of the  science, and , on th e  o the r ,  th e  degrees of  cogn ition , w i th  the  
pu rpose  of genetical sy s te m a t iz a t io n  (desc r ip t ion -sys tem atiza t ion ,  rev e la t ion  
o f  inne r  connections and  cognition  of  general laws).

Such a sy s tem a tiza t io n  of  e a r th  sciences (Table I) shows th e  in n e r  con
s tru c t io n  of th e ir  s t ru c tu re  ( e le m e n ta ry  partic les an d  fields of  force, a tom s, 
ions, molecules, m inerals , rocks, geological fo rm ations ,  geospheres, E a r th ) ,  
ind ica t ing , a t  th e  same tim e, t h e  h is torical dev e lo p m en t  and  h ie ra rc h y  of 
e a r th  sciences, as well. The b ra n c h e s  of science superim posed  in th e  ver t ica l  
co lum ns always include the  th e o re t ic a l  generalizations and th e  ev idence  of  the 
subdisciplines below th em , rising, how ever, h igher and  h igher  in  th e  level of 
genera lization  and  in the  th e o re t ic a l  field. In  th e  horizonta l lines one goes 
from  th e  sim pler  elem ents o f  th e  in v e s t ig a te d  sys tem  to more a n d  m ore  com 
p l ica ted  ones, to w a rd s  th e  t o ta l i ty  o f  the  system .

The m ost fu n d a m e n ta l  e a r th  sciences are th e  disciplines in v es t ig a t in g  
th e  basic k inds o f  m a t te r  c o n s t i tu t in g  the  whole of th e  l i thosphere ,  m inera ls  
and  rocks, th e ir  com position, genesis and depositions: these  are  th e  m inera-  
logical and  petro logical sciences a n d  th e  disciplines based  on th e m .  W ith o u t  
th e i r  in fo rm ationa l  system s th e  d isciplines of e a r th  sciences in v e s t ig a t in g  the  
p re se n t  and  p a s t  s ta te s  and  changes  of the  E a r th  w ould  be u n fo u n d e d  and  
unutil izab le .

Similar to  th is  is th e  role of h y d ro lo g y  and  t h a t  of m eteoro logy , too, b o th  
o f  th e m  serving th e  cognition of in d e p e n d e n t  geospheres w ith  a m ethodo log ica l  
sys tem  of the ir  own like l i thospheric  sciences. B u t  in th e  fo rm er tw o  disciplines 
th e  investiga tions of substance  — s t ru c tu re  — m otion  an d  occurrence  a re  n o t  
s e p a ra te d  from one ano the r ,  f irs t  o f  all because of th e  less com plexness  o f  these  
geospheres (hydrosphere  and  a tm o sp h e re ) .  F o r  t h a t  m a t te r ,  th e  h is torica l 
t r e n d s  of m eteoro logy  and  h y d ro lo g y  have no t  been developing  u n t i l  m ost 
recen t ly ,  facing m uch  g rea te r  diff iculties  th a n  the  disciplines dea ling  w i th  th e  
inves t iga t ion  and  h is to ry  o f  th e  solid  E a r th .  The his torica l d ev e lo p m e n t  of 
t h e  hyd rosphere  and  a tm osphere  o f  th e  E a r th ,  as a m a t t e r  of fac t ,  c a n n o t  be 
revea led  w ith o u t  th e  use of the  re su l ts  of the  o th e r  e a r th  sciences.
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Table I
Structural-genetic system

C om m on regulari-
tie s  and to ta l re 
la tio n s  (“ nom y” )

P re se n t and fu ture

Specia l regularities P a leo b io lo g y
an d  h isto ry  of P aleoeco logy
evolu tion

P a leo n to lo g y

Sc
ie

nc
e 

of
 e

vo
lu

ti
on

 

G
eo

ph
ys

ic
s

G
eo

ch
em

is
tr

yаз In te rn a l relations
a n d  genetics 
(“ logy” )о

■миз 2 0 th  century

о C enology
S tru c tu ra l analysis 
1 9 th  century

E co lo g y

S y s te m a tic
S y stem atiza tion paleo n to lo g y
D escrip tion  ("g ra- D esc rip tiv e
phy”)

E n d  of the  18th
paleo n to lo g y

century

S tru c tu ra l line Fossil P a r tic le s  and A tom s (ions)
fields o f force m olecules

The disciplines o f  geological fo rm ations  and  of solid geospheres are in 
a c lo se r  in te rconnec tion  -with one an o the r  t h a n  w i th  those  m en tioned  above. 
O n  th e  top  of these sc iences we find general geology in a n a rro w er  sense and 
h is to r ic a l  geology.

G eochem istry  a n d  geophysics have a special p lace ou ts ide  of  th e  above 
m e n t io n e d  disciplines. T h e se  fields of science posses a re la t ive ly  g rea t  inde
p e n d e n c e  within e a r th  sc iences, being in an  in te rd isc ip l in a ry  position  tow ard  
c h e m is t ry ,  physical c h e m is t ry ,  physics, cosm ology  an d  p lane to logy , w ith  an 
e a r th -sc ien t i f ic  em p h as is .  Tn th e  s truc tu ra l  s y s te m a t iz a t io n  th e y  ap p ea r  on tw o  
leve ls  in the  system  o f  e a r t h  sciences: on th e  level o f  the  e lem en ta ry  partic les, 
f ie ld s  of  force, a tom s a n d  molecules, and on th e  level of th e  global s t ru c tu re  
( E a r th ) .  The reason for  th i s  is th a t ,  reg a rd in g  th e i r  re search  m e thods , the ir  
in v es t ig a t io n s  are ca rr ied  o u t  on the  level o f  fields o f  force, a tom s an d  mole
cu les ,  b u t  the  c o rre la t io n s  and  laws revea led  b y  th e m  a re  bear ing  on th e  
c o g n i t io n  of a p a r t ic u la r  m a te r ia l  system  ( th e  E a r th ) .  T herefore  geochem istry
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o f  the earth sciences

G enetics of 
m inerals 

M ineralogy 
E x p erim en tal 

m ineralogy

C rystal
chem istry

S tru c tu ra l
m ineralogy

System atic
m ineralogy

C rysta l
lography

Petrogenesis
Petro logy

(lithology)
E xperim en tal

petrology

R ock-
m icroscopy

S tru c tu ra l
petrology

S ystem atic
petrology

P e trog raphy
L ithography

O ryctognosy  

M inerals R ocks

P aleo -
g eography

R eg ional
geology

T ecton ics

S tra tig ra p h y
Geological

m ap p in g

Geonom y

E a r th s  h isto ry  G eodynam ics 
Geology of evo lu tion  of

oceans th e  E a r th
Paleo-oceanology 

Paleo- 
clim atology

Geology
H ydrogeology
O ceanology
M eteorology

T ectonics
Geo

m orphology

G eography
O ceanography
H y drography
W eath er

reg is tra tio n

Geognosy

T3e

ACu
ОиО

F o rm a tio n s Geospheres E a r th

a n d  geophysics used in m odern  science on all levels of o rgan iza t ion  m en tio n ed  
above  (i.e. th e i r  results  are a p p l ie d  b o th  in th e  inves t iga t ion  of m in e ra l  rock- 
fo rm ation  a n d  geosphere) are so-called global disciplines.

S im ilarly  global sciences a re  in  th e  p re sen t  s ta te  of know ledge :  global 
tec ton ics  (geodynam ics), th e  d iscip line of th e  deve lopm ent o f  th e  E a r th  
(cosmogeology or geocosmology) a n d  finally , in th e  highest to ta l i ty  o f  g en era l i 
za t ion , geonom y (theoretical geology). These global sciences p a r t ly  p e rm e a te  
all o the r  disciplines, p a r t ly  genera lize  an d  in te g ra te  the ir  evidence a n d  theories .

Paleontological sciences a re  in a p a r t ic u la r  position in t h e  sy s te m  of 
n a tu ra l  sciences: in an  in te rd isc ip l in a ry  position  betw een  biology a n d  ea r th  
sciences. As rega rds  the ir  su b je c t  (s tu d y in g  p h en o m en a  and  evo lu t io n  of  Life), 
t h e y  are closely connected  w ith  biological sciences, b u t  by  th e  h is to ry  o f  th e ir  
own d eve lopm en t th ey  are even  m ore  closely a t t a c h e d  to ea r th  sciences. This 
du a l  position is th e  reflection o f  th e  ob jec tive  rea l i ty ,  for a s e p a ra te  evo lu tion  
o f  E a r th  and  Life is u n im ag in ab le .  This  dev e lo p m en t  takes  p lace in a con-
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s t a u t  a n d  m u tu a l  conn ec t io n .  Thus it  was d e m a n d e d  b y  th e  logics of inv es t ig a 
t io n  t h a t  the  pa leon to log ica l  branches of science should  develop in  a close 
connec tion  w ith  geological disciplines. Several im p o r ta n t  disciplines o f  ea r th  
sciences re ly  on th e  re su l ts  o f  paleonto logy  (b io s tra t ig rap h y ,  h is torica l geol
ogy, b iogeochem istry  e tc .) ,  on the  o ther  h a n d  th e  deve lopm ent of pa leo n to l
ogy  has  been insp ired  b y  e a r th  sciences. On th is  basis  it  m ay  be reg a rd ed  as 
a p ro p e r  solution t h a t  in H u n g a ry  un like  in  o th e r  countries -  p a leo n to 
logical sciences are sy s te m a t ic a l ly  a t tach ed  to  e a r th  sciences b o th  in th e  e d u ca 
t io n a l  field and in rea l  scientific  connections. W i th  th is  connecting link , the  
tw o  m o s t  im p o r ta n t  system -sciences — e a r th  sciences and  biological sciences — 
re p re se n t  a s trong u n i ty  in  th e  system  of n a tu r a l  sciences, reflecting  th e  u n i ty  
of inorgan ic  and o rgan ic  m a t t e r  and its m o tion .

3. Inform ational connections o f earth sciences

3.1 . F undam enta l types o f  inform ational connections

T hree  basic ty p e s  o f  in te rac t ion  b e tw een  sciences are d is tingu ished  by  
th e  in fo rm atio n  th e o ry .  A detailed  review  of th e se  types  — a f te r  D o b r o v

(1973) m a y  c o n tr ib u te  to  th e  b e t te r  u n d e r s ta n d in g  of the  in te rn a l  and  ex
te r n a l  in fo rm ationa l  co rre la t ions  of ea r th  sciences, th e  processes of fo rm ation  
a n d  deve lopm en t of  t h e  in teg ra ted  b ran ch es  of  e a r th  sciences, m a k in g  th e  
p re d ic t io n  of changes to  be expected  in th e  fu tu re  also possible.

3.1.1. Inform ation-borrow ing connection:

The u ti l iza t ion  o f  th e  in form ational sy s te m  of a science is th e  in v es t i 
g a t io n  of an ob jec t t r a d i t io n a l ly  belonging to  t h e  field of a n o th e r  discipline. 
I n  th is  case, some in n e r  difficulties arise in th e  f ie ld  of a discipline n o t  pos
sessing sufficient scientif ic  inform ations to  solve th e m ;  b u t  there  exists  a n o th 
er discipline hav in g  th e  inform ations (m o s t ly  m e th o d s  and/or conceptions) 
b y  m ean s  of which it  is possible to  solve th e  p ro b lem  in question . In  such 
cases th e  borrow ed in fo rm a tio n s  are p rocessed  in  th e  course of  re search  in 
th e  sys tem  of t h a t  d isc ip line  to  whose d irec t  su b je c t  th e  p rob lem  in ques
t io n  belongs, since i t  is th e  only discipline w i th  a sys tem  of conceptions and 
laws w here  the  g iven in fo rm ations  can be u ti l ized . I t  is only n a tu r a l  th a t ,  
a f te r  be ing  processed, th e  in form ations m a y  r e tu r n  into the lending  science, 
c o n tr ib u t io n  w ith  new  know ledge to  th e  sy s te m  of the  la t te r  too . In  the  
course  of  such scientif ic  processes, w ith  th e  in fo rm a tio n  transfe r  a n d  feed
b a c k  becom ing s y s te m a t ic a l ,  a conso lidated , specialized and d iffe ren tia ted  
b ra n c h  of science is fo rm e d  between the  tw o  disciplines (Fig. 1).

The m a jo r i ty  of  in fo rm ationa l  connec tions  be tw een  ea r th  sciences and
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Fig. 1. In fo rm a tio n  bo rrow ing . T he d ev e lo p m en t (fo rm atio n ) of in te rd isc ip lin a ry  b ra n c h e s  of 
sciences (e.g. geophysics , geochem istry). I  =  In fo rm a tio n  sy s tem ; F  =  fa c ts ;  C =  con
cep tio n s, th eo ries; M =  m ethods, m eans, p ro ced u re s ; E  =  E a r th  sciences; S =  o th e r  n a tu ra l  
sciences; S j =  in te rd isc ip lin a ry  b ran ch  o f sc ience; I* =  in fo rm a tio n  feed b ack ; Ig  =  social 

d e m an d ; Mg =  social realiza tion  of sc ien tif ic  a ch iev em en ts ; O b j^  o b jec t o f th e  sc ience

o th e r  n a tu ra l  sciences belong to  th i s  ty p e  (e.g. geophysics, g e o c h e m is t ry ,  
ex p e r im en ta l  m inera logy , economical geology etc.). S imilar connec tions  m a y ,  
how ever, develop n o t  only betw een  tw o ,  b u t  th re e  or more sciences or  b r a n c h e s  
of  science (b iogeochem istry , cosm ogeochem is try  etc.).

In  the  case o f  in terd isc ip l inary  b ra n c h e s  of  sciences i t  is a lways t h e  o b je c t  
in v es t iga ted  t h a t  decides which f ie ld  o f  science th e  new discipline be lo n g s  to . 
E .g .  th e  research  ob jec ts  of th e  ab o v e  m en tio n ed  branches of science  are 
d iffe ren t  s t ru c tu ra l  elements of th e  E a r t h ,  a n d  th e i r  relations, i.e. t h e i r  con 
nec tions  w ith  th e  sys tem  of ear th  sciences are s tronger  th a n  those to  ph y s ics ,  
ch em is try  or bio logy. On this basis, t h e y  are  to  be regarded  as e a r th  sciences, 
c o n t ra ry  to  th e  assu m p tio n  abou t th e i r  be ing  applied  to  chemical or p h y s ica l  
disciplines.

This erroneous approach  has la te ly  b een  su p p o r ted  also b y  th e  f a c t  t h a t  
geophysics an d  geochem istry  are n o w  g e t t in g  more and  more in d e p e n d e n t  
from  physics a n d  chem is try ,  respec tive ly ,  as well as from  the  d ifferent b ra n c h e s  
o f  e a r th  sciences. This  process is d ue  to  th e  fac t  t h a t  now adays, h a v in g  lost 
th e i r  form er, r a th e r  in te rm ed ia to ry  c h a ra c te r ,  these  disciplines are in  possession 
of  a s trong  a n d  in d ep en d en t  inne r  in fo rm a tio n a l  system  of th e ir  ow n. N ow  
th e  connections w i th  th e  other b ra n c h e s  of  th e i r  “ m o th e r  sciences”  a re  w e a k 
ened  b y  th is  in n e r  sy s tem , i.e. the  possib ili t ies  o f  h e a l th y  in teg ra t ion  a re  w e a k 
ened  b y  highly deve loped  d iffe ren tia tion . T he  re su lt  of th is  process is t h a t  th e  
t r a in in g  of specialis ts  in geophysics and  geochem is try  has becom e g re a t ly  
in d e p e n d e n t  a t  th e  universities  of to d a y ,  and  in th e  general system  of t r a in in g  
in e a r th  sciences, these  disciplines (especially  geophysics) are only t r e a t e d  as 
applied  or m ethodological branches o f  science and  the ir  theore t ica l  r e su l ts  are 
n o t  even  ta u g h t  on an adequa te  level.

As a resu lt  o f  th e  re ta rd a ted  p rocess  of  in teg ra t io n ,  it  is only to  a l im ited
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e x te n t  t h a t  th e  ac h ie v e m en ts  of these d iscip lines can  be utilized in th e  inne r  
sy s te m  of ea r th  sciences in th e  process to  r e a c h  th e  final aim, a b e t t e r  and  
m an y -s id ed  cognition  o f  th e  E a r th .  A t  th e  s a m e  t im e ,  there  is a considerab le  
n u m b e r  of geophysic is ts  and  geochemists n e g lec t in g  or considering as n e g 
ligible th e  results  o f  o th e r  e a r th  sciences a n d  be liev ing  in th e  exclusive effic ien
cy of  th e i r  own d isc ip lines  in  geological re se a rc h .

3.1.2. J o in t in fo rm a tio n  system

I n  th is  ty p e  o f  in te ra c t io n  the  sam e o b je c t  is s tud ied  b y  tw o  or m ore 
b ra n c h e s  of science in  su ch  a w ay  t h a t  th e  in fo rm a t io n  system  orig inates  f rom  
m ore  th a n  one d isc ip line  and  the new in fo rm a t io n s  are also processed u p  in 
t h e  sy s tem s of tw o  or m ore  disciplines. T h is  fo rm  of in fo rm ationa l connec tion  
f re q u e n t ly  m eans a n  in te ra c t io n  b e tw een  h ig h ly  d ifferen tia ted  b ran ch es  of  
science, th u s  in d ic a t in g  a ten dency  to w a rd  in te g ra t io n  (Fig. 2).

T he  connec tions  o f  d ifferent b ranches  o f  e a r th  sciences w ith in  th e  in n e r  
s t r u c tu r e  of th e  l a t t e r  are , for the  m ost p a r t ,  o f  th is  ty p e  (serving th e  m a n y -  
s ided  cognition of  som e geological p h e n o m en o n )  bring ing  ab o u t  th e  fo rm a t io n  
of th e  so-called in te g r a te d  disciplines of e a r th  sciences. E .g. dynam ica l  geology 
or gcodynam ics h a v e  b een  formed by  th e  p e r m a n e n t  connection be tw een  geo
p h ys ics  and  tec to n ic s .

S im ilar in te g r a te d  branches  of science m a y  develop be tw een  fields of 
science far  a p a r t  f ro m  one another. F or  e x a m p le ,  the  com bined research  of 
m ed ica l  geology a n d  m edical meteorology is t h e  effect of the  h u m a n  e n v iro n 
m e n t  (geological processes , changes in th e  e lec tr ica l  and m agnetic  fields of  th e  
E a r t h  and  of m eteoro log ica l  processes) on h u m a n  organisms. The s tu d y  of th is  
s u b je c t  necess i ta tes  t h e  coopera tion  of e a r th  sciences w ith  m edical sciences 
as well as geology, b u t  the  social u t i l iza t io n  th e i r  results  are socially u ti l ized  
m a in ly  in the field o f  medical sciences.

Fig. 2. J o in t  in fo rm a tio n . R ealiza tion  of sc ien tif ic  in teg ra tio n  (e.g. geod y n am ics, 
m ed ica l geology, b io m e teo ro lo g y  etc.). O b jx =  o b je c t  in v es tig a ted  jo in tly ;  Sx— S2 =  co

o p e ra tin g  disciplines; Sj  =  in te g ra te d  discipline
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In ou r  days  earth-scientific  re sea rch  can  only he efficient w ith  th e  col
labo ra t ion  of  n u m ero u s  in fo rm ationa l  sy s tem s of geosciences in th e  in v e s t ig a 
tion  of  all th e  spheres  and processes o f  th e  E a r th .  Now the  p rincip le  o f  c o n 
scious d irec tion  of  research m a n a g e m e n t  has come in to  the  fore a n d  th e  sam e 
should  he th e  t r e n d  of fu tu re  dev e lo p m en t ,  too . This is the  aim of o rgan ized  
scientific  re search  p rogram s like th e  S ym posia  on th e  M aterial a n d  E n e rg y  
Flows on E a r th ,  sys tem atica l ly  o rgan ized  b y  th e  E a r th  Sciences a n d  M ining 
Division of th e  H u n g a r ia n  A cadem y  o f  Sciences, as well as in in te rn a t io n a l  
p ropo r t ions  th e  recen tly  conc luded  U p p e r  M antel P ro jec t ,  t h e  c u r r e n t  
G eodynam ics P ro je c t  and the  IG C P . F o r  in s tan ce  in the  f ram ew o rk  o f  th e  
G eodynam ics P ro je c t ,  th e  inves t iga t ion  of  e a r th  dynam ics  is carr ied  o u t  m a n y -  
sidedly th ro u g h  th e  in te rn a t io n a l  co llab o ra t io n  of  geophysics, g eo ch em is try ,  
tec ton ics ,  s t r a t ig ra p h y ,  and even o f  h y d ro lo g y  and  — on H u n g a r ia n  in i t ia 
tive  of m eteoro logy , as well. (See th e  n o t io n  m ad e  b y  E . S z á d e c z k y - K a u d o s s  
to  th e  G eodynam ics  Program .)  T h e  w ell-know n a n d  efficient p ro g ra m  of 
oceanograph ic  re search  in i t ia ted  b y  th e  U S S R  and  th e  USA, is also h ig h ly  
com plex  in ch a ra c te r .

All over th e  w orld  an increasing  n u m b e r  o f  research in s t i tu te s  a re  being  
es tab lished  for solving some def in i te ,  co m p lex  problem s, where e x p e r t s  of 
d ifferent specialized branches of sciences are  he lp ing  one a n o th e r  w i th  d irec t  
in fo rm ations  in th e  solution of th e  g iven  ta s k .  I n  D o b r o v ’s es t im a tion  (1 9 7 2 ) ,  
more th a n  50 p e r  cen t  of the m a te r ia l  resources  a n d  personnel force o f  m o d e rn  
science are o p e ra t in g  in the  system  of such  connections.

3.1.3. Connections in  the processing o f  in form ations

The in fo rm ation-sys tem s of severa l  b ra n c h e s  of science are processed  in 
th e  sys tem  of a new  discipline, w i th  th e  exclusion  of th e  d irect in v e s t ig a t io n  
of th e  ob jec t.  This  ty p e  of connection  re p re se n ts  the  h ighest level o f  in te g r a 
tion , and  i t  will be  th e  fu tu re  form  o f  science d eve lopm en t (Fig. 3). D iscip line

Fig. 3. P rocessing  o f in form ations. T h e  fo rm a tio n  o f sum m ariz ing  th eo re tic a l sciences 
(e.g. geonom y). S j  =  T h eore tical discip line (w ith  th e  exclusion  of d irec t o b je c t) ;  Sx =  x  

n u m b er o f d isc ip lines; I  =  in fo rm a tio n  a cq u ire m e n t;  I ’ =  in fo rm atio n  fe ed b a ck
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S74 in its  process of re sea rch ,  analyses and  generalizes the  m ass of in fo rm a 
t io n a l  d a t a  of o th e r  sciences, i.e. it  has no d i re c t  sub jec t  of its  own.

N ovel  disciplines of th is  k ind  am ong  th e  social sciences, ep is tem ology  
g en e ra l iz in g  the inner  regu la r i t ie s  to  he o b se rv e d  in all kinds of disciplines, 
a n d  a m o n g  n a tu ra l  sciences are  theore tica l b io logy  and  theore t ica l  geoscience: 
geonom y.

3 .2 . T he  concept o f  geonom y

F i r s t  of all, i t  shou ld  be  m entioned  t h a t  geonom y is n o t  a fu l ly  d eve l
o p ed  discipline, i t  is on ly  ta k in g  shape in ou r  days .  F or  it  is only to d a y  t h a t  
th e  o u t l in e s  of a h igh-level in teg ra t io n  beg in  to  emerge, p rom o tin g  th e  d e 
v e lo p m e n t  of a theoretical science capable o f  em bracing the whole to tality o f  earth  
sciences. T he  te rm s th e o re t ic a l  geology or th e o re t ic a l  geoscience are also used  
b y  so m e  researchers, b u t ,  in th is  a u th o r ’s op in ion , n o t  ap p rop r ia te ly ,  since all 
sc iences and  disciplines h av e  th e ir  own e x p e r im e n ta l  (empirical) a n d  t h e o r e t 
ical sides in all stages of  th e i r  dev e lo p m en t .  The te rm  geonom y is m ore  
u n a m b ig u o u s ,  because  it refers to the essential a im  o f  new d isc ip lin e: to the 
estab lish ing  o f  general regularities.

T h e  concept of g eo n o m y  a p p ea red  in th e  special l i te ra tu re  on  e a r th  
sc iences all of a sudden  in th e  1950ns, b u t  its orig in  has no t  ve t  been  s t a t e d  
b y  a n y b o d y .  A v e ry  in te re s t in g  in fo rm ation  was pub lished  in 1972 b y  Y i s o t s k y  
in h is  w ork  on th e  h is to ry  o f  science, acco rd ing  to  which th is  te rm  h a d  been  
u s e d  in  a book on science th e o ry  by  R u ss ian  ph ilosopher G r o t  as ea r ly  as 
in  1884, p red ic t ing  its usage  for the  m os t  deve loped  stage of geosciences in 
th e  2 0 th  cen tu ry ,  and  calling  it (geonomy) as general geoscience. T h u s  th e  
p h i lo so p h e r ,  b y  dialectical th in k in g ,  was ab le  to  give a correct p red ic t io n  on 
th e  d e v e lo p m e n t  of sciences nea r ly  one c e n tu r y  ago.

A n  in t e r p r e ta t io n  o f  t h e  e s sen ce  o f  g e o n o m y  h a s  b e e n  g iv e n  b y  S zÁd e c z - 
k y - K a r d o s s : “  We see the m a in  task o f  geonom y in  the system atization o f  the 
connections between phenom ena in  the fie ld  o f  earth sciences, revealed by d ifferen t 
sciences using different methods.'’'’

I t  was in th e  ea r ly  70-ies t h a t  th e  d e v e lo p m e n t  of e a r th  sciences h a d  
re a c h e d  th e  level necessary  fo r  the  app ea ran ce  o f  th e  f irs t  hand b o o k s  on  geo
n o m y ,  a n d  the  in t ro d u c t io n  o f  this new s u b je c t  in  the  in s t i tu t io n s  o f  h igher  
e d u c a t io n  becam e a d e m a n d  of p r im a ry  im p o r ta n c e .  One of th e  f i r s t  books 
in w o r ld  l i te ra tu re  ou t l in in g  th e  subject,  c o n te n t  and  t re n d  of dev e lo p m en t  
o f  g e o n o m y  was th e  p re l im in a ry  edition of  S z a d e c z k y  - K a r d o s s ’ “ G eo n o m y ”
(1974). In  it, beside th e  m o s t  general th e o re t ic a l  synthesis  of e a r th  sciences, 
one  c a n  f ind  the  exposition  o f  th e  sc ience- theory  of  geonomy, w ith  an ana lysis  
oi i ts  role in the  sy s tem  of o th e r  n a tu ra l  a n d  social sciences. O ur science- 
th e o re t ic a l  s ta tem en ts  h ave  m ain ly  been in sp ire d  by  th is  book.
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H ighly  in te res t in g  sc ience-theoretical conclusions m ay he d raw n  f rom  
a com parison  of geonom y w ith  theore tica l b io logy . According to  A s t a u r o v  
“ theo re t ica l  b iology is th e  sys tem atiza t io n  a n d  reconsidera t ion  of th e  ev idence  
of  life, th u s  m ak in g  i t  possible to  express th e  o b se rv ed  phenom ena  in  t h e  fo rm  
of possib ly  m ost general a n d  m u tu a l ly  in te r r e la te d  regularities or, p e rh a p s  
law s” . E.g. it  m akes possible th e  u n d e rs ta n d in g  o f  seemingly separa te  p h e n o m 
ena like an  in h e r i tance  a n d  evolutionism  o r  th e  dialectical sy n th es is  of 
Mendelism an d  D arw in ism  etc . According to  G r e k o v  (1 9 7 3 ) ,  th e  d e v e lo p m e n t  
of  th eo re t ica l  biology is h igh ly  inh ib ited  b y  th e  g re a t  isolatedness a n d  e x t re m e  
specia liza tion  of some biological disciplines.

I t  is of a g rea t  epistemological im p o r ta n c e  t h a t  e a r th  sciences a n d  b io 
logical sciences h a d  a lm ost  s im ultaneously  re a c h e d  a level of theore t ica l  k n o w l
edge where  th e  genera l iza t ion  of the ir  reg u la r i t ie s  and  laws to  t h e  whole 
E a r th  or Life becam e b o th  necessary  an d  possib le . No single d isc ip line  is 
capab le  of execu ting  these  generalizations w i th in  th e  two great sy s te m s  of 
science, for the  d iffe ren tia t ion  of the ir  research fields is o f  such a g re a t  e x t e n t  
t h a t  it  has  becom e an obstac le  to  the  fu tu re  dev e lo p m en t  of science itself. 
I t  would be tb c  ta sk  of th e  new, theore tica l d iscip lines, in addition  to  t h e o r e t 
ical genera liza tion , to  specify and  sy s tem a tize  th e  fu n d am en ta l  m e th o d o 
logical principles of cognition  as well. I t  is a n o th e r  com m on fea tu re  o f  e a r th  
sciences and  biological sciences t h a t  th e y  can  process the ir  evidence b y  the  
jo in t  ap p lica t ion  of system ato logical,  s t ru c tu ra l  m e th o d s  and  of th e  h is to r ica l  
app roach .  N a tu ra l ly ,  all sciences had  fac tua l  a n d  theo re t ica l  par ts  befo re  th is ,  
too. T he  fa c tu a l  side of th e  new, in teg ra t in g  sciences, however, relies on  th e  
th eo re t ica l  m a te r ia l  o f  th e  form er branches  o f  science, and th e y  sy n th es ize  
these  theories  on a h igher level by  the ir  own th e o re t ic a l  m ethods.

In  b o th  m a jo r  fields o f  science the re  a re  m a n y  opponents  to  t h e  new  
th eo re t ica l  disciplines, f i r s t  o f  all am ong th e  rep re sen ta t iv es  of e x p e r im e n ta l  
sciences. I t  is generally  n o t  sy m p a th e t ic  “ c o n te m p la t in g  recognized fa c to r s ” ; 
learn ing  th e  u n k n o w n  has a m uch  g rea te r  a t t r a c t io n .  B u t  this view c a n  on ly  
be m a in ta in e d  un t i l  th e  im p o r tan ce  of  sy n th es iz in g  on a higher level fo rm e r ly  
iso la ted  p h en o m en a  a n d  th e  p leasure  of a m o re  comprehensive a n d  deep e r  
u n d e rs ta n d in g  of th e m  is recognized b y  th e  sc ien tis ts .

In  all b ranches  of n a tu r a l  sciences sooner  or la te r  the  d is in te g ra t io n  
of th e  ex p e r im en ta l  and  theore t ica l  t rends  is accom plished  (e.g. e x p e r im e n ta l  
and  th eo re t ica l  physics).  As i t  was s ta te d  b y  E n g e l s  in “ The D ia lec tics  of 
N a tu re ” : “ Such an enorm ous bo d y  of positive know ledge  has been a c c u m u la te d  
th ro u g h  em pirical research , t h a t  the  necessity  for  regu la r ly  sy s tem atiz in g  th is  
m a te r ia l  in every  field of  inves t iga t ion  has s im p ly  becom e unavo idab le .  I n  th e  
same w ay , it  also becomes ind ispensable  to  b r in g  th e  different fields of  k n o w l
edge in to  a p p ro p r ia te  co rre la tion  w ith  one a n o th e r .  B y  th is , however, science 
enters  th e  field of th e o ry .”
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B o th  in  geology and  biology, co m p reh en s iv e  generalization is heav i ly  
h in d e re d  b y  th e  ex trem e  a b u n d an ce  o f  fac ts  in  N a tu re ,  b y  th e  c o m p le x i ty  of 
i ts  p rocesses  as well as b y  th e  difficulties o f  ab s trac t io n .  The p e n e t r a t io n  of 
ch em ica l  a n d  physical m e th o d s  into these  sciences — especially in  th e  f irs t  
h a l f  o f  th i s  c e n tu ry  — d iv e r te d  th e  a t te n t io n  o f  scientists  from th e o re t ic a l  w ork 
( th e y  s t a r t e d  p roduc ing  d a ta ) .  The th e o re t ic a l  t r e n d  is usually  g e t t in g  g round  
in case  o f  lack  of possibilities for d irec t  o b se rv a t io n  or in absence o f  ex p e r i
m e n ta l  so lu tions. H ence th e  a l te ra t io n  of  “ genera l iza t ion” (d iffe ren t ia t io n  
a n d  in te g ra t io n )  periods a l te rn a te  w ith  each  o th e r  in the  course o f  scientific  
d e v e lo p m e n t  “ d a ta -co llec t ing” .

W h ic h  are th e  fac to rs  n ecess i ta t ing  th e  deve lopm ent o f  g eo n o m y ?  
1. I n  t h e  different b ran ch es  o f  e a r th  sciences a w e a l th  of facts  a n d  suffic ien t 
th e o r e t i c a l  knowledge, m o s t ly  “ u n processed”  a re  available. 2. F o r  t h e  id e n t i 
f ic a t io n  of  th e  necessity  a n d  sufficiency o f  experim en ts  and  d a ta -co llec t ing  
(for t h e  re n ta b i l i ty  of re search  work) re liab le  knowledge of genera l  v a l id i ty  
is r e q u i r e d  in fu r th e r  inves t iga t ions .  3. D ire c t  inform ations on th e  E a r t h  as 
an  in te g ra l  system  can n o t  be o b ta in ed  b y  d i re c t  observation  w i th o u t  t h e  su m 
m a r iz a t io n  and  genera lization  of all th e  know ledge  available in  th e  d ifferen t 
b r a n c h e s  of earth  sciences. 4. In  cosm ology a n d  planetology, th e  re su l ts  of 
e a r t h  sciences can be u t i l ized  only a f te r  b e in g  generalized, an d  th e  sam e is 
v a l id  v ice  versa . The on ly  science capab le  o f  t ra n s m i t t in g  these  in fo rm atio n s  
is g e o n o m y .  5. Again g eonom y is c o m p e te n t  in  presen ting  th e  re su l ts  o f  e a r th  
sc iences in  a sum m ariz ing  a n d  u n d e r s ta n d a b le  form  for social p ra c t ic e ,  too 
(be ing  th e  only science capab le  of solving th e  p rob lem  of connec ting  m a n  w ith  
his e n v iro n m e n t ,  given th e  fac t  t h a t  m a n  a n d  society  are in f luenced  n o t  only 
b y  t h e  o u te rm o s t  geospheres (noosphere), b u t  — indirectly  — b y  all th e  
p ro cesses  of  the  whole E a r t h  as well). 6. I t  is th e  t a s k  of geonom y to  es tab lish  
t h e  possib ili t ies  for connec ting  and  t r a n s fo rm in g  inform ations b e tw e e n  e a r th  
sc iences in v es t iga t ing  th e  d ifferent h ie ra rch ica l  levels of the  E a r th  b y  d ifferen t 
m e th o d s  (i.e. to  p lay  a co o rd ina ting  role in  th e  system  of e a r th  sciences).
7. I t  w ill  also be th e  t a s k  o f  geonom y to  fo rm u la te  th e  most im p o r t a n t  axiom s 
a n d  law s  in a w ay  u n d e rs ta n d a b le ,  i.e. u t i l iz ab le  for scientists of all disciplines.
8. P l a n e t a r y  N a tu re  (b o th  l iv ing and  non liv ing)  is extensively  a n d  in tens ive ly  
m a n y - s id e d .  This m eans t h a t  th e  n u m b e r  o f  o rg an iza t iona l  levels in  t h e  sys tem  
is h ig h ,  in  fac t,  the  n u m b e r  of  species w i th in  t h e  levels is also en o rm o u s .  (E.g. 
t h e  o rg an iza t io n a l  levels o f  th e  E a r th  are :  m in e r a l—ro c k —fo rm a t io n  — sphere ; 
i ts  o rg an iza t io n a l  ty p es  are :  species of  m in e ra ls ,  rocks, fo rm ations  etc .) .  To 
a c h iev e  p ro p o r t io n a l i ty  in th e  s t ru c tu ra l  a n d  func tiona l  inves t iga t ions  o f  such 
a c o m p le x  system  is v e ry  difficult.  T h a t  is w h y ,  when  the  id e n t i f ic a t io n  and  
s e p a r a t io n  of  the  d ifferen t spheres of  th e  E a r t h  and  of o the r  o rgan iza t iona l  
leve ls  h a v e  been ro u g h ly  perfo rm ed , th e  know ledge  of th e ir  in te ra c t io n s  is 
s ti l l  o n  a v e ry  low level, desp ite  of th e  fa c t  t h a t ,  a t  the  p resen t  s tag e  o f  seien-
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t i f ic  dev e lo p m en t ,  b o th  ev idence  and know ledge w ould  be sufficient fo r  th e  
so-called pure  th eo re t ica l  w ork  to  appear  on th e  basis  o f  “ concep tua l  experi-  
m en ts  .

In spite  of re t r a c t iv e  forces and  t rends  th e  d eve lopm en t o f  g eo n o m y  
can n o t  be o b s t ru c te d ,  an d ,  in accordance w ith  th e  ob jec tive  laws o f  science 
deve lopm en t,  we shall soon be witnesses to  i ts  full accom plishm ent.
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НЕКОТОРЫЕ ЭПИСТЕМОЛОГИЧЕСКИЕ ПРОБЛЕМЫ НАУК О ЗЕМЛЕ
Т. ПОКА

Р е з ю м е

Рассматривается относительно обширный диапазон проблем эпистемологии наук о 
Земле. При этом автор в некоторых случаях попытается дать новые дефиниции, с тем, что
бы осветить сущность предмета, функции и системы, а также информационных связей наук о 
Земле. Она применяет диалектический подход как в случае предмета, так и системы при 
их определении и она пользуется понятием наук о Земле, точнее геологических наук в 
широком смысле слова.

Предмет наук о Земле: анализ структурных частей Земли как относительно закры
той системы и анализ общих взаимосвязей этих частей (то есть их функциональных свя
зей), а также определение формирования этой структуры (эволюция); определение на этой 
основе специфических и общих закономерностей, касающихся Земли и использование этих 
знаний на общественной практике.

Функция наук о Земле: интерпретация истории и динамики неорганического мира 
(Земли), окружающего и активизирующего живое царство и общество; разработка на 
основании такой интерпретации прогнозов ныне недоступных геосфер, их особенностей 
и процессов, кратковременных и долговечных изменений Земли и, наконец, но не в по
следнюю очередь, прогнозов встречаемости, качества и возможностей освоения (эксплоата- 
ции) полезных ископаемых и энергетических ресурсов.

Автор статьи попыталась разработать внутреннюю систему наук, соответствующую 
этой классификации. Эта так называемая структурно-генетическая система классифици
рует науки о Земле в целом путем элементарного анализа исследованной системы и истори- 
ческо-эпистемологической демонстрацией процесса познания.

Применяя три основных схем информационных связей, характерных для наук, она 
анализирует нынешние внутренние и внешние потоки информаций по наукам о Земле и 
проводит анализ процесса формирования новых научных отраслей, развивающихся в 
настоящее время.
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COMPLEX GEOCHEMICAL INVESTIGATION 
OF THE CLASTIC SEDIMENTS 
OF THE ALGYŐ STRUCTURE

By

C s. S a j g ó

HUNGARIAN ACADEMY OF SCIENCES, LABORATORY FOR GEOCHEMICAL RESEARCH, BUDAPEST

T he sed im en tary  sequence  of th e  A lgyS rocks of a u to c h th o n o u s  a n d  m ixed 
b itu m e n  (i.e. co n ta in in g  au to c h th o n o u s  an d  a lloch thonous b itu m e n )  co u ld  be  de
te rm in ed  by  tw o m e th o d s  of in v es tig a tio n . T he ap p licab ility  o f  th e  in f ra re d  ex tin c 
tio n  q u o tien ts  w as in v e s tig a te d  in  b itu m en  d iagnostics and , in  a d d it io n  to  th e  well- 
p ro v ed  E mo/E H70 ra tio , th e  q u o tie n ts  E 1610/ E l470 resp . E 1380/E 1470 cou ld  also  be  applied.

On th e  basis o f th e ir  TJV an d  IR  sp e c tra  th e  ty p es o f o rg an ic  m a t te r  found  in 
d iffe ren t d ep th  in te rv a ls  w ere also d e te rm ined .

Several indices o f th e  geochem ical facies w ere also d e te rm in ed  a n d  th e  sa lin ity  
(В /G a, B a/S r, К /N a  e tc .)  a n d  oxygen  (E h , F e /1 0 0 x M n , F e + + /F e + + + , Y /C r, V/Ni, 
N i/Со) facies were c h a ra c te riz ed  by  them . T h e  sam ples p roved  to  be m o s tly  o f  g y ttja  
an d , to  a  sm aller e x te n t  o f sap ro p el, facies.

Introduction

O u r geochemical inv es t ig a t io n s  have been  aimed a t  m a k in g  c lear  resp. 
g e t t in g  acq ua in ted  w ith  th e  origin of the  h y d ro ca rb o n  deposit  o f  A lgyő. The 
research , verif ica tion  a n d  d e te rm in a t io n  o f  th e  source rock  h a v e  been  of 
p r im a ry  in te res t .  To d e te rm in e  th e  direction of  p r im a ry  m ig ra t io n  as well as the 
role of  secondary  and  t e r t i a r y  m igra t ion  are also im p o r ta n t .

N um erous  source rock  d e te rm in a t io n  m e thods  are know n  in l i te ra tu re ,  
these  are based, how ever, on co n trad ic to ry  theories .  These are u s u a l ly  re s t r ic t 
ed to  th e  inves tiga tion  o f  som e organic com ponen t.  There  is a r e la t iv e ly  small 
n u m b e r  of  researchers who seek to  throw  ligh t upon  the  a n te c e n d e n ts  o f  sedi
m e n ts  b o th  from th e  ino rgan ic  and  organic geochemical po in ts  o f  view.

The a u th o r ’s inv es t ig a t io n  m e thod  has consisted in ch a ra c te r iz in g  the 
soluble and insoluble o rganic  m a t te r  of th e  rocks resp. m ak ing  c lear  th e  geo
chem ical faciological cond it ions  (salin ity  and  oxygen  facies) ex e r t in g  decisive 
in fluence  on the  a n teced en ts  o f  organic m a t te r .

Geological-paleogeographical description

The rock samples o f  th e  Neogene clastic  sed im en ta ry  seq u en ce  of  the  
A lgyő s t ru c tu re  of 600 to  3400 m d e p th  were inves t iga ted . The A lgyő  s t ru c tu re  
as a h y d roca rbon-bear ing  geological fo rm ation  has emerged f ro m  i ts  environ-
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m e n t  a long  fau lt  lines o f  N W - S E  direction. H y d ro c a rb o n  accum ula tions  occur 
in th r e e  horizons:

1. Low er P an n o n ia n  b a s a l  conglomerates o v e r lay in g  the  b a se m e n t;
2. Low er P a n n o n ia n  san d s to n es ,  and
3. in  sandstone, fo rm in g  a trans i t iona l  zone b e tw een  the Lower and 

U p p e r  P an n o n ian .
P a leograph ic  record  on  th is  area is ava ilab le  for th e  post-Eocene period 

o n ly  ( th e re  is a h ia tu s  f rom  t h e  Paleozoic to  th e  Miocene). D uring th e  Miocene 
th e  a r e a  was emerging like a n  island from th e  su r ro u n d in g  sea an d  a v ir tu a l  
b a s in  could  no t develop u n t i l  Neogene. The w hole  b as in  was g radua lly  in u n 
d a te d  b y  th e  Lower P a n n o n ia n  sea and f irs t  th e  basal conglom erates  were 
d e p o s i te d .  The su b seq u en t  sed im e n t  is the  c a lca reo u s -m ar l  which re la te s  to  
q u ie t  a n d  reduction  facies. D u r in g  the s u b s e q u e n t  period the  size o f  the  
reg io n a l  epirogenic m o v e m e n ts ,  i.e. subsidence, ch a n g e d  b o th  in space and  tim e 
a n d  as a result of th e  d if fe ren t ia l  oscilla tory  m o v em en ts  the  a l te rn a t in g  
seq u en ce  of c lay-marl, f in e  s an d s to n e  and s i l ts to n e  o f  several c en tim e tres  to 
sev e ra l  m etres  th ickness  w as  deposited.

D u r in g  P a n n o n ia n  s e d im e n ta t io n  only  one change  took  place being 
ex p re sse d  by  angular  u n c o n fo rm i ty  and th is  r e n d e rs  possible the sep a ra t io n  
of  t h e  tw o  stages even on t h e  basis of the  p e t ro p h y s ic a l  features.

Accord ing  to M u c s i  (1973) the  U pper P a n n o n ia n  in land  sea co n ta in ed  
10 to  15 rng/1 NaCl and  th is  va lu e  gradually  dec reased  upw ards .  T he  values 
c o m p u te d  from the  d a t a  o f  t h e  Algyő M o n o g ra p h y  (1970) and  K l e b  (1971) 
r e s u l te d  in salin ity  va lu es  b e tw e e n  2.5 and 16 (based  on th e  K nudsen  fo rm ula ;  
K u k a l  1971, p .  198).

Invest igation  methods

Extraction  : cca. 200 g ro c k  sam p le  was pu lverized  in a b a ll  and  tu b e  m ill, till th e  g rain  
size o f less th a n  0.06 m in w as re a c h e d ; th en  in a S o x h le t e x tr a c to r  it was tre a te d  w ith  the 
m ix tu re  o f benzol-alcohol o f  1 : 1 ra tio  for 48 hours. T h e  e x tr a c t  was dried a t  40 °C and 
m easu red .

I R  and U V  spectra: re c o rd s  were made by  m ean s o f  sp ec tro p h o to m eters  o f Pye- 
U n ic am  SP-1100 and SP-1800 ty p e . To m ake the  IR  reco rd s, th e  e x tra c t  of 1 mg was hom og
en ized  w ith  250 g K B r in  V ib ro m ill and  then  p astilled . T h e  UV records were ta k e n  in a 
so lv e n t consisting  of cy c lo h ex an , m e th an o l and henzol.

Chemical analyses: th e  CR/ C j  value  was d e te rm in ed  a f te r  Gransch  and  E isma  (1966). 
T h e  c o n ce n tra tio n s  of Fe + , F e + + + , P  and Mn were m ea su re d  co lorim etrically . The К  and 
N a c o n ce n tra tio n s  were d e te rm in e d  by  m eans of flam e p h o to m e try . T he trace  e lem en t de
te rm in a tio n  was m ade by m ea n s  o f  sem i-q u an tita tiv e  sp e c tro g ra p h ic  m ethod  ap p ly in g  Al- 
e le c tro d e s  and  AC arc c u rre n t. D e te rm in a tio n s  were p e rfo rm ed  by  J .  N agy— B a lo g h .

T h e  q u a n t i ty  of o rg an ic  m a t te r  shows a d i s t r ib u t io n  v a ry ing  as a func 
t io n  o f  d e p th  and th is  is d ue  to  the  oscillatory changes  in sed im en ta t ion .  The 
d a t a  an d  their  average for  e v e ry  100 metres are  su m m a r iz e d  in Tables I and  II .  
In  T a b le  I I  show ing th e  av e rag es ,  in addition to  th e  94 samples of th e  a u th o r ’s 
inv es t ig a t io n s ,  the  d a ta  of  concen tra t ion  of c a rb o n  dioxyde, soluble a n d  in
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soluble o rganic  m a t te r  o f  40 Low er P a n n o n ia n  sam ples  (OGIL, 1969) a re  also 
shown.

T he  c o n cen tra t io n  d a ta  of  carbon  d ioxyde ,  organic  m a t te r  a n d  e x t r a c ts  
of th e  core sam ples of th e  bores A, B, C, D , E  an d  F  are shown in F igs ,  l a  
a n d  lb .  I n  accordance  w ith  th e  d a ta  of  R o n o v  (1958) and  H u n t  (1961) th e  
organic  m a t t e r  co n ten t  o f  our sam ples  co rresponds  to  the  average  organ ic  
m a t te r  c o n te n t  o f  petroliferous s e d im e n ta ry  basins .

A fte r  Tab le  I  and Fig. 2 th e  diagenesis degree o f  th e  sam ples’ kerogen  
(Co/CT i.e. ra t io  of th e  rem ain ing  a n d  to ta l  ca rbon)  does n o t  c o rre la te  w ith  
d e p th .  This is due to  th e  oscillation of  th e  cond it ions  o f  sed im en ta t io n  a n d  to  
th e  d ifference in q u a l i ty  a n d  an teced en ts  o f  th e  v ege ta l  d e tr i tu s  ca r r ied  b y  
rivers. O ur  resu lts  are su p p o r ted  b y  th e  d a t a  of  reflex ion  m easu rem en ts  c a r 
r ied  ou t  in th e  Geochemical R esearch  L a b o ra to ry .  On th e  basis o f  t h e  surface  
te m p e ra tu re  of 11 °C and  reciprocal geo th e rm a l  g rad ien t  of 21.8 in/°C th e  
sam ples fall in th e  te m p e ra tu re  ran g e  o f  40 to  150 °C.

A ccord ing  to  Table  I I  and  Fig. 3 a b o u t  130 °C is th e  t e m p e ra tu re  v a lu e  
w hich, in case of  th e  sam e lithofacies, conceals  th e  difference of CR/CT v a lue  
of th e  o rganic  m a t te r  o f  d ifferen t origin a n d  an teced en ts .

T he  q u a n t i t y  of b i tu m e n  (benzol-alcohol e x t ra c t )  as a fu n c t io n  o f  th e  
q u a n t i ty  o f  kerogen  is d e m o n s t ra te d  in F ig . 4. T he  s t ra ig h t  line s e p a ra t in g  
th e  sam ples  of  a l loch thonous b i tu m e n  c o n te n t  f ro m  those  of only a u to c h th o n 
ous b i tu m e n  c o n te n t  was p lo t ted  on th e  basis  o f  th e  N e r u c h e v ’s m e th o d  a n d  
of th e  d a ta  of  T ó t h — K ó k a i  (1973) concern ing  n u m e ro u s  P a n n o n ia n  sam ples .  
In  case of  ou r  sam ples th e  sign of th e  sam ple  is also shown. In  Fig. 5 ß  (b itu -  
m in iza t ion  r a n k  =  b itum en /o rgan ic  m a t te r )  is shown as a func tion  o f  kerogen  
co n ten t .  In  th e  figure th e  classification o f  T ó th  K ó k a i  (1973) is app lied . 
The sep a ra t io n  of th e  source rock range  is reasoned  b y  two aspec ts :

a) in range  I  th e  m e tam o rp h ism  of b i tu m e n s  is more hom ogeneous;
b) ran g e  1 is more hom ogeneous litho log ically , too: it consists o f  m ar l  

and c lay-m arl  in a b o u t  95 per  cent, while in ran g e  I I  the  p ro p o r t io n  o f  m arl 
and  c lay-m arl  is only a b o u t  50 per  cent.

To cha rac te r ize  th e  b i tu m e n  th e  in v es t ig a t io n  results  of G l e b o v s k a y a  
(1971), V y c h e v  e t  al. (1973), Co l o m b o -S i r o n i  (1961), G o n d e k  (1971), S t r n á d  
(1973), S a j g ó  (1973), E r ő s s - K i s s -S a j g ó - P u n g o r  (1973) and O G I L  (1973, 
1974) were used. The in fra red  values  concern ing  th e  samples are  sho w n  in 
Tab le  I. The following indices have been app lied :  Е т 0 / Е ш0 =  K k, E 1C10/ E 147H 

-  K A, E 1380/ E j470 =  K e, E 970/E 720 =  K c, E 750/E 720 =  K a, (E 17j0 —|— E 1720—1740) =  
S  and  th e  <x of G o n d e k  (1971, th e  ra t io  o f  th e  abso rp tion  a rea  o f  1330 

950 cm 1 to  t h a t  of 3040 — 2880 c m “ 1).
O u t  of  th e  indices listed above th e  index  K k, i.e. th e  ra tio  of th e  e x t in c 

tion  of  1710 cm 1 cha rac te r is t ic  o f  th e  carbon il  g roup  (C 0 )  a n d  o f  t h e  e x 
t inc t ion  o f  1470 c m “ 1 referr ing  to  th e  m e th y len e  g roup  (CH„) is w ell-app roved .
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Table

Depth
(m) Sample Type 

of rock Age
Organic
Matter
(W %)

Cb

CT ß
E 1710

E 1470

Eieio
E 1470

E 1380

E 1470
a

600 F - l c-S U P l 0.825 0.65 12.75 0.31 0.47 2.25 _ 0.042

645 1-1 c-Cl U P l 0.923 0.33 12.2 0.79 0.08 2.40 1.6 0.242

650 1-2 LM U P l 0.187 0.76 14.4 0.55 0.23 2.09 3.0 0.142

700 E - l S U P l 1.083 0.46 12.3 0.42 0.27 1.05 1.3 0.154

702 F -2 c-S U P l 0.480 0.75 71.5 0.28 0.56 12.18 — 0.024

800 1-3 LM U P 0.211 0.63 19.4 0.51 0.44 2.22 2.4 0.077

900 B - l c-S U P 0.245 0.62 14.2 0.84 0.37 2.69 2.3 0.110

940 E -2 Al-AM U P 0.184 0.46 45.6 0.52 0.37 1.89 3.6 0.178

1300 E -3 AM U P 0.274 0.35 19.7 0.79 0.55 2.18 2.2 0.235

1640 E -4 s-AM U P 0.469 0.60 8.32 1.02 0.76 2.76 1.9 0.328

1650 D - l M U P 0.213 0.27 10.8 1.10 0.66 2.51 2.8 0.368

1700 C -l AM U P 0.498 0.42 9.54 0.88 0.96 2.15 2.0 0.360

1732 F -3 m-Cl U P 0.480 0.58 16.2 0.60 0.28 2.76 1.4 0.113

1766 F -4 c-Cl U P 0.989 0.55 7.99 0.91 0.73 1.13 2.1 0.241

1770 F -5 s U P 0.694 0.82 85.6 0.23 0.18 0.93 1.5 0.136

1775 F -6 coa-Cl U P 7.182 0.49 1.15 0.87 0.78 1.35 1.6 0.621

1775 D -2 AM U P 3.158 0.46 8.19 0.92 0.91 0.82 1.4 0.422

1775 C-2 mi-S U P 0.139 0.43 49.5 0.87 0.70 1.34 4.8 0.225

1781 E -5 c-S U P 0.697 0.42 14.1 0.72 0.69 1.08 1.3 0.280

1835 A - l c-S U P 0.357 0.25 18.7 0.52 0.38 3.52 2.6 0.065

1835 A -2 AM U P 0.528 0.23 35.6 0.74 2.22 13.55 10.5 0.038

1837 F -7 al-AM U P 0.931 0.38 51.6 0.98 0.85 1.73 1.8 0.595

1840 E -6 al-M U P 0.616 0.61 13.9 0.61 0.50 2.12 5.7 0.136

1842 F -8 s U P 1.234 0.56 73.2 0.14 0.16 0.54 1.6 0.088

1845 D -3 M U P 0.321 0.42 9.55 1.04 1.06 1.80 2.6 0.325

1852 F -9 al-AM U P 0.284 0.42 22.5 1.0 0.90 1.69 2.2 0.702

1855 G-3 mi-AM U P 0.535 0.37 10.3 0.81 1.06 3.49 1.7 0.348

1862 B -2 al-AM U P 0.369 0.42 13.3 0.56 0.67 2.95 1.6 0.128

1867 B -3 al-M U P 0.406 0.70 8.77 1.14 0.87 3.13 1.6 0.364

1867 C-4 c-mi-Al U P 0.384 0.39 14.0 0.79 0.92 2.40 2.5 0.161

1872 D -4 M UP 7.660 0.32 5.80 0.82 0.78 0.67 1.3 0.301

1888 D -5 c-Al UP 0.338 0.54 14.40 1.03 1.02 2.08 1.3 0.447

1890 F -1 0 c-Al U P 0.377 0.41 36.30 0.47 0.31 0.97 2.1 0.289
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1/1

K , к , pH
Cl-

( ppm ) B/Ga Ba/Sr
Eh

(mV) V/Cr Ni/Co V/Ni
Fe

100 xMn
K/Nu F е* + /

/Fe3+

_ _ 8 .5 2 8 7 2 .5 1 .0 —  120 1 .0 4 .0 2 .5 0 .5 1 .84 2 .4 0

3 .9 4 .4 8 .8 2 6 8 4 .0 1.6 150 2 .5 1 .0 2 .5 0 .4 4 .1 2 0 .77

4 .3 3 .5 8 .7 195 4 .0 0 .6 170 1.6 6 .3 1 .6 0 .4 1 .9 6 1 .50

2 .0 2 .0 8 .5 211 1.6 1.6 -  80 1.0 2 .5 2 .4 — — —

— — 8 .5 32 0 1.0 1.5 - 1 6 0 0 .6 3 2 6 .0 0 .6 3 0 .5 1 .5 3 0 .3 6

1.0 3 .5 8 .9 23 5 1.6 1.0 - 1 6 0 1 .6 4 .0 1 .6 0 .7 2 .0 2  ■ 2 .05

2 .5 4 .8 8 .8 26 2 1.6 1.0 - 1 1 0 0 .4 2 .0 2 .5 0 .8 1 .38 7 .73

6 .4 3.2 8 .9 1 00 3 .8 1.7 -  90 0 .6 3 3 .7 1 .7 — — —

5 .2 4 .2 9 .2 137 4 .0 0 .6 -  80 1 .0 6 .3 1 .0 — — —

6 .2 4 .6 9 .4 11 4 4 .0 1 .0 —  130 1.0 2 .8 1 .0 3 .3 2 .6 7 2 .6 5

10.3 5 .3 8 .4 2 7 2 2 .4 1.0 160 1 .0 4 .0 1 .0 0 .7 3 .0 4 2 .17

7 .2 4 .3 8 .4 2 0 0 3 .8 0 .7 - 1 1 0 1.0 4 .0 2 .5 2 .9 1 .56 3 .37

1.6 4 .3 8 .6 35 1.6 4 .0 160 1.0 4 .0 1 .6 2.1 1 .88 5.87

5.1 3 .4 9 .0 34 1.6 2 .5 140 1.6 3 .8 2 .7 — — —

2 .0 1.5 8 .2 35 1.6 1.0 110 0 .3 8 1 6 .6 0 .6 1 .8 1 .31 1.20

9 .9 3 .5 8 .2 2 92 2 .5 1.6 —  140 1 .0 1 .6 1 .6 1 .3 3 .0 8 1 .62

5 .9 3.1 7 .9 19 3 4 .0 1.6 270 0 .4 1 0 .0 1 .0 1 .3 2 .6 8 0 .6 6

10 .8 3 .5 8 .5 2 15 0 .6 1.0 70 .04 — 0 .1 6 1.9 1 .1 6 6 .3 6

3 .6 2 .9 8 .7 181 3 .8 1.5 100 1.0 4 .0 1 .0 0 .7 1 .8 9 0 .8 9

1.7 5 .5 8 .6 2 2 5 6 6 .7 0 .4 130 0 .4 4 .2 0 .6 3 — 0 .9 9 2 .2 9

4 .0 17 .8 8 .5 2 4 4 5 4 .0 0 .6 2 10 0 .3 8 4 .0 1 .5 — — —

1 0 .7 4 .2 - — 4 .0 1.0 — 1.0 6 .4 1 .6 0 .7 2 .7 8 1 .34

7 .8 4 .7 9.1 15 4 .0 0 .7 110 1.0 6 .0 1 .7 2 .4 2 .6 6 1 .40

1 .4 0 .8 8 .8 27 4 .0 1.0 190 0 .6 6 .0 1 .0 0 .3 1 .4 7 1 .86

8 .4 4 .4 8 .4 12 4 6 .0 1.0 —  170 0 .3 8 1 0 .0 0 .6 0 .3 1 .2 0 1 4 .9 4

1 5 .4 4 .2 8 .9 86 4 .0 0 .7 —  150 1.0 4 .0 2 .5 — —

5 .9 5 .4 9 .2 35 2.5 0 .4 —  120 2 .5 6 .4 1 .6 0 .8 2 .5 1 1 .99

2 .0 4 .6 8 .7 2 2 7 6 .0 1.0 - 1 8 0 1.0 1 0 .0 0 .6 2 .7 1 .4 6 13 .64

5 .8 5 .9 9 .0 49 2 .4 1.0 - 1 9 0 0 .6 6 .4 1 .0 1 .4 2 .4 1 0 .27

4 .0 6 .2 8 .9 120 3.8 0 .7 —  130 0 .6 3 1 0 .0 0 .6 3 0 .6 1 .6 3 1 .83

3 .9 2 .6 7 .4 141 2 .7 0 .4 —  22 0 0 .6 4 6 .3 0 .6 4 0 .4 2 .5 1 0 .8 9

5 .8 4 .7 8 .8 21 3.8 0 .6 - 2 3 0 0 .4 0 1 6 .0 0 .6 3 0 .6 2 .3 5 3 .12

6.1 2 .2 8 .5 114
10

1.6 —  150 0 .6 2 .5 2 .4 — - -
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Table

Depth
(m) Sample Type of rock Age

Organic
Matter
(W%) CT P

1̂710

E]470

F̂leio
El4-0

El3R0

El470
a к ,

1910 F - l l al-M U P 0.431 0.38 12.20 1.02 0.77 1.36 2.4 0.512
1915 F-12 c-Al U P 0.439 0.61 13.20 0.80 0.74 1.69 2.5 0.395

1930 F-13 al-AM U P 0.220 0.59 13.80 0.32 0.13 0.97 0.4 0.067
1930 C-5 mi-c-AM U P 0.326 0.61 11.00 0.93 1.00 2.94 1.0 0.256
1936 D -6 AM U P 2.231 0.30 11.20 0.85 0.96 1.14 2.2 0.262
1951 F -1 4 c-S U P 0.105 0.68 23.90 0.80 0.83 1.09 1.7 0.426
1953 D - 7 s U P 0.420 0.80 42.00 0.78 1.20 2.31 3.2 0.116

1953 К al-S U P 1.950 — 92.40 0.13 0.15 0.44 0.2 0.056

1958 B -4 c-S U P 0.121 0.91 25.80 1.16 0.71 3.84 1.9 0.184

1958 B -5 al-M U P 0.286 0.33 16.00 0.88 1.18 1.74 4.6 0.347
1973 B -6 al-M U P 0.683 0.50 6.30 0.79 0.91 2.13 2.5 0.331

2005 E - 7 al-M U P 0.349 0.62 16.90 0.80 0.75 2.52 3.2 0.141

2008 E -8 S U P 0.225 0.30 15.50 0.80 0.39 3.27 1.4 0.362

2025 D -8 m-Al U P 0.500 0.53 10.00 0.89 0.90 2.30 2.4 0.222

2034 D-9 S U P 0.129 0.76 38.00 0.91 0.39 1.53 2.8 0.219

2100 C-6 c-Cl L P 0.590 0.59 6.70 1.02 1.13 2.58 1.6 0.371

2104 A -3 al-AM U P 0.511 0.42 11.80 0.66 0.81 2.06 3.6 0.191
2115 F-15 c-Al L P 0.585 0.70 9.45 0.91 0.75 3.63 1.8 0.213
2115 F-16 AM L P 1.230 0.52 8.86 0.54 0.95 0.78 1.6 0.489

2150 1-4 mi-AM L P 0.444 0.58 16.70 0.59 0.62 1.36 1.7 0.262

2190 E -9 cs-M L P 0.474 0.43 11.50 0.72 0.78 1.34 1.6 0.298

2305 Tl-lO c-S L P 1.844 0.75 14.30 0.69 1.05 1.19 1.6 0.374

2343 I , mi-c-al-S L P 2.760 — 10.50 0.64 1.15 0.86 1.1 0.232

2356 J - l mi-AM L P 1.725 0.50 2.29 0.80 0.92 2.46 1.6 0.304

2367 M c-Al L P 0.600 — 10.20 — — — —

2368 N - l c-al-S L P 1.762 — 9.14 — — — — —

2369 N - 2 c-al-S L P 0.613 — 8.95 — — — —

2371 C-7 e-S L P 0.730 0.21 8.22 0.88 1.39 1.52 4.8 0.161

2371 N -3 c-S L P 1.310 — 8.85 — — — — —

2372 A -4 s-AM L P 0.500 0.59 18.00 0.79 1.07 1.25 3.2 0.170

2393 О mi-c-cl-M L P 1.671 — 8.76 — — — — —

2406 P mi-c-S L P 0.800 — 11.60 — — — — —

2410 C-8 mi-AM L P 0.329 0.84 18.00 0.65 0.81 1.56 1.6 0.229

2412 R c-cl-M L P 0.620 — 10.80 0.65 0.71 0.89 0.8 0.274

2413 S sa-M L P 0.350 — 10.50 — — — —

2423 E -10 al-M L P 0.603 0.64 73.50 0.14 0.14 0.50 0.6 0.052
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1/2

K, K3 pH
Cl~

(ppm) B/Ga Ba/Sr Eh
(mV) V/Cr Ni/Co V/Ni

Fe
100 xMn K/Na F е*+/ 

Fes+

1 2 .3 4 .0 9 .0 33 6 .4 0 .6 170 0 .4 6 .3 1 .0 0 .6 2 .5 5 5 .60

9 .8 3 .6 8 .9 77 6 .2 1.5 2 0 0 0 .3 8 6 .0 1 .0 1 .9 1 .71 12 .89

0 .3 1.8 8 .7 3 4 4 .0 0 .7 —  170 1.0 3 .8 1 .7 3 .3 1 .2 9 2 .83

2 .6 4 .2 9 .0 155 2.5 0 .6 120 1.0 6 .0 1 .0 — 1 .6 3 2 .58

5 .8 3 .2 8 .8 4 9 2 .5 0 .6 - 2 2 0 0 .6 3 6 .3 1 .0 0 .3 2 .5 1 0 .40

7 .2 3.1 8 .9 148 6 .0 1 .0 - 1 8 0 0 .2 4 1 6 .6 0 .3 8 2.1 1 .5 9 2 .32

3 .7 4 .3 8 .2 193 4 .2 0 .6 190 0 .6 2 .7 3 .8 1 .4 1 .2 4 14 .77

1.1 0 .7 — — — 1.6 — — — 0 .4 1 .1 8 0 .29

3 .5 6 .7 8 .2 23 2 1.6 1.5 180 0 .1 6 1 6 .6 0 .2 5 — 1 .0 8 3 .26

1 6 .0 3 .9 8 .9 122 2 .5 1 .0 140 0 .6 3 4 .0 2 .5 — 1 .5 7 5 .36

8 .3 4 .1 8 .8 13 4 2 .5 1 .0 170 1.0 4 .0 2 .5 — 1 .5 0 4 .9 5

4 .5 5 .5 9.1 145 3 .8 1.7 1 70 1.0 1 .0 1 .0 1.1 1 .5 0 4.51

5.1 5 .3 6 .5 164 1.0 1.7 70 0 .1 6 1.0 1 .0 0 .2 0 .9 8 28 .71

5 .3 5 .5 8 .9 23 5 4 .0 2 .5 190 0 .6 4 1.6 1 .6 0 .4 2 .0 2 1 5 .6 3

6 .1 3 .8 7 .5 131 2.5 1.0 -  170 0 .6 8 0 .6 3 0 .6 3 0 .2 1 .1 3 2 3 .0 0

5 .9 5.1 9 .3 114 4 .0 0 .6 130 1.6 2 .5 1 .0 0 .8 2 .7 7 0 .52

6 .9 3 .7 9 .2 3 0 9 4 .0 0 .6 160 1.0 1 .6 2 .5 4 .9 2 .6 2 0 .30

3 .8 5 .9 9 .0 192 2.5 1.0 170 1.0 1.6 1.6 0 .3 3 .0 0 2 .77

7 .8 2 .2 — — 3 .8 0 .7 — 0 .6 3 1.7 1 .6 3 .5 2 .0 2 3 .47

4 .4 2 .9 9 .2 180 4 .0 1.0 180 6 .6 2 .5 2 .5 0 .5 2 .6 9 0 .5 7

4 .8 3.1 6 .0 69 6 .2 1.7 70 0 .3 8 1.0 1 .0 0 .5 1 .67 0 .0 9

6 .0 2 .9 — — 10 .0 1.0 1.0 2 .5 2 .5 0 .6 1 .3 6 4 7 .5 5

2 .6 2 .5 — — 3 .8 2 .5 — 2 .7 2 .5 1 .6 0 .6 1 .9 0 0 .22

4 .9 4 .5 8 .9 3 0 6 4 .0 1.7 — 1.0 6 .2 1 .6 0 .9 3 .0 7 9 5 .2 3

— — — — 6 .7 2 .5 — 2 .7 4 .0 1 .6 0 .7 2 .6 7 4 .8 6

— — — 4 .0 1.6 — 2.5 2 .5 2 .5 0 .9 2 . LI 0 .7 2

— — — — 4 .0 1.0 2 .7 2 .5 1 .6 0 .6 2 .0 6 2 .6 6

7 .7 4 .3 8 .9 211 4 .0 0 .6 14 0 0 .3 8 1 6 .0 0 .4 0 .3 1 .3 3 2 7 .8 5

— — — 4 .0 2 .5 2 .7 2 .5 1 .6 0 .6 1 .82 2 .4 8

5 .4 3 .3 9 .0 1 0 7 4 6 .4 1.0 16 0 0 .4 6 .2 1 .0 3 .7 2 .1 8 18.91

— — — — 6 .7 2 .5 — 2.7 4 .0 1.6 0 .6 2 .2 3 1 .14

2 .5 0 .7 1.7 1.7 1 .0 0 .2 1 .2 0 1 .18

3 .7 3 .2 9 .0 2 1 9 3 .8 1.0 110 1.0 3 .8 1 .7 3 .6 1 .9 3 3 .5 6

2 .2 2 .5 — — 3 .8 1.6 10 .0 6 .7 1 .0 0 .9 2 .8 8 2 .82

— — 3 .8 4 .0 - 2 .7 4 .0 1 .6 0 .7 2 .3 5 1.87

0 .3 0 .8 8 .8 33 3 .8 1.0 120 0 .6 3 .7 1 .0 0 .4 0 .8 9 0 .5 6
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Table

Depth
( m ) Sample Type of rock Age

Organic
M atter
<W % )

Cb

Cj ß
1̂710

^1470

Eieio

E l470

El380

El470
a к ,

2438 C-9 mi-c-S L P 0.311 0.46 16.5 1.04 1.29 3.13 1.7 0.338
2442 E - l l s L P 0.238 0.91 36.9 0.39 0.13 0.85 2.2 0.159
2442 A -5 s L P 1.155 0.65 12.6 0.72 1.52 2.66 1.5 0.175
2443 D - l l AM L P 0.453 0.30 7.28 0.73 0.66 2.84 4.2 0.175
2447 G -l Me P a l 0.034 0.86 26.5 0.68 0.49 2.23 6.2 0.149
2480 J -2 c-S L P 0.570 0.63 21.0 0.49 0.25 1.00 2.1 0.050
2510 J -3 Co L P 0.176 0.70 14.8 0.51 0.42 1.38 4.4 0.110
2526 A -6 al-AM L P 0.493 0.35 18.9 0.79 1.00 1.95 1.6 0.341
2530 J -4 c-Co P a l 0.378 0.41 7.41 0.49 0.26 1.34 2.8 0.123
2575 G-2 Og P a l 0.027 0.46 25.9 1.11 1.49 2.56 7.8 0.170
2632 E -12 c-Al L P 0.729 0.57 13.5 0.72 1.08 2.36 1.9 0.205
2636 E -13 AM L P 0.424 0.32 8.0 0.81 0.96 1.80 2.9 0.167
2665 H Me P al 0.096 0.61 27.1 0.84 0.53 2.12 4.6 0.208
2708 T Cl L P 0.483 — 11.6 0.71 0.62 1.29 0.9 0.259
2759 B-7 c-S L P 0.497 0.33 9.46 0.44 0.53 2.50 6.1 0.131
2760 B -8 AM L P 0.453 0.25 9.49 0.51 0.70 2.64 4.3 0.075
2910 D-12 al-M L P 0.658 0.89 14.90 0.42 0.41 0.87 1.9 0.120
2997 B-9 Al L P 0.440 0.45 11.40 0.72 0.72 1.75 1.3 0.205
3093 B -10 Al L P 0.998 0.93 24.80 0.28 0.40 0.75 0.6 0.049
3139 B - l l c-Al M 0.636 0.85 35.50 0.42 0.44 1.09 1.3 0.138
3139 B-12 Al M 0.194 0.44 12.40 0.86 0.70 2.81 3.3 0.238
3230 A -7 mi-c-Al M 1.271 0.77 30.00 0.28 0.28 0.55 3.2 0.036
3239 A-8 mi-c-S M 0.693 0.75 26.40 0.42 0.28 4.34 1.6 0.096
3263 B-13 al-M M 0.231 0.62 13.40 0.79 0.45 3.87 1.3 0.232
3300 A-9 mi-S M 0.338 0.50 14.20 0.60 0.35 6.50 3.2 0.058

A l — aleurite  
S =  sandstone 

Cl =  clay 
M =  m arl

AM  =  arg illaceous-m arl 
M e =  m etam o rp h ite  
Og =  orthogneis 

LM  =  lim e-m arl 
Co =  conglom erate

c =  carbonaceous 
m i =  m icaceous 
al =  a leu ritic  
s =  sandy  

coa =  coal-bearing  
m  =  m arly  
cl =  clayey

UP1 =  U p p e r Pliocene 
(L ev a n tin ian )

U P  =  U p p e r P a n n o n ian  
L P  =  L ow er P a n n o n ian  

M =  M iocene 
P a l =  Paleozoic
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1/3

K, к , pH
Cl-

(ppm) B/Ga Ba/Sr Eh
(mV) V/Cr Ni/Co V/Ni

Fe
K/Na Fe*+/Fe^100 X Mn

5.7 5.7 8.9 114 4.0 1.0 -1 0 0 1.0 2.5 1.5 0.2 1.32 9.84
3.5 1.8 8.7 145 4.0 2.5 — 200 0.25 — 0.4 0.3 1.0 0.10
2.6 4.5 8.7 262 2.4 1.0 - 1 5 0 0.24 6.2 0.6 0.5 1.63 1.48
7.4 4.6 9.1 112 4.0 1.0 - 2 2 0 1.6 10.0 1.6 0.5 2.38 10.74

8.9 3.9 8.6 28 <  0.6 0.6 160 — 1.0 6.6 1.6 0.09 1.74
1.0 2.2 8.6 142 4.0 0.4 170 1.6 4.2 1.0 1.6 0.69 48.29
4.8 2.7 8.5 98 <  0.6 2.5 170 6.7 1.0 6.0 0.4 0.32 24.12
5.5 4.0 9.0 328 4.0 0.6 150 0.64 6.4 1.0 2.23 2.32 67.39
3.4 2.5 8.6 74 4.0 6.4 - 1 5 0 0.66 2.3 2.5 0.1 1.80 1.47

13.3 5.4 8.6 30 <  0.6 0.6 — 170 — 1.0 4.2 0.5 0.36 1.02
3.9 4.2 8.8 126 2.4 1.7 60 0.4 6.2 1.0 0.3 2.01 5.64
4.8 3.8 9.2 192 6.4 1.7 - 1 2 0 4.4 4.0 1.0 6.2 2.73 0.54
9.6 4.2 8.8 199 0.6 1.0 - 1 9 0 0.38 4.0 1.4 2.7 1.29 1.98
2.3 3.1 — — 2.5 0.2 — 2.5 1.7 2.5 0.8 3.97 2.85
8.0 3.6 8.9 70 2.5 3.8 - 1 6 0 0.63 1.0 1.0 5.9 4.53 3.16
3.2 6.4 9.0 139 2.5 2.7 - 1 6 0 0.4 6.4 1.0 2.6 3.84 6.60
2.3 1.9 8.4 197 2.5 0.6 - 1 6 0 0.39 6.4 0.6 0.4 1.02 41.06
2.7 3.5 8.7 232 4.0 1.6 - 1 5 0 1.0 — 1.6 0.2 5.59 168.71
0.3 1.8 8.7 202 2.4 1.0 - 2 0 0 0.64 10.0 0.6 3.5 1.45 12.97
1.8 2.1 8.7 232 1.6 0.6 — 210 0.64 6.0 0.6 0.7 1.77 1.8
7.8 5.0 8.8 227 2.5 1.7 - 1 6 0 0.63 6.0 1.7 — 1.70 1.26
1.2 1.5 8.5 328 2.5 0.4 - 1 7 0 0.4 6.4 1.0 0.9 1.82 0.51
1.5 5.3 8.4 345 6.0 1.0 220 0.4 6.4 1.0 6.2 3.05 0.98
3.0 5.8 8.6 290 2.4 1.6 - 1 7 0 1.0 6.4 1.6 1.1 6.89 0.24
1.9 2.7 8.7 350 10.0 2.4 - 2 2 0 0.4 1.7 1.0 0.8 2.98 12.08

Cp̂  =  residual o rganic c a rb o n  
Cp =  to ta l  o rganic c a rb o n

ab so rp tio n  a rea  1330 — 950 cm -1  

ab so rp tio n  a rea  3020 — 2890 cm -1  

K t  =  ( E l 7 | 0  ~ b  E 17 20  —• ! 0 )

K 2 =  (E i /ю E i720_ 40) 10a

K 3 =  2.5 ( E ,7 ,° )  + b l  
I E U70;  E 1170
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F ig .  l /а.  V aria tion  in  c o n te n t  o f  C 0 2, OM (O rganic M a tte r)  an d  organ ic  so lv en ts  e x tra c t 
w ith  d e p th  in the  bore holes A, В a n d  C

m

F ig .  1/b. V aria tion  in c o n te n t  o f CO ,, OM (O rganic M a tte r)  a n d  o rgan ic  so lv en t e x tra c t  w ith  
d e p th  in  th e  bore holes D , E  a n d  F
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m
5C0r 
700 - 
800- 
900- 

1000 - 

1100- 

1200 
1300- 
1400 - 
1500 
1600 - 
1700 - 
1800 - _ _
1900 - .
2000- •  .

2100- .  •

2200
2300-
2400-' . .  .. .
2500- . . .  *
2600-
2700-
2800-
2900
3000
3100 ■ .
3200-

330°Q2 0.3 0.4 0.5 ~~06 07 0.8 0.3 1.0
Cr /C t

Fig. 2. R e la tio n  betw een  th e  C ^/C y  ra tio  an d  th e  d e p th  of the  A lgyő sam p le s

Sim ila r ly  to  th is  th e  K A a n d  К  are  p ro p o r t io n a l  to  th e  a rom atic  c o n te n t .  K e 
is th e  m easu re  of  b ranch ing  o f th e  iso -hydrocarbons . K c denotes t h e  re la t ion  
of  n a p h th e n e s  to  th e  a l ipha tic  h y d ro ca rb o n s  con ta in ing  more t h a n  four 
m e th y len e  groups. The values  o f  K c and  K a are less charac ter is t ic  a n d  th e i r  
e v a lu a t io n  is more com plica ted , th u s  th e ir  discussion will he neg lec ted  here. 
The re la t io n  of K k to ß is d e m o n s t ra te d  in Fig. 5. On the  hasis of th e  co m p ar iso n  
o b ta in e d  b y  th e  N e r u c h e v  m eth o d  (1 9 6 2 )  in case of genetic c lass if ica t ion  of 
b i tu m e n  th e  K k value proved to  be ch a rac te r is t ic ;  in Fig. 5 the  d iv id in g  line 
se p a ra te s  th e  au toch thonous  b i tu m e n s  from  th e  a llochthonous ones a t  0.5. 
T he  sam ples  located  in the  a rea  be tw een  th e  d iv id ing  lines at 0.5 a n d  0.6 con 
ta in  f i rs t  o f  all au to ch th o n o u s  b i tu m e n s  m ixed w ith  less a l loch thonous  b i t u 
m en. T he  sep a ra t in g  line a t  0.5 shows good ag reem en t  with t h a t  o b ta in e d  by  
the  N e ru c h e v ’s p lo t t ing  f req u en cy  d is t r ib u t io n  cu rve  (Figs 5 a n d  6).
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depth Organic m atter CR / CT ß

Fig. 3. V a ria tio n s  in  av erag e  o f OM con ten t, C p /C j r a t io  a n d  ß  (degree of b itu m in iz a tio n )  
per 100 m e tre s  w ith  d ep th  in  th e  A lgyő sedim ents

T h e  К л is also ab le  to  qualify the  b i tu m e n  (Fig. 7) th o u g h  i t  is less 
c h a ra c te r is t ic  th a n  th e  in d e x  K k. This is c au sed  f irs t  of all b y  th e  fac t  
t h a t  t h e  carbonyl g roup  is m u ch  more sensitive to  m igra tion  th a n  th e  arom atic  
s t r u c tu r e  since th e  s o rp t io n  capac ity  of th e  c a rb o n y l  group is m u c h  higher. 
T h e  ty p e  of the  source m a t t e r  should also be t a k e n  in to  considera tion  because 
th e  h u m ic  substances  su p p ly  more a ro m a tic  s t ru c tu re s  th a n  th e  sapropel 
ty p e s .

T h e  quo tien t  K e is s im ila r  to  K A and  can  also he used in b i tu m e n  d iag
no s t ic s  b u t  it  is also less sensitive  th a n  K k. T h e  reason  is also dua l:  f i r s t  of all 
th e  b ra n c h e d  h y d ro c a rb o n s  m igra te  m uch easier ,  and  on the  o th e r  h a n d  the  
sou rce  m a te r ia l  in f luences th e  q u a n t i ty  of isop reno ids  (e.g. it  is increased  b y  
th e  te rp e n o id  ty p e  m a te r ia ls ) .  The rela tion  b e tw e e n  K e and  K k is shown in
Fig . 8.

A cta  Geologica Academiae Scientiarum  Hungaricae 19, 1975
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Fig. 4. R e la tio n  b e tw een  th e  co n ten t o f kero g en  a n d  th e  co n te n t of b itu m e n  in  th e  A lgyő
sed im en t

Acta Geologien Academiae Scientiarum Hungaricae 19, 1975

F ig. 5. R e la tion  b e tw een  th e  c o n ten t o f  k erogen  a n d  ß  (degree of b itu m in iz a tio n )  in th e
A lgyo sed im en ts
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Fig. 6. R e la tio n  be tw een  th e  ß  (degree of b itu m in iz a tio n ) (a n d  Ei7l()/Ei47o in frared  e x tin c tio n  
ra tio )  in  b itu m e n s from  th e  A lgyo b o rin g  sam ples

A-3-^3.54

0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 
E 1610/Е  1470

Fig. 7. R e la tio n  be tw een  E 1:10/E 1470 and E lfil0/E 1470 ( in fra re d  ex tin c tio n  ra tio s) in b itu m e n s
of th e  A lgyo boring  sam ples

I n  case of  our sam ples  th e  «-value  in t ro d u c e d  b y  G o n d e k  (1971) has 
been  fo u n d  n o t  to  be ch a rac te r is t ic ,  th u s  it  w as m u lt ip l ied  w ith  th e  e x t in c t io n  
sum  (S )  describ ing  all th e  carbony l g roups. E 17.,0_ 10 denotes th e  ex t in c t io n  
m a x im u m  lying  in th e  s t r ip  be tw een  1740 a n d  1720 c m “ 1. The value  o b ta in e d  
in th is  -way p roved  to  he in accordance w i th  o th e r  b i tum en  indices. I t  is 
d e m o n s t r a te d  in Fig. 9 as a func tion  of a n o th e r  com plex index , i.e. of 
(2.5 X E m(l/ E 1470 -)- E 13g0/ E 1170). The value  a  X -S th ro w s  light u p o n  th e  ra t io  
of h e te ro e le m en ts  of b i tu m e n ,  i.e. th is  va lue  c a n  he  used as an index  show ing  
th e  deg ree  o f  m e ta m o rp h ism .

Acta Geologica Academiae Scientiarum Hungaricae 19. 1975
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b itu m en s in th e  Algyő se d im e n ts

10 Acta Geologien Academiae Scientiarum Hungaricae 19, 1975



146 S A J G Ó , CS .

Som e of th e  sam ples  were cu t to  a b o u t  30 fractions b y  m eans  o f  e lu t ion  
c o lu m n -c h ro m a to g rap h y ,  according to  S a j g ó  (1973). The spec tra  of  th e  f ra c 
t io n s  o b ta in e d  in th is  w ay  were recorded  in  I R  and  UV ranges. I n  ce r ta in  
f r a c t io n s  of th e  sam ples  th iad iazo le ,  th io p h e n e ,  thiole, p h e n a n th re n e ,  b e n z o 
p y re n e ,  pery lene , coronene a n d  ovalene b o n d s  were determ ined. All t h e  co m 
p o u n d s  lis ted  above are  ind ica t ive  of h ea v i ly  reduc tive  conditions. T h e  a ro 
m a t ic  com pounds  o r ig ina ted  p ro b ab ly  from  oxygen-rich  molecules b y  p a r t ia l  
h y d ro g e n a t io n .  The a ro m a t ic  s truc tu res  r e la te  to  hum ic organic m a t t e r  while 
th e  su lp h u r -b ea r in g  co m p o u n d s  refer to  a p ro te in -r ich  organic source  m a t te r .  
To i l lu s t ra te  these  fac ts  th e  in fra red  sp e c t ra  series of the sample L  is d e m o n 
s t r a t e d  in  Fig. 10.

I n  cer ta in  sam ples a f te r  th e  benzol-a lcohol ex trac t ion  an e x t r a c t io n  w ith  
p y r id in e  was also ca rr ied  ou t .  The e x t r a c t io n  w i th  pyrid ine dissolves ce r ta in  
p a r t  o f  th e  so-called insoluble  organic m a t t e r  o f  th e  sample.

T h e  pyrid ine  “ kerogen  e x t ra c ts ”  were in v es t ig a ted  on th e  bas is  o f  the ir  
in f r a r e d  spectra .  T h ree  m a in  ty p es  were  d is t ingu ished :

a) carboniferous ty p e  (for com par ison  th e  pyridine e x t ra c ts  o f  coal 
sa m p le  a n d  coal-bearing  rock  samples were  used)

b) oleiferous ty p e  (reservoir rocks, a n d  rocks of high a l lo ch thonous  
b i tu m e n  con ten t ,  respec tive ly ) ,

c) t ra n s i t io n a l  ty p e  (con ta in ing  f i rs t  o f  all au toch thonous  b i tu m e n ) .
W i th in  single ty p e s  several sub-types  c a n  be  distinguished. I n  t h e  fu tu re ,

if  possessing  th e  re su l ts  o f  num erous  sam p le s ,  tve shall a t t e m p t  to  classify 
th e  ro ck  samples on th e  basis  of th e ir  p y r id in e  ex trac ts .

T h e  samples were inves t iga ted  also b y  m e a n s  of de r iva tog raph .  D e r iv a to -  
g r a p h  records were m a d e  before and  a f te r  ex trac t io n .  After  e x t r a c t io n  the  
i n te n s i ty  of th e  en d o th e rm a l  DTA an d  D T G  p e a k  increased to  a g r e a te r  resp. 
sm a lle r  e x te n t ,  an d  th e  place of D TA  an d  D T G  peaks was d isp laced  to w a rd s  
th e  low er  te m p e ra tu re s .  This  can be e x p la in e d  as follows:

a) D uring  te m p e ra tu re  increase th e  decom position  of th e  b i tu m in o u s  
f i lm  coa t in g  the  surface  of  th e  u n e x t r a c te d  rock  and of its m in e ra ls  forms 
a “ c o k e ” -coat which, as a d iffus ion-res tra in ing  phase , will h inder  t h e  d ecom 
p o s i t io n  o f  th e  m inera ls , and  th e  exo th e rm a l  h e a t  of reaction of its  c o m b u s t io n  
will p a r t l y  well co m p en sa te  th e  e n d o th e rm a l  m a x im a  of d issociation  reac t io n s  
of  c lay  m inerals  an d  ca rb o n a te s ;

b) th e  more CO., and  H.,0 gen era t in g  d u r in g  the  d ecom posit ion  resp. 
c o m b u s t io n  of th e  organic  m a t te r  of h igher  q u a n t i t y  and surface b e in g  p re se n t  
in  th e  sam ple  before e x tra c t io n  su rro u n d  a tm ospherica l ly  th e  m in e ra ls  and 
re s t r a in  th e ir  decom position  reactions as p ro d u c ts  resp. displace t h e m  to w a rd s  
h ig h e r  tem p e ra tu re s .

T o  elim inate  th e  d is tu rb in g  effect o f  t h e  ca rb o n a te  and p a r t ly  o f  th e  clay 
m in e ra ls  of th e  sam ples ,  de r iv a to g rap h  reco rd s  were m ade of deca lc in a ted
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4000 3000 2000 1000 700 400

'ig. 10. In fra red  sp e c tra  series o f ch ro m a to g rap h ic  f rac tio n s  o f b itu m en  fro m  th e  AlgyS
b o rin g  sam ple “ L ”
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sam p les  as well. The e v a lu a t io n  o f  these records is anyhow  com p lica ted  and  
on ly  t h e  der ivatogram s of t h e  carboniferous sam ples  can be d is t ingu ished  
u n a m b ig u o u s ly  from sam ples  o f  o th e r  organic m a t t e r  type .

O n  th e  basis of th e  r e s u l t s  discussed above th e  samples b e tw een  600 and 
940 m e t r e s  are of sapropelic p ro te in -c a rb o n h y d ra te  ty p e .  In  th e  ran g e  be tw een  
1600 a n d  1900 metres sam p le s  of  humic, hum ic-saprope lic  a n d  sapropelic  
o rg an ic  m a t te r  are found  in o rd e r  o f  frequency  of th e  above list ( th e  p ic tu re  
is s o m e w h a t  modified b y  th e  re se rv o ir  rocks ly ing  in th is  dep th  in te rva l) .  The 
s t r a t a  b e tw een  1900 a n d  2000 m etres  conta in  organ ic  m a t te r  o f  sapropelic- 
h u m ic  ty p e .  In  the d e p th  in te r v a l  o f  2000 to  2100 m etres  organic  m a t t e r  of 
hu m ic -sap ro p e l ic  ty p e  is f o u n d .  The organic m a t t e r  of the  d e p th  in terval 
o f  2300 to  2500 m etres is o f  sapropelic-lium ic ty p e .  Betw een  2500 and  3300 
m e t r e s  organic  m a t te r  o f  sap ro p e l ic  type  (in sev e ra l  samples h u m ic  m a t te r )  
c an  b e  fo u n d .  In  th is  d e p th  i n te r v a l  four Paleozoic  samples were also in v es t i 
g a te d  a n d  the ir  organic m a t t e r  p ro v ed  to be of  sapropelic  type .

W h e n  the  s ta te  of o rg a n ic  m a t te r  as a fu n c t io n  of d e p th  an d  co r re sp o n d 
ing  t e m p e r a tu r e  and f rom  th e  p o in t  of view of th e i r  hy d ro ca rb o n  su p p ly  is 
co n s id e re d ,  the  h y d ro ca rb o n s  o f  th e  dep th  in te rv a l  o f  600 to  940 m e tre s  can 
b e  d e c la re d  to  have o r ig in a ted  d u r in g  the  early  d iagenesis  of th e  organ ic  m a t te r  
j u s t  b e fo re  the  main p h ase  o f  oil form ation. T h e  range be tw een  1600 and 
2200 m e t r e s  falls to  th e  m a in  p h ase  of h y d ro c a rb o n  fo rm ation  of t h e  organic  
m a t t e r .  T h e  main h y d ro c a rb o n  accum ulations are  found  b e tw een  1700 and 
2000 m e tre s ,  the  m ajor p a r t  o f  th e  oil q u a n t i ty ,  how ever,  does n o t  der ive  from 
th is  d e p t h  interval. T he  o rg a n ic  m a t te r  of th e  rocks in th e  d e p th  in te rv a l  
b e tw e e n  2300 and 3300 m e t r e s  falls in the  second oil-form ation p h ase  bu t ,  
on  t h e  basis  of CR/CT th e se  a re  charac terized  b y  var ied  diagenesis degree. 
I n  t h e  b i tu m en s  of th e  sa m p le s  below 2700 m e tre s  the  q u a n t i ty  o f  h e te ro 
e le m e n ts  (N, S and O) inc reases  a n d  th is  re la te s  to  the  e m ig ra ted  h y d ro 
c a rb o n s .

C onsequently ,  th e  o rg a n ic  m a t te r  of th e  rocks  be tw een  2300 a n d  3300 
m e t r e s  supplied  th e  cons id e rab le  p a r t  or even  th e  overw helm ing  b u lk  of 
t h e  h y d ro c a rb o n s  of th e  o v e r ly in g  reservoirs.

T h e  evaluation  of  th e  d e p t h  curve based  on th e  specific w e igh t ,  Y- and 
Ni- c o n te n t s  of the oils o f  t h e  U p p e r  P a n n o n ia n  reservoirs  o f  A lgyő lead  to 
a p p a r e n t l y  con trad ic t ing  r e su l ts  (OGIL rep o r t ,  1968. pp. 164 166). T he  oil
o f  t h e  A lgyo-l  horizon is r e g a rd e d  syngenetic  (on th e  basis o f  th e  specific 
w e ig h t ,  resp . V and Ni c o n te n t )  an d  the  oils o f  th e  overly ing t r a n s i t io n a l  and 
U p p e r  P a n n o n ia n  zones л^еге d educed  by  v e r t ica l  m ig ra t ion  from  th e  A lgyo-l 
r e s e rv o i r  (in the  d e p th  cu rv e  th e  specific w eigh t  resp . th e  V- a n d  N i - co n ten t  
show s unam biguous  decrease) .  This hypothesis  is d is tu rb ed  only  b y  th e  in
c re a s in g  specific w eigh t  a n d  V- a n d  Ni- c o n te n t  o f  th e  tw o C songrád-S ou th  
h o r iz o n s  lying betw een  1765 a n d  1775 metres. T h ree  possible causes are  assum ed
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anil according to  th e  t h i r d :  “ i t  can  be assum ed  th a t  in a d d i t io n  to  m igra tion , 
in th e  environs of  the  C songrád -S ou th  horizons original oil fo rm a t io n  processes 
also took  place.”  The h igher  n u m b e r  of  homogeneous source rocks  betw een  
1700 and 1800 m etres  m akes  p robab le  th is  a ssum ption .

T he  results  o b ta in ed  from  th e  s t r a ta  be tw een  1900 a n d  2000 metres 
exc lude th e  possib ility  of  h ighes t p ro b ab i l i ty  t h a t  th e  oil o f  h u g e  q u a n t i ty  
ly ing  in th e  U pper  P a n n o n ia n  reservoirs  derives from th is  ho rizon . T he  fact 
em phasized  in th e  re p o r t  above  (p. 141) con trad ic ts  to  th e  quas i-syngene tic  
fo rm a tio n  of the  Algy6-1 oil: th e  A lgyo-l  con ta ins  the  heav ies t  oil o f  th e  U pper 
P a n n o n ia n  s t r a ta  and  th e  d irec t ly  underly ing  Maros-1 horizon  c o n ta in s  the  
l ig h tes t  hyd roca rbons  (on ly  p rec ip i ta te ) .  This phenom enon  differs  f rom  the 
so-called rule of specific w eight.  T he  distillates o f  th e  Maros-1 p re c ip i ta te s  are 
n e a r ly  of the  sam e com position  th a n  the  f rac t ions  of a tm o sp h e r ic  p rec ip i ta te s  
o f  th e  overlying A lgyo-l  horizon. This ind ica tes  t h a t  th e  p r e c ip i ta te  of the 
Maros-1 horizon is th e  l igh t  f rac t io n  of the  oil o f  th e  A lgyo-l  h o r izon ,  i.e. they  
o r ig ina ted  a t  the  sam e loca tion  a n d  tim e  (in th e  same source rock) a n d  reached 
th e i r  p resen t-d ay  position  as a con trad ic t ion  to  th e  rule of  specif ic  weight 
d u r in g  th e  p r im a ry  or secondary  m igra tion .

The higher pos ition  of th e  oil of h igher specific w eight re la te s  to  upw ard  
m ig ra t ion  from th e  Low er P a n n o n ia n .  The p rec ip i ta te  seems to  h a v e  been 
se p a ra te d  already  a t  th e  beg in n in g  of m igra tion  an d  to  have  r each ed  i ts  present- 
d a y  position  in a d e s t in a t io n  ch ro m a to g rap h ic  way. A t  th e  s am e  t im e  the 
m a in  m ass reached  th e  A lgyo-l  horizon by  a queous  p r im a ry  m ig ra t io n  and  from 
th e re  i t  m ig ra ted  to  th e  recen t  reservoir.  In  th e  course of  m ig ra t io n  th e  high 
V an d  Ni con ten t  did n o t  change w hen  m ig ra t ing  th ro u g h  th e  s t r a t a  s a tu ra te d  
w ith  organic  m a t te r  of Low er P a n n o n ia n  ty p e .  According to  th e  inves t iga t ions  
of  S a j g ó  (1973) th e  V a n d  Ni co n ten ts  are h igher in the  Low er t h a n  in the 
U p p e r  P an n o n ian .  The t r a n s i t io n a l  and  U pper  P a n n o n ia n  zone d iffers  from 
th e  Low er P an n o n ian  b o th  lithologically  an d  faciologically. T he  paleonto log ical 
inves t iga t ions  ind ica ted  d iffe ren t  conditions, too . Ignorance  o f  th e se  factors 
re su l ted  in the  erroneous conclusion t h a t  th e  oils of th e  U p p e r  P a n n o n ia n  
reservoirs  are of U pper  P a n n o n ia n  origin. In  re a l i ty  these h y d ro c a rb o n s  endured  
only  negligible changes d u r in g  th e  m igra tion  from  th e  Low er P a n n o n ia n  source 
rocks into the  t ran s i t io n a l  and  U p p e r  P an n o n ia n  s t r a ta .  W h en  re a c h in g  this 
“ fo re ign”  env ironm en t,  how ever,  th e y  show a defin ite  c o n c e n tra t io n  g rad ien t  
an d  only  th is  was observed  in th e  rep o r t  q u o ted  above. The s e p a ra t io n  began 
in th e  trans i t iona l  and  U p p e r  P a n n o n ia n  zone as la te  as d u r in g  secondary  
m ig ra t io n ,  these s t r a t a  m igh t  sep a ra te  resp. f i l te r  the  “ source o il”  d u e  to  its 
d issim ilar com position a n d  th e  oils got to  th e i r  recen t position  in t h e  centre  
of  T e r t ia ry  m igra tion . These  inves t iga t ions  h ave  e lim ina ted  som e c o n t r a 
d ic tions plausible and h av e  led to  a solution. The process o u t l in e d  above 
needs fu r th e r  evidences.
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M in e ra l composition and lithofacies

A ccord ing  to  t h e  d a t a  o f  B á r d o s s y  e t  al. (1970), Algyő M onográfia  
(M o n o g ra p h  on the  A lgyő  d e p o s i t )  (1970), S a j g ó  (1973) and  G K L  R ep o r t  
(1974),  t h e  mineralogical co m p o s i t io n  of the  c la y  f ra c t io n  of th e  U p p e r  P a n 
n o n i a n  sam ples is c h a ra c te r iz e d  b y  the  p redom inance  o f  m on tm oril lon ite  which 
is o f t e n  accompanied b y  a m ix ed  m on tm oril lon ite - i l l i te  s t ru c tu re .  Pollen 
in v e s t ig a t io n s  have in d ic a te d  a M editerranean  c l im a te  an d  th is  corresponds 
to  t h e  m ontm orillon ite  fac ie s  (brack ish -freshw ater ,  lagoonal,  delta , sw am p y  
fac ies ) .  I n  samples of h ig h e r  p H  va lue  the  q u a n t i t y  o f  illite is higher. In  samples 
o f  in c re a s in g  m on tm o ri l lo n i te  c o n te n t  the  q u a n t i t y  o f  do lom ite  also increases. 
T h e  c a rb o n a te  con ten t  v a r ie s  be tw een  20 and  30 p e r  cent.

I n  th e  Lower P a n n o n i a n  th e  most c h a ra c te r is t ic  sed im ent is a clay- 
m a r l  o f  20 to 30 per  c e n t  ca rb o n a te  con ten t .  P a lyno log ica l  inves tiga tions  
i n d i c a t e  a climate t r a n s i t i o n a l  betw een te m p e r a te d  a n d  M ed ite rranean . The 
lo w e r  s t r a t a  of the  L o w er  P a n n o n ia n  are c h a ra c te r iz e d  beside c lay  m inera l 
b y  t h e  p redom inance  o f  i l l i te ,  while in the o v e r ly in g  s t r a t a  th e  q u a n t i ty  of 
i l l i te  decreases and t h a t  o f  m on tm o ri l lo n i te  increases . I n  th e  Lower P an n o n ia n  
a p o s i t iv e  correlation can  b e  observed  be tw een  p H -v a lu e  and illite q u a n t i ty .  
I n  t h e  Low er P annon ian  s a m p le s  the m on tm o ri l lo n i te  co n ten t  decreasing w ith  
d e p t h  is due to two causes:

1. th e  t ra n s fo rm a t io n  o f  th e  m on tm oril lon ite  resp . mixed m ontm oril-  
lo n i te - i l l i te  s truc tu re  to  i l l i te  observable  in th e  e a r ly  p a r t  o f  th e  Low er P a n 
n o n ia n ;

2. th e  gradual e s t a b l i s h m e n t  of a f r e sh w a te r  reg im e is favourab le  for 
t h e  fo rm a t io n  of m o n tm o r i l lo n i te .  Higher m o n tm o r i l lo n i te  con ten t  is tenden -  
t i o u s l y  accompanied b y  h ig h e r  dolom ite  con ten t .  T h e  c lay  co n ten t  of sands tone  
is m a x .  10 per cent, th e i r  s i l t s to n e  content v a r ie s  b e tw e e n  5 and  20 pe r  cent, 
t h e i r  ave rage  carbona te  c o n t e n t  is 25 per cent, b u t  in  ce r ta in  samples i t  reaches 
e v e n  40  p e r  cent. The p r e d o m in a n t  grain size falls b e tw e e n  0.05 an d  0.2 m m.

O u t  of more t h a n  300 b o re s  of the A lgyő b a s in  on ly  th e  bores A and  В 
o f  m a rg in a l  position (F ig . l a )  con ta in  faun is t ica l ly  ev idenced  Miocene s t r a ta .  
T h e  sam ples  inves t iga ted  a re  o f  marine facies, c o n ta in  illite and  m ixed  illite- 
c h lo r i te  s tructures  as c la y  m inera ls  of heav i ly  ch an g in g  ca rbona te  con ten t .

Geochemical fac ies

T o characterize t h e  sa m p le s ,  the ir  sa l in i ty ,  t h e  p H -v a lu e ,  th e  B , Ba, Cl, 
G a ,  K ,  N a  and Sr c o n te n ts  w ere  determ ined: t h e  d a t a  are l is ted  in  Tables I 
a n d  I I .  (As shown b y  E r n s t , 1970. p . 6 8 . “ s a l in i ty  facies”  is u n d e rs to o d  to 
r e p r e s e n t  all the  chem ical cha rac te r is t ic s  owing th e i r  origin to  th e  sa l t  con ten t  
o f  t h e  w a te r  of the  d e p o s i t io n  a rea  and inc lud ing  th o se  w hich  were p reserved
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d u r in g  th e  changes, resp. evo lu tion  o f  th e  sed im ents .)  The ra t io s  В /G a, B a/Sr, 
К /N a  as well as th e  C l-  and В c o n te n ts  are  shown in Fig. 11. T h e  ex p la n a t io n  
o f  th e  p H -  va lue  is com plica ted : i t  depends  b o th  on th e  cond it ions  o f  sedi
m e n ta t io n  (clim ate , d ep th  of w a te r ,  r a t e  of sed im enta t ion) ,  on th e  th e  d ia 
genesis degree of rocks ( t ran sfo rm a tio n s  o f  ca rbona tes  and  clay  m inera ls )  and , 
besides m an y  o th e r  factors, also on  th e  c h a ra c te r  of th e  organic  m a t t e r  (e.g. 
th e  carbonaceous hum ic  organic m a t t e r  is cha rac ter ized  b y  low p H  values). 
T h e  m igra t ion  of  w a te r  associated w i th  h y d ro c a rb o n  m igra tion  m a y  also cause 
anom alies . The p H  values  of our sam ples  re la te  to  M ed ite rranean  c lim ate .

T he  w ater-so lub le  Cl c o n te n t  o f  th e  inves t iga ted  sam pies shows only 
loose re la tions w ith  th e  salin ity  v a lu es  o b ta in ed  b y  paleontological research , 
th is  is in connection  w ith  the  b u i ld ing - in  of  Cl ion in th e  la t t ic e  of  h y d ro 
silicates, i.e. w ith  chlorit ization . T h e  re la t iv e ly  high Cl ion c o n te n t  o f  the  
s t r a t a  be tw een  600 an d  940 m e tre s  can  be expla ined  b y  th is  p h en o m en o n ,  
i.e. th is  process did n o t  take  p lace  in  th e m . A ccording to  E r n s t  (1970) the  
ch lorites  of f re sh w a te r  sedim ents c o n ta in  less th a n  100 pp m  Cl , w hile  those 
o f  m arine  facies co n ta in  Cl ion u p  to  1000 ppm . The th ree  e x t re m e  values  
(А- l ,  A-2, A-4) in d ica te  the  closeness of  th e  reservoirs.

A ccording to  K e i t h -  D e g e n s  (1959) th e  B- con ten t  of th e  sam ples  is 
ch a rac te r is t ic  of th e  sa lin ity  facies o f  sed im en ta t io n .  H a r d e r  (1963) d em o n s
t r a t e d  t h a t  boron  accum ula tes  f i r s t  o f  all in sericite, illite an d  m uscov ite .  
A ccord ingly , th e  boron  conten t o f  ou r  sam ples  re la tes  p a r t ly  to  th e  in it ia l  
sa l in i ty  and  p a r t ly  to  th e  illite c o n te n t .  T he  tw o indices can be app l ied  w hen  
ta k in g  th e m  to g e th e r  in to  account.  R e g a rd in g  also th e  lithofacies, th e  change 
of boron  con ten t  ind ica tes  the  l im n if ica t io n  of b o th  of the Low er a n d  o f the  
U p p e r  P an n o n ian .

In  case of  c lay-m arls  and  s i l ts tones  th e  К /N a  ra t io  shows loose connec
t io n  of inverse c h a ra c te r  w ith  th e  r a te  of sed im en ta t io n  resp. w ith  th e  q u a r tz  
c o n te n t  ( S a j g ó , 1973). This conn ec t io n  p roved  to  be valid  also in th is  
case.

According to  K u k a l  (1971) t h e  B a /S r  ra t io  increases w ith  increasing  
sa l in i ty  values b u t  i t  is sensitively in f luenced  b y  th e  lithofacies. ( In  th e  co n t i 
n e n ta l  sed im ents  th e  B a/S r ra t io  is 0.17 in sandstone , 0.33 in s i l ts tone  and  
1.05 in clays.) O ur va lues  are h igher  th a n  those  shown above, b u t  th e  l i th o 
facies of  these  sam ples  are diversified, th u s  th e  above rela tion  can be ev idenced  
on ly  in case of h igher  n u m b er  of sam ples  a n d  of defined rock ty p es .

To charac terize  th e  oxygen facies th e  E h ,  Fe (100 X Mn • F e + + / F e + + + ) , 

Y/Cr, V/Ni and Ni/Со values were d e te rm in e d  (Tables I a n d  I I ,  Fig. 12). 
A ccord ing  to  E r n s t  (1970) the  te rm  o xygen  facies denotes the  reco n s tru c t io n  
o f  th e  original oxygen  d is tr ibu tion  in  th e  sed im ents  which d e te rm in e d  the  
rem a in in g  types  of organic m a t te r .  This was de te rm ined  b y  S z a d e c z k y - 

K a r d o s s  (1955) sys tem atica l ly  a n d  o f  course  according to  th e  F e  + + + /F e  + +
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ra t io  ( a n d  n o t  inverse ly)  for th e  com parison  o f  th e  whole series of sed im en ts  
and  d if fe ren t  rocks.

T h e  p H -  va lu  es of ou r  samples fall in t h e  red u c t iv e  and s t ro n g ly  re d u c t iv e  
zone (accord ing  to  F a i r b r i d g e , 1967, in  th e  f ie ld  of ironsulphide). T h e  re la t iv e  
e rro r  o f  m e a su re m e n t  of  the  E h  values is o f  a b o u t  10 per cent.

A ccord ing  to  E r n s t  (1970) the  V/Cr ra t io  is one of the  m o s t  f a v o u ra b le  
facies indices. A ccord ing  to  his d a ta  m o s t  o f  o u r  samples belong to  th e  g y t t j a  
facies a n d  only  th e  sm alle r  p a r t  falls in  th e  sa p ro p e l  facies (in g y t t j a  Y /Cr - 1,
in s ap ro p e l  Y/Cr =  2 10). As to  our o p in ion  th e  values of our sam ples  should
be c o r rec ted  since V is connected  w ith  th e  c la y  and  organic m a t t e r  f ra c t io n  
w hile  Cr acc u m u la ted  in  the  f rac tion  o f  co a rse r  grain  size. The m a jo r  p a r t  of 
th e  in v e s t ig a te d  sam ples  contains  re la t iv e ly  coarser  fraction. T he  chang ing  
c a rb o n a te  c o n te n t  also influences the  V/Cr r a t io  ( E r n st , 1970; refers  to  B a u 
m a n n , 1968 a n d  G i t t i n g e r , 1968). T he  V - c o n t e n t  of the  m ig ra t in g  oil m a y  
also d is tu rb  th e  V/Cr ra t io .  In  case of th e  A lgyo  Basin the  d e te rm in a t io n  of  the  
fac ies- ind ica t ing  e x t re m e  values of the  V/Cr r a t io  needs fu r th e r  in v es t ig a t io n s ,

T h e  Fe/100 X Mn ra t io  is suggested  also b y  E rnst  b u t  w i th o u t  end- 
va lues .  T h eo re t ica l ly  it  is in inverse re la t io n  w i th  th e  V/Cr ra tio .  T h is  re la t io n  
h o w ev er ,  appea rs  te n d e n t io u s ly  only in  th e  L ow er P annon ian  (Fig. 12). I t s  
c o n n e c t io n  w ith  th e  E h  is also te n d e n t io u s .  T h e  values of Fe/100 X M n are 
m u c h  m ore  va r iab le  th a n  the  values of V/Cr, V /N i and  Eh. Similar v a r ia b i l i ty  is 
show n on ly  in th e  va lues  of N i/Со ra t io s  (T ab le  I). The Со/Ni ra t io  w as used 
as facies in d ica to r  b y  K r e j c i-Graf (1966) to  characterize  saprope lic  copper  
shales. I n  ou r  sam ples  th is  ra t io  did n o t  sh o w  characteris tic  changes.

T h e  V/Ni va lues  are suggested b y  K u k a l  (1971) b u t  also w i th o u t  end- 
v a lu es .  B o th  V a n d  N i accum ula te  in th e  s ap ro p e l  facies. In  th e  case of  our 
sam ples  th e  re la t io n  o f  V/Cr and V/N i show s an  inverse ten dency .

T h e  Fe + +/Fe  + + + ra t io  as an in d e x  fo r  oxygen facies is su g g es ted  by  
B a u m a n n  (1968). This  ra t io  canno t be u sed  a lone , since it  is in f lu en ced  b y  the  
to ta l  i ron  q u a n t i ty  resp . to ta l  re d u c t io n  c a p a c i ty ,  i.e. in case of  d iffe ren t  
q u a n t i t y  of  to ta l  iron th e  same re d u c t io n  c a p a c i ty  produces d iffe ren t  ra t ios .  
O u r  d a t a  are show n in Tables I  and  I I  as well as in Fig. 12.

W h e n  th e  v a r ia t io n s  of th e  five cu rves  o f  Fig. 12 are considered  s im u l
ta n e o u s ly ,  th e  re la t io n  of inverse t r e n d  b e tw e e n  th e  V/Cr resp. F e + + / F e + + + 
and  th e  o th e r  th ree  ra tios  will be u n a m b ig u o u s .

S u m m a ry

T h e  s e d im e n ta ry  sequence of A lgyő , t h e  rocks of a u to c h th o n o u s  and 
m ix e d  b i tu m e n  (i.e. con ta in ing  a u to c h th o n o u s  and  alloch thonous b i tu m e n )  
cou ld  be d e te rm in ed  b y  two m ethods  of  in v es t ig a t io n .  The a p p l icab i l i ty  of  the  
in f ra re d  ex t in c t io n  quo t ien ts  was in v e s t ig a te d  in b i tum en  d iagnostics  a n d ,  in
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a d d itio n  to  th e  w ell-p roved  Е ш 0/Е ш 0 ra tio , th e  q u o tien ts  E 1010/E 1170 resp . 
E i38o/E ji70 could  also be ap p lied .

O n th e  basis o f th e ir  UV an d  IR  sp e c tra  th e  ty p es o f o rg an ic  m a tte r  
found  in  d iffe ren t d e p th  in te rv a ls  w ere also d e te rm in ed .

S evera l indices of th e  geochem ical facies w ere also d e te rm in ed  a n d  the  
sa lin ity  a n d  oxygen facies o f our sam ples w ere  cha rac terized  b y  th e m . The 
sam ples p ro v ed  to  be m o s tly  of g y tt ja  an d , to  a sm aller e x te n t, o f  sap ropel 
facies.

On th e  basis o f th e  re su lts  i t  w as co n c lu d ed  th a t  th e  m a jo r p a r t  o f th e  
h y d ro ca rb o n s  o f th e  A lgyő  B asin  w ere fo rm ed  in th e  Low er P a n n o n ia n  fo rm a 
tions o f th e  b asin , an d  o n ly  th e  sm aller p a r t  o f th e m  o rig in a ted  in  th e  U pper 
P a n n o n ia n  rocks ly ing  in  th e  d e p th  in te rv a l o f 1700 to  1900 m e tre s . Som e of 
th e  oil, o f course, could  reach  its  p re se n t-d a y  p o sitio n  b y  m eans o f  in w ard  
m ig ra tion .
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КОМПЛЕКСНОЕ ГЕОХИМИЧЕСКОЕ ИССЛЕДОВАНИЕ ОБЛОМОЧНЫХ ПОРОД
СТРУКТУРЫ АЛЬДЬЁ

Ч. ШАЙГО

Р е з ю м е

Рассматриваемые геохимические исследования были направлены на выяснение или 
на лучшее познание происхождения нефтегазоносности месторождения Альдьё. Поста
новленная задача заключалась, во-первых, в изыскании, доказание и оконтуривание 
материнской породы. Важными задачами являются также и уточнение направления пер
вичной миграции и выяснение вторичной и третичной миграций.

В литературе для определения материнской породы известно много методов, которые 
часто основываются на противоречивых теориях. Обычно они ограничиваются исследова
нием того или иного органического компонента. Сравнительно редки такие работы, авторы 
которых попытаются пояснить историю развития осадков с точек зрения как органи
ческой, так и неорганической геохимии.

Примененный автором метод исследований заключался в характеристике раствори
мого и нерастворимого органического вещества породы, то есть в выяснении геохими- 
чеких фациальных условий, таких как соленость и состояние окисления (кислородная 
фация), решительно влияющих на развитие органики в ранние фазы образования осадков.
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T a b ic  I I

Depth
(m) Age

Number 
of sample»

Organic 
Mat 1er
<W%)

Cr

CT P
c o 2

(W%) pH
Cl

(ppm) Ba/Sr B/Ga

6 0 0  702 U Pl 5 0 .6 5 3 0 .5 9 24 .6 7 .8 6 8 .6 2 56  (5 ) 1.3 2 .6

8 0 0  94 0 U P 3 0 .2 1 4 0 .5 7 2 6 .4 9 .61 8 .9 167 (4 ) 1.2 2 .3

1300 U P 1 0 .2 7 4 0 .3 5 19.7 8 .9 9 9 .2 137 0 .6 4 .0

1 6 0 0 - 1 7 0 0 U P 2 0 .341 0 .4 3 9 .5 6 1 3 .3 6 8 .7 201 (3 ) 1 .0  (3 ) 3 .0  (3 )

1 7 0 0 - 1 8 0 0 U P 8 1.807 0 .5 2 2 0 .0 1 0 .5 5 8 .0 134 (9 )
1 .6  (9 ) 
1 .3  (8 )

2 .7  (9 )

1 8 0 0 -  1900 U P 14 0 .9 6 7 0 .4 3 22 .7 1 1 .3 3 8 .7
435 (1 3 ) 

87 (1 1 )
0 .8 4 .0

1 9 0 0 -  2000
U P
L P *i}>* 0 .8 6 2 0 .5 7  (1 0 ) 3 5 .4 9 .1 9 8 .8

305  (1 3 ) 
127 (1 2 )

1.1 (1 3 ) 3 .7  (1 3 )

2 0 0 0  2100 U P
l.P

4
4 8

0 .531 0 .4 5  (2 ) 16 .0 9 .4 1 8 .1  (5 ) 142 (5 ) 1 .5  (5 ) 2 .9  (5 )

2 1 0 0  2200  
2 2 0 0  2300

U P
L P
L P

H 8
7J M 
2

0 .6 3 4

0 .7 2 9

0 .5 4  (6 ) 13 .3

11.2

1 0 .9 0

1 3 .9 5

8 .6  (6 ) 
9 .1  (5 )

161 (6 ) 0 .9  (7 ) 4 .1  (7 )

2 3 0 0  2400 L P 15 1.401 0 .51  (4 ) 9 .3 9 .4 3 8 .9  (3 )
53 0  (3 ) 
258  (2 ) 1 .7  (1 0 ) 5 .4  (1 0 )

2 4 0 0  2500 L P 18 0 .5 2 4 0 .6 7  (8 ) 22 .5 1 0 .3 8 8 .8  (8 )
147 (7 ) 
166 (6 )

1.3 3 .7  (1 0 )

2 5 0 0  2600 L P 6 0 .3 5 8 0 .5 2  (2 ) 3 7 .9 9 .2 2 9 .0  (1 ) 328  (1 ) 0 .6  (1 ) 4 .0  (1 )

2 6 0 0 - 2 7 0 0 L P 9 0 .7 0 5 0 .4 5  (2 ) 12 .5 9 .2 9 .0  (2 ) 159 (2 ) 1.7 (2 ) 4 .4  (2 )

2 7 0 0  2800 L P 8 1 .130 0 .2 9  (2 ) 8 .4 1 0 .4 8 9 .0  (2 ) 104 (2 ) 1 .9  (3 ) 2 .5  (3 )

2 9 0 0  3000 L P 2 0 .5 4 9 0 .6 7 13.2 1 4 .5 4 8 .6  (2 ) 217 (2 ) 
21 4  (2 ) 
202

1.1 3 .3

3 0 0 0  3100 L P 1 0 .9 9 8 0 .9 3 2 4 .8 2 5 .7 3 8 .7 1.0 2 .4
3 1 0 0 - 3 2 0 0 M 2 0 .4 1 5 0 .6 5 23 .9 1 0 .6 9 8 .8 229 1.1 2 .0

3 2 0 0 - 3 3 0 0 M 4 0 .6 3 3 0 .6 6 2 1 .0 7 .5 5 8 .7  (6 ) 321 (6 ) 1 .2 4 .3

U Pl U pper Pliocene Cr  = R esid u a l o rgan ic  carbon A =
U P  = U pper 
L P  — Low er

P a n n o n ian
P a n n o n ian

Ст  =
ß  =

T o ta l o rg an ic  carbon  
D egree of b itu m in iza tio n

S =

M = ,  M iocene

В
(ppm)

Л 130 
S 17 
Л  53 
S 40 
Л  100 
Л  80 
S 16 
Л  83 
S 35 
Л 80 
S 43 
А 91 
S 38 
А 67 
S 17 
Л 113 
S 100

А 120 
S 77 
А 80 
S 44 
А 160 
А 160 
S 60 
Л  100 
S 40 
А 40 
S 100 
S 60 
S 40 
А 40 
S 80

C layey rocks
S an d y  rocks

Fe

100 xM n
V/Cr V/Ni Eh

(mV)
MnO

(W%)
P,0,

(W%)
Fc'O,
(W%)

KjO
(W%)

Na20
(W%) K/Na Fe,+/Fe3+

0 .4  (9 ) l . i 1.9 - 1 3 6 0 .0 9  (4 ) 0 .0 8  (4 ) 4 .4 0  (4 ) 2 .0 8  (4 ) 1 .0 7  (4 ) 2 .3 6  (4 ) 1 .2 9

0 .7  (2 ) 0 .8 1.7 - 1 2 0 (4) 0 .11 0 .1 0 3 .5 9 1 .9 6 1 .2 2 1 .77  (4 ) 4 .8 9

— 1.0 1.0 — 8 0 — — — — — —

1 .0  (3 ) 1.0 (3) 1 .5  (3 ) - 1 5 0 (3) 0 .0 3  (3 ) 0 .1 1  (3 ) 3 .8 4  (5 ) 1 .9 2  (3 ) 0 .9 9  (3 ) 2 .3 4  (3 ) 4 .6 0

1 .7  (7 ) 0 .9 (9) 1 .4  (9 ) - 1 3 8 (9) 0 .0 3  (9 ) 0 .1 1  (9 ) 3 .7 8  (9 ) 2 .1 0  (9 ) 1 .2 3  (9 ) 2 .0 0  (9 ) 2 .8 5

1 .0  (1 0 )  
0 .6  (8 )

0 .8 1.2 - 1 6 8  (1 3 ) 0 .0 5  (1 1 ) 0 .1 2  (1 1 ) 4 .2 4  (1 1 ) 1 .9 7  (1 1 ) 1 .1 2  (1 ) 2 .0 0  (1 1 ) 3 .9 6

1 .4  (7 ) 0 .6 (1 3 ) 1 .6  (1 3 ) - 1 7 0  (1 3 ) 0 .0 4  (1 4 ) 0 .1 2  (1 4 ) 3 .9 1  (1 4 ) 1 .8 2  (1 4 ) 1 .3 3  ( 1 4 ) 1 .7 6  (1 2 ) 8 .0 7

0 .4  (5 )  
1 .7  (7 )

0 .8 (5) 1 .0  (5 ) - 1 5 0 (5) 0 .0 8  (6 ) 0 .1 0  (6 ) 3 .5 0  (6 ) 2 .1 3 1 .5 0  (6 ) 1 .47  (5 ) 14 .77

0 .7  (5 ) 1.0 (7) 1 .7  (7 ) - 1 5 0 (6 ) 0 .0 4  (6 ) 0 .1 0  (6 ) 4 .4 5  (6 ) 2 .3 6  (6 ) 1 .1 3  (6 ) 2 .4 6  (7 ) 1 .4 0

0 .5  (9 ) 1.9 (1 0 ) 1 .5  (1 0 ) - 1 6 0 (3) 0 .0 6  (1 1 ) 0 .1 1  (1 1 ) 4 .4 2  (1 1 ) 1 .9 4  (1 1 ) 1 .0 3  (1 1 ) 2 .1 4  (1 1 ) 2 0 .1 6
0 .8  (1 0 ) 1.2 (9)
0 .5  (8 ) 2.1 (1 0 ) 1.1 (1 0 ) - 1 5 4 (8) 0 .0 7  (1 0 ) 0 .11  (1 0 ) 3 .8 9  (1 0 ) 1 .7 6  (1 0 ) 1 .2 5  (1 0 ) 1 .63  (1 0 ) 7 .4 7
0 .9  (1 0 )  
1 .3  (2 )

0 .6 (1) 1 .0  (1 ) - 1 5 0 0 .0 2  (1 ) 0 .1 1  (1 ) 4 .7 9  (1 ) 2 .0 8  (1 ) 1 .1 7  (1 ) 2 .3 2  (1 ) 2 3 .5 0

4 .4  (2 ) 0 .4 (2 ) 2 .0  (2 ) 90 (2 ) 0 .0 9  (3 ) 0 .1 1  (3 ) 4 .0 3  (3 ) 2 .4 8  (3 ) 1 .3 9  (3 ) 1 .9 4  (3 ) 2 .7 2

3.1  (3 ) 1.2 (3) 1 .5  (3 ) - 1 6 0 0 .0 3 0 .0 8  (3 ) 5 .2 3  (3 ) 3 .0 1  (3 ) 0 .8 2  (3 ) 4 .11  (3 ) 3 .1 5

0 .3
3 .5

1.1 (2) 1.1 (2 ) - 1 5 5 (2 ) 0 .3 3 0 .2 4 7 .9 2 1 .87 0 .9 2 3 .3 0 1 0 4 .8 8

0 .7  (1 ) 0 .6 4 0 .6 - 2 0 0 0 .0 2  (2 ) 0 .1 3  (2 ) 2 .3 4  (2 ) 1 .3 5  (2 ) 1 .1 1  (2 ) 1 .33 1 2 .9 7
2 .2  (4 ) 0 .6 3 1.1 - 1 8 5 0 .0 2 0 .1 3 3 .5 5 2 .3 3 1 .5 0 1 .73 1 .5 3

0 .9  (3 ) 0 .6 5 (3) 1.5 97 (6) 0 .0 3 0 .11 4 .7 8 3 .4 9 1 .1 8 3 .6 8 3 .4 5
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GEOCHEMICAL-BIOLOGICAL EQUILIBRIA 
AND THE CLAY MINERAL CYCLE

B y

E . S z a d e c z k y - K a k d o s s

HUNGARIAN ACADEMY OF SCIENCES, LABORATORY FOR GEOCHEMICAL RESEARCH. BUDAPEST

M ost o f th e  m o v em en t p h en o m en a  of th e  U niverse  are reversib le, lo n g -la s tin g  
rh y th m ic  processes: oscilla tions, cycles an d  quasi-cycles. A rranging  these  m o v em e n ts  
according to  th e ir  space and  tim e  d im ension  (F ig . 1) th ree  groups are d is tin g u ish e d : 
e lectrom agnetic  o scilla tions (s trip  A ) ,  osc illa tions a n d  physical cycles o f th e  m ec h an 
ical m ate ria ls  (s tr ip  В ), chem ical-geological-b io logical coinpIex(quasi-)cycles (s tr ip  C). 
All the  th ree  g ro u p s can  he  ch ara c te riz ed  by  a d e fin ite  space : tim e ra tio , i. e. v e lo c ity .

A t p re sen t s tr ip  C is kno w n  o n ly  from  th e  near-su rface  region o f th e  E a r th . 
T his group  of cycles has developed as a re su lt o f  th e  liqu id  H 20  a cc u m u la tio n  a t  th e  
E a r th ’s surface  due to  th e  E a r th ’s g ra v ity  p o te n tia l  an d  to  th e  E a r th ’s su rfa ce  te m 
p e ra tu re  d e te rm in ed  by th e  solar d is tan c e . T he co m p o u n d  of th e  m ost ty p ic a l  v o la tile  
(hydrogen) an d  of th e  m ost ty p ic a l ro ck -fo rm in g  e lem en t (oxygen), i.e . th e  w a te r  
realizes a com plex  connection  b e tw een  th e  flu id  a n d  solid phases of th e  E a r t h ’s surface . 
W ide changes in c o n cen tra tio n , th e  cycle sy s tem s of so lu tions, of O H -co n ta in in g  
m inerals an d  o f liv ing  sub stan ces a re  re su lts  o f th is  connection . T he co m p lex  sy s tem  
is ch arac te rized  by d iffusion  an d  d o u b le  chem ical decom position  d ep en d in g  on  th e  
chem ical p o te n tia l  (co n cen tra tio n  a n d  p a r tia l  p ressu re). C onsequently , th e  processes 
o f s trip  C are  /Нс-d ep en d en t, while th o se  of s tr ip  В  a re  esen tially  p i-d e p e n d e n t.

S trip  C is th e  form  of m o v em en t o f  the  m a te ria l system s a tt ra c te d  b y  chem ical 
b ind ing  forces, s tr ip  В  is th a t  o f th e  sy s tem s ad h ered  by  g ra v ita tio n , w h ile  s tr ip  A  
is th a t  of th e  physical fields c h a ra c te riz ed  by no a tt r a c t iv e  forces b u t by  th e  repelling  
one of th e  th e rm a l oscillation  on ly .

The cyclic  fo rm atio n  of th e  sensib le , easily  tran s fo rm a b le  clay m in e ra ls  assures 
th e  u n in te r ru p te d  in te rac tio n  of th e  erosion , d ep o sitio n  and  orogeny o f  th e  E a r th ’s 
surface. Clay m in erals rep re sen t th e  m ain  te r re s tr ia l  lu b rican ts , too , g e n e ra tin g  th e  
e x tra o rd in a ry  s tru c tu ra l  m o b ility  o f  th e  te r re s tr ia l  rocks, d irec tly  a t  th e  E a r th ’s 
surface and  in d ire c tly  by  th e  v o la tile s  re leased  in th e  d ep th  (asten o sp h ere ). T h e  o rder 
of m ag n itu d e  of th e  r a te  of erosion , dep o sitio n , o rogeny  and  th e  cycle o f liv in g  sy s tem s 
— generally  o f th e  m ain  processes o f  th e  s tr ip  C -  a re  de term ined  by th e  r a te  o f  fo rm a 

tio n  of the  c lay  m inerals : clay  m in e ra l fo rm atio n  0.1 to  1 m m /year (e x tra p o la te d  th e rm o 
d y n am ically ), c o n tin e n ta l erosion 0.3 to  1 m m /y ear, fo rm atio n  of f lu v ia tile  sed im en ts  
0.1 to 0.3 m m /y ear, fo rm atio n  o f m a jo r  geom orpholog ical form s 3 m m /y e a r , p la te  
tec ton ic  d r if tin g  20 to  80 m m /y ear, “ biological r a te ” (com puted  from  th e  d im ension  
and  average age of p la n ts  and a n im a ls )  20 to  30 m m /y ear. On th e  c o n tra ry ,  th e  ra te  
o f th e  processes in  s tr ip  В , i.e. o f (u l tra  and  in fra ) sound , e a rth q u ak e s , r o ta t io n  and 
rev o lu tio n  of p lan e ts  is 10 12 to  1 0 14 m m /y ear, t h a t  o f th e  processes o f s tr ip  A  (e lec tro 
m agnetic  osc illa tions) is 10 18 to 1 0 19 m m /y ear. I f  in  th e  process w ith in  s t r ip  C a  com 
p o n en t exceed ing  considerab ly  th e  c lay  g rain  size tak es  also p a r t,  th e  r a te  increase. 
(E .g . the  ra te  o f fo rm atio n  of the  sm a lle r  geom orpholog ical form  is ab o u t 3000 m m /y ear.)

In  geological processes an  in te r ru p te d  form  of cycles is com m on. T h e  f i r s t  p a r t  
o f th e  te r re s tr ia l  m egadynam ism  c o rre la ted  w ith  th e  recu rrence  of th e  G a lax y  of 
200 m illion y ea rs  is ch arac te rized  e.g . by  th e  op h io litic  m ag m atism  a n d  b y  th e  geo
syncline phase , th e  second p a r t  b y  m ore  acid  m ag m a tism  and  o rogeny .

The p h y logeny  of th e  te r re s tr ia l  life is ch arac te rized  by “ e x ch an g e  cycles” .
W ith in  th e  cycle law  v a lid  fo r a b o u t 43 sp a tia l  and tem p o ra l o rd e rs  o f m ag

n itu d e  th e  s tr ip  w id th  of 1 to  3 o rd e rs  of m ag n itu d e  rep resen ts th e  f i r s t  s te p  o f th e  
re la tiv e  precision . B y th e  co n sid era tio n  of th e  seco n d ary  facto rs, e.g. re fra c tio n  index , 
d ensity , e la s tic ity , g ra in  size, e tc . th e  ex ac tn ess  is considerab ly  ra ised .

T he u n iv e rsa l cycle law  ex p resses th e  u n ity  o f N a tu re ’s d y n a m ism  an d  opens 
new  v istas for in te rd isc ip lin ary  re sea rc h .
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1. Place of th e  geological, geochem ical and  biological cycles 
in  th e  universal cycle system

I n  th e  course o f  th e  com plex  in v e s tig a tio n  o f th e  energy  a n d  m a te r ia l 
flow s o f  th e  E a r th  i t  h as  b e e n  verified* t h a t  te r re s tr ia l  an d  e x tra te r re s tr ia l  
m o v e m e n ts  are m o stly  o f  cy c lic  resp . rh y th m ic  c h a ra c te r . S y stem a tiz in g  th ese  
cycles as a fu n c tio n  o f  t im e  an d  space i t  w as show n (Sz a d e c z k y - K a r d o s s , 
1971 a n d  1974) th a t  th e  d is tr ib u tio n  of th e se  p rocesses is n o t ran d o m  in sp ite  
o f th e i r  e x tra o rd in a ry  v a r ia b il i ty ,  b u t these  fo rm  th ree  d iscrete  g roups sh a rp ly  
s e p a ra te d  from  one a n o th e r  (F ig . 1). T he f i r s t  g ro u p  consists o f th e  e lec tro 
m a g n e tic  oscillations (s tr ip  A ) ,  th e  second c o n ta in s  th e  d iffe ren t o sc illa tions 
an d  recu rren ces  of th e  m ech an ica l su b stan ce  (m o lecu la r osc illa tions, su p e r
so u n d , so u n d , e a r th q u a k e  w av es, ro ta tio n  a n d  rev o lu tio n  of ce lestia l bodies 
(s tr ip  B ), w hile th e  th i rd  g ro u p  is form ed b y  th e  n ear-su rface  q u asi-eq u ilih ria l 
ch em ica l phenom ena (life processes, fo rm a tio n  o f  c lays, soils, sed im en ts  and  
geom orpho log ica l fo rm s, o rogen ic  processes a n d  th e  lithological an d  geological 
s tag es  co nnec ted  th e re w ith , s tr ip  C). These th re e  m a in  groups a p p ea r essen tia lly  
as p a ra l le l  s trip s  in th e  sp a c e -tim e  system  a n d  ca n  be ch a rac te rized  b y  d efin ite  
sp a c e /tim e  ra tios i.e. v e lo c itie s  (e lec tro m ag n etic  oscillations a b o u t 300,000 
k m /sec , physica l processes o f  th e  m echanical m a te r ia ls  0.1 to  10 km /sec , n e a r
su rface  chem ical processes 0.01 to  10 (.ifi/sec (i.e . a b o u t 0.3 to  300 m m /y ear). 
T he w id th  of th e  s tr ip s  a n d  th e  devia tion  o f th e  d a ta  re flec t th e  fa c t t h a t  th e  
v a lu es  o f  ve locity  d ep e n d  a lso  on d en sity , e la s tic ity  and  on o th e r  fac to rs .

T h e  cycle system  e x te n d in g  over 43 space  a n d  43 tim e o rders o f m agn i
tu d e  in c lu d es th e  m o st im p o r ta n t  form s o f  m o v e m e n t of th e  U n iv erse .

* W o rk s of th e  E a r th  Sciences and  M ining D iv is io n  o f th e  H u n g a rian  A cadem y of 
Sciences on  th e  E nergy  a n d  M a te r ia l Flows of th e  E a r th ,  Conferences I —V  (1969— 1975). 
P u b lic a tio n s : Geonóm ia és B á n y á s z a t  1973, 1975. In d e p e n d e n tly :  2nd C onference, A kad é
m iai K ia d ó  1972. Föld- és B á n y á s z a ti  Tud. Oszt. K özi. 1970. S tud ies on  th e  M a te ria l an d  
E n e rg y  F low s of th e  E a r th .  —  C o n tr. In t .  Comm, in  G eo d y n am ics 1973.
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F ig . 1. The three cycle systems. A )  E lectrom agnetic  oscillations (1. te r re s tr ia l  m ic ro p u lsa 
tio n s )  — В )  Oscillations and cycles o f  the m echanical substance (2. e lec tro n  shell o f  th e  h y d ro 
gen ; 3. ro ta tio n  of th e  E a r th ;  4. re v o lu tio n s  o f th e  S a tu rn ’s sa te llites; 5. re v o lu tio n s  of th e  
J u p i te r ’s s ta te llite s ; 6. revo lu tions of th e  p la n e ta ry  sy s tem ; 7. ro ta tio n  of th e  S u n ; 8. ro ta tio n  
of th e  G alaxy ; 19. a tm o sp h e ric  cycles) — C ) Geochemical cycles (9. b ac te ria ; 10. p e re n n ia l and 
b ien n ia l p lan ts ; 11. tree s  and  large-sized  m am m als ; 12. Sequioa g ig an tea; 13. f lu v ia t ile  cycles 
14. tr ia ss ic  se d im e n ta ry  cycles; 15. cycles o f p la te  tec to n ic s  and s tra tig ra p h ic  s ta g es ; 16. geo- 

m orpholog ical lan d fo rm s; 17. a rg illiz a tio n  and  d e n u d a tio n .)

T he cycle processes are re v e rs ib le , th u s , in sense o f th e  seco n d  law  of 
th e rm o d y n a m ic s , th e ir  w orking c a p a c ity  is m ax im um . On th e  c o n tra ry  flow 
is irrev ers ib le , b u t  becom es c o n tin u o u s  an d  reversib le  as th e  p a r t  o f  th e  cyclic 
p rocess. D iffe ren t p a r ts  of com plex  cyclic  processes are often  in te r ru p te d  and  
d isco n tin u o u s. T h e  m ain  ro ck -fo rm in g  processes during  th e  m a in  tec to n ic  
cycles rep re sen t such  in te rru p te d  cycles.

T he cycle sy s tem  is in c o rre la tio n  w ith  th e  hierarchy o f  the substance
1. e. w ith  th e  system  oj the organiza tion  levels. The o rg an iza tio n  levels  occur 
as a func tion  o f th e  ranges o f d if fe re n t a ttra c t io n  forces. As a fu n c tio n  of 
rep e llin g  pow ers dete rm in ed  by  th e  th e rm a l oscillations o f th e  su b s ta n c e  four 
fu n d a m e n ta lly  d iffe ren t form s o f  th e  h ie ra rc h y  of o rg an iza tio n  levels have 
b een  d is tin g u ish ed : 1. su p raco n d u c tiv e  in te rs te lla r  nebulae of less th a n  10 °K ;
2. p la n e ts  of a b o u t 10 to  104OK ; 3. h eav y  celestia l bodies o f  a b o u t  10* °K  
te m p e ra tu re  (w h ite  s ta rs , n e u tro n  s ta r s ,  b lack  gaps); 4. s ta rs  o f  te m p e ra tu re s
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F ig . 2

h ig h e r  th a n  104oK  an d  m o s tly  in the p lasm a s ta te .  T h e  w ell-know n o rg a n iz a 
tio n  levels of a to m -m o lecu le -m in era l-ro ck -sp h e re -p lan e t as well as th e  b io 
lo g ica l levels cell-tissue-o rgan-organ ism -life  c o m m u n ity  b iosphere occur in  a 
n a rro w  tem p e ra tu re  ra n g e  o f  p lan e ta ry  sy s tem s (F ig . 2).

P resu m ab ly  th e  cycle  system  and th e  h ie ra rc h y  o f substance  is lim ited  
d o w n w a rd  and u p w ard . T h e  low er lim it is re fe r re d  b y  th e  convergence of th e  
В  s tr ip s  tow ards th e  A  e lec tro m ag n etic  s tr ip  in  th e  sm allest space an d  tim e  
ra n g e . T h e  jo in t origo is rep re sen ted  by  th e  space and  tim e quantum  co rre 
la te d  w ith  the e n e rg y -q u a n tu m  of the  e le c tro m a g n e tic  oscillations. A ccord ing  
to  re la tiv is tic  c o n sid e ra tio n s  b y  G y . P a á l  th e  u p p e r  lim it of the  cycle system s 
a p p e a rs  a t  abou t 1 0 10 p a rse c  an d  1 0 17 sec* ( H u b b l e  tim e).

T he C-(geo)chem ical s tr ip  includes th e  cyclic  p h en o m en a  con tro lled  b y  
th e  chem ical b ind ing  fo rces . T h e  cyclic processes o f  p h ysica l ch a rac te r o f th e  
“ m e c h a n ic a l” su b stan ce  s tr ip  В  ta k e  p lace  w ith in  th e  celestial bod ies, 
i.e. w ith in  the  m a te ria l a d h e re d  physically  b y  g ra v ita t io n . The gap an d  se p a ra 
t io n  b e tw een  these s tr ip s  is d u e  to  the  lack  o f c o rre sp o n d in g  a ttra c tiv e  forces. 
I f  th e  resistance  of a p a r t ic le  or partic le  g ro u p  is re la tiv e ly  large (chem ical 
b o n d ) , th e n  large energ ies a re  needed to  d isp lace  th e m  o u t of th e  eq u ilib riu m  
s ta te :  d isp lacem en t a n d  re m o v a l are re la tiv e ly  low , th e  cycle-speed is low , too

* T he un iversal cycle  law  w as discussed b y  a s tro n o m e rs , physic is ts , chem ists, e a rth -  
sc ie n tis ts , biologists a n d  p h ilo so p h e rs  (5 th  C onference o f  th e  M ateria l and E n erg y  F low s 
of th e  E a r th  13— 14 N o v e m b er, 1975, B udapest). T h e  d iscu ssio n  su p p o rted  th e  o u tlin ed  
u n iv e rs a l cycle re la tions a n d  p ro v id e d  d ifferent s ig n ific a n t su p p lem en ts  (e.g. th e  s ta te m e n ts  
o f Gy . P aál  m entioned  a b o v e ; th e  re la tio n  of cycle sy s te m  w ith  th e  recen t th eo re tica l p h y sica l 
d isco v eries  re la tin g  to  th e  in d ep e n d en c e  of scales Gy . M a r x ; th e  d is tu rb an ce  of cycles an d  
th e  a p p ea ran c e  of new cycles u n d e r  th e  effect of e x te rn a l fa c to rs  b y  Gy . Ma r x , B. B e l l , etc .).
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(s tr ip  C). If, on th e  c o n tra ry , th e  re s is ta n c e  is low , i.e. th e  p a rtic le s  a re  ad h e red  
b y  w eak  g ra v ita tio n  force, th e  d isp la c e m e n t w ill be  ra p id , th e  sp eed  o f  oscil
la tio n  an d  ro ta tio n  w ill be high ( s tr ip  В  see in  d e ta ils  in  C h ap te r 4). I f  no  a d 
h e rin g  forces are  p re se n t (strip  A ) ,  th e  speed  o f o sc illa tion  will he m ax im u m .

T he q u a n ti ta t iv e  ch a rac te r a n d  sy s te m -u n ity  o f th e  cycle re la tio n s  p ro 
v id e  possib ilities to  c a rry  ou t u n ifo rm  in te rd isc ip lin a ry  research  in  th e  do m ain  
o f  n a tu ra l  sciences.

In  th e  fo llow ing f irs t of all th e  chem ical sy s tem  (s trip  C) w ill be d ea lt 
w ith . T h is system  includes m ost o f  th e  processes ta k in g  p lace on  th e  solid 
e a r tli  surface an d  o f th e  evo lu tion  o f  th e  w hole E a r th .  As wi 11 1 >e d e m o n s tra te d  
th is  re la tio n  re flec ts  th e  uniform  q u a s i-e q u ilih riu m  o f th e  E a r th ’s n ea r-su rface  
p h en o m en a  e ssen tia lly  de te rm in ed  geochem ically  inc lud ing  th e  geom orpho- 
log ical, pe tro log ica l, s tra tig ra p h ic , te c to n ic  an d  biological processes.

2. D ependence of the geochem ical cycle system  on w a te r 
and  c lay  m inera ls

A ccord ing  to  o u r recen t know ledge th e  chem ical q u asi-eq u ilib riu m  jo in 
ing  in  th e  n ear-su rface  cycle strip  is a n  ex cep tio n a l phenom enon  in th e  U n iv erse . 
I t s  ap p earan ce  has been  provoked b y  th e  special geochem ical co n tro llin g  sy s tem  
developed  n ea r th e  E a r th ’s su rface w hich  h as  g ra d u a lly  developed  u n d e r  th e  
jo in t  effect of th e  av erag e  te m p e ra tu re  o f th e  E a r th ’s surface an d  b y  th e  m ass 
e.g. g ra v ita tio n  p o te n tia l  o f th e  E a r th  (S z a d e c z k y -K a r d o s s , 1974).  These 
p h y sica l fac to rs  re su lte d  in th e  in te n se  accu m u la tio n  of liqu id  H .,0 . W a te r  is 
ch a ra c te riz e d  b y  ex trem e  p ecu la ritie s , such  as h igh  specific h e a t, h igh  h ea t- 
a ccu m u la tio n  c a p a c ity  and  th e  lo w est bo iling  p o in t am ong th e  m a in  v o la tile  
com pounds of th e  ce lestia l bodies. T h u s  H 20  p roduces a liqu id  sp h ere  in  th e  
E a r th ’s surface a t  a te m p e ra tu re , w hich  m a in ta in s  only  g as-s ta te  on o th e r  
p la n e ts . The h y d ro sp h e re  rep re sen ts  a p ro te c te d  a n d  m ostly  h o riz o n ta l flow 
sy s tem  of re la tiv e ly  s ligh t te m p e ra tu re  f lu c tu a tio n .

T he w a te r  jo in s  th e  m ost c h a ra c te r is tic  e lem en t of vo la tiles (h y d ro g en ) 
an d  th e  v o lu m e trica lly  p re d o m in a tin g  e lem en t o f th e  rocks (oxygen). I t  re p re 
sen ts  th e  m ost e ffic ien t so lvent o f  solid com pounds. T hus th e  su rfic ia l p re 
dom inance  of w a te r  re su lts  in the  w ide  ex ten s io n  o f tra n s itio n a l phases  b e tw een  
solids an d  flu id s: so lu tions (sea -w a te r, g ro u n d -w a te r , m in e ra lw a te r, e tc .), 
v o la tile -h ea rin g  m inera ls  (e.g. zeo lite s , c lay  m inera ls , etc .) an d  th e  liv ing  
m a te r ia l. The nea r-su rface  so lu tion  sy s tem  o f th e  e a r th  p roduces a w ide ran g e  
o f c o n c e n tra tio n  d ifferences in w hich  th e  d iffu sive  chem ical processes c o n tro lled  
b y  c o n c e n tra tio n  becom e p re d o m in a n t. T he m o stly  p t-d e p e n d e n t changes o f  th e  
p la n e ts  (strip  B) a re  en larged  in th e  e a r th ’s su rface  to  a m ore com plex  ch e m is try  
ch a rac te rized  b y  p tc  (s trip  C).
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A m o n g  th e  su rfic ia l t ra n s it io n a l phases  th e  c lay  m inerals an d  th e  liv ing  
sy s te m s  are  of special s ign ificance .

T h e  w a te r m olecules a re  com m en su rab le  w ith  th e  s ilica te  m olecules 
fo rm in g  th e  p rev a ilin g  so lid  phases of th e  p la n e ts . This co m m en su rab ility  
o f th e  H 20  and  th e  S i0 4 m ak es possible th e  fo rm a tio n  o f th e  m in era l g roups 
su ch  as th e  clay  m inera ls . In  th e se  m inera l g ro u p s tw o  k inds of o therw ise  sep a 
r a te d  co m p o n en ts  o f ce le s tia l bodies are c o n n e c te d  i.e. th e  v o la tile s  an d  solid 
s ilic a te s . T h u s clay  m in era ls  a re  v e ry  ac tiv e  an d  sensib le an d  w ork  as a p h ase  
re a c tin g  to  sligh t changes, as well (Sz á d e c z k y - K a r d o s s , 1974).

T h e  com m on so lid  p h ases  of th e  p la n e ts  (p e rid o titic -c h o n d ritic  rocks, 
th e i r  b a s a lt ic , g ran itic  a n d  a n o rth o s itic  d iffe re n tia te s , as well as th e ir  su rfic ia l 
p h y s ic a l san d y  erosion p ro d u c ts )  are chem ically  in d iffe ren t, in e rt, th u s  u n s u it
ab le  to  p roduce  ac tiv e  s te a d y  cycles. On th e  c o n tra ry , th e  special fea tu re s  
o f c la y  m inera ls  p ro v o k e  a n  ac tive  chem ical c y c lic ity  (c lay -equ ilib rium ).

T h e  “ cyclogenic”  a c t iv i ty  of clay m in era ls  is co rre la ted  w ith  th e ir  la rge  
sp ec ific  su rface  an d  ch e m ic a l v a r ia b ili ty , re f le c te d  by  th e  consid erab le  ion 
e x c h a n g in g  and  ab so rb in g , p o ssib ly  even ex p an siv e  cap ac ity  accord ing  to  th e ir  
f in e  g ra in  size and  tw o -d im en sio n a l la ttic e . T h e ir  cyclogenic fe a tu re  is p ro 
m o te d  b y  th e ir  lu b ric a tin g  c a p ac ity , too , w hich  ca ta ly zes  g ra v ity  te c to n ics . 
I n  sp ite  o f  th e ir  th e rm a l sen s ib ility  c h a ra c te riz e d  b y  th e  “ m u lti-s te p ”  d e h y d ra 
tio n  a n d  th e  fo rm a tio n  ra n g e  re s tr ic te d  e sse n tia lly  be tw een  0 an d  300 °C an d  
th e  s ta b i l i ty  u su a lly  b e lo w  550 °C, clay m in e ra ls  are capab le  to  tra n s p o r t  
v o la ti le s  in  th e ir  la tt ic e s  to  re la tiv e ly  g re a t d e p th s  of E a r th ’s in te rio r . T he 
a c c u m u la tio n  of th ese  v o la tile s  in m elts o f th e  u p p e rm o st level of th e  asteno- 
sp h e re  re su lts  in lu b r ic a tin g  th e  lith o sp h ere  d u rin g  h o rizo n ta l p la te  te c to n ic  
d r if t .  T h e  con tinuous su p p ly  of th e  ab yssa l v o la tile  co n ten t conveyed  b y  th e  
s u b d u c te d  clay  m inera ls  a c tiv a te  p h y sica lly  a n d  chem ically  th e  w ide sp e c tra  
o f  ro c k  fo rm ing  an d  o rogen ic  processes, to o . T h u s , th e  m a jo r p a r t  o f th e  
m e ta m o rp h ic  rocks, th e  s tro n g ly  d iffe re n tia ted  p o st-m ag m atic  rocks an d  th e  
h y d ro th e rm a l ores re p re s e n t special te r re s tr ia l  fea tu re s .

A  sign ifican t p e c u lia r ity  of clay  m inera ls  is th e  tra n sfo rm a tio n  of th e  w eak  
b o n d s  o f  the  abso rbed  o rg an ic  m acrom olecules b y  th e ir  tw o-d im ensiona l la ttic e s . 
T h e  k a o lin ite  co n ta in ed  b y  th e  coal m easures o rig in a te s  m ain ly  in  in te ra c tio n  
w ith  th e  d ecom position  o f v eg e ta l m a tte r . H y d ro c a rb o n s  are re leased  from  
m o n tm o rillo n ite  by  its  tra n s fo rm a tio n  in to  illite , th u s  th e  h y d ro ca rb o n s a p p e a r 
m a in ly  a ro u n d  th e  h o r iz o n t of th is  t ra n s fo rm a tio n  ( B u r s t , 1969; K i n j i  
Ma g a r a , 1975; St e g e n a , 1963; Sa jg ó , 1974; Y ic z iá n , 1975). Som e o f th e  
c lay  m in e ra ls  ca ta ly ze  th e  fo rm a tio n  of o rg an ic  m acrom olecules ( D e g e n s  an d  
M a t h e j a , P a e c h t - H o r o v it z ). It is th e re fo re  p re su m ed  th a t  th e  ev o lu tio n  of 
th e  te r re s tr ia l  life sy s te m  fro m  th e  o rgan ic  m acrom olecu le  is re la te d  to  th e  
se lf-rep ro d u c in g  code co n tro lled  p a r tly  b y  th e  e le c tro s ta tic  fie ld  of th e  tw o- 
d im e n s io n a l la ttic e  o f th e  c lay  m inerals.
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S um m ing  up  c lay  m inerals a re  th e  d e te rm in a n ts , raAV m a te r ia ls  an d  
o rgan izer o f th e  chem ical q u asi-eq u ilib riu m  in  th e  near-su rface  zone o f  th e  
E a r th  and  form  th e  “ p re e n tra n ce ”  of te r re s tr ia l  life . T heir sen s itiv ity , r e a c tiv i ty  
an d  cycle-form ing  a c tiv i ty  rep resen t a t r a n s i t io n  betw een  the  in e r t b e h a v io u r  
of th e  com m on ro ck s an d  th e  se lf-rep ro d u c in g  a c tiv ity  of life. C lay  m in e ra ls  
specify  th e  d ire c tio n , th e  location , th e  cyclic  tim e  dim ensions, th e  te m p e ra 
tu re  an d  th e  q u a n t i ty  o f th e  E a r th ’s m a in  n ea r-su rface  processes, in c lu d in g  
th e  b io log ical cycle , to o . In  th is  m an n e r, th e  c la y  m inera l system  p ro v e s  to  be 
th e  decisive fa c to r  o f th e  te rre s tr ia l cycle sy s te m , includ ing  th e  fo rm a tio n  of 
soils, sed im en ts  a n d  rocks, th e  erosion a n d  o th e r  geom orphological p rocesses, 
th e  tec to g en esis , th e  basic  u n its  o f s t r a t ig r a p h ic  rh y th m ic ity -c y c lic ity , an d  
th e  te r re s tr ia l  liv in g  processes.

C lay m in era ls  occur, how ever, w ith in  a v e ry  n arrow  ptc  ra n g e  o f  th e  
U n iverse . A t p re se n t th e y  are know n o n ly  on  th e  E a r th ’ surface.

F ro m  th is  p o in t o f view  th ree  m a in  ty p e  o f p lan e ts  m ay be d isce rn ed .
1. On th e  su rface  o f th e  “ p la n e ts”  o f p o o r  a tm osphere  an d  s tro n g  m e

te o rite  im p ac ts , p h y sica l effects in c lu d in g  s lig h tly  d iffe ren tia ted  v o lcan ism  
(g ra v ita tio n  an d  ra d ia tio n )  are th e  m ain  e n e rg y  sources of th e  e x te rn a l p h y s ica l 
effects (M oon, M ercu ry , M ars). The “ e v o lu tio n ”  o f  th ese  bodies is c h a ra c te r iz e d  
b y  m echan ica l ro ck  d is in teg ra tio n  i.e. m a in ly  b y  th e  decrease in  g ra in  size. 
T he d is in te g ra tio n  is, how ever, lim ited  b y  th e  p ro te c tio n  against th e  e x te rn a l 
ra d ia tin g  energy , b y  th e  d is in teg ra tio n  p ro d u c ts  an d  by  the  m o n o to n o u s  d e 
crease of th e  m ech an ica l effect of g ra v ita tio n  d u e  to  th e  decreasing g ra in  size 
(lim it o f ro llin g , “ A bro llungsg renze” , S z á d e c z k y - K a r d o s s , 1935). C o n seq u en tly  
th is  ty p e  is c h a ra c te riz e d  b y  a ran d o m  m o rp h o g en esis  w hich does n o t  re p re 
sen t tru e  e v o lu tio n . T he endogeneous ra d io g e n ic  th e rm a l energy tr a n s p o r te d  
b y  volcanism  on th e  su rface  d issipates u n im p e d e d  in to  th e  in te rp la n e ta ry  space .

2. P la n e ts  c h a ra c te riz e d  by  an  a tm o sp h e re  consisting  of m a in ly  in e r t  
gases (V enus an d  th e  o u te r  p lanets) a re  ab le  to  sto re  endogenous ra d io a c tiv e  
(volcanic) th e rm a l en erg y  on th e ir  su rface . T h e re  th e  m ain p hysica l e ffec t is 
due to  a tm o sp h eric  flow s, i.e. w inds. Som e c o n tin u a r i ty  appears in  th e  su rface  
m orphogenesis, h u t  th e  cond itions for th e  d ev e lo p m e n t of the  arg ilogen ic  and  
th e  bio logical cy c lic ity  a re  p resu m ab ly  n o t  g iv en .

3. O nly  th e  p la n e t E a r th  covered  b y  th e  chem ically  active w a te r  an d  
b y  its  c layey  re a c tio n  p ro d u c t w ith  th e  ro ck s  is ch arac terized  b y  c o n tin u o u s  
evo lu tion  in  th e  sense o u tlin ed  above. E x te rn a l  a n d  in te rn a l energies s to re d  a t 
th e  te rre s tr ia l su rface  u tilize  th e  a c tiv a tin g  c a p a c ity  o f th e  vo latiles w ith in  th e  
solid rock  m asses u p  to  a b o u t 550 °C b y  th e  d e h y d ra tio n  of c lay  m in e ra ls . 
Co u l o m b  an d  o th e r  chem ical b inding fo rces a re  a d d ed  to  the  physica l (g ra v ity  
and  ra d ia tio n ) energies. Chem ical force is a c tiv e  below  th e  “ A bro llu n g sg ren ze” . 
I t  ex ten d s  over th e  m olecule and  a to m ic  ra n g e , transfo rm s th e  s t r u c 
tu re  o f solids an d  th e  com position  o f th e  rocks. The s te a d ily  t r a n s 
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fo rm ed  a n d  re g e n e ra te d  new  n o n -o rth o m a g n e tic  m inerals afford  c o n tin u o u s  
re v e rs ib le  cap ac ity . W a te r  is th e  f irs t, c lay  m in e ra ls  th e  second, an d  th e  liv in g  
sy s te m  th e  th ird  m em ber o f th is  chain . O th e rw ise  sep ara ted  e le m e n ts  are  
jo in e d  in  th is  chain : h y d ro g en  and  oxygen  in  th e  w a te r; these  tw o  e lem en ts  
an d  o th e r  rock -fo rm ing  e lem en ts (Si, Al) in th e  c lay  m inerals; f in a lly  H , C, O, 
N a n d  th e  en erg e tica lly  v e ry  ac tive  P  a n d  S o f  g rea t ionic p o te n tia l  in  th e  
liv in g  sy s tem s . T he in te rn a l bio logical cycle is fo rm ed  under th e  in flu e n c e  o f 
th e  e x te rn a l  ones (n ig h t-d ay , e lec tro m ag n etic  m icropu lsa tions). T he c o m b in a 
tio n  o f  th re e  basic  p rocesses is needed  to  rea lize  th e  m ost p r im itiv e  liv in g  
sy s te m : a u to c a ta ly tic a lly  con tro lled  cycle, s to ra g e  of in fo rm ations b y  m ean s 
of p o ly m e riz a tio n  te m p la te -rea c tio n , an d  th e  m em b ran e  effect p re v e n tin g  th e  
d iffu siv e  d is in te g ra tio n  of o rganic  m olecules in  th e  su rround ing  d ilu te d  so lu 
tio n  (c h e m o to n -th e o ry  o f G a n t i , 1971 —1974). L iv in g  system  g en e ra te s  f in a lly  
th e  a c t iv i ty  of h ig h est g rade  know n h ith e r to , t h a t  of Man.

C lay  m inerals o rig in a te  m ain ly  on th e  su rface  of the  p re se n t-d a y  c o n ti
n e n ts  b y  m eans o f soil fo rm a tio n , i.e. b y  b io log ica l factors from  sia lic  ro ck s, 
an d  su b o rd in a te ly  b y  h y d ro th e rm a l processes in  th e  e a r th ’s c ru s t. S ince th e  
liv in g  sy s tem s s ta r te d  to  sp read  on th e  te r re s tr ia l  lan d  as la te  as th e  P a leo zo ic , 
th e  o ld e s t c lay  m inera ls  of soils c an n o t be o f  ea rlie r  da te  e ither. A rg illiz a tio n , 
h o w e v e r, is know n to  h av e  h a d  a p rim itiv e  ev en  p re v ita l form  d a tin g  to  3.5 to  
4.5 b illio n  y ea rs  b ack . P re su m a b ly  th is  fo rm  o f phyllosilica tes is p a r t ly  d e riv ed  
from  o p h io litic  rocks and  ho ld  also ch lo ritic  fe a tu re s . I t  can be reco g n ized  b y  
e x p e rim e n ta l m odelling  b ased  on th e  p r im itiv e  surfic ia l p a ra m e te rs  o b ta in e d  
b y  c o m p u ta tio n .

T h u s  th e  in ten se  an d  com plex  chem ica l processes, com m on u n d e r  t e r 
re s tr ia l  co n d itio n s are  ex cep tio n a l in  th e  k n o w n  p a r ts  of th e  Cosmos. T h e y  a re  
p re s e n tly  know n on ly  in  th e  n ear-su rface  sp h e re s  of the  E a r th . H e re  th e se  
p rocesses p rev a il m a in ly  as a consequence o f  th e  fo rm ation  of th e  co llo idal 
a n d  h e te ro -d isp e rse  sy s tem  o f th e  clay  m in e ra ls  conta in ing  flu id  p h ases  in  
a c c o rd an ce  w ith  th e ir  h igh  d isp e rs ity  and  la y e re d  la ttice  s tru c tu re , i.e. la rg e  
specific  su rface . T his g en era tes  th e  slow  d iffu sio n  of low cycle r a te  b u t  o f 
h ig h  ch em ica l a c tiv ity .

T h e  tw o -d im ensiona l la ttic e s  o f th e  c lay s d iffer m orphologically  fro m  th e  
p re d o m in a n tly  th ree -d im en sio n a l an d  m o s tly  quasi-isom etric  s tru c tu re s  o f th e  
so lid  p h ases  of o th e r  ce lestia l bodies. A n e x t s te p  in th is d irec tio n  is rea lized  
also  on  th e  su rface o f th e  solid E a r th . T h is is th e  developm ent o f  th e  o n e
d im en sio n a l s tru c tu re  — consisting  o f one series of molecules — in  th e  liv in g  
sy s te m s . T h is sh a rp ly  d iffers from  th e  s t ru c tu re  of inorganic need le  c ry s ta ls  
c o n s is tin g  o f an  enorm ous n u m b e r of m olecu les also p e rp e n d ic u la r  to  th e  
d ire c tio n  o f  e longa tion . The bio logical f ib ro u s  s tru c tu re  enables th e  c o n d u c tio n  
o f in fo rm a tio n  an d  feed ing  i t  b ack , w h ich  is th e  basic p re re q u is ite  o f  life 
a c t iv i ty .
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3. Relations between the rates o f  geochem ical, geological, 
geographical and b iological processes

Since a rg illiza tion  is in te rp re te d  as a d iffu siv e  phenom enon , th e  F ick- 
law s w ill a p p ly  to  it. T h u s  th e  ra te  of d iffu s io n  (dn) depends on dc c o n c e n tra 
tio n  ch an g e  over dx  p a th ,  as well as on d iffu s io n  coefficient D  (q d e n o te s  the  
cross-sec tion , dt th e  d u ra tio n ) :

dn  =  Dq dc dt 
d x

T he d iffusion  coefficien t D , how ever, d e p e n d s  on abso lu te  te m p e ra tu re  (T) 
an d  ion ic  ra d iu s  (r):

6  71Г) r

(k BoLTZMANN-constant, r] t h e  v is c o s i ty  o f  t h e  so lu t io n ) .
A p p ly in g  th is  law  to  a m elt o f ab o u t 1000 °C te m p e ra tu re  se v e ra l cm /y ear 

v e lo c ity  is o b ta in ed . E x tra p o la tin g  th is  v a lu e  to  th e  system s on  th e  E a r th ’s 
su rface o f a b o u t 10 °C te m p e ra tu re  0.1 — 1.0 m m /y e a r  ve locity  is o b ta in ed .*  
T his v a lu e  agrees w ith  th o se  deduced f ro m  geo log ical and  o th e r  d a ta  below .

T h e  r a te  o f a rg illiza tio n  is unknow n  e x p e rim e n ta lly  from  m e a su re m e n ts , 
m oreover, as a com plex process it  c an n o t b e  d e fin ed  in  th e  u su a l sense . The 
fo rm a tio n  o f clays is p reced ed  by  its  s a tu r a t io n  w ith  m o istu re , a n d  th e  d is
so lu tio n  o f  a lkalies, e.g. in  case of th e  m a in  c lay -fo rm in g  fe ld sp a rs .

T h e re  a re , how ever, d iffe ren t p rocesses d ep en d in g  on th e  r a te  o f  a rg illiz a 
tio n . T h e y  are  su itab le  fo r com parison  w ith  th e  m en tio n ed  e x tra p o la te d  ra te  of 
a rg illiza tio n . One of th e se  processes is f lu v ia t i le  sed im en ta tio n . T h e  ra te  of 
th is  s e d im e n ta tio n  has been  deduced fro m  th e  average space  a n d  tim e  
p a ra m e te rs  o f th e  tw o m ain  ty p es of th e  r iv e r  sed im ents. A b o u t 30 m  and
300,000 y ea rs  w ere o b ta in e d  fo r th e  d iag o n a l a n d  h o rizon ta l b ed d ed  sed im en ts  
o f ag g rad in g  rivers and  o f s ta n d in g  shallow  w a te r  (G ondw ana an d  coa l m easu re  
ty p e ). T he analogous d a ta  fo r th e  c ro ss-b ed d ed  s t r a ta  of riv e rs  a t  g ra d e  (red  
san d sto n e  ty p e )  are 8 to  10 m  and  ab o u t 50 ,000  y ea rs . T hey  re su lt in  0.1 resp .
0.2 m m /y e a r  defin itiv e  ra te s .

T he v a lid ity  of th e se  cycle velocities is con firm ed  b y  th e  v a lu e s  of 
E . V é g h - N e u b r a n d t  co m p u ted  new ly fo r  T ria ss ic  sed im en ta ry  r o c k s .

A rg illiza tio n  con tro ls  th e  in tense s t r u c tu r a l  m ob ility  of th e  E a r t h ’s su r
face, w hich  is in te g ra te d  b y  p la te  te c to n ic s . C lay  m inerals y ie ld  th e  m ain  
lu b ric a n t fo r o v e rth ru s t a n d  re la ted  orogen ic  m ov em en ts . On th e  o th e r  h an d  
v o la tile s  d e riv in g  m ain ly  fro m  th e  la ttic e  o f  th e  su b d u c ted  clay  m in e ra ls  and

* T h is e x tra p o la tio n  is b a se d  on th e  s u b s ti tu tio n  o f  th e  m ix tu re  of th e  c la y e y  m in era l 
assum ed to  be  o f very  h igh  v isco sity  and  of th e  d i lu te d  so lu tio n  of very  low v isc o s ity  re p la c 
ing th e  v iscous m elt.
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c o n c e n tra te d  in m elt p ro d u c ts  o f  th e  to p m o st la y e r  o f th e  asth en o sp h ere  y ie ld  
th e  m a in  lu b ric a n t for th e  sp re a d in g . The lu b r ic a t in g  processes, h o w ev er, c o n 
t in u o u s ly  tran sfo rm  th e  c lay  m inera ls . T herefo re  th e  ra te  of th e ir  n e o -fo rm a 
tio n  i.e . th e  speed of a rg illiz a tio n  is th e  m ain  lim itin g  fac to r of th e  p e c u lia r  
te r r e s t r ia l  s tru c tu ra l m o b ility .

T h e  average ra te  o f sp re a d in g , abou t 20 80 m m /y ear is of tw o o rd e r  o f
m a g n itu d e  h igher th a n  t h a t  o f  arg illiza tion . (T he reason  of th is  d iffe ren ce  is 
o u tlin e d  below .) N everthe less, th e  ra te  of sp re a d in g  rem ains w ith in  s tr ip  C, to o .

T h e  average d u ra tio n  o f  one su b d u c tio n  p ro v es  to  be 3 to  9 m illio n  
y e a rs  w h e n  com puted  fro m  th e  average p la te - te c to n ic  speed an d  fro m  th e  
a v e ra g e  su b d u c tio n  d e p th  o f  sev era l h u n d red  k ilo m etres . This tim e  in te rv a l  
c o rre sp o n d s  to  the  av erag e  d u ra tio n s  of stra tigraphic  stages be ing  th e  b as ic  
u n its  o f  th e  s tra tig rap h ic  h ie ra rc h y  (S z á d e c z k y - K a r d o s s , 1974. p . 292 — 293). 
T h u s , th e  r a te  of a rg illiz a tio n  is in  co rre la tio n  w ith  th e  tim e-c lassifica tio n  of 
s t r a t ig r a p h y ,  too.

M o re  an d  m ore d a ta  s u p p o r t  th e  a s su m p tio n  th a t  th ere  is a r e la t io n  
b e tw e e n  th e  te rre s tr ia l m e g a te c to n ic  cycle o f a b o u t  250 m illion y ea rs  a n d  th e  
r o ta t io n  o f  th e  G alaxy as w ell as th e  process o f  s im ila r  d u ra tio n  ta k in g  p lace  
w ith in  th e  Sun. (On th e  re la t io n  betw een  th e  g a lac tic  ro ta tio n  an d  th e  t e r 
r e s t r ia l  m eg a tec to n ic  cycle see e.g. T a m r a z i a n , 1972; S z á d e c z k y - K a r d o s s , 
1972; S v o b o d a , 1975; on  th e  p rob lem  of s im ila r  cyclic a c tiv ity  of th e  S u n , 
G y . M a r x , 1973). The g a la c tic  an d  solar cycles o f  ab o u t 250 m illion  y e a rs , 
h o w e v e r , be long  no t to  th e  C  (geo)chem ical, b u t  to  th e  В  physical s tr ip  o f  th e  
m e c h a n ic a l  substances. T h e  e v o lu tio n  of th e  m eg a tec to n ic s  of the  e a r th  is th u s  
o f d o u b le  con tro l: th e  s t r a t ig ra p h ic  sub-d iv isons o f  3 to  9 m illion y e a rs  a re  
d e te rm in e d  chem ically , th e  m eg a tec to n ic  u n its  o f  250 m illion y ea rs  d e p e n d  
on  th e  p h y s ic a l cycles o f th e  m echan ical su b s ta n c e .

T h e  cycles o f biological ph y to g en y  are ass ig n ed  m ain ly  to  th e  s tr a t ig ra p h ic  
s ta g e s  a n d  to  the  m e g a te c to n ic  cycle b o u n d a rie s . B o th  are acco m p an ied  b y  
f u n d a m e n ta l  changes o f n u m e ro u s  biological fa c to rs . The evo lu tion  o f th e  b io 
lo g ica l g ro u p s  is m ostly  cy c lic . I t  begins b y  re la t iv e ly  few species a n d  in d iv id 
u a ls , t h e n  th e ir  n u m b er in c reases  u n til a m a x im u m  and  f in a lly  dec reases . 
A  g o o d  ex am p le  for th is  t r e n d  o f evo lu tion  is g iv en  b y  D u d i c h  (1962) fo r  th e  
case o f  b ry o zo an s. The e x tin c tio n  o f a g roup  en ab les  th e  th r iv in g  o f  o th e r  
g ro u p s . I n  th is  w ay th e  b io lo g ica l evo lu tion  is re p re se n te d  by  th e  cyclic  e x 
c h a n g e  o f  groups: re p la c e m e n t o f  species, fam ilie s , b ranches etc. In  th is  w ay  
th e  w h o le  biological e v o lu tio n  is con tin u o u sly  cyclic . H ow ever, th e  cycles of 
f a u n a  ch an g es  should he s h a r jd y  d isting u ish ed  fro m  th e  cycle of p h y lo g e n y .

T h e  near-su rface  a rg ilo g en ic  geochem ical a v e rag e  speed is also re f le c te d  
b y  th e  av e rag e  in d iv id u a l life  cycles. The in d iv id u a l average age o f  species 
m a y  b e  d iv id ed  in to  an  in i t ia l  increasing, a la te r  s ta g n a n t and  a f in a l d e c re a s 
in g  p h a s e  in  accordance w ith  th e  cycle co n cep t, re sp . w ith  th e  c o rre sp o n d in g
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sine w ave. T he size o f a b ac te riu m  of sev era l m in u te s  life range is 0.1 to  1 /.i, 
th a t  of th e  p eren n ia l an d  tw o-years p la n ts  is 20 to  30 cm , the  p a ra m e te rs  of 
th e  sm aller dom estic  an im als are ab o u t 0.3 m a n d  10 to  20 years, th o se  o f  th e  
bigger ones 1 to  2 m  an d  15 to  30 y ears , th o se  o f  m a n  1.7 m and 60 to  80 y ea rs , 
those  o f tree s  3 to  30 m  an d  20 to  200 y e a rs , th o se  o f C alifornian red w o o d  
100 m  an d  3 to  4 th o u sa n d  years. T he q u o tie n t  o f a ll these space a n d  tim e  
p a ra m e te rs  is m ean ly  th e  sam e: 3 30 m m /y e a r . T he average va lu es  o f  th e
species rep re sen tin g  ex trem e  cases from  th is  p o in t  o f  v iew  (e.g. th e  tu r t l e  an d  
crow  reach in g  a g re a t age as com pared  to  th e ir  size) rem ain  also w ith in  th e  
dev ia tio n  s tr ip  o f a b o u t tw o  orders o f m a g n itu d e .

N um erous o th e r  bio logical cycles a re  d ire c tly  or ind irec tly  c o rre la ted  b y  
th e  basic  ea rth -p h y s ic a l cycles, f irs t of a ll b y  th e  d iu rn a l ro ta tio n  o f th e  E a r th .  
In  th e  sh o rt re sp ira to ry  an d  c irc u la to ry  cycles o f  m etabolism  th e  m ic ro 
p u lsa tio n s of a b o u t one second the  p e r io d ic ity  o f  th e  te rre s tr ia l e le c tro m a g 
n e tic  fie ld  is re flec ted  (S z á d e c z k y - K a r d o s s , 1974, p . 360. D r i s c h e l , 1974).

The e x tra te r re s tr ia l  e lec trom agnetic  o sc illa tio n s are m ostly  f i l te re d  o u t 
b y  th e  a tm o sp h ere . H ow ever, th e  o sc illa tio n  a c tin g  m ost in tense ly  on  th e  
E a r th ’s surface is re p re se n te d  b y  th e  “ v is ib le”  l ig h t  w hich  prevails in  th e  so la r 
ra d ia tio n  p ro v id in g  th e  m o st im p o r ta n t in fo rm a tio n  system  of th e  liv in g  
sy stem s, i.e. eyesigh t.

S um m ing  u p , th e  biological p h en o m en a  re f le c t all th ree  cycle g ro u p s  of 
th e  U niverse .

W hen  ta k in g  th e  av erag e  ra te  of a rg illiz a tio n  to  be ab o u t 0.1 to  1 m m / 
y ea r, an  accep tab le  average rate o f  soil fo rm a tio n  a cco rd in g  to  pedological e x p e r 
ience is o b ta in e d  (S z a b o l c s ). T hus, th e  fo rm a tio n  o f  1 m  th ic k  soil u n d e r a h u m id  
c lim ate  on th e  fresh  rock  surface ta k e s  a b o u t 100 to  1000 years a t  th e  soil 
o p tim u m  of slope angle 1 to  7°. This o p tim u m  lies betw een  th e  q u a s i-h o ri
zo n ta l slope ch a rac te rized  b y  the  a c cu m u la tiv e  d ep o sitio n  w ithou t p ro d u c tio n  
o f new  soil m a te ria ls  an d  th e  steep  slopes c h a ra c te r iz e d  b y  the  p ro d u c tio n  of 
coarse m echan ica l sed im en ts  even b y  erosion . T h e  e x a c t re la tion  b e tw een  th e  
slope an d  th e  re la te d  fo rm a tio n  of e q u ilib r iu m  is r a th e r  co m p lica ted . I t  
depends on th e  q u a lity  o f rocks, on th e  e x te n s io n  o f th e  slope (on th e  h e ig h t) , 
on dynam ic  effec ts , e tc . ( T e r z a g i i i , 1943; T a y l o r , 1948; F e l l e n i u s , J á k y , 
KÉZDY, 1964). A ccord ing  to  em pirical d a ta ,  h o w ev e r, th e  slopes o f a b o u t  7° 
rep re sen t m o stly  th e  m ax im u m  angle o f  th e  n a tu ra l  slope on c lays. C on
seq u en tly  th is  slope is considered  as th e  u p p e r  lim it  o f o p tim al soil fo rm a tio n . 
A n o th e r lim itin g  v a lu e  is th e  angle of a b o u t 30°  rep resen tin g  th e  m a x im a l 
slope o f th e  accu m u la tio n  o f clastic  sed im en ts . T h u s  th e  slopes be tw een  7 an d  
30° are  considered  to  he th e  average o p tim u m  fo r th e  fo rm ation  o f  san d y - 
g rav e lly  sed im en ts . O n th e  slopes s teep e r th a n  30°  th e  erosion becom es even  
p red o m in an t.

I n  t h e  s y s t e m  o f  e r o s io n  ra tes  s t u d ie d  b y  C o r b e l  (1959) th e  d i s c u s s e d
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range o f  slope 1 to 7° o f argillization is assigned to the “ m ountain”  category  
tak en  from  0.1° slope value. The CoRBEL-numbers, however, represent va lues  
of th e  average o f slope according to the hypsographic curve. O n th e  contrary  
the ta lu s  creep is characterized practically  b y  the averages o f all loca l slope  
angles. I t  is sensible even to  finer incisions o f  the surface. I n  th is  sense is 
presum ed th e  1 to 7° slope as optim al for soil argillization.

T h e  m ax im u m  ra te  o f a rg illiza tio n  is e s tim a te d  to  30 m m /y e a r a t  h u m id  
c lim a te  a n d  a t  th e  o p tim u m  slope angle o f 1 to  7°, while a t  th e  slope v a lu es  
g iven  b y  C o r b e l  th e  average  figu re  w ill be a b o u t 3 to  4 m m /y ear fo r  h u m id  
c lim a te s .

T h is  slope of 1 to  7° is th e  o p tim a l ra n g e  o f th e  n a tu ra l o rg an ic  m a t te r  
an d  o f  th e  p ro d u c tio n  o f liv in g  su b stan ces , to o . A b o u t th e  sam e av e ra g e  1 to  
30 m m /y e a r  is th e  speed  of th e  in d iv id u a l life  cycles discussed ab o v e . T h e  
co in c id en ce  o f th e  tw o ra te s  re la te  to  th e  f a c t  th a t  th e  o p tim a l r a te  o f  a rg il
liz a tio n  d e te rm in es  th e  av erag e  speed  o f th e  p ro d u c tio n  of o rgan ic  m a t te r  as 
well as t h a t  o f th e  in d iv id u a l life cycles.

T h e  a rea  of accu m u la tio n  on th e  w hole E a r th ’s surface is b y  a b o u t one 
o rd e r o f  m a g n itu d e  g re a te r  th a n  th a t  o f ero sio n . A ccordingly, th e  av e ra g e  r a te  
o f d e f in it iv e  deposition  is b y  a b o u t one o rd e r  of m agn itude  lo w er (a b o u t
0.3 m m /y e a r)  th a n  th a t  o f th e  m ax im u m  r a te  o f  argillization .

T h e  average  speed of d e n u d a tio n  c o m p u te d  according to  th e  d a ta  o f 
C o r b e l  a n d  F r i e n d  is a b o u t 0.3 to  1.0 m m /y e a r  too . I t  lies close to  th e  low er 
lim it o f s tr ip  C of th e  su rfic ia l (geo)chem ical cycles. The average v a lu e  o f  d e n u d a 
tion  is in flu e n c e d  b y  th e  r a te  o f  a rg illiza tio n  a n d  b y  the  se d im e n ta tio n  m a in ly  
a t  th e  p ie d m o n ts . T he p ied m o n t sed im en ts  sho w  also a k ind  of c lay ey  w e a th e r 
ing . T h e y  are  f in a lly  tr a n s p o r te d  in to  th e  a c tiv e  subduction  zones th ro u g h  th e  
a d ja c e n t  tren ch es . T he av e rag e  va lu e  o f th e  r a te  of d en u d a tio n  is d ec rea sed  
b y  th e  co arse  erosion p ro d u c ts  of th e  a rid  zones which re p re se n t te r r e s tr ia l  
d e p o s its . T hese coarse sed im en ts b e lo n g  therefo re  to  th e  a c c u m u la 
tio n  a n d  n o t to  th e  d e n u d a tio n  a reas . T h e  optim um  a rg illiz a tio n  on 
th e  s lo p es o f 1 to  7° form s a b o u t 37 p e r c e n t o f th e  hum id  ( te m p e ra te d  an d  
tro p ic a l)  zones a m o u n tin g  to  a b o u t 24 p e r  c e n t  o f th e  w hole E a r th ’s su rface . 
T h u s  th e  o p tim a l a rg illiza tio n  is rea lized  in  a b o u t 10 per c en t o f  th e  w hole  
E a r th ’s su rface . The o th e r p a r ts  o f th e  c o n tin e n ts  rep resen t areas o f a c c u m u la tio n  
or m e c h a n ic a l erosion (e.g. aeo lian  a rid , n iv a l resp . glacial as well as a b ra s io n  
of th e  ro c k y  shores o f oceans an d  seas (see T ab les  I and I I ) .

T h e  c o n tin e n ta l c lay  erosion p ro d u c t o f  ab o u t 10 p er c en t is n e a r ly  
d o u b le d  b y  th e  oceanic sed im e n ta tio n , w h ere  co arser sed im ents are  “ lia lm y ro - 
ly t ic a l ly ”  tra n sfo rm e d  in to  c lay . T he aeo lian  a n d  cosmic d u s t fa llen  in to  th e  
ocean  a lso  y ields c layey  d is in te g ra tio n  p ro d u c ts .

T h e  geom orphological land fo rm s are  in flu e n c e d  by  th e  sy s te m  o f erosion , 
c o n se q u e n tly  b y  th e  r a te  o f th e  av erag e  a rg illiza tio n , too . T his a ffec ts  f i r s t
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Table I

Surface
Continent

per

Total earth 
surface

cent

O ceanic _ 71 .0

N ival 9 2 .6

H u m id  tem p era te 52 15.2

A rid 6 1.7

T ropical 32 9 .2

K a rs t 1 0 .3

1 00 100 .0

Table II

Angle of slope 
(in degrees)

Frequency, %
Erosion product, 
mass per cent.continent total earth 

surface

1 2 < 17 5 gravel 3

7 - 1 2 24 7 sand  and silt 8

1 -  7 38 11 clay 10

1 > 21 6 sed im en tation 8

100 29 29

th e  fo rm a tio n  o f th e  com plex , m a jo r geom orpho log ica l form s. T he m in o r  land- 
form s b u il t  u p  o f coarser-g ra ined  san d y  se d im e n ts  dunes, r iv e r  a n d  shore 
te rra c e  e tc . — develop , how ever, p a r tly  u n d e r  th e  in fluence of th e  g ra v ita tiv e  
w earin g  o f th e se  coarse  com ponen ts. S ince th e  ra te  of th e  cyclic sy s te m  of 
s tr ip  В  d e te rm in e d  b y  th e  force o f g ra v ita tio n  is g rea te r th a n  th a t  o f  th e  pu re  
chem ical cycle sy s tem  o f s tr ip  C i.e. of th e  a rg illiza tio n . T herefo re  th e  m inor 
geom orphological form s are  form ed so m ew h at fa s te r  th a n  th e  r a te s  o f  s trip  
C. T h is is show n b y  th e  a rea l, sp a tia l a n d  te m p o ra l p a ram e te rs  o f  th e  geo
m orpho log ica l lan d fo rm s sum m arized  b y  M . P É C S I a t th e  C onference  on 
Cycles. W hen  in se rte d  in to  th e  cycle d ia g ra m  (F ig . 1) these d a ta  g ive  ab o u t 
3 m m /y e a r ly in g  w ith in  s tr ip  C for th e  m a jo r  landform s and  3 m /y e a r  for 
th e  m in o r ones, ly in g  above th is  s trip .

T h e  v e lo c ity  va lu es  o f geom orphological form s o f d iffe ren t o rig in  and  
seem ingly  in d e p e n d e n t o f each o th e r re su lt in  a reg u la r un iform  c u rv e  o f  the  
tim e : space d iag ram . T h u s th e  tim e-space p a ra m e te rs  of these geom orpho log ica l 
processes are  n o t o f  ra n d o m , stoch astic  c h a ra c te r , b u t  are  assigned to  th e  (geo)-
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c h e m ic a lly  con tro lled  cycle sy s te m . E ven  local a c c u m u la tio n  of erosion p ro d u c ts  
is c o n tro lle d  h y  tw o in te rc o n n e c te d  cyclic processes o f  th e  te rre s tr ia l d y n a m ism ,
i.e . th e  te c to n ic  eq u ilib riu m  o f  erosio n -d ep o sitio n -su b d u c tio n  an d  th e  e q u i
lib r iu m  o f th e  a tm ospheric  en e rg y . The f irs t eq u ilib r iu m  belongs to  th e  ch em ica l 
s tr ip  C, th e  la t te r  one to  th e  p h y sica l s tr ip  B .  (C oncerning th e  a tm o sp h e ric  
e n e rg y  see B . B e l l , 1975.) T h e  space and  tim e  d im ensions as well as th e  fo rm s 
o f th e  lo ca l surficial p h e n o m e n a  are  d e te rm in ed  b y  th e  cyclic renew ing  en e rg y  
p ro c e sse s . In  spite  of th e  n u m e ro u s  physica l a n d  chem ical fac to rs, th e  ra t io  
o f th e  sp ace -tim e  p a ra m e te rs  i.e . the rates o f  the su r fic ia l processes o f  the E a rth  
fo r m  a u n ifo rm  system  and  are connected by their speed values. T h u s  th e  
n e a r-su rfa c e  processes c o n tro lle d  p re d o m in a n tly  b y  (geo)cheinical ag e n ts  are  
e ro s io n , soil fo rm atio n , se d im e n ta tio n , geom orphogenesis, s tru c tu ra l te c to n o -  
p h y s ic a l m ovem ents an d  life phenom ena.

T h e  near-su rface  c lay  eq u ilib riu m  c o n tro ls , how ever, th e  to ta l  (geo)- 
ch e m ic a l cyc lic ity  of th e  ch em ica l elem ents in c lu d in g  m etallogenesis, as w ell 
as th e  su b lith o sp h eric  zones o f  th e  whole E a r t h ’s in te r io r  and  th e  g e o th e rm y , 
tliu s  th e  ev o lu tio n  of th e  E a r th  as a p lan e t. T h is is d u e  f irs t of all to  th e  sy s te m  
c re a tin g  cy c lic ity  of th e  g eochem ical processes.

T h e  in te rn a l p lan e ts  a re  m a in ly  co n tro lled  b y  th e  molten-phase chem ical 
m o b ility  w o rk ing  above te m p e ra tu re s  of 600 °C a n d  influenced  b y  th e  p re ssu re , 
to o . O n  th e  E a r th , how ever, th is  is accom pan ied  b y  th e  solution-phase chem ical 
m o b ility  a c tiv e  m ain ly  b e tw e e n  a b o u t 0° to  200 °C a n d  due to  th e  d e v e lo p m e n t 
o f th e  co m p lex  w a te r-c lay  s y s te m  ( S z á d e c z k y - K a r d o s s , 1974, p . 192). O n th e  
b asis  o f  th e  geochem ical d is tr ib u tio n  of th e  e le m e n ts  th e  tw o kinds o f m o b ili ty  
can  b e  n u m erica lly  ex p ressed . W hereas th e  m o lte n -p h a se  m ob ility  s e p a ra te s  
m a in ly  th e  siderophile e le m e n ts  o f th e  p e r id o titic -c h o n d ritic  u ltra b a s ite s  fro m  
th e  c h a lco p h ile  and  lito p h ile  e lem en ts , th e  so lu tio n -p h ase  m ob ility  re su lts  in  
s ig n if ic a n t ad d itio n a l s e p a ra tio n  of th e  lith o p h ile , chalcophile and  sed im en to - 
p h ile  e lem en ts .

M olten -p h ase  m o b ility  in  itse lf  is no t a cyclic  phenom enon , on th e  p la n e ts  
o f p o o r  a tm ospheres i t  is a c t iv a te d  b y  th e  im p a c ts  of m eteorites. P la n e ts  of 
th is  k in d  an d  th e  M oon a re  ch a rac te rized  b y  vo la tile -free  o r th o m a g m a tic  
c ry s ta ll iz a tio n . On th e  c o n tra ry  th e  so lu tio n -p h ase  m obility  ren d ers  th e  t e r 
r e s tr ia l  ev o lu tio n  con tinuous a n d  cyclic. The v o la ti le  conveyed  h y  c lay  m in e ra ls  
to  th e  d e p th  add  p e g m a titic , p n e u m a to litic  a n d  h y d ro th e rm a l processes to  th e  
o r th o m a g m a tic  ac tiv ities . T h e y  g enera te  in  th is  w a y  th e  m ost s ig n ifican t k in d s  
o f ig n e o u s  ore m in era liza tio n  o f p rac tica l v a lu e , i.e . th e  p o st-m ag m a tic  ore 
m in e ra liz a tio n  as a w hole. A t  th e  sam e tim e  th e se  low er th e  te m p e ra tu re  
of a b y s s a l m e lt fo rm atio n  a n d  c ry s ta lliza tio n  a n d  increase th e  in te rn a l s t r u c 
tu r a l  m o b ili ty  of th e  E a r th .

T h e  low  velo c ity  of th e  near-su rface  ch em ica l cycle also p lay s a n  im 
p o r ta n t  ro le  in th e  increase o f  th e  effect o f so lu tio n -p h ase  m obility . A cco rd in g
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to  th e  longer d u ra tio n  o f  th e  chem ical p rocesses in  the  low er te m p e ra tu re  
ranges, th e  so lu tio n  p h ase , reac tio n s  b eco m e g enera l a t  E a r th ’s su rfa c e .

No su ffic ien t d a ta  are  av a ilab le  fo r a s ta tis t ic a lly  evaluab le  geochem ical 
c h a ra c te r iz a tio n  o f th e  in d iv id u a l phases o f  s tra tig ra p h ic  stages ( E r h a r t , 
1974). T h eo re tica lly  th e  geochem ical cy c lic ity  o f  e lem ents is m a in ly  d irec ted  
b y  doub le  cycle effects. One o f th em  is th e  cycle  of 3 to  9 m illion y e a rs  of th e  
nea r-su rface  chem ical c lay  eq u ilib riu m  m a n ife s te d  by  th e  lith o fac ie s  and  
s tra tig ra p h ic  s tages. The second is th e  m e g a tec to n ic  cycle of a b o u t 200 ( in itia l
ly  300 to  400) M .Y. A ccord ing  to  p la te  te c to n ic s  th e  geochem ical ch an g es  close 
to  th e  su b d u c tio n  zones are  m ore consid erab le  th a n  fa r th e r  aw ay  fro m  th em .

N u m ero u s in v es tig a tio n s  su m m arized  b y  D u f f , H alla m  a n d  W a l t o n  
(1967), as w ell as th e  s tud ies o f th e  a u th o r  (1970) in itia tin g  th e  sy s te m a tic  
d e te rm in a tio n  o f th e  co rre la ted  tim e  : space  p a ra m e te rs  of cyclic p h en o m e n a  
an d  th e  sch lier s tud ies o f A. F ö l d v á r i  e t a l. (1973) re la te  to  th e  f a c t  th a t  
po lycyclicity  is a com m on fe a tu re  o f sed im en ts .

C yclic ity  an d  po ly cy c lic ity  of se d im e n ts  is m ostly  co n tro lled  b y  th e  
in te r ru p te d  cycle fo rm a tio n  fre q u e n t in  th e  geological rh y th m  p h e n o m e n a . 
In te r ru p te d  cycle p h enom ena  is e.g . th e  re g u la r  a lte rn a tio n  of coarse  to  m ed iu m  
and  to  fine g ra in  size o f sed im en ts acco rd in g  to  th e  decreasing flow  v e loc ities. 
In  th e  sam e sed im en ts  th e  phases c h a ra c te r iz e d  b y  increasing  flo w  v e lo c ity  
are e lim in a ted  b y  th e  g ro w th  o f th e  flow  ra te .

The cycles o f  the atmosphere belong to  th e  group of the p h ysica l cycles 
of the m echanical substance, as shown b y  B . B ell at our Conference.

4. Degree of dispersity  an d  cycle velocity

T he ra te  o f arg illiza tio n  u n a v o id a b ly  co n tro ls  th e  system  o f  Ulicmical 
changes as well as those  o f g lobal g eo ch em is try , geo therm y  an d  E a r th  s tru c 
tu re . On th e  E a r th ’s su rface  th e  chem ica l p rocess (a rg illiza tion ) is co n 
n ec ted  w ith  p h y sica l processes (e.g . fo rm a tio n  o f  san d  and  g ravel). T h e  ra te s  
of th e  te r re s tr ia l  su rfic ia l p h y sica l and  ch em ica l processes are f i r s t  o f  all d e 
te rm in e d  b y  th e  g ra in  sizes of c lay , sa n d  a n d  g ravel. The re la t iv e ly  g rea t 
w id th  o f th e  s tr ip  C is m ain ly  th e  consequence  of g ra in  size d iffe ren ces b e 
tw een  th e  te r re s tr ia l  c lay -g ravel sed im en ts . T h e  cyclic a u to m a tism  o f  ch em 
ical processes is con tro lled  ch ie fly  b y  th e  cycle  o f c lay  m inerals as d iscussed  
in  th e  p rev io u s ch a p te r . T he m o st e ffic ien t sh e e t d iam ete r of th e  c la y  m in e r
als is a b o u t 5 to  10 m icrons. T h u s th e re  is a  d ifference of a b o u t fo u r  orders 
o f m ag n itu d es  b e tw een  th e  clays an d  g rav e ls . A ccord ingly , th e re  is a s im ila r 
difference b e tw een  th e  ra te  of d e n u d a tio n  c o n tro lle d  b y  a rg illiza tion  a n d  th a t  
o f th e  genesis o f m ino r geom orpho log ica l fo rm s contro lled  b y  sa n d s  and  
gravels.
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T h e  gen era liza tio n  of th e  degree of d isp e rs ity  (“ grain  sizes” ) en la rg es  
th e  c y c le -a sp e c t accoun ting  fo r th e  gap o f th e  n in e  orders of m a g n itu d e  
b e tw e e n  th e  s tr ip  В  and  C (F ig . 1). In  th is  sense th e  d iam eter o f th e  p la n e ts  
an d  s ta r s  is in te rp re te d  also as “ gra in  size”  se n su  la to . T hus b e tw e e n  th e  
m easu re s  o f  a b o u t 1 m etre  a n d  10 k ilom etres, th e r e  is a d ispersity  m in im u m ; 
th e  f re q u e n c y  of th e  bodies o f such  d iam ete r is v e ry  low. The freq u en cy  b eg ins 
to  d e c re a se  su d d en ly  above th e  decim etre  m a g n itu d e . On th e  E a r th ’s su rface  
b locks b ig g e r  th a n  one m e tre  in  d iam ete r, as w ell as tec to n ic  h o rs ts  an d  
s e d im e n ta ry  o listo lites occur on ly  as specia l, no n -eq u ilib riu m  fo rm s. T he 
fre q u e n c y  o f  liv ing  organism s exceeding 1 — 3 m e tre  in  average size is also 
s u b o rd in a te . D isp e rsity  is s im ila r in  th e  space , to o . The sm all g ra in  sizes arc  
f re q u e n t, i.e. th e  partic les  of th e  in te rp la n e ta ry  an d  in te rs te lla r  d u s t a re  o f  0.1 
to  1 fi d ia m e te r , th e  m e teo rite s  are  m ostly  o f  cm  d iam eter. H ow ever (F ig . 4) 
a f r e q u e n t  class of g ra in  size ap p ears  again  a t  d iam e te rs  h igher th a n  10 k m : 
th e  d ia m e te r  of astero ids is 10 to  100 km , t h a t  o f  sa te llite s  is 10 to  5000 k m , 
th e  p la n e ts  are  5000 to  100,000 an d  s ta rs  a re  I 0 5 to  10° km  in d ia m e te r . 
C o n se q u e n tly , bodies of m e tre  to  10 km  size a re  re la tiv e ly  ra re  in  th e  C osm os.

T h u s , g ra in  sizes have  a tw o -m ax im a  d is tr ib u tio n  in  n a tu re , one o f  th e m  
a p p e a rs  a t  th e  o rder o f m a g n itu d e , th e  o th e r  a t  103 to  105 km .

T h e  cosm ic d is tr ib u tio n  o f d isp e rs ity  co rre sp o n d s  to  th e  rad iu s  o f  a c tio n  
of th e  tw o  k in d s of a t tr a c t iv e  forces ac ting  in  th e  m acro -n a tu re , i.e. o f  c h em 
ical b in d in g  force and  of g ra v ita tio n . T he o p tim u m  in th e  rad iu s  o f  a c tio n  
of th e  chem ical valencies fa lls  betw een  th e  fi a n d  Â sizes. M ineral g ra in s 
re p re s e n t  th e  w eakening  form s o f  chem ical “ b o n d s ” , th e ir  m easures are  d e te r 
m in ed  b y  adhesion  an d  cohesion  con tro lled  b y  su rface  effects. A cco rd in g ly , 
th e  c h e m ic a l va len cy  ex ten d s  over seven o rd e rs  o f  m agn itude  in space . T h u s 
th e  v a le n c y -b a se d  gra in  size ra n g e  rep resen ts  e s se n tia lly  th e  freq u en cy  m a x i
m um  o f  th e  sm all g ra in  size ran g e .

T h e  m ass-d ep en d en t g ra v ita tio n , how ever, becom es a s ign ifican t cohesive 
force f ro m  a d iam e te r of 10 k m , w ith in  th e  d e n s ity  range of solid m a te r ia ls .

F in a l ly  above ab o u t th e  h u n d red fo ld  o f so la r  d iam eter, th e  cohesive force 
of g r a v i ta t io n  becom es w eak e r accord ing  to  th e  rev ersed  p ro p o r tio n a lity  to  
th e  s q u a re  o f d is tan ce . T hus th e  u p p e r lim it o f  th e  celestial bodies o f  n o rm a l 
n o n -g as  n e b u la  ch a ra c te r  can  be  d raw n  a t a b o u t 10° km . In  th is  w ay  g ra v i ta 
tio n , b e in g  th e  cohesive force o f celestial b o d ies , ex ten d s  op tim ally  also  over 
seven  o rd e rs  of m ag n itu d e  (100 km  to  10<J k m ). T he second m a x im u m  of 
cosm ic d isp e rs ity  is th e re fo re  rep re sen ted  h y  th e  bodies k e p t to g e th e r  h y  
g ra v i ta t io n  (F ig . 4).

I n  th e  ab o u t e igh t o rd e rs  o f m ag n itu d e  b e tw een  th e  o p tim a l ra d ii o f 
a c tio n  o f  chem ical forces a n d  g ra v ita tio n , i.e . w ith in  the  range  o f m m  to  
10° k m , no  considerab le  cohesive forces are  k n o w n . C onsequently , in  n a tu re  
th e se  “ g ra in  sizes”  are re la tiv e ly  in freq u en t.

Acta Geologica Academiae Scientiarum Hungaricae 19, 1975



G E O C H E M I C A L -B IO L O G IC A L  E Q U I L I B R I A 173

parsec.L. 
light yearf

10'-
Astr.u.

km

/ I

О
A

10°

IQ-

10

10
0.1 10 10J ю“- 10° 107 10е

Fig. 3

10°

Astr. unit parsec

T he thesis  d iscu ssed  sh o rtly  in C h a p te r  1. is u n d e rs ta n d a b le  on th is  
basis , i.e. th e  E a r th ’s su rface  s trip  C co n ta in s  th e  cycles contro lled  b y  chem ical 
b in d in g  forces, w hile th e  s tr ip  В  of the  p h y s ic a l m ovem ents of th e  m echan ica l 
su b stan ce  includes th e  cycles of the  sy s tem  g o v ern ed  b y  g ra v ita tio n .
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T h e  cycle ra te  th e re fo re , is de te rm in ed , in  f irs t  ap p ro x im atio n , b y  th e  resist
ance o f  th e  co-oscillating  re sp . co -ro ta tin g  m a te r ia l  system  k e p t to g e th e r  
b y  th e  p rev a ilin g  k in d  o f e n e rg y . I f  th is  en e rg y  is g rea t, as in  case  o f  th e  
ch e m ic a l b in d in g  forces, th e n  th e  m ass an d  space  d im ension of th e  p a r t ic le  
to  b e  m o v e d  will be sm all an d  th e  sp ace /tim e  ra tio  of th e  cy c le , i.e. 
th e  v e lo c ity  is also low (s tr ip  C). On th e  c o n tra ry , th e  oscilla tion  resp . r o ta t io n  
speed s o f  th e  system s o f low  re s is ta n c e  a ffec ted  b y  g ra v ita tio n  and  c h a ra c te r iz e d  
b y  re la t iv e ly  large space d im en sio n s are  h igh  (s tr ip  B ). Speed m a x im a  are  
re a liz e d  in  m edia w ith o u t a n y  ad hering  forces (s tr ip  A ,  e lec tro m ag n e tic  os
c illa tio n s) .

C o n seq u en tly , v e lo c ity  h a rd ly  changes w ith in  one s trip , th e  w id th  of 
th e  s t r ip  is s ligh t, since th e  p a r tic le s  resp . p a r tic le  g roups m oved o ff th e  equ i- 
l ib r ia l  s ta te  are essen tia lly  rem o v ed  by  th e  sam e force. The length  o f th e  s tr ip  
is, h o w e v e r , g rea t, i.e. th e  sp ace  an d  tim e  m easu res  o f th e  given ty p e  o f  cycle 
m o v e m e n t m ay  co n sid e rab ly  change.

S ince  in  strip  В  g r a v ita t io n  and  th e  p re ssu re  genera ted  b y  i t  is th e  
p re v a ilin g  force, th e  speed  is m ain ly  m od ified  b y  density  a ffec tin g  th e  
va l ue  o f  g ra v ita tio n . F irs t  o f  a ll th is  d e te rm in es th e  w id th  of th is  s tr ip . E la s t ic 
i ty  b e in g  decisive of th e  r a te  o f oscilla tion  d ep en d s , o f course, on se c o n d a ry  
fa c to rs  (chem ical bond , te m p e ra tu re ) , as well.

D e n s ity , resp. th e  m o la r  w eigh t affects also th e  w id th  of th e  ch em ica l 
s tr ip  C. T h e  diffusion ra te  m o s tly  ch a rac te riz in g  th e  speed of chem ical p ro cess  
d e p e n d s  also  on the  m o la r w e ig h t; th e  sm alle r is th e  m olar w eight o f  th e  d if
fu s in g  p a rtic le s , th e  g re a te r  is th e  d iffusion  coeffic ien t. The g re a t m o b ility  
o f  th e  v o la tile s  of u su a lly  sm a ll m olar w eigh t is due  to  th is  fac t. The d iffe rences 
in  d e n s ity  of th e  n ea r-su rface  solid phases, h ow ever, rem ain  w ith in  one  o rd e r 
o f  m a g n itu d e .

5. Conclusions

T h e  com plex ity  o f th e  cyclic and o sc illa tive  m ovem ents in c reases  w ith  
th e  d ec rea se  of th e ir  “ v e lo c ity ” . 1. The o sc illa tions of strip  A  r e p re s e n t th e  
r a d ia t iv e  d ispersion of en e rg y . S trip  A  is th e  dom in io n  of th e  rep e llin g  pow er 
c h a ra c te r iz e d  m ain ly  b y  h e a t  energy . 2. T h e  m echan ical m o v em en ts  (oscil
la t io n  a n d  cycles) of m a t te r  h e ld  to g e th e r  b y  g ra v ita tio n  (s trip  В ) — are 
c o n tro lle d  b y  th e  h ea t en e rg y  ( te m p e ra tu re , () a n d  th e  pressure (p ), i.e . b y  th e  
in te n se  fa c to r  induced  b y  g ra v ita tio n . T hus th e  dom inion  of s tr ip  В  is c h a r 
a c te r iz e d  b y  processes (m e ltin g , c ry s ta lliz a tio n  etc .) depending  on  p t .  T he 
c o m p o s itio n s  of th e  sy stem s described  b y  th e  m o v em en ts  of s tr ip  В  a re  re la 
t iv e ly  sim p le  and differ co n s id e ra b ly  from  each  o th e r . 3. The cycle m o v e m e n ts  
o f s t r ip  C  i.e. of th e  m a te r ia l  a t tra c te d  b y  th e  chem ical b in d ing  fo rces are 
c o n tro lle d  by  te m p e ra tu re , p re ssu re  and  c o n c e n tra tio n  (chem ical p o te n tia l) .
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T h u s  s tr ip  C is th e  d om in ion  o f ptc  d ep en d en ce . T h e  system s o f th is  dom in ion  
a re  m ore com plex  in  co m position . T h ey  are  ch a rac te rized  often  b y  g re a t  m olar 
w e ig h t b u t  d iffer from  each  o th e r  b y  f in e  tra n s it io n a l pecu liarities.

A ccord ing  to  th ese  d ed u c tio n s  chem ical processes are s u b o rd in a te  in  the  
U n iverse  in  c o n tra s t  to  th e  p h y sica l ones. C elestia l bodies co n sis t u su a lly  of 
re la tiv e ly  sim ple phases, m o s tly  o f gases o f sm alle r m olar w eight a n d  o f  sim ple 
a n d  m o stly  iso m etric  “ o r th o m a g m a tic ”  m in era ls , h a rd ly  re a c tin g  w ith  each  
o th e r . D iffusion in te rch an g es  are  re s tr ic te d . M ore com plex  system s a n d  tru e  chem 
ical reac tio n s are know n  h ith e r to  in  th e  n ea r-su rface  spheres of th e  E a r th  only.
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ГЕОХИМИЧЕСКИЕ-БИОЛОГИЧЕСКИЕ РАВНОВЕСИЯ И И КЛ 
ГЛИНИСТЫХ МИНЕРАЛОВ

Э. САДЕЦКИ-КАРДОШ Ш

Р е з ю м е

Подавляющее большинство проявлений движения в Космосе представляет собою 
обратимые, длительные, ритмичные (вибрационные) и циклично-квазицикличные процес
сы. Систематизированные по пространственно-временным дименсиям, эти движения делят
ся на 3 группы: электромагнитные колебания (полоса А) ,  колебания и физические цик
личные процессы механических веществ (полоса В)  и комплексные химические геологи- 
ческие-биологические квазицикличные процессы (полоса С). Каждая из этих трех групп 
(полос) характеризуется определенным соотношением «пространство-время» с харак
тером скорости. В настоящее время полоса с известна только лишь вблизи поверхности 
Земли. Данная группа циклов образовалась под влиянием жидкого Н20 , накопивше - 
гося вследствие гравитационного потенциала земного шара и поверхностной его темпера
туры, обусловленной расстоянием Земли от Солнца. Будучи соединением наиболее типич
ного летучего (водород) и типичного породообразующего (кислород) элементов, вода 
создает связь между жидкими и твердыми фазами земной поверхности. Она создает широ
кий диапазон изменений концентраций, систему циклов растворов, ОН-содержащих ми
нералов и живого вещества. Эта комплексная система характеризуется преимущественно 
диффузионными и состоящими из обменных разложений химическими процессами, завися
щими от концентрации вещества или от частичного давления (от химического потенциала).
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Следовательно, процессы полосы С зависят от условий ptc, в то время как процессы в по
лосе В  обусловлены по существу условиями pt. Полоса С представляет собою форму 
движения вещественных систем, сплоченных силами химической валентности (связи), 
а полоса В  принадлежит к системам, объединенным силой тяжести, полоса же А  является 
полосой тяжести ноль, представляющей собою, однако, физические поля сил, характе
ризующиеся силами отталкивания типа термических колебаний. Цикличное образование 
чувствительных, легко превращающихся глинистых минералов обеспечивает продолжи
тельное взаимодействие процессов размыва, осадконакопления и горообразования на зем
ной поверхности. Вместе с тем, она проявляет смазочный эффект, осуществляющийся на по
верхности непосредственно, на глубине посредством летучих элементов, создавая необычай
ную структурную мобильность наземных горных пород. Порядок цикличности размыва, 
осадконакопления и горообразования, а также систем живого мира определяется сред
ней скоростью формирования глинистых минералов; следовательно, ей же определяется, 
как правило, порядок скорости полосы С :  образование глин — 0,1-1 мм/год (значение, 
полученное на основании термодинамической экстраполяции); континентальная денуда
ция — 0,3—1 мм/год; речное осадконакопление — 0,1—0,3 мм/год; образование крупных 
геоморфологических форм — 3 мм/год; миграция тектонических плит — 20— 80 мм/год; би
ологическая скорость, вычисленная по размерам и средней продолжительности жизни рас
тений и животных — 20—30 мм/год. Наоборот, средняя скорость вращения, кружения 
небесных тел, скорости распространения (ультра-, инфра-)звука, землетрясений и т. п. 
в пределах полосы В  — 1012— 10IJ мм/год, скорость процессов полосы С (электромагнитных 
колебаний) — Ю18—1019 мм/год. В процессах в пределах полосы С в значительной мере 
участвуют эффекты трения компонентов существенно превышающих размеры глинистых 
зерен (то есть гравитационное трение полосы В), в связи с этим, увеличивается скорость 
(например скорость образования мелких геоморфологических форм составляет около 
3000 мм/год).

В геологических процессах часто происходит формирование прерывистых циклов. 
Например офиолитовый магматизм и геосинклинальная фаза складчатости ограничива
ются первой половиной земного мегатектонического цикла, коррелируемого с 200-мил- 
лионолетней циркуляцией Галактики, а к второй половиной его рииурочены более 
кислый по составу магматизм и орогеническая фаза складчатости. Для филогенеза земной 
жизни характерно формирование «обменных циклов».

В пределах закона цикличности, справедливого для примерно 43 простветранс- 
нных и такого же количества временных порядков величин, ширина полосы порядка 
1 — 3 представляет собою уже сама по себе — без учета таких посторонних факторов как 
показатель преломления, густота, упругость и размеры зерен — в первом приближении 
относительно удовлетворительную точность. Универсальный закон цикличности выра
жает единство динамизма природы и служит новой по характеру количественной ос
новой для междисциплинарных исследований.

12 Acta Geologien Acadcmiae Scientiarum Hitngaricae 19, 1975
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MICROBIOLOGICAL OXIDATION 
OF FERROUS IRON AND ITS ROLE 

IN BIOMETALLURGICAL LEACHING PROCESSES

B y

J .  Sz o l n o k i

HUNGARIAN ACADEMY OF SCIENCES, LABORATORY FOR GEOCHEMICAL RESEARCH, BUDAPEST

F e rro u s-su lp h a te  w as oxid ized  to  fe rric -su lp h a te , in a b io c a ta ly tic  w ay  in  a 
h ig h ly  acid ic  m ed iu m , b y  m eans of th e  c h em o au to tro p h ic  b ac teriu m , T h io b ac illu s  ferro- 
o x id an s iso la ted  b y  au th o r. T he o p tim a l p a ra m e te rs  were d e te rm in ed  u n d e r  w hich  th e  
acid ic  fe rric -su lp h a te -b ea rin g  leach ing  so lu tio n  fav o u rab le  from  th e  p o in t  o f v iew  of 
p ra c tic a l u til iz a tio n , can  be p ro d u ced .

U n d e r d iffe re n t leach ing  co n d itio n s re d  in d u s tr ia l w aste  m u d  w as t r e a te d  w ith  
th is  leach in g  so lu tio n . U n d er th e  effect o f t r e a tm e n t  N a was to ta lly , A1 m o stly  leached 
fro m  th e  re d  m u d , while th e  tre a te d  red  m u d  w as enriched in  iro n . T h e  leach ed  N a 
a n d  A l, as w ell as o th e r  m eta ls can  be o b ta in e d  fro m  th e  so lu tion  b y  fu r th e r  t r e a tm e n t.  
O n th e  basis o f  la b o ra to ry  ex p erim en ts  i t  is ex p ec te d  th a t  m e ta l-c o n ta in in g  in d u s tr ia l 
w astes p o llu tin g  th e  en v iro n m en t can  b e  u tilized  by  m eans o f b io m e ta llu rg ica l 
processes.

U ra n iu m  ore  w as also tre a te d  b y  b io m e ta llu rg ica l leaching. T h e  leach in g  e x 
p e rim en ts  w ere c a rried  o u t u n d e r d iffe re n t la b o ra to ry  conditions. B y  m ean s of th e  
b io m e ta llu rg ica l p rocess , m ore th a n  94 p e r  c e n t o f th e  u ran iu m  could  be  leach ed  fro m  
th e  ore d u rin g  th re e  hours o f t re a tm e n t.

I n  acco rd an ce  w ith  th e  la b o ra to ry  e x p e rim e n ts  th e  b io m e ta llu rg ic a l leach ing  
m e th o d , inex p en siv e  a n d  sim ple as i t  is, seem s to  be su itab le  fo r th e  u til iz a tio n  of 
m eta llife ro u s in d u s tr ia l  w astes an d  f ir s t  o f a ll fo r an  econom ical reco v e ry  o f th e  m eta l 
c o n te n t  o f d isperse  a n d  low -quality  ores.

I t  has b een  kn o w n  for n ea rly  a c e n tu ry  th a t  b ac te ria  a re  in v o lv ed  in 
th e  o x id a tio n  o f iron  com pounds [38, 41]. T h is a c tiv ity  h ad  b een  a t t r ib u te d  
to  th e  f ila m e n to u s  iro n  b ac te ria , an d  th e ir  ro le in th e  fo rm a tio n  o f  ce rta in  
se d im e n ta ry  iro n -m an g an ese  ores h ad  b een  assu m ed  [4, 10, 15, 18, 26]. T hese 
b a c te r ia  live m o stly  in n a tu ra l e n v iro n m e n t in  w hich iron  is e a s ily  ox id ized  
u n d e r th e  effect o f th e  oxygen  of th e  a ir , i.e . in  an  ab io tic  m a n n e r, to o . A bou t 
25 y ea rs  ago, A m erican  scien tists  described  b a c te r ia  w hich are ab le  to  ca ta ly ze  
th e  o x id a tio n  o f fe rro u s iron  to  ferric  iro n  in  h eav ily  acidic m ed ia  [2, 3, 32]. 
T hese b a c te r ia  called  T h iobacillus fe rro x id an s  o b ta in  th e  ca rb o n  re q u ire d  for 
th e  c o n s titu tio n  of th e ir  body  from  a ir ’s c a rb o n  dioxide and  th e  energyneces- 
sa ry  fo r th e ir  liv ing  a c tiv ity  is supp lied  b y  th e  ox idation  o f re d u c e d  m eta l 
com pounds (f irs t o f all ferrous-iron) an d  o f  ce rta in  su lp h u r co m p o u n d s  (e.g. 
m e ta l-su lp h id es) . T h e y  ca rry  a h igh c o n c e n tra tio n  of m e ta l-sa lt a n d  th e  low 
p H -v a lu e  (2.0) is fav o u rab le  for th e ir  v i ta l  fu n c tio n s. Since its  d isco v ery  th e  
T h iobac illu s fe rro o x id an s  has been of ev er grow ing  significance. I t  w as p ro v ed  
th a t  i t  p lay s  an  ac tiv e  ro le in th e  m o b iliza tio n  an d  redeposition  o f m e ta ls  [16, 
29, 31, 37]. T h e ir a c tiv ity  is, how ever, o f h a rm fu l ch a rac te r, w h ich  is re flec ted
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b y  th e  f a c t  th a t  the  iron -rich  ac id ic  m ine w a te rs  d ra in e d  in to  th e  rivers p o llu te  
th e  e n v iro n m e n t and cause co rro sio n  dam ages [1, 6, 14, 33]. N everthe less it  
is o f  m u c h  g rea te r  im p o rtan ce  t h a t  these  b a c te ria  ox id iz ing  th e  reduced  m e ta ls  
w ill m a k e  th e m  soluble in w a te r  in form  of su lp h a te s  w hich  can th en  be leach ed  
from  th e  ores. B io m eta llu rg y  i.e . th e  p ro ced u re  sp read in g  g rad u a lly  on  a 
w o rld -w id e  scale is based  on th is  fa c t [5, 7, 11, 12, 17, 23, 27, 30, 34, 35, 36, 
40]. T h o u g h  b ac te ria  are  ab le  to  oxidize th e  m e ta l su lph ides, in th is  p rocess 
iro n  is  o f  p red o m in an t ro le since  fe rric -su lp h a te  is an  ac tive  leaching a g e n t. 
T he p ro c e ss  can be ou tlin ed  in  th e  fo rm ula below  w here  R  denotes a m e ta l:

2 R S  +  2 Fe2(S 0 4)3 +  H ,0  +  3 O , =  2 fíSO,, +  4 F e S 0 4 +  2 H 2S 0 4.

I n  case of ores of n o n -su lp h id e  ty p e , i.e. in  t h a t  o f u ran iu m , th e  process 
u n fo ld s  as follows:

UOo +  F e 2(SO,])3 =  U 0 2S 0 4 +  2 F e S 0 4

T h e  v a lu ab le  n o n -fe rro u s or ra re  m eta ls  can  be  o b ta in ed  from  th e  so lu 
tio n  b y  cem en ta tio n , ionic ex ch an g e  or b y  o th e r  m e th o d s fe rro u s-su lp h a te  
i ts e lf  w ill he  oxidized b a c te r ia l ly  again  to  fe rr ic -su lp h a te :

F e S 0 4 -f- 2 H 2S 0 4 +  0 2 =  2 F e2(S 0 4)3 -f- 2 H 20

I n  th e  course of b io log ica l o x id a tio n  a p a r t  o f th e  fe rric -su lp h a te  is t r a n s 
fo rm e d  in to  basic iro n -su lp h a te  resp . fe rr ic -h y d ro x id e  w hich is p re c ip ita te d

Fe2(S 0 4)3 +  2 H 20  =  2 F e(O H )S O , +  H 2S 0 4 

Fe2(S 0 4)3 +  6 H 20  =  F e2(O H )6 +  3 H 2S 0 4

T h e  q u a n ti ty  of th e  iro n  p re c ip ita tin g  in  fo rm  of hydrox ide d ep en d s on 
th a t  o f  th e  su lphuric  acid  b e in g  fo rm ed , i.e. on th e  p H -v a lu e  of th e  m ed iu m , 
th u s  p ra c tic a l ly  an  a u to re g u la tio n  equ ilib riu m  develops betw een  th e  p re 
c ip i ta t in g  an d  dissolved fe rr ic -iro n . W hen th e  p H -v a lu e  increases, th e  ferric- 
iro n  in  th e  so lu tion  will be  p re c ip ita te d  an d  ab o v e  p H  3.5 it will be a lm o st 
to ta l ly  p re c ip ita te d  from  th e  so lu tio n . This p h en o m en o n  plays an im p o r ta n t  
ro le in  th e  experim en ts to  be  d iscussed  h e re in a fte r  in  connection  w ith  red  m u d . 
T h e  r e d  m u d  appears as th e  b y -p ro d u c t o f a lu m in a  p ro d u c tio n  in  fo rm  of 
h a rm fu l in d u s tr ia l w aste , th e  fu r th e r  p rocessing  o f  w hich  is ren d e red  m ore 
d if f ic u lt  re sp . is m ade ex p en siv e  b y  th e  h igh  N a O H  c o n te n t by  th e  re la tiv e ly  
low  F e  c o n te n t and  b y  th e  f a c t  t h a t  it co n ta in s  o th e r  m etals, e.g. A l, T i, У , 
e tc . F e S 0 4, an o th e r im p o r ta n t  co m ponen t of th e  leach ing  so lu tion , ap p e a rs  
al so as a  h a rm fu l in d u s tr ia l w a s te  w hich is o b ta in e d  from  th e  soaking m ed iu m  
o f p la te -m ill  w orks b y  c ry s ta lliz a tio n  an d  c e n tr ifu g in g  in form  o f h ep ra - 
h y d r a te .
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E xperim en ta l m a te ria ls  an d  m ethods

E x p e rim e n ts  w ere ca rried  o u t b y  b a c te r iu m  cu ltu res in c lu d in g  Thio- 
bacillus ferro o x id an s iso la ted  from  acidic iro n  co n ta in in g  m ine d ra in a g e  w a te r  
(P a d ra g , R ecsk) b y  using  th e  cu ltu re -m ed ia  re fe rred  to  in l i te ra tu re  [9 , 20, 21, 
25]. B ac te ria  w ere b red  in th e  so-ca lled  9K  cu ltu re -so lu tio n  su g g e s te d  b y  
S i l v e r m a n  an d  L u n d g r e n  [24] a n d  cu ltu re s  enriched  b y  c e n tr ifu g in g  and  
w ash ing  w ere p roduced . T he b a c te r ia  w ere a d a p te d  to  endure  so lu tio n s  o f  h igh 
d isso lved  m e ta l c o n cen tra tio n . Since iro n  has been  th e  o x id iz in g , leach ing  
ag en t, in th e  ex perim en ts such  a c u ltu re -so lu tio n  con ta in ing  m u c h  iro n  and  
ad v an tag eo u s  from  our p o in t o f v iew  h a d  to  be  fo und , in  w h ich  b a c te r ia  are 
able to  oxidize th e  fe rrous-iron  to  fe rric -iro n  w ith in  sho rtest possib le  t im e  an d  
in  th e  m ost ac tiv e  m an n er. C o n seq u en tly , 9K  cu ltu re -so lu tio n s w ere  used 
w hich co n ta in ed  d iffe ren t co n cen tra tio n s  o f fe rro u s iron . These w ere as fo llow s: 
1 X  9K  44.22 g/1 FeSO j • 7 H ,0 ;  3 X 9K  132.66 g/1 F eS O , • 7 H 20 ;  
5 X  9K  = 221.10 g/1 FeSO , ■ 7 H 20 .  T h e  o x id a tiv e  a c tiv ity  o f th e  b a c te r ia  
depends on te m p e ra tu re . T h u s, in v e s tig a tio n s  a t  th ree  te m p e ra tu re  va lu es  
com m only  ap p lied  in m icrobiology (28 °C, 37 °C, 56 °C) were u n d e r ta k e n . The 
in te n s ity  of o x id a tio n  is in flu en ced  b y  th e  in itia l n um ber of b a c te r ia . T h u s, 
co m p a ra tiv e  s tu d ies  w ere also ca rried  o u t in w hich  th e  n u m b er o f  b a c te r ia  
a t  th e  beg inn ing  o f th e  ex p erim en ts  an d  in  th e  cu ltu re -so lu tions to  be  ox id ized  
w as th e  fo llow ing: 6 X  104/m l, 12 X  104/m l, 24 X  lO '/m l, 48 X  104/m l and  
96 X 104/m l.

B ac te ria l leach ing  ex p erim en ts  w ith  n u m ero u s ores and  m e ta l-b e a rin g  
in d u s tr ia l w astes w ere perfo rm ed . L e t us d e m o n s tra te  some o f th e se , p e r
fo rm ed  w ith  in d u s tr ia l w aste , i.e. w ith  th e  aim  o f u tiliza tion  of th e  re d  m ud  
an d  w ith  u ra n iu m  ore.

In  case o f ex perim en ts w ith  re d  m u d  th e  noncau stified  p re ss -m u d  from  
A lm ásfüz itő  w as applied .

In  th e  f irs t  ex p erim en t 50 g o f red  m u d  w as s tirred  b y  m ix e r m ach in e  
a t  room  te m p e ra tu re  and  was leached  w ith  500 ml of b a c te ria lly  o x id ized , 
fe rric -su lp h a te -co n ta in in g  so lu tion . T he so lu tio n  w as added in sev era l doses till 
p H  p ro v ed  to  be 3.0 to  3.5. The sam ple  w as f ilte re d  and  w ashed , th e  f i l t r a te  
was d ried  an d  m easu red  by  w eigh t. T he leach in g  so lu tion  used a n d  th e  w a sh 
ing so lu tio n  w ere n eu tra lized  by  ]N lI,O H , th e  A l-con tain ing  p re c ip ita te  was 
f ilte re d , w ashed , d ried  and  m easu red . C hem ical analyses w ere m ad e  o f  b o th  
th e  re d  m ud  an d  th e  p rec ip ita te .

In  th e  second ex p erim en t 50 — 50 g o f  red  m ud  was m ixed  w ith  p re li
m in arily  ox id ized  fe rric -su lp h a tc -b ea rin g  leach in g  so lu tion  a t  40, 50, 60, 70 and  
80 °C. S o lu tion  was g rad u a lly  ad d ed  till p H  rem ain ed  p e rm a n e n tly  b e tw een
3.0 an d  3.5. T he sam ple was filte red , w ashed , d ried  and  m easu red . In  th e  
so lu tions th e  p H  an d  E h  values w ere d e te rm in ed . T he leaching a n d  w ash in g
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so lu tio n s  w ere m ixed  a n d  Al was p re c ip ita te d  b y  basifica tion . T he p re c ip ita 
tio n  w as filte re d , w ash ed , d ried  and m easu red .

I n  th e  th ird  e x p e rim e n t 50 g of red  m u d  w as leaches b y  s tir r in g  d u rin g  
one h o u r  b y  600 m l o f  p re lim in a rily  ox id ized  fe rr ic -su lp h a te -b ea rin g  leach in g  
so lu tio n  a t  60 °C. T h is w as f ilte re d  and  th e  so lu tio n  w as m ixed w ith  u n tre a te d  
red  m u d . A fte r th e  second  leaching  the  sam p le  w as filte red , th e  so lu tio n  w as 
n e u tra liz e d , th e  p re c ip ita tio n  was f ilte red , d rie d  a n d  m easured. T he leach ed  
red  m u d  w as dried  a n d  m easu red . A fter each  leach in g  th e  E h  an d  p H  of th e  
so lu tio n s  w ere m easu red . T h e  red  m ud sam ples N os. 1 and  5 were leached  once 
(N o. 1 w ith  fresh  so lu tio n , N o. 5 w ith  so lu tio n  once used), while th e  red  m u d  
sam p les  N os. 2, 3 a n d  4 w ere leached tw ice (w ith  a fresh  and  a once-used so lu 
tio n ) . T h is  ex p e rim en t tr ie d  to  m odel a tw o -s te p  con tinuous leach ing  sy stem . 
In  th e  course of le ach in g  th e  equ ilib rium  w as reach ed  in th e  case o f the th ird  
t r e a tm e n t  w hich co rresp o n d s to  con tinuous leach in g . T hus, chem ical analyses 
w ere m a d e  from  th e  red  m u d  sam ple No. 3 a n d  from  th e  p re c ip ita te  o f th e  
le a c h in g  so lu tion  N o. 3.

In  th e  fo u rth  e x p e rim e n t the  process o f  a seria l rec ircu la tio n  leach in g  
m e th o d  tr ie d  to  be m o delled . This ex p e rim en t h a d  to  decide w h e th e r T h . ferro - 
o x id a n s  w as able to  e n d u re  th e  h igher c o n c e n tra tio n  of the  m eta ls  d isso lved  
from  re d  m ud  (N a, A l, e tc .)  an d  to  oxidize a d d itio n a l ferrous-iron  u n d e r  th ese  
co n d itio n s . This e x p e rim e n t w as aim ed f ir s t  o f all a t  recovering N a  from  th e  
red  m u d  (w hich  is fo u n d  in  th e  leaching so lu tio n  in  form  of N a2S 0 4) since th is  
is an  im p o r ta n t  in d u s tr ia l  raw' m ateria l. In  th e  e x p e rim en t the  follow ing m e th o d  
w as a p p lie d : In  a se p a ra te  vessel 3 X 9K  fe rro u s -su lp h a te  solu tion  w as ox id ized  
a t 37 °C in  open a ir  an d  tre a te d  w ith  b a c te r ia . W h en  th e  leach ing  so lu tio n  
re a c h e d  th e  req u ired  o x id a tio n  degree (F e+  + + 16 to  20 g/1), o n e -th ird  o f  th e  
so lu tio n  w as used to  leach  th e  red  m ud . T h e  sam p le  was filte red  an d  th e  red  
m u d  w as w eighed. In  t he course of leach ing  th e  p re c ip ita te d  iron  w as rep laced  
w ith  fresh  fe rro u s-su lp h a te  so th a t  th e  iron  c o n te n t  reached  th a t  o f th e  o rig inal 
3 X 9 K  so lu tion  an d  w as oxidized again b y  th e  b ac te ria . W hen th e  fe rrous- 
iro n  ox id ized  to  fe rr ic -iro n , th e  leach ing  p ro cess  w as rep ea ted  w ith  a fre sh  
red  m u d  sam ple. L each in g  w as perfo rm ed  to  sev en  cases. The to ta l  vo lum e of 
th e  leach in g  so lu tion  in  th e  oxidizing vessel w as 3.000 m l. D uring  th e  f i r s t  six 
le a c h in g  cases 10 0 - 100 g o f red  m ud  w ere le a c h e d  w ith  1.000 1.000 m l of
so lu tio n , w hile in  case o f th e  seven th  leach in g  300 g of red  m ud w as leach ed  
w i th  th e  3,000 of leach in g  so lu tion . C o n seq u en tly  900 g of red  m ud  w as leach ed  
b y  3,000 m l of so lu tio n  on  th e  basis of th e  p rin c ip le  of rec ircu la tio n  a n d  re 
o x id a tio n  an d  th e  p re c ip ita te d  iron  was a lw ay s  rep laced  wdth fre sh  ferrous 
s u lp h a te . C hem ical an a ly ses  were m ade o f each  re d  m ud  sam ple.

T h e  ore used fo r th e  b io m eta llu rg ica l le a c h in g  of u ran ium  an d  v an a d iu m  
d eriv es  from  G abon (A frica). A ccording to  th e  m ineralogical in v es tig a tio n s  it 
is a b la c k  to  g reen is li-b lack , sandy  a rg illite . T h e  h eav y  frac tio n  is 0.35 p e r
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cen t. A b o u t 60 p e r c en t o f th is  are  b lack -co a ted  q u a r tz  grains as well as in d iv id 
ual b lack  g rains. T he b lack  coa t and  a p a r t  o f  th e  in d iv id u a l g ra in s  can  be 
solved in  s tro n g  ac ids, a n d  U , Y and  F e  ca n  b e  show n to  be p re se n t in  th e  
so lu tion . On th e  basis  o f th e  X -ra y  d iffra c to g ram s of th e  h eav y  fra c tio n  th e  
follow ing m inerals can  be id en tified : u ra n in ite , u ran iu m -so o t, co ffin ite , m ont- 
rose ite . T he m eta l c o n te n t o f th e  ore u sed  in  th e  ex p erim en ts: U  =  0.13, 
V 3.2 p er cen t. T he ore w as g round to  0.2 m m  g ra in  size and  th is  w as used  
in th e  ex p erim en ts .

In  th e  f irs t e x p e rim e n t 50 g of u ra n iu m  ore was leached  w ith  100 ml 
of b a c te ria lly  ox id ized  ferric -iro n -b earin g  le a c h in g  solution  (3 X 9K ) d u rin g  
one ho u r w ith  s tir r in g  b e tw een  20 and  127 °C a t  d iffe ren t te m p e ra tu re s  (d u ring  
th e  h e a t t r e a tm e n t a t  127 °C no s tirrin g  w as a p p lie d  since leach ing  w as ca rried  
ou t in au to c lav e). T h e  ex p erim en t w as to  d e te rm in e  th e  o p tim a l leach ing  
te m p e ra tu re . C hem ical analyses were m ade o f  th e  leached ore sam ples.

In  th e  second e x p e rim e n t 50 g of ore w as leached  w ith  100 m l 3 X 9K  
of fe rr ic -su lp h a te -b ea rin g  leach ing  so lu tion  a t  60 °C, m odelling th e  th re e -s te p  
co u n te r-c u rre n t leach in g  process. T hus, each  so lu tio n  leached th ree  o re  sam ples 
(one fresh , one once-leached  an d  one tw ice-leach ed ) an d  each ore sam p le  was 
leached  b y  th ree  d iffe ren t so lu tions (one fre sh , one once-used an d  one tw ice- 
used). E ach  leach ing  w as of 40 m inu te  d u ra tio n . Ore and  leach in g  so lu tio n  
sam ples N o. 3 an d  4 co rrespond  to  th e  c o n tin u o u s  equ ilib rium  s ta te  o f th e  
c o u n te r-c u rre n t leach in g . B o th  th e  leached  o re  sam ples and  th e  leach in g  so lu 
tio n s w ere ana lyzed  fo r U , w hose q u a n ti ty  w as de te rm ined .

In  th e  th ird  e x p e rim e n t 100 g of ore w as  leached  w ith  100 — 100 m l of 
fe rric -su lp h a te -h ea rin g  leach ing  so lu tion  (3 X 9K ) so th a t  th e  te m p e ra tu re  of 
leach ing  w as c o n tin u o u s ly  increased  b y  10 °C b e tw een  50 and  80 °C . L each ing  
w as ca rried  ou t b y  s tir r in g  an d  ru n  for 45 m in u te s  a t  each te m p e ra tu re  and  
to ta lly  fo r th ree  h o u rs . A fte r leaching th e  U -c o n te n t of th e  in d iv id u a l ore 
sam ples was d e te rm in ed .

The iro n -c o n te n t d e te rm in a tio n  of th e  so lu tio n s  was carried  o u t b y  m eans 
of co m plexom etric  m e th o d  [22]. The e x p e rim e n ts  concerning th e  m icrob io 
logical u tiliz a tio n  o f red  m u d  w ere carried  o u t in  co o p era tio n  w ith  th e  R esearch  
In s t i tu te  fo r M e ta llu rg y , w here th e  chem ical ana ly ses  of th e  red  m u d  an d  
p re c ip ita tio n  sam ples w ere perform ed. T he lea c h in g  o f u ran iu m  ore w as m ade 
on b eh a lf  o f th e  D e p a r tm e n t of Com plex R e se a rc h  of th e  T a ta b á n y a  Coal 
M ines, from  w here th e  ex p erim en ta l sam ples w ere  received. T he U - an d  V- 
d e te rm in a tio n s  w ere m ad e  p a r t ly  by  th e  a u th o r  h im se lf b y  p h o to m e tr ic  [13] 
resp . po la ro g rap h ic  [19] tech n iq u es, p a r t ly  b y  th e  lab o ra to ry  o f th e  M ecsek 
Ore M ining C om pany. T h e  m ineralogical in v e s tig a tio n  of th e  u ra n iu m  ore was 
perfo rm ed  b y  J .  K is s  (E ö tv ö s  U n iv e rsity , D e p a r tm e n t of M ineralogy) w hose 
k ind  c o n tr ib u tio n  is acknow ledged .
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Results

D a ta  of th e  f irs t e x p e r im e n t concern ing  th e  m icrobiological o x id a tio n  
of fe r ro u s - iro n  are d e m o n s tra te d  in  T ab le  I .

F e rr ic - iro n  was d e te rm in e d  in  b a c te ria lly  t r e a te d  (s ta r tin g  n u m b e r  of 
b a c te r ia  5 • 102/ml) cu ltu re -so lu tio n s  of d iffe re n t iro n -c o n c e n tra tio n  an d  
in c u b a te d  a t  d ifferent te m p e ra tu re s  for 14 d ay s  an d  th is  was e x p re ssed  as 
p e r  c e n t  o f  th e  to ta l iro n  c o n te n t . On th e  o th e r  h an d , th e  fe rr ic -iro n  p re-

ТаЫе I
Microbiological o x id a tio n  o f  ferrous-iron  at d ifferen t temperatures 

and in  case o f  culture-solu tions o f  d ifferen t concentration

28 °C

Incubation 1x9 К 3x9 К 5x9  К

(day) Fe + ++  О //о

solution precipitation solution precipitation solution precipitation

2 4.22 5.97 2.89 9.81 4.25 9.03

4 11.68 9.27 5.22 12.48 7.92 10.52

7 36.97 21.20 11.20 12.42 11.95 10.97

10 74.23 45.70 16.94 18.95 12.60 13.55

14 100.00 54.30 19.31 25.49 16.29 14.85

37 °C

1 X 9 К 3x9 К 5x9 К

Fe + + + %

solution precipitation solution precipitation solution precipitation

2 6.91 6.35 6.74 4.30 3.31 7.93

4 33.47 12.56 9.09 8.92 6.43 14.64

7 73.39 23.81 14.22 15.79 7.50 17.32

10 90.80 40.82 28.26 16.94 8.77 19.15

14 100.00 50.67 52.83 17.45 16.26 17.93

56 °C

1 X 9 К 3x9 К 5x9  К

Fe + + + %

solution precipitation solution precipitation solution precipitation

2 4.30 3.10 3.75 4.30 3.20 3.65

4 6.52 5.44 7.18 5.00 5.06 6.02

7 8.60 11.00 11.00 7.14 6.15 6.33

10 14.24 17.52 16.22 10.70 8.00 5.91

14 17.33 20.19 20.93 14.83 10.19 7.60
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c ip ita te  of ox ida tio n  o rig in  w as also d e te rm in e d  and  th is  w as ex p re ssed  in 
p e r  c en t o f th e  o rig in a lly  d isso lved  iron  as 100 p er cent.

I t  is ev id en t fro m  th e  ta b le  th a t  th e  m o st in tense  o x id a tio n  to o k  place 
in  th e  cu ltu re -m ed iu m  1 X 9K  an d  a t  37 °C . F u rth e rm o re  i t  c a n  b e  also con
c lu d ed  th a t  m ost of iro n  is p re c ip ita te d  from  th e  so lu tion  of th is  c o n c e n tra tio n  
a t  a n y  in cu b a tio n  te m p e ra tu re s . In  cu ltu re -so lu tio n  5 X 9K  b o th  th e  p e r
cen tag e  q u a n tity  of th e  p re c ip ita te d  iron  an d  th e  ox idation  of iro n  in  th e  so lu
tio n  p ro v ed  to  be th e  lo w est, a t  all th re e  te m p e ra tu re s . Since in  b io m e ta llu rg ica l 
p rocesses n o t only th e  d u ra tio n  o f th e  o x id a tio n  process (th is can  b e  acce lera ted  
b y  increasing  n u m b er o f  b a c te r ia , an d  will be discussed la te r), b u t  th e  q u a n ti ty  
o f  th e  ferric-iron  le ft o v e r in  so lu tio n  a re  also crucial. F o r p ra c tic a l  reasons, 
th e  leach ing  so lu tion  fo r  th e  su b seq u en t leach ing  experim en ts w as p roduced  
b y  in c u b a tin g  a t 37 °C th e  cu ltu re  so lu tion  3 X  9K  (132.66 g F eS O , • 7 H 20 ).

T he resu lts  o f o th e r  ex p e rim e n t concern ing  th e  m icrobio logical o x id a tio n  
o f  fe rrous-iron  are show n  in F ig . 1.

T he experim en ts  w ere ca rried  o u t w ith  cu ltu re -so lu tio n  3 X 9K  in cu 
b a te d  a t  37 °C. The in it ia l  n u m b e r of b a c te r ia  w as d ifferen t in  e ach  cu ltu re- 
so lu tio n . I t  can be seen th a t  th e  in itia l n u m b e r of b ac te ria  c o n s id e ra b ly  in flu 
ences th e  in te n s ity  o f  o x id a tio n , resp . th e  tim e  d u ring  w hich  all th e  iron  in 
so lu tio n  is oxidized to  fe rric -iro n . I t  shou ld  be  n o ted  th a t  in  th e  leaching  
ex p e rim en ts  w hen th e  ad d ed  ferrous-iron  w as co n tin u o u sly  o x id ized , e.g. in 
case o f th e  fo u rth  e x p e rim e n t ca rried  o u t w ith  red  m ud, th e  b a c te r ia  m anaged  
to  oxidize th e  to ta l  iro n  q u a n t i ty  to  ferric-iron  w ith in  73 h o u rs .

T h e  d a ta  of th e  f i r s t  ex p e rim en t ca rr ied  o u t w ith  red  m u d  a re  show n 
in  T ab le  I I .

number of days

F ig . 1. M icrobiological o x id a tio n  o f iron  in  case o f d iffe ren t in itia l num ber o f b a c te r ia .  1. Sterile 
co n tro l. In itia l num bers o f  b a c te r ia  in  th e  c u ltu re -so lu tio n s in each ml; 2. 6 • 10*; 3. 12 • 10

4. 24 • 104; 5. 48 • 104; 6. 96 • 104
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Table II
Change o f  w eight and composition o f  red m ud  

a n d  the effect o f  f ir s t  leaching

Sample Weight, Si02 Fe,,0, Al„Oa Ti02 V20 6 Na20
g %

U n tre a te d  re d  m ud 50.00 12.81 40.70 13.70 4.80 0.21 8.50
L each ed  re d  m ud 60.70 8.90 57.90 7.50 3.73 0.17 0.37
P re c ip i ta t io n  from  solution

é
7.79 11.14 1.60 42.60 0.10 — 8.90

P a ra m e te rs  of th e  le a c h in g  so lu tion : b efo re  leach in g : E h  = -(-600 mV, 
p H  1 .86; a fte r leach in g : E h  =  —|— 376 mV, p H  =  3.17.

I t  is ev iden t from  th e  ta b le  th a t  a b o u t o n e - th ird  of Si, a b o u t th e  h a lf  
o f A1 w ere  leached d u rin g  t r e a tm e n t ,  while N a  w as d issolved a lm ost en tire ly . 
Ti a n d  V w ere m obilized o n ly  to  sm all e x te n t. I ro n  p re c ip ita te d  from  th e  so lu 
tio n  as a re su lt o f t r e a tm e n t  w hich  is p ro v ed  b y  th e  w eight increase  o f th e  
t r e a te d  re d  m ud. D u rin g  n a tu ra liz a tio n  h igh  q u a n t i ty  of an  A l-rich  m a tte r  
p r e c ip ita te d  from  th e  le a c h in g  so lu tion  used. T h e  E h  of th e  leach ing  so lu tio n  
d e c re a sed , th e  p H -v a lu e  in c re a se d . On th e  basis  o f  th e  exp erim en t i t  is ex 
p e c te d  t h a t  m ajo r p a r t  o f  A l an d  alm ost all th e  N a  can  he o b ta in e d  from  
in d u s tr ia l  w aste  red  m u d  b y  su ita b le  b io m e ta llu rg ic a l p rocedure , an d  th e  d is
so lv ed  N a  can be o b ta in e d  as in d u s tr ia lly  u tiliz a b le  m a te r ia l b y  fu r th e r  t r e a t 
m e n t (e .g . 8), while th e  re m a in in g  red  m ud , as a n  iro n -rich  an d  N a-free raw  
m a te r ia l ,  can  be u tilized  in  iro n  sm elting  or fo r o th e r  in d u str ia l p u rposes.

T h e  d a ta  of th e  seco n d  ex p erim en t ca rr ied  o u t  w ith  red  m ud  a re  show n 
in T a b le  I I I .

A ccord ing ly , th e  p re c ip ita t io n  of iron  fro m  th e  so lu tion  is m ost in ten se  
in  case  o f  leaching a t  a b o u t  50 to  60 °C. In  case o f  n eu tra liz in g  th e  leach ing

Table III
Change o f  w eight o f  the red m ud and o f  the residue precipitated  

fro m  the leaching so lu tio n  in  case o f leaching at d ifferen t temperatures

Treatment,
°C

Weight of 
red mud, 

g

Weight of the 
residue 

precipitated 
from solution, 

g

Paramétrés of the 
leaching solution

Eh pH

U n tre a te d  sta rtin g  m a te ria l 50.00 0 .00 +  600 1.86

40 61.65 3.56 +  357 3.24

50 63.40 8.80 +  378 3.25

60 76.80 6.56 +  375 3.07

70 61.80 6.77 +  370 3.28

80 59.40 1.60 +  327 3.45
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so lu tio n  used th e  h ig h e s t a m o u n t of p re c ip ita tio n  is o b ta in ed , ag a in , a t  th ese  
te m p e ra tu re s . C o n seq u en tly , in  th e  case o f th e  n e x t  ex p erim en t, w hen  a c o n ti
nuo u s tw o-step  leach in g  w as m odelled, th e  t r e a tm e n t  was perfo rm ed  a t  60°.

H e re in a fte r  th e  d a ta  o f th e  th ird  e x p e rim e n t w ith  leaching re d  m u d  are 
ex p o u n d ed . In  T ah ié  IV  th e  v a ria tio n  o f th e  E h  a n d  p H  of th e  le ach in g  solu-

Table IV
Changes o f  E h  an p H  o f  the leaching so lu tions during  leaching

Leaching solution
After first leaching After second leaching

Eh pH Eh pH

1st leach ing  so lu tio n +  382 3.32 +  266 4.11

2nd „ +  449 3.08 +  334 3.60

3rd ,, ,, +  451 2.79 +  346 3.57

4 th +  450 2.81 +  344 3.50

tio n s , d u rin g  th e  le a c h in g  itse lf, arc show n. P a ra m e te rs  of th e  so lu tio n  before 
leach ing : E h  -f-637 m V , p H  2.05.

I t  is obv ious t h a t  th e  E h  decreases an d  p H  increases d u rin g  leach ing . 
T he change o f w e ig h t o f th e  red  m ud  u n d e r  th e  effect o f t r e a tm e n t  isО Ö

show n in T ab le  V .

Table V
Increase o f  weight o f  the treated red m ud sam ples during leaching

Weight of
Treatment red mud,

g

U n tre a ted  red  m ud 50.00

R ed m ud leached  w ith  so lu tion  No 1 58.60

,, ,, ,, „  ,, No 1 and  so lu tio n  No 2 62.50

,, „  ,, ,, ,, No 2 and so lu tio n  No 3 65.55

,, ,, ,, ,, ,, No 3 and  so lu tio n  No 4 59.50

,, ,, „  ,, so lu tion  No 4 60.20

I t  can  be  seen t h a t  th e  w eight o f red  m u d  considerab ly  increases as 
a re su lt of t r e a tm e n t  in  sp ite  of the  fa c t t h a t  Si, A1 and  N a w ere d isso lved  
from  th e  red  m u d  an d  th e  increase of w eigh t is d u e  ce rta in ly  to  th e  F e  p re 
c ip ita ted .

The w eigh t o f th e  p re c ip ita te  a fte r  th e  n e u tra liz a tio n  of th e  leach ing  
so lu tions used  can  he  seen in  T ab le  V I.

The h ig h est a m o u n t o f  A l-rich p re c ip ita te  w as o b ta in ed  from  so lu tions 
N os 3 and  4, an d  th e  red  m u d  sam ples Nos 3 a n d  4 , resp . 4 an d  5 w ere leached  
w ith  them .
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Table VI
Residue precipitated f r o m  the leaching so lu tions during neutraliza tion

Material
Weight of 

precipitation,

P re c ip ita tio n  ob ta ined  fro m  th e  so lu tion  No 1

99

No 2 

No 3

e

3.21

8.50

1 0 .7 4

12.01

T h e  d a ta  of th e  ch em ica l analyses o f th e  u n tre a te d  con tro l re d  m u d , of 
th e  t r e a t e d  red  m ud No. 3 a n d  th e  p re c ip ita te  o f th e  leaching so lu tio n  N o. 3 are 
sh o w n  in  T able V II .

Table VII
Chemical com position o f  the residue p rec ip ita ted  during  neutraliza tion  

o f  the red m ud and leaching solution

Material
SiOz Fc.O, Л120 3 Ti02 v 2o 3 NazO

%

U n tre a te d  red  mud 12.81 40.70 13.70 4.80 0.21 8.50
L each ed  re d  m ud JNo. 3 
P re c ip i ta t io n  from  the leaching

8.60 56.30 8.40 4.00 0.17 0.14

io n  so lu tio n  No. 3 16.84 2.00 28.20 0.10 15.70

T h e  chem ical d a ta  o f  th is  ex p erim en t su p p o rt th e  re su lts  o f  th e  f irs t 
e x p e r im e n t. U nder th e  e ffec t o f tre a tm e n t a considerab le  p a r t  o f  Si an d  Al, 
as w ell as alm ost th e  to ta l  q u a n t i ty  of N a w ere leached . S im u ltan eo u sly , th e  
t r e a te d  re d  m ud was en ric h e d  in  iron.

T h e  d a ta  of th e  fo u r th  red  m ud  leach in g  ex p e rim en t are th e  follow ing:
W e ig h t of th e  p re c ip ita te , p re c ip ita te d  d u rin g  biological o x id a tio n :

295 .0  g.
W e ig h  of the  p re c ip ita te  a f te r  th e  se v e n th  leach ing , a fte r n e u tra liz a tio n : 

48.6 g.
T h  e w eight of th e  re s id u e  left over a f te r  ev ap o ra tio n  o f  th e  se v e n th  

le a c h in g  a n d  n e u tra liz a tio n  o f  th e  so lu tion : 158.7 g.
T h e  d a ta  of th e  ch em ica l analyses a n d  th e  w eigh t increase d u e  to  t r e a t 

m e n t o f  th e  red m ud sam p les  can  be seen in  T ab le  V II I .
I t  c a n  be s ta ted  t h a t  as a re su lt of t r e a tm e n t  th e  w eight o f  th e  re d  m ud 

sa m p le s  increased. T his in c rease  is con sid e rab le , in one case th is  reach ed  
50 p e r  c e n t. The q u a n titie s  o f  Si, Al and  N a  decreased . The e x p e rim e n t m ade 
i t  e v id e n t  th a t  the  red  m u d  can  be leached  b y  m eans of re c irc u la tio n  an d  re 
o x id a tio n  procedures, b a c te r ia  are  able to  e n d u re  th e  high c o n c e n tra tio n  of
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Table VIII
Change o f  weight a n d  single components o f  red m u d  under the effect o f  treatm ent

Material Weight,
g

Si02,
О /
/0

Alj03,
%

Na.,0,
°/o

U n tre a te d  red  m ud 100.00 10.00 16.40 7.70

R ed  m ud  leached fo r th e  f irs t  tim e 127.30 8.10 11.20 0.93

R ed  m ud leached for th e  second tim e 126.40 8.70 11.21 0.74

R ed  m ud  leached fo r th e  th ird  tim e 136.60 8.10 10.90 1.20

R ed  m ud  leached fo r th e  fo u rth  tim e 150.20 8.00 8.85 0.95

R ed  m ud  leached for th e  f if th  time 132.00 8.60 11.50 0.99

R ed m u d  leached fo r th e  s ix th  tim e 133.00 8.60 11.50 0.88

R ed m ud  leached fo r th e  sev en th  tim e 394.00 8.70 9.10 0.61

th  e leached  su b stan ces  so th a t  th e y  o x id ize  th e  ferrous-iron  in to  fe rric -iro n , 
co n seq u en tly , th e se  m a tte rs  do n o t h a rm fu lly  a ffec t th em  even  a t  h ig h  con
c e n tra tio n .

T he re su lts  o f  th e  f irs t  ex p erim en t co n cern in g  th e  b io m e ta llu rg ic a l leach 
ing o f u ra n iu m  ore are  d em o n stra ted  in  F ig . 2.

In  th e  figu re  th e  re su lts  of U an d  V  re c o v e ry  are d e m o n s tra te d  g ra p h ic a l
ly  ta k in g  th e  o rig in a l m e ta l c o n te n t o f  th e  o re  to  be 100 p e r c e n t. L each ing  
was ca rried  o u t a t  d iffe ren t te m p e ra tu re s . T h e  p ercen tage  o f U re c o v e ry  is 
co n sid e rab ly  h ig h er th a n  th a t  o f th e  У. T h e  m ax im u m  of U re c o v e ry  follows 
be tw een  70 to  80 °C , t h a t  o f th e  У  is a t  a b o u t 60 °C. As a re su lt o f  th e  t r e a t 
m en t, a b o u t 80 p e r c en t o f U and  a b o u t 25 p e r cen t of V w ere leach ed .

T he p rincip le  o f ex ecu tion  and  re su lts  o f  th e  second e x p e r im e n t ca rried  
o u t w ith  u ra n iu m  ore are  show n in F ig . 3.

D a ta  on th e  ab o v e  experim en t m o d ellin g  th e  con tinuous c o u n te r -c u rre n t 
leach ing  show  t h a t  a b o u t 87 per cen t o f  u ra n iu m  can be o b ta in e d , b y  m eans 
of th is  m e th o d . T h e  U co n ten t of th e  leach in g  so lu tion  is h igh in  case o f th e  
so lu tio n  N o. 1 w hich  can  be exp la ined  b y  th e  fa c t  th a t  th is  so lu tio n  w as re a c te d  
w ith  fresh  ores in  a ll th e  th ree  steps o f  le ach in g . Solu tion  N o. 3 co rresp o n d s 
to  th e  e q u ilib riu m  s ta te  o f con tinuous le a c h in g  an d  th is  can  be  e x p la in e d  by  
th a t  in  case o f c o n tin u o u s  leaching th e  U  c o n te n t o f th e  leach in g  so lu tio n  
reach es th e  400 to  420 g U /m 3 v alue  u n d e r  th e  exp erim en ta l le a c h in g  con
d itio n s.

T he d a ta  o f th e  th ird  ore-leaching  e x p e rim e n t are show n in  T a b le  IX .
I t  can  be seen t h a t  th e  recovery  d ecreases  w ith  su b se q u e n t leach ing . 

J u s t  u n d e r th e  e ffec t o f th e  f irs t teach ings m ore  th a n  83 per cen t o f U  is leached  
from  th e  ore. B y  m eans o f th e  s tirr in g  leach in g s of th ree  hours d u ra t io n  m ore 
th a n  94 p e r cen t o f  u ra n iu m  can be o b ta in e d , w hich seems to  b e  a b e tte r ,  
m ore ra p id  an d  c h eap e r p rocedure th a n  th e  ac id ic  h y d ro in e ta llu rg ica l leach ing
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F ig . 2. L each in g  of u ran iu m  a n d  v a n ad iu m  by  t r e a tm e n t  a t  d ifferen t te m p e ra tu re s

Fresh leaching 
solution 

Fe2 /S0^/3

Number of ore 
samples

U %

Used leaching 
solution 
U g/l

F ig . 3. S k e tc h  of th e  c o n tin u o u s  c o u n te r-cu rre n t leach in g  of u ran iu m  ore w ith  th e  e x p e ri
m en ta l d a ta
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Fig. 4. C um ulative  y ie ld  cu rv e  of th e  leach ing  o f u ra n iu m  ore w ith  th re e  h o u rs  tre a tm e n t,
a t  in creas in g  te m p e ra tu re

Table IX

Recovery o f  u ra n iu m  at increasing tem perature by three-hour treatm ent

Treatment,
°C

U-contcnt of the 
single solutions, 

g/1

U-leached by single 
leaching solutions,

/о

Total
U recovered,

о//о

50 0 .7 0 8 5 4 .3 4 5 4 .3 4

60 0 .3 7 9 2 9 .1 0 8 3 .4 4

70 0 .0 9 6 7 .3 9 9 0 .8 3

80 0 .0 4 7 3 .6 5 9 4 .4 8

pro ced u res  com m only  u sed  in  th e  in d u s try  [28]; b u t i t  is to  b e  ta k e n  into 
acco u n t th a t  th e  re su lts  a re  con sid erab ly  a ffec ted  b y  th e  m in era lo g ica l-p etro - 
log ical, as well as p h y sica l an d  chem ical p ro p e rtie s  of th e  ore to  be  leached . 
E . g. w hen  th e  asso c ia ted  ro ck  is a b u n d a n t in  ca rb o n a tes  th e  c o n su m p tio n  of 
acid  w ill increase w hich  re su lts  in  e ith e r  th e  ap p lica tio n  of m uch  m o re  leaching 
so lu tio n  or th e  e x tra  a d d itio n  of su lp h u ric  acid  w hich raises th e  co s ts . O b ta in 
ing is also in fluenced  b y  th e  g ra in  size and  specific  surface as w ell as b y  the 
a f f in ity  to  m oisten ing . T he g re a te r  is th e  su rface  w here th e  ore to  he  leached 
c o n ta c ts  th e  leach ing  so lu tio n , th e  g re a te r  is th e  ob ta in in g . I t  m a y  o ccu r th a t  
th e  leach ing  so lu tio n  c a n n o t e n te r  th e  sm all holes of th e  g ro u n d  o re  sam ple 
an d  c an n o t dissolve th e  m e ta l th e re . In  th e se  cases a sm all q u a n t i ty  o f  surface 
ac tiv e  m oisten ing  a g e n t is ad d ed  to  th e  leach ing  so lu tion . T he so lu tio n  condi
tio n s an d  m ajo r fa c to rs  o f th e  lia b ility  to  leach in g  o f som e u ra n iu m  com pounds 
are  d iscussed  b y  K a r a v a i k o  c t al. [7].

R esu lts  are g ra p h ic a lly  d e m o n s tra te d  in F ig . 4.
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Summary

C hem oau to tro p h ic  b a c te r ia  were iso la ted  fro m  m ine d ra inage  w aters  
m e n tio n e d  above w hich  a re  ab le  to  oxidize th e  fe rro u s-iro n  in to  ferric-iron  
in b io c a ta ly tic  w ay an d  in  a h eav y  acidic m e d iu m . T his process ta k e s  p lace 
h a rd ly  o r  no t a t all a b io tic a l ly  under the  e ffec t o f  th e  aerial oxygen . T hese 
b a c te r ia  were ad ap ted  to  h ig h  m eta l especially  to  h igh  iron  co n cen tra tio n s . 
T h e  fe rric -su lp h a te  p ro d u c e d  b y  the  b ac te ria l o x id a tio n  is a s tro n g  leach ing  
a g e n t w h ich  is capab le  o f  ox id iz ing  reduced  m e ta ls  so th a t  these  becom e 
so lu b le  in  w ater and in  th is  w a y  leachable fro m  th e ir  ores or (m e ta l-b earin g  
in d u s t r ia l  wastes) from  th e i r  associated  m a te ria l w hile  ferric-iron  is reduced  
to  fe rro u s-iro n . This can  b e  ox id ized  again b a c te r ia lly .

I t  w as shown e x p e r im e n ta lly  th a t th e  in te n s i ty  of th e  m icrobio logical 
o x id a tio n  of iron d ep en d s  o n  th e  co n cen tra tio n  o f  th e  iron  to  be oxid ized , 
on th e  tem p era tu re  a t w h ic h  b io -ox idation  ta k e s  p lace, on th e  n u m b e r of 
b a c te r ia  a t the b eg inn ing  o f  o x id a tio n  and  on o th e r  fac to rs . F rom  th e  p o in t 
o f  v ie w  o f p ractical u t i l iz a t io n  th a t  m edium  is m o s t fav o u rab le  in w hich  th e  
c o n c e n tra tio n  of F e S 0 4 • 7 H 20  is 132.66 g/1, th e  o p tim u m  te m p e ra tu re  o f b io 
o x id a tio n  is 37 °C an d  an  e v e r  increasing in it ia l  n u m b e r  o f b ac te ria , p ro b a b ly  
h ig h e r  th a n  X  • 104/n il, is ad v an tag eo u s. F o r  le a c h in g  purposes th a t  ferric- 
su lp h a te -b e a r in g  so lu tio n  is m o st su itable, th e  E h  an d  p H  values o f w hich  
a re  a b o v e  600 mV resp . a ro u n d  2.0; while th e  q u a n t i ty  of ferric-iron  in  th e  
s o lu tio n  is 16 to  20 g/1.

D u rin g  the b io log ica l o x id a tio n  of th e  fe rro u s-iro n , fe rric -h y d ro x id e  is 
p re c ip i ta te d , the q u a n t i ty  o f  w hich depends on  th e  F e  co n cen tra tio n  of th e  
so lu tio n , on the  te m p e ra tu re  o f  incubation  a n d  on  th e  E h  and  p H  va lu es  of 
th e  m ed iu m . This p r e c ip i ta t io n  is of fine d is tr ib u tio n  an d  can p ro b a b ly  be 
u ti l iz e d  even in d u s tr ia lly  (iro n -p a in t).

F e rro u s-su lp h a te  h e p ta h y d ra te  was used  to  th e  m icrobiological o x id a tio n  
w h ic h  is produced b y  th e  so a k in g  of iron b y  su lp h u r ic  acid  in  p la te -m ills  and  
o n ly  th e  p a r t of w hich  is u ti l iz e d  by  in d u s try . I t s  g re a te r  p a r t  is in d u s tr ia l 
w a s te  s tro n g ly  p o llu tin g  th e  env ironm ent.

T h e  red  m ud a c c u m u la tin g  as an e n v iro n m e n ta l p o llu tin g  m a te r ia l an d  
p ro d u c e d  as harm fu l in d u s t r ia l  w aste of a lu m in o u s  e a r th  p ro d u c tio n , was 
t r e a te d  w ith  fe rr ic -su lp h a te -b e a rin g  leaching so lu tio n  p roduced  b y  b a c te ria l 
o x id a tio n . As a re su lt o f  t r e a tm e n t  Na was le a c h e d  a lm o st to ta lly , A1 fo r th e  
m o s t  p a r t  from  th e  re d  m u d . B y  means o f s u ita b le  p rocedure  th ese  m eta ls  
c a n  b e  ob tained  from  th e  le a c h in g  solution. T h e  re d  m ud  of b io m eta llu rg ica l 
t r e a tm e n t  is p rac tica lly  N a -f re e , poor in A1 an d  r ic h  in  Fe w hich can be p ro b a b 
ly  u ti l iz e d  in the in d u s try  (e .g . iron-m elting).

T h e  b iom eta llu rg ica l p ro ced u re  can be a p p lie d  as a rec ircu la tio n  process, 
s in ce  b a c te ria  are ab le to  b e a r  th e  high m e ta l c o n c e n tra tio n s  d issolved d u rin g

A cta  Geologica Acadeniiae Scientiarum  Hungaricae 19, 1975



M I C R O B I O L O G I C A L  O X I D A T I O N  O F  F E R R O U S  I R O N 193

leach ing . In  case o f  p e rio d ica l leaching w hen  th e  p H  of th e  leach ing  so lu tio n  
su rpasses 4.0 to  4 .5  f i r s t  o f all th e  sodium , la te r  ap p ly in g  fresh  leach in g  so lu 
tio n  w hen p H  rem a in s  u n d e r  3.5 o th e r m e ta ls , o r  ra re  e a r th  e lem en ts (e.g. AI, 
or ra re  e a r th  e lem en ts) can  he leached.

B io m eta llu rg ica l t r e a tm e n t  of u ra n iu m  ore con ta in in g  also v a n a d iu m  
allow ed to  recover m o re  th a n  94 per cen t o f  th e  u ra n iu m  c o n te n t o f th e  ore. 
T he ex perim en ts c a rr ie d  o u t w ith  u ran iu m  ore w ith  con tin u o u s c o u n te r-c u rre n t 
leach in g  gave also re m a rk a b le  resu lts .

S ep ara te  p ro c e d u re  is to  be e lab o ra ted  fo r  th e  b io m eta llu rg ica l u tiliz a tio n  
of ce rta in  ores a n d  m e ta l-b e a rin g  in d u s tr ia l w aste s  ta k in g  in to  co n sid e ra tio n  
th e  n a tu re  of m a te ria ls  an d  th e  conditions, th e  m o st im p o r ta n t base  o f  w hich, 
how ever, is th e  m icrob io log ica l ox idation  o f th e  red u ced  m eta ls , f ir s t  o f  all th a t  
o f ferrous-iron .

A broad  th e  b io m e ta llu rg ica l p ro ced u res  are  app lied  in  su b su rface  m i
n in g  leach ing  w hich  saves th e  p ro d u c tio n , su rface  tr a n s p o r t  a n d  m illing  
co sts  [7, 17].

T he b io m e ta llu rg ic a l leaching  p rocedure , as com pared  to  th e  tra d itio n a l 
in d u s tr ia l m e th o d s, is v e ry  cheap  and  th e  w orld -w ide  g row th  o f need  for 
m e ta ls  as well as th e  a sp e c ts  o f p ro tec tio n  o f  en v iro n m en t v e rify  th e  in tro 
d u c tio n  of b io m eta llu rg ica l p rocedures also in  case o f sc a tte re d , p oo r ores an d  
o f m e ta l-b ea rin g  in d u s tr ia l  w astes w hich c a n n o t be econom ically  u tiliz ed  in  
tra d itio n a l m an n er.
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МИКРОБИОЛОГИЧЕСКОЕ ОКИСЛЕНИЕ ДВУХВАЛЕНТНОГО Ж ЕЛЕЗА И ЕГО
РОЛЬ В ПРОЦЕССАХ БИОМЕТАЛЛУРГИЧЕСКОГО ВЫЩЕЛАЧИВАНИЯ

Я. сольноки

Р е з ю м е

Автор статьи, при помощи разведенного им хемоавтотрофного бактерия T h iobacillu s 
fe rro o x id a n s , осуществлял окисление ферросульфата в феррисульфат биокаталитическим 
путем, в сильно щелочной породе. В процессе опытов он выявил те оптимальные параметры, 
при которых можно создать кислый выщелачивающий раствор содержащий феррисуль
фат благоприятный для практического применения.

Этим выщелачивающим раствором он обрабатывал — в различных условиях вы
щелачивания — красный ил, представляющий собою отходы промышленности. В резуль
тате обработки, из красного ила был выщелочен натрий почти полностью, в то время как 
обработанный красный ил был обогащен железом. Выщелоченные Na и А1, а также и 
другие металлы путем дальнейшей обработки могут быть извлечены из раствора. На осно
вании лабораторных исследований можно надеяться на то, что металлосодержащие про
мышленные отходы, загрязняющие окружающую среду, могут быть освоены биометаллур- 
гическим путем.

Урановая руда также была подвергнута биометаллургическому выщелачиванию. 
Опыты по выщелачиванию проводились в различных лабораторных условиях. Биоме- 
таллургическим процессом более 94% урана могло быть извлечено из руды обработкой в 
течение 3 часов.

Судя по результатам лабораторных ислледований, процесс биометаллургического 
выщелачивания — в связи с ограниченностью соответствующих затрат и простотой дан
ного метода — кажется подходящим для использования металлосодержащих промышлен
ных отходов, а также для экономичного извлечения металлов, содержащихся преиму
щественно в рассеянных и бедных рудах.
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NEW INDEX TO CHARACTERIZE THE CRYSTALLINITY 
DEGREE OF KAOLINITE

By

M. T ó t h

HUNGARIAN ACADEMY OF SCIENCES LABORATORY FOR GEOCHEMICAL RESEARCH, BUDAPEST

T he s ta te s  o f c ry s ta ll in ity  o f  k ao lin ite  sam ples o f Sedlec o f  d iffe re n t g rind ing  
d u ra tio n s  w ere in v e s tig a te d  b y  th e  use o f c ry s ta ll in ity  ind ices ta k e n  fro m  th e  lite ra tu re . 
T he m ost ap p licab le  ind ices w ere chosen a n d  in se r te d  in to  a  u n ifo rm  re la tiv e  scale. 
F ro m  th e  av erage  o f th e  v a lu es o b ta in e d  in  th is  w ay  a co m p lex  c ry s ta ll in ity  index  
(i) w as fo rm ed. T h is  co m p lex  c ry s ta ll in ity  in d ex  w as co m p ared  to  th o se  co m p u ted  
fro m  d iffe ren t X -ra y  p a ra m e te rs . T h e  ap p lica tio n  o f th e  (i) co m plex  c ry s ta ll in ity  
in d ex  re su lts  w as fo u n d  to  allow  a  m ore precise  d esc rip tio n  o f th e  c ry s ta ll in ity  degree 
o f kao lin ite .

N a tu ra l k ao lin ites  show  d iffe ren t s ta te s  o f c ry s ta ll in ity . T h e  in v es tig a tio n  
o f  th e  degree of c ry s ta ll in ity  o f  k ao lin ite  is o f g re a t im p o rta n c e  fro m  th e  po in ts 
o f  v iew  o f pe trogenesis , ce ram ic  in d u s try  an d  X -ra y  d iffra c to m e tric  analyses. 
T o  ch a rac te rize  th e  s ta te  o f c ry s ta llin ity  th e  so-called  c ry s ta ll in ity  ind ices are 
used . In  th e  follow ing d iscussion  th e  a p p lic a b ility  o f d iffe re n t c ry s ta ll in ity  
ind ices is exam ined  in sam ples g round  w ith  d iffe ren t g rin d in g  d u ra tio n s . The 
c ry s ta ll in ity  indices w ere d e te rm in ed  b y  th e  changes o f  th e  X -ra y  d iffrac tio n  
p a ra m e te rs . Suggestion  is m ade to  co n v ert th e  v a rio u s  c ry s ta l l in i ty  indices 
in to  a un ifo rm  scale an d  to  in tro d u ce  a com plex  c ry s ta ll in ity  in d ex .

S tru c tu re^o f kao lin ite; degree^of ordering

T he s tru c tu re  o f k a o lin ite  w as d e te rm in ed  b y  P a ü l i n g  (1930) an d  th is  
d e te rm in a tio n  w as re fin ed  b y  G r ü n e r  (1932) a n d  B r i n d l e y — R o b i n s o n  
(1946, 1947). L a te r  new  d e ta ils  w ere d e te rm in ed  b y  Z v y a g i n  (1960), D r it z  
(1960) an d  N e w h a m  (1969). I n  an  ideal case, k ao lin ite  consists  o f  a m ass of 
tw o -la y e r p seu d o h ex ag o n al c ry s ta ls . T he tw o  lay e rs  co nsist o f a sh e e t o f Si- 
te t r a h e d ra  and o f a sh ee t o f A l-o c tah ed ra , re sp ec tiv e ly  (F ig . 1). T h is  is th e  
so-called  kao lin ite  lay e r in  w hich  tw o O H  co rrespond  to  each  a lu m in iu m  ion. 
T h e  connection  w ith  th e  n e ig h b o u rin g  lay ers  is b ro u g h t a b o u t b y  re la tiv e ly  
w eak  H  O H  bonds (F ig . 2). T he o c tah ed ra l an d  te tr a h e d ra l  u n its  a re  sim ilar 
in  size (a, b periods), th e  c o n ta c tin g  layers are  a t  a b o u t 7 Â d is tan ce  from  each 
o th e r  in  th e  d irec tion  o f  c ax is.

T h e  v a r ie t ie s  o f  k a o l in i t e  a re  d u e  to  t h e  c h a n g e  o f  t h e  b a s a l  d i s t a n c e ,  
a n d  p a r t l y  to  t h e  r e l a t i v e  c h a n g e s  o f  p o s i t io n  o f  t h e  s u b s e q u e n t  l a y e r s  ( B r o w n ,
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F ig . 1. L inkage of S i- te tra h e d ra  a n d  A l-o c tahedra  in  th e  s tru c tu re  o f k ao lin ite

2 [A12(0H)4 • S i20 5l
Tricline a 0= 5.U Â, b0=8.93Â, c0 = 7.37Â 

a  = 91°i8', p = 10i°30', ó=90° 
d =  c0(1 = cos2 a  - cos2 (3 ) 1 /2 ==7.15 Ä 

Fig. 2. S t ru c tu re  o f  kao lin ite  as seen  fro m  th e  a -ax is

1961). T h e  opinion t h a t  w a s  earlie r a d a p te d  w as t h a t  lam ella r, hexagonal 
m o rp h o lo g y  co rresponded  to  w ell-crysta llized  k ao lin ite  w hile d is tu rb e d  or 
tu b e - l ik e  m orphology re p re s e n te d  poorly  c ry s ta llized  k ao lin ite . Such  a sim ple 
ru le  c a n n o t be ap p lied  s in ce  th e  degree of c ry s ta ll in ity  o f k ao lin ite  varies 
w ith in  r a th e r  w ide lim its . T h e  tra d itio n a l in te r re la tio n  of c ry s ta llin ity  and 
m o rp h o lo g y  canno t he  a p p lie d , e ith e r (see: K a o lin ite  o f P u g u , R o b e r t s o n  

e t  a h , 1954).
D iso rdering  in  th e  k a o lin i te  s tru c tu re  m a y  he cau sed  b y  th e  superposi

t io n  o f  severa l effects. B r i n d l e y  and  R o b i n s o n  (1949), N e w h a m  (1969) d is
c o v e re d  a layering  d e fec t d u e  to  changes in  th e  sp ac in g  o f p a ra lle l layers. 
M i t r a  (1963) observed  a n o th e r  layering  d e fec t, n o ta b ly  t h a t  th e  spacing  of 
k a o lin é  layers changed  ir re g u la r ly  b y  a c o n s ta n t fra c tio n  o f th e  in te rla y e r 
d is ta n c e . In  add ition  to  th e  d efec ts  of lay e rin g  th e  changes occu rrin g  in  th e  
c a t io n  positions m ay  also  re s u l t  in  defected  c ry s ta ls  th o u g h  th e  p ro b a b ility  
o f  th i s  is less possible due  to  th e  chem ical in a c tiv ity  of k ao lin ite . (The s u b s titu 
t io n s  o f  Si -> Ge an d  A1 —> F e 3+ p resum able  on  acco u n t o f th e  a to m ic  sizes
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co u ld  th u s  fa r  be ex p e rim e n ta lly  re p ro d u ced  to  only  such a n  e x te n t  t h a t  did 
n o t  cause  changes ev a lu ab le  on X -ra y  d iffrac to g ram s [N e m e c z , 1973] .)

C onsequen tly , d iso rd e rin g  can  be b ro u g h t ab o u t in d iffe re n t w ays and 
m easu res . The series inc ludes w e ll-c rysta llized  kao lin ite , k a o lin ite  d iso rdered  
acco rd in g  to  th e  fc-axis ( th e  so-called  k ao lin ite -d  w hich is c a lle d  fire-c lay  
m in e ra l a fte r B r i n d l e y  an d  R o b i n s o n ) an d  kao lin ite  d iso rd e re d  acco rd ing  
to  th e  a b-axes (halloysite). T he p lace  of th e  in v estig a ted  m a te r ia l  in  th is  series 
a n d /o r  its  closeness to  th e  ideal s tru c tu re  a re  cha rac terized  b y  th e  so-called 
deg ree  o f o rdering  or b y  th e  c ry s ta ll in ity  index .

D eterm ination  o f the state o f  ordering o f  kaolin ite

T h e c ry s ta llin ity  ind ices know n  from  lite ra tu re  w ere fo rm e d  b y  the  
in te n s i ty  re la tions o f c e r ta in  re flex ion  g roups of th e  X -ray  d iffra c to g ram s and 
b y  th e  analysis of th e  b ase  re flex ions, re sp ec tiv e ly . W ell-c ry sta llized  k ao lin ite  
is ch a ra c te riz e d  b y  fav o u ra b le  p eak -to -b ack g ro u n d  re la tion  (low b a c k g ro u n d ), 
b y  m a n y  and  sharp  p eak s as well as b y  th re e  w ell-defined t r ip le ts .  T h e  X -ray  
d iffrac to g ram  of a w ell-c ry sta llized  k ao lin ite  sam ple is show n in  F ig . 3/a. In  
th is  re c o rd  th e  lines o f (020); (110); (111, 111) can  be observed  to  b e  s e p a ra te d ; 
o u t o f  th ese  , (111) can  he d e te rm in ed  on ly  in th e  case of a w e ll-c ry sta llized  
m a te r ia l .  The second c h a ra c te r is tic  g roup  consists o f the  faces (130, 20 1 , 130) 
a t  2 .55 Â ; (131, 112) a t  2.52 Â and  (131 ,200) a t  2.49 A. A n o th e r c h a ra c te r is tic  
t r ip le t  o f  kao lin ite  is th e  g roup  co n sisting  o f th e  faces (003); (2 0 2 , 131) and 
(113, 131). The base re flex io n s can  be seen to  be sharp  an d  o f  sm a ll an g u la r 
w id th  a t  ha lf-m ax im um .

T h e  defects of lay e rin g  an d  th e  o th e r  s tru c tu ra l defic iencies m en tio n ed  
ab o v e  can  be ap p roached  b y  an  in v e s tig a tio n  o f th e  a fo re -m en tio n ed  reflex ions. 
P a ra lle l w ith  increasing  d iso rd erin g  th e  sharpness of re flex io n s  decreases 
g ra d u a lly , ad jacen t lines w ill be confused  an d  tr ip le ts  m is ta k e n  fo r  d oub le ts . 
In  th is  resp ec t th e  re flex io n s (111) a t  4.18 Â resp . (1 Ï Ï )  a t  4 .13  Á  are  m ost 
sen sib le , g e ttin g  flu sh  im m ed iea te ly  a t  an y  d iso rdering  o f even  th e  sm allest 
deg ree . The progress o f d iso rd erin g  re su lts  in  th e  change of in te n s i ty  ra tio  of 
th e  (H O ) and  (020) re flex io n s an d  th e  d isap p earan ce  of th e  (1 1 0 ) a n d  (111) 
re flex io n s . The lack  o f lines of th is  ty p e  is especially  c h a ra c te r is tic  o f the 
s t ru c tu ra l  d iso rdering  p ro v o k ed  b y  th e  s tru c tu ra l  d isp lacem ents in  th e  d irec
tio n  o f  th e  b-axis. In  w e ll-c rysta llized  k ao lin ite  th e  in ten s ity  ra tio  o f  th e  peaks 
o f  d =  2.55 A (130, 2 0 l ,  130) an d  o f d  =  2.49 A (1 3 l, 200) is: I 2.49/ I 2 55 >  1. 
I n  th e  course of s tru c tu ra l  d is to rtio n  th is  ra tio  becom es re v e rse d  an d  the 
enclosed  peak  a t d =  2.52 A (1 3 1 ,1 1 2 )  w ill be of ever decreasing  in te n s i ty  and 
f in a lly  d isappears. S im ila r process can  be observed  in th e  case o f  th e  th ird  
t r ip le t  ch a rac te ris tic  o f th e  X -ra y  d iffrac to m e tric  p ic tu re  o f k a o lin ite . S tru c 
tu r a l  changes also defo rm  th e  base re flex io n s. This is in d ica ted  b y  decrease
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of in te n s i ty ,  d-value d isp la c e m e n t provoked b y  la t t ic e  expansion , an d  b y  an  
in c rea se  o f  th e  angu lar w id th  a t  ha lf-m ax im um .

R eg a rd in g  the  deg ree  o f  o rdering  th ere  a re  n u m e ro u s  tra n s itio n a l m em 
b ers  b e tw e e n  w ell-crysta llized  k ao lin ite  and m e ta h a llo y s ite , some ty p ic a l s ta te s  
are d e m o n s tra te d  in  F ig . 3 a n d  in  th e  schem atic  d ia g ra m  of Fig. 4. E x tre m e ly  
w e ll-c ry s ta lliz ed  is th e  k a o lin i te  of K eakuk  (U SA ), m id -cry sta llized  is t h a t  of 
S ed lec (C zechoslovakia) a n d  p o o rly  crysta llized , i.e . 6-axis d isordered  is th a t  
o f C serszeg tom aj (H u n g a ry ) .

T h e  h igh-grade u t i l iz a t io n  an d  in d ustria l s ig n ifican ce  of kao lin ite  re q u ire d  
th e  in tro d u c tio n  of a c ry s ta l l in i ty  index d esc rib in g  th e  s ta te  of c ry s ta llin ity  
a n d  th e  q u a n tita tiv e  d e te rm in a tio n  of th e  s ta te  o f  o rd e rin g -d iso rd e rin g .

D e te rm in a tio n  of th e  c ry s ta ll in ity  index  w as f i r s t  u n d e rta k e n  b y  M u r r a y  
a n d  L y o n s  (1956). T h e y  c a r r ie d  ou t the  c la ss if ic a tio n s  of th e  c ry s ta ll in ity  
deg ree  o f  kao lin ite  sam ples f ro m  different lo ca litie s . T h e ir c lassification  was 
b a se d  u p o n  the  fo llow ing  X - ra y  d iffrac to m etric  p a ra m e te rs : n u m b e r  of 
re f le x io n s , changes of th e  b a s e  reflexions, sh a rp n e ss  o f reflex ions, sep a ra tio n  
o f  th e  ne ighbouring  re f le x io n s , lack  of c h a ra c te r is tic  reflex ions, shape o f th e  
lines. T h e  series of 13 X - ra y  d iffrac tog ram s su g g e s te d  b y  them , w hich can  be 
u sed  as a  s ta n d a rd  in  th e  an a ly se s  to  be p e rfo rm e d , can  be seen in  F ig . 5. 
N e v e rth e le ss , th is  m e th o d  c a n  be  applied on ly  in  th e  in v estig a tio n  of m ono
m in e ra l frac tio n s. In  case o f  po lym inera l m a te r ia ls  one com prehensive X -ra y  
re c o rd  does no t give su ff ic ie n t in fo rm ation  w ith  w h ic h  th e  s ta te  of o rd erin g  
cou ld  b e  u nam biguously  d e te rm in e d .

T h e  basis of c la s s if ic a tio n  itse lf can be o n ly  th e  re su lt of q u a n ti ta t iv e  
m e a su re m e n t. The d iffe re n t in d ices  are based  on th e  asp ec ts  listed  b y  M u r r a y  
a n d  L y o n s  (1956), b u t  e x p re sse d  in num eric  v a lu e s . H ere in a fte r, th e  m ost 
w id e -sp re a d  m ethods w ill b e  sh o rtly  d iscussed.

1. T h e  height ra tio  o f  th e  reflexions (110) a n d  (020) as c ry s ta llin ity  in d ex  
w ere  f i r s t  used b y  M u r r a y  a n d  L yons  (1960). S ince  in  case of in creasin g  
s t r u c tu r a l  disordering th e  c h a n g e  of in ten s ity  is c h a ra c te r is tic  of th e  env irons 
o f th e  (020) reflexion, th is  r a t io  is ra th e r  v a riab le  a n d  can  be exac tly  m easu red . 
T h ese  v a lu e s  can be re a d  o ff  th e  general reco rds. F u r th e r ,  i t  is also fav o u rab le  
t h a t  th e s e  faces are n e a r ly  p e rp en d icu la r o f face (001) th u s  th e  occasionally  
a p p e a r in g  te x tu ra l effec ts c a n  be neglected an d  o n  b o th  faces th e  sam e effect 
is sh o w n . I t  is to  be e m p h a s iz e d , how ever, t h a t  re la tiv e ly  low m ica c o n te n t 
o r th e  p resence  of o th e r  th re e - la y e r  silicate in  th e  sam ple  stro n g ly  changes 
th e  in te n s i ty  of (020) re f le x io n . T he num eric v a lu e  o f  th e  index  is g re a te r  th a n  
1 in  case  o f w e ll-c ry sta llized  kao lin ite , lies b e tw e e n  0.7 and  1.0 in  m ed ium - 
c ry s ta ll iz e d  sam ples a n d  p ro v e s  to  be less th a n  0.7 in  case of poorly  cry sta llize  
m a te r ia l .

2 .  T h e  index  su g g e s te d  b y  H inck l e y  (1964) m easu res  th e  sep a ra tio n  of 
th e  lin e s  o f (110) and  111). T h e  m ore com plete th e  c ry s ta l  s tru c tu re  of k ao lin ite
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F ig . 3. X -ra y  d iffrac to m etric  reco rd  (C u K a ra d ia tio n )  o f  th e  w ell-crystallized  K e a k u k  (USA), 
m ed iu m -cry sta llized  Sedlec (C zechoslovakia) a n d  b -ax is  d isordered  C serszeg tom aj (H u n g a ry )

k ao lin ite s
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metahalioysite

2.5 2.2 1.5 Â

F ig . 4. Schem atic  D e b y e — S c h e r r e r  diagram  by  C u K a ra d ia tio n  of well- a n d  m ed iu m - 
crysta llized  k a o lin ite s , kao lin ite -d  a n d  m eta h a lio y s ite

F ig . 5 . S ta n d a rd  series o f M u r r a y  a n d  L yons (1956) fro m  k a o lin ite s  of d ifferen t c ry s ta ll in ity
sta te
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th e  b e tte r  th e  tw o  lines a re  sep a ra ted . T he m ode of d e te rm in a tio n  o f  th is  index 
is show n in Fig. 6. T he h e ig h t A  is read  o ff th e  s tra ig h t .ob lique line  co n tac tin g  
th e  p eak  shou lders; th e  m easu rem en t o f th e  h e ig h t В  is c a rr ie d  o u t  sim ilarly , 
its  sum  is d iv ided  b y  th e  to ta l  h e igh t o f th e  (110) re flex ion  ta k e n  from  the  
b ase  line. In  case of d e te rm in in g  th e  index  a n y  h igh q u a n ti ty  o f q u a r tz  in the  
sam ple  is a d is tu rb in g  fa c to r . A q u a rtz  p e a k  o f m ed ium  size does n o t  d istu rb  
th is  m easu rem en t. T h e  v a lu e  of th is  in d ex  changes as follow s: a t  w e ll-c ry sta l
lized  k ao lin ite  b e tw een  1.0 an d  1.2; a t  m ed iu m -cry sta llized  k a o lin ite  betw een
0.8 an d  0.9 w hile a t  p o o rly  c ry sta llized  sam ples betw een  0.6 a n d  0 .7 .

3. A ccording to  B r i n d l e y  an d  K u r t o s s y  (1961) th e  a n g u la r  w id th  a t 
ha lf-m ax im u m  o f th e  b ase  in te rfe rences is ab le  to  com pare th e  k a o lin ite  sam ples 
from  d ifferen t lo ca tio n s. T he d e te rm in a tio n  o f  th is  p a ra m e te r  s tro n g ly  depends 
on  th e  p re p a ra tio n  te c h n iq u e s  app lied . G re a te s t care is d e m a n d e d  w hen  p re
p a r in g  th e  sam ples since d is tin c t o r ie n ta tio n  s tro n g ly  affec ts th e  m easure  of 
a n g u la r  w id th  a t  h a lf-m ax im u m  o f (001) a n d  (002) in te rfe ren ces . Sam ples of 
th e  sam e te x tu re , or te x tu re - f re e  sam ples shou ld  be p ro d u ced . B r i n d l e y  and  
K u r t o s s y  developed  a p ro ced u re  co n tro llin g  th e  o rie n ta tio n  read in g s  and 
th is  should  alw ays be ta k e n  in to  co n sid e ra tio n . T he base  in te rfe ren ces  are 
h a rd ly  d is tu rb ed  b y  m in era l co n tam in a tio n s , th e  on ly  e x cep tio n s  being 
ch lo rite  and  a n a ta se  d is tu rb in g  th e  (002) re flex io n ; th ese , h o w ev er, can  he 
sep a ra te d . The chan g in g  g ra in  size of th e  sam ples is, h ow ever, a d is tu rb in g  
fa c to r . The change o f a n g u la r  w id th  a t h a lf-m ax im u m  of (001) re flex io n  m ay 
re la te  to  th e  jo in t  p resence  o f th e  tw o effects. T he f irs t fa c to r  is th e  w idening 
o f  th e  line p roduced  b y  th e  decrease of c ry s ta llin ity  degree, th e  o th e r  is th e  
sm all size of g ra ins. G ra in s  o f  te n th  m ióron size m ay  p roduce  a w id en in g  effect 
w hich  m ay overshadow  th o se  p roduced  b y  la tt ic e  defects. I t  seem s to  be useful 
to  ap p ly  th is  in d ex  o n ly  in  sam ples of a g iven  gra in  size. T h e  ra n g e  of ex ten 
sion of th e  in d ex  m a y  be  d iffe ren t d ep en d in g  on th e  reco rd in g  conditions. 
W hen  ap p ly ing  a g iven  eq u ip m en t its  m in im u m  value  is d e te rm in e d  b y  the 
in s tru m e n ta l w iden ing  in  advance . In  th e ir  in v es tig a tio n s  B r i n d l e y  and 
K u r t o s s y  used  th e  m a te r ia l s ta n d a rd iz e d  b y  M u r r a y  a n d  L y o n s . T heir 
re su lts  are show n in F ig . 7. T he change o f th e  values m a rk e d  b y  d a rk  points 
and  w ith o u t d is tin c t o r ie n ta tio n  falls b e tw een  0.2 an d  0.7 2 0 .  T h e  v a lu e  of 
a n g u la r  w id th  a t  h a lf-m ax im u m  of th e  b e s t c ry sta llized  k a o lin ite s  lies betw een
0.2 an d  0.3 2 0 .  In  case o f  p u re  k ao lin ite  o r o f m a te ria ls  o f re la tiv e ly  high 
k ao lin ite  co n ten t th is  in d e x  can  be app lied  w ith  high accu racy , th u s  it  gives 
a precise q u a n ti ty  o f selec ting .

4. B r i n d l e y  (1961) in tro d u ced  as a c ry s ta llin ity  in d e x  th e  ra tio  of 
in te n s ity  of d =  2.55 Á  an d  d 2.49 Á reflex ions. S im ila rly  to  th e  indices 
d iscussed  u n d er 1. a n d  2. th is  ra tio  show s also th e  se p a ra tio n  o f  th e  lines. 
T he decrease o f o rd e rin g  o f th e  la ttic e  re su lts  in  th e  g ra d u a l d isap p earan ce  
o f th e  tr ip le t’s m idd le  p eak  an d  th e  change o f in te n s ity  re la tio n s  o f  th e  two
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F ig . :
series
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Degrees 2 9

F ig . 6 . D e te rm in a tio n  of th e  HiNCKLEY-index

C h an g e  of th e  a n g u la r w id th  a t  ha lf-m axim um  o f (001) base  re flex ion  in  th e  e ta lo n  
o f  M u r r a y  and  Ly o n s  (d a rk  p o in ts :  tex tu re-free  p ré p a râ te s ) .  A fter B r in d l e y  an d

K urtossy
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lines. In  case o f w e ll-c rysta llized  k ao lin ites th e  in te n s ity  o f  th e  p e a k  a t  d =  
=  2.49 Â is h ig h er. As show n b y  experiences th is  in d ex  is n o t  o r is hard ly  
d is tu rb e d  by  co incidences. (O ccasional co n ta m in a tio n s  b y  fe rro u s  m inerals 
can  be e lim ina ted  b y  sim ple chem ical p ro ced u res .)

5. F i e d l e r  and STEiNiCKE(1967)suggestedthe m easurem ent o f  the lattice 
expansion of c-axis d irection. The changes o f d-values o f  the (001) reflexion  
were compared w ith  a C a-oxalate internal standard. In accordance w ith their 
experiences the poorly crystallized kaolinites were displaced tow ards the lower 
2 0  values. In favour o f exact detection of m axim a strongly tex tu ra l samples 
were prepared. H aving  distributed the sam ples into several grain size frac
tion s, great differences were obtained in the measures o f  la ttice  expansion. 
Thus, this index is also strongly dependent on the grain size o f th e  sam ple and 
its application is advantageous in case of sam ples of the sam e grain size.

6 . S t ö r r  (1966) in v e s tig a te d  th e  in te n s ity  ra tio  of th e  b a se  in terferences 
o f (001) and  (002) as c ry s ta ll in ity  index . In  a sm aller sam ple  series co rrectly  
m easu rab le  d ifferences w ere d em o n stra ted . F i e d l e r  (1968) in v e s tig a te d  the 
a p p licab ility  o f th is  in d ex  in  th e  s ta n d a rd  series of M u r r a y  a n d  L y o n s  and 
th e  sam ples, show ing g re a t d ifferences in  o th e r  c rite r ia , p ro d u c e d  an  a s to n ish 
ing co n stan cy  in  th e ir  in te n s ity  ra tio s .

7. The m e asu rem en t p rocedures lis ted  above in v o lv ed  o n ly  X -ra y  dif- 
f ra c to m e tric  d a ta . I n  a d d itio n  to  these  th e  in v es tig a tio n  o f th é  e x te n t  o f tra n s 
fo rm a tio n  of k ao lin ite  a f te r  t re a tm e n t by  h y d raz in e  or p o ta sh -a c e ta te  is also 
a fre q u e n t p ro ced u re . A fte r  th e  t re a tm e n t o f  kao lin ite  w ith  p o ta sh -a c e ta te , 
a com p lex of 14 A I a y e r  d is tan ce  is form ed. T he m ore d iso rd e red  th e  kaolin ite  
s tru c tu re , th e  m ore s ta b le  th e  com plex. C onsequen tly , w e ll-c ry sta llized  kaoli- 
n ite  does no t form  th is  com plex  of 14 A.

T he k ao lin ite  tr e a te d  w ith  h y d raz in e  m ak es possible th e  d is tin c tio n  of 
fou r groups o f w ell-defined  o rdering  ( R a n g e , R a n g e  an d  W e i s s , 1963). The 
d isp lacem en t o f th e  base  reflex ion  is p ro p o rtio n a l w ith  th e  c ry s ta ll in ity  s ta te .

8. To d e te rm in e  th e  c ry s ta llin ity  degree o f k ao lin ite  th e  size o f ionic 
exchange cap ac ity  m ay  also p rov ide  som e in fo rm a tio n  (M u r r a y  and  L y o n s , 
1960). T w o-layer ty p e  silica tes are  n o t liab le  to  exchang ing  ions d u e  to  s tru c 
tu r a l  causes. O n th e  c ry s ta l  surface, how ever, especially  in  th e  la te ra l  faces 
d iss im ila r of th e  b a sa l faces ca tions m ay  be b o u n d  w hich  re su lt  in  a slight 
ionic exchange c a p a c ity  o f th e  m ineral. A ccord ing  to  th is  m ech an ism  th e  ionic 
exchange cap ac ity  dep en d s on th e  size of th e  specific su rface  a re a . Since the 
w ell-crysta llized  k a o lin ite s  are  of g rea te r g ra in  size, in genera l, acco rd in g ly  the ir 
ionic exchange c a p a c ity  is low. W ith  decreasing  degree o f c ry s ta ll in ity  the 
ionic exchange c a p a c ity  increases.
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A p p lic a b i l i ty  o f the d iffe ren t crysta llin ity  indices

I n d e x  d e te rm ina tions b a s e d  on chem ical p ro ced u re s  have  n o t b een  a p 
p lied  in  th e  p resen t. In  th e  in v e s tig a tio n s  th e  indices w ere used  w hich sa tisfied , 
a t  le a s t  ap p ro x im ate ly , th e  fo llo w in g  req u irem en ts:

— good re p ro d u c tib ility ,
o p tim a l re la tion  b e tw e e n  the  m easu rem en t e rro r  and  m easu red  
q u a n tity ,

— th e  same p h en o m en o n  is described in  th e  sam e m an n er,
— ex tension  over a w ide  ra n g e  m aking th u s  possib le  th e  precise a rra n g e 

m e n t,
— d is tu rb in g  co inc idences do no t exist,
— in  case of ro u tin e  a n a ly se s  th e  a p p licab ility  o f m easu rem en t a t  low er 

applicab le  in te n s itie s ,
— less sensitiv ity  to  sa m p le  p rep a ra tio n  p ro ced u re s .
N o n e  of the indices l is te d  above and  w id e-sp read  in l i te ra tu re  does 

s a t is fy  e x a c tly  these c r ite r ia . T h e ir  range of a p p lic a b ility  was in v e s tig a te d  
s e p a r a te ly  and  on th is  b a s is  fo u r  indices could be ap p lied  in o u r specia lly  
p ro d u c e d  sam ple : the h e ig h t r a t io  o f reflexions (110) an d  (020); th e  se p a ra tio n  
o f r e f le x io n s  (110) and (111); th e  an g u la r w id th  a t  h a lf-m ax im u m  o f th e  base 
in te r fe re n c e  (001); and th e  h e ig h t  ra tio  of reflex ions (1 3 1 ,2 0 0 ) and  (1 3 0 ,2 0 1 , 
130). T h e  de te rm in a tio n  of th e  in te n s i ty  ra tio  of re flex io n s (001) an d  (002) was 
n o t a p p l ie d  because of th e  u n c e r ta in  m easurem ent p o ssib ilitie s  of th e  in te n s ity  
of (002) re flex io n  and of th e  sm a ll v a ria b ility  show n b y  th e  ra tio s . T he a p p lic a 
tio n  o f  th e  la ttice  ex p ansion  in  th e  e-axis d irec tio n  w as neglec ted  since th e  
a n g u la r  w id th  at h a lf-m ax im u m  o f th e  (001) re flex io n  o f m ore sim ple m easu re 
m e n t sh o w s sim ilar ten d en c ie s  b u t  w ith in  a w ider ra n g e , th u s  m ak in g  possible 
a f in e r  a rran g em en t. W h en  m e a su rin g  the X -ra y  p a ra m é tré s  it  w as ex p e r
ien ced  t h a t  th e  (060) re flex io n , re sp . its angu lar w id th  a t  ha lf-m ax im u m  con
s id e re d  m o s t  suitable for q u a n t i ta t iv e  analyses b y  K r a n t z  (1957), could  also 
be a p p lie d  as an index to  c o m p a re  th e  sam ples o f d iffe re n t c ry s ta llin ity  degree. 
T he in te n s i ty  of (060) re f le x io n  is co n stan t in d e p e n d e n tly  of th e  c ry s ta llin ity  
d eg ree , b u t  th is  is realized  b y  th e  reversed change o f  its  h e igh t an d  an g u la r 
w id th  a t  half-m axim um . T h e  change of an g u la r w id th  a t  ha lf-m ax im u m  
fo llow s t h a t  of the degree o f  c ry s ta llin ity .

D escrip tio n  o f  the samples

C o n tin u o u sly  chang ing  c ry s ta ll in ity  series, w h ich  w ould  be ab le  fo r th e  
c o m p a r is o n  of different p a ra m e te rs ,  could n o t be chosen  from  n a tu ra l  m inera l 
s a m p le s . I n  th e  available sa m p le s  kao lin ites were fo u n d  w hich  could be assigned  
to  th e  c e n tra l  p a rt of th e  c ry s ta l l in i ty  scale. S m all an d  less re p re se n ta tiv e
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sam ples were av a ilab le  fro m  th e  well- an d  p o o rly -c ry sta llized  m a te ria ls . In  
ad d itio n  to  these , th e  n a tu ra l  sam ples co n ta in ed  re la tiv e ly  h ig h  a m o u n ts  of 
c o n tam in a tio n s , th u s  n u m ero u s  d is tu rb in g  fac to rs  h ad  to  be ta k e n  in to  con
s id e ra tio n . F o r th is  rea so n , th e  sam ple series w as p roduced  b y  th e  a u th o r  
herse lf.

As it  is know n , th e  g rin d in g  of sh o rt d u ra tio n  resu lts  in  th e  d e te rio ra tio n  
o f  th e  c ry s ta llin ity  s ta te  o f kao lin ite  ( K r a n t z , 1957). T he sam p les  g round 
d u rin g  d ifferen t tim es  w ere d estro y ed  to  d iffe ren t e x te n t th o u g h  u n d e r  con
tro lle d  conditions. T he s ta n d a rd  kao lin ite  of Sedlec w as chosen  as s ta r tin g  
m a te ria l. The k ao lin ite  o f  Sedlec is m ed iu m -cry sta llized  (as to  c e r ta in  indices, 
i t  can  be assigned to  th e  w ell-crysta llized  g roup), re la tiv e ly  p u re  (kao lin ite  
c o n te n t over 90 p e r  c e n t, low  q u a n ti ty  o f q u a r tz  an d  neglig ib le  seric ite-illite  
a re  th e  accessories) a n d  its  lo ca tion  is w ell-know n. Since all th e  sam ples 
show ed th e  sam e m in era l com position , th e  co n tam in a tio n s  cou ld  occu r in  the  
sam e  w ay in all of th e m , co n seq u en tly  th e ir  effects could be n eg lec ted  during  
th e  ev a lua tion  of th e  d ifferences. D ry  g rin d in g  was alw ays c a rr ie d  o u t on 
2-g sam ple. T h ree  g rin d in g  series w ere p ro d u ced . T he g rin d in g  d u ra tio n s  
w ere choosen so as to  allow  a re la tiv e ly  fine c lassifica tion  b a se d  u p o n  the  
ch an g e  of th e  c ry s ta ll in ity  s ta te . The m ost fav o u rab le  in te rv a ls  p ro v e d  to  be 
th e  g rind ing  sets o f 3, 5, 10, 15, 20, 30, 40, 50 an d  60 m in u te s . T h e  sam ples 
g ro u n d  for th e  re q u ire d  tim e  w ere s to red  in ex sicca to r u n til  re c o rd s  w ould 
be  ta k e n .

M ethod and results o f  m easurem ent

X -ray  records w ere p e rfo rm ed  by  m eans of P h ilip s  d iffrac to m e te r, th e  c o n stan ts  
w ere  as follows: C uK a ra d ia tio n , d ivergency  a n d  d e te c to r  sp lits  of 1°, g ra p h ite  m onochro 
m a to r , p ro p o rtio n a l c o u n te r  o f 1 sec tim e  c o n s tan t. T he gon iom etric  speed w as 2°/m in  in case 
o f  general records a n d  0 .5°/m in  in  case o f th e  reco rd s fo r th e  ev a lu a tio n  o f th e  a n g u la r  w id th  
a t  h a lf-m ax im um  of hase  in te rferen ces. T he speed of th e  re g is tra tin g  p a p e r  w as th e  sam e 
in  b o th  cases, i.e. 1600 m m /h o u r.

T ex tu ra l (o rien ted ) an d  te x tu re -free  (desorien ted) slides w ere  m ad e  from  
all th e  sam ples. S ince th e  te x tu re -free  slides w ere of good re p ro d u c tib il i ty  
(p ré p a râ te s  w ere p ro d u c e d  from  several a rran g em en ts  in  case o f  a ll sam ples) 
th e se  were used in th e  e v a lu a tio n . S everal reco rds w ere ta k e n  fro m  each  slid ; 
th e  d a ta  were av erag ed  because  of th e  d o u b tless p resence o f s ta t is t ic a l  f lu c tu a 
tio n s . The in ten sities  o f th e  (001) and  (060) reflex ions were m easu red  b y  m eans 
o f p lan im eter. T he changes due to  th e  g rind ing  process can  be  sum m arized  
as follows. G rind ing  o f 20 to  30 m in u te  d u ra tio n  causes changes f i r s t  o f all 
in th e  c ry s ta llin ity  s ta te . T he decrease o f in te n s ity  of th e  b ase  in te rfe ren ces 
is p a rticu la rly  c h a ra c te r is tic . T he change o f in te n s ity  o f (001) re flex io n  as 
a fu n c tio n  of g rin d in g  tim e  is show n in F ig . 8. T he decrease o f  in te n s ity  as 
co m p ared  to  th e  s ta r t in g  sam ple  shows an  ap p ro x im a te ly  e x p o n e n tia l curve.
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G rin d in g  fo r 20 to  30 m in u te s  does n o t cause a n y  decrease  in  g ra in  size, th e  
d is to r t io n s  form ed in  th e  la t t ic e  being  responsib le  fo r th e  decrease o f in te n s ity . 
A d e c re a se  in grain size o ccu rs  on ly  a fte r g rin d in g  o f  longer d u ra tio n . D irec t 
f ra g m e n ta tio n  causes o n ly  d ec rease  of in te n s ity  o f sm alle r e x te n t in  th e  (001) 
re f le x io n  ( K r a n t z , 1957, 1975), th is  is also o b se rv ab le  over th e  sec tion  of 
F ig . 8 beg inn ing  a t  a b o u t 40  m in u tes  g rin d in g  tim e .

T h e  inv estig a ted  in d ice s  follow  th e  changes o f  c ry s ta llin ity , b u t  th e  tre n d s  
a re  b e lie v e d  no t to  be free  o f  co n trad ic tio n s. In  F ig . 9 th e  m easu red  values 
o f  c ry s ta l l in i ty  indices a re  d e m o n s tra te d  — In d e x  N o. 1 is th e  a n g u la r  w id th  
a t  h a lf-m a x im u m  of (001) b a se  in te rfe rence . I ts  v a lu e  su d d en ly  increases a fte r  
30 m in u te s  of grinding (w h en  in te n s ity  is h a rd ly  ch an g in g ). This sud d en  change 
o f  a n g u la r  w id th  a t h a lf-m a x im u m  is caused b y  fra g m e n ta tio n  follow ing a fte r  
th is  g rin d in g  d u ra tio n . (Tin- v a lu es  of th e  v e r tic a l ax is in  th e  r ig h t show  th e  
a n g u la r  w id th  a t h a lf-m a x im u m  in mm.)

In d e x  No. 2 is th e  a n g u la r  w id th  a t  h a lf-m a x im u m  o f (060) reflex ion . 
I t s  e x tre m e  values p ro v e d  to  b e  6.4 resp . 11.0 m m . U p to  30 m in u te  g rind ing  
tim e  th e  value of th e  in d e x  changes u n ifo rm ly , th e n  it becom es p ra c tic a lly  
c o n s ta n t .  In  case of re p e a te d  m easu rem en ts a su d d en  increase w as o b ta in ed  
w h e n  g rin d in g  d u ra tio n s  o f  50 to  60 m inu tes w ere  ap p ro ach ed .

In d e x  No. 3 i.e. th e  h e ig h t ra tio  of (110) a n d  (020) reflex ions p roved  
to  b e  less sensitive. I ts  v a lu e  decreases to  a m in im u m  a t  15 m in u te  g rind ing  
t im e . I n  th e  previous sec tio n  th e  change of its  v a lu e  h a rd ly  su rpasses th e  o rd er 
o f m a g n itu d e  of the  s ta n d a rd  d ev ia tio n . This eas ily  m easu rab le  in d ex  (e.g. in 
n a tu r a l  substances) v a r ie d  b e tw e e n  re la tiv e ly  close lim its  and  is u n su itab le  
fo r a n y  f in e r  c lassifica tion .

In d e x  No. 4  in tro d u c e d  b y  H i n c k l e y  reach es its  ex trem e  v a lu e  also 
a f te r  15 m in u te  g rind ing  a n d  c a n n o t be m easu red  b ecau se  of th e  in d is tin c tio n  
o f th e  lin es . I t  shows th e  c h a n g e s  due to  sh o rt g rin d in g  tim es to  be ex ag g era ted ly  
h ig h  a n d  th u s  inp lausib le  w ith  view  to  th e  o th e r  p a ra m e te rs . I ts  values are 
r a p id ly  changing , a fin er c la ss if ic a tio n  could n o t be ach iev ed  in  th is  case, e ith e r.

In d e x  No. 5 is th e  h e ig h t ra tio  of th e  re flex io n s a t  cl = 2.49 Â and  
d — 2 .55  Â. Its  value is 1.13 in  th e  s ta n d a rd  sam p le  an d  0.78 in  th e  sam ple 
o f  60 m in  grinding tim e . T h is  in d ex  can also be  e x a c tly  m easu red . I t  allows 
a m o re  precise  c lassifica tion  t h a n  th e  tw o o th e rs  l is te d  above. A n o th e r a d v a n 
ta g e  o f  th is  index is t h a t  i t  p ro v id es  m easurab le  v a lu e s  in  th e  range w here th e  
tw o  o th e rs  do not change.

I n  th e  left-hand  v e r t ic a l  axis of Fig. 9 th e  d iv ision  was ca rried  o u t 
a c c o rd in g  to  the fo llow ing p rin c ip le . The ran g e  o f changes of all th e  indices 
w as sca led  in to  100 u n its . T h e  s ta r tin g  va lu e  is zero , th is  describes th e  b es t 
c ry s ta l l iz e d  m ateria l. 100 d e n o te s  th e  w orst c ry s ta lliz e d  sam ples.' T he  a d v a n 
ta g e  o f  th is  division is th e  u n ifo rm  m easu rem en t n u m b e r for all indices of 
d if fe re n t  values and  e x te n s io n s . T hus, th e  m easu re  of change is v isu a lly
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F ig . 8. In te n s ity  o f (001) b ase  re flex ion  as a  fu n c tio n  o f g rind ing  tim e (k a o lin ite  o f  Sedlec)

F ig. 9. C ry sta llin ity  ind ices as a fu n c tio n  of g rin d in g  tim e  (kao lin ite  o f Sedlec). ï com plex 
c ry s ta ll in ity  in d ex ; 1 a n g u la r  w id th  a t  h a lf-m ax im u m  of (001) base re fle x io n ; 2 angular 
w id th  a t  h a lf-m ax im u m  o f (006) reflexion; 3 h e ig h t ra tio  of reflexions (110) a n d  (020); 4 
H in ck ley  index: 5 h e ig h t ra tio  o f th e  indices (131), (200) an d  (130), (201), (130). T h e  left-hand  

o rd in a te  is th e  u n ifo rm  scale, th e  r ig h t-h a n d  one  is th e  n a tu ra l scale o f  indices
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d e m o n s tr a te d  by th e  a r ra n g e m e n t of d ifferen t c ry s ta l l in i ty  s ta te s . T h e  classi
f ic a t io n  o f  new  sam ples can  h e  c a rr ie d  out by  sim p le  c o m p u ta tio n . T h e  sequence 
of s a m p le s  produced in th is  w a y  is called i in d e x .

A p p ly in g  sep ara te ly  th e  c ry s ta llin ity  in d ices  n o n e  of th em  d escribes th e  
c h an g e  o f  c ry sta llin ity  s ta te  o v e r  its  whole ran g e . In d ice s  Nos. 1 a n d  3 describe 
m o re  se le c tiv e ly  the ran g e  o f  m ed iu m  c ry s ta llin ity  th a n  those  of N os. 4 an d  5; 
to  d iv id e  th e  range of p o o r c ry s ta llin ity  th e  in d ice s  Nos. 2 and  3 are  m ore 
s u ita b le  th a n  those of N os. 3 , 4 an d  5. ■

C o n seq u en tly , th e  jo in t  app lica tion  o f th e  indices m akes possib le  a 
q u a l i ta t iv e ly  more genera lized  p ic tu re . W hen e x a m in in g  th e ir  changes s e p a ra te 
ly  t h e i r  ap p lica tio n  w ill p ro v e  to  be slow an d  cu m b erso m e. T h u s, th e  in tro 
d u c tio n  o f  th e  ï com plex c ry s ta ll in ity  index  fo rm e d  from  th e ir  av e rag e  is 
r e a s o n a b le . The change o f  th e  i  com plex c ry s ta l l in i ty  index  as a fu n c tio n  of 
g r in d in g  tim e  is shown in  F ig . 9 b y  the curve m a rk e d  b y  i. T he v a lu e  o f th e  
c o m p le x  c ry s ta llin ity  in d e x  sh o w s a considerabe c h an g e  up  to  a b o u t 30 m in u te  
g r in d in g  tim e . This coincides e x a c tly  w ith th e  ex p erien ces , i.e. th e  c ry s ta ll in ity  
s t a t e  e n d u re s  considerable d is to r t io n  also over th is  ra n g e  ( K r a n t z , 1957, 1975).

Fig. 10. I n te n s i ty  of (001) base  re f le x io n  of the  d ry -g ro u n d  k a o lin ite  of Sedlec as a fu n c tio n  
of the  c ry s ta l l in i ty  indices. For th e  leg e n d , see F ig. 9
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T he com plex  c ry s ta ll in ity  index  is s u ita b le  to  describe th e  s u b se q u e n t 
section . I t  d e m o n s tra te s  th a t  a fte r 30 m in u te s  o f  grind ing  tim e  o u t  o f  th e  
jo in t effect of th e  decrease  o f c ry s ta llin ity  s t a te  and  of the  fra g m e n ta tio n , 
th a t  o f fra g m e n ta tio n  is o f  m ore considerab le  ro le .

T he in te n s ity  o f (001) hase in te rfe ren ce  w as d em o n stra ted  as a fu n c tio n  
of th e  c ry s ta llin ity  ind ices (F ig. 10). The re la tio n sh ip  betw een th e  c h a n g e s  of 
in te n s ity  and  o f th e  degree o f c ry s ta llin ity  is u n am b ig u o u s. P oorly  c ry s ta lliz e d  
k ao lin ite  sam ples a re  ch a rac te rized  b y  base  re flex io n s  of much low er in te n s ity . 
F rom  th is  fig u re , i t  can  be  also seen th a t  th e  co m p lex  c ry s ta llin ity  in d e x  can 
be m ore fa v o u ra b ly  ap p lied  th a n  th e  ind ices one  b y  one.

B y  m eans o f  th e  com plex c ry s ta ll in ity  in d e x  in ten sity  co rre c tio n s  can 
also be app lied . In  th is  p ap e r th e  fu n c tio n a l re la tio n  betw een th e  c h an g e  of 
in te n s ity  a n d  co m p lex  c ry s ta llin ity  index  h as  n o t  been in v es tig a ted  b y  a n a 
ly tic  m e th o d s , th e  o n ly  aim  was to  d e m o n s tra te  th e  ten d en cy  o f  change . 
W hen  d e te rm in in g  th e  eq u a tio n  of th e  cu rve  ( in te n s ity  com plex c ry s ta ll in ity  
in d ex ) an app licab le  p rocedure  for in te n s ity  co rrec tions can be o b ta in e d .

Summary-

In  th e  p re se n t w ork  th e  phenom ena o f  how  th e  X -ray  p a ra m e te rs  re flec t 
th e  d ifferences o f th e  c ry s ta llin ity  s ta te  o f  k a o lin ite , were in v e s tig a te d . F u r 
th e rm o re , th e  a u th o r  a tte m p te d  to  fin d  o u t  w h a t k ind of X -ra y  p a ra m e te r  
w ould  be a su ita b le  in d ex  to  describe th e  d eg ree  o f c ry s ta llin ity . T h e  ra n g e  of 
v a lid ity  an d  s e n s itiv ity  o f th e  c ry s ta llin ity  in d ice s  used in l i te ra tu re  w as a n a 
lyzed . Ind ices o f b e s t efficiency in  p ra c tic a l w o rk  were chosen. T h e  e x p e ri
m en ta l sam ples w ere d ry -g ro u n d  k ao lin ite s  a n d  indices were in v e s tig a te d  in 
th ese  sam ples a t  d iffe ren t grind ing  tim es. T h is  m ode of s tru c tu ra l d e fo rm a tio n  
was chosen since, on one h an d , th e  d ifference b e tw een  the  single sam p le s  could 
he tra c e d  b ack  to  th e  sam e effect (th e  m in e ra l and  chem ical co m p o sitio n  
rem ain ed  th e  sam e), a n d  in th e  e v e ry d a y  X - ra y  p ractice  th e  p re p a ra tio n  
m e th o d  should  be ap p lied , on th e  o th e r h a n d , th e  effect of g rin d in g  process 
could  also  be in v e s tig a te d  th is  w ay.

To com pare th e  n a tu ra l  indices of th e  c ry s ta ll in ity  s ta te  r a th e r  d iffe ren t 
in num eric  v a lu e  an d  in  v a ria tio n  range , a u n ifo rm  classifica tion  a n d  th e ir  
conversion  a jo in t  re la tiv e  scale were su g g ested . In  th is  scale th e  in d iv id u a l 
indices change in th e  sam e range, th u s  th e y  c a n  be com pared  w ith  one  a n o th e r . 
A ccord ingly , th e  in tro d u c tio n  of a co m p lex  c ry s ta llin ity  in d e x  ( i) , can  he 
in tro d u ced . T h is com plex  c ry s ta llin ity  in d e x  is m ore su itab le  to  d e sc rib e  th e  
c ry s ta llin ity  s ta te  th a n  th e  indices used s e p a ra te ly . In  case of in v e s tig a tio n  
of n a tu ra l sam ples its  ap p lica tion  is a d v a n ta g e o u s , since th e  c la ss ifica tio n  
based  on it m akes possib le  th e  num eric  e x p re ss io n  of the  d ifferences b e tw een
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th e  d if fe re n t  sam ples, an d  a v e rag in g  decreases to  a m inim um  th e  d iffe re n t 
d is tu rb in g  effects occurring  in  d iffe ren t sam p les .

T h e  com plex c ry s ta ll in ity  index  as a fu n c tio n  of grinding tim e  ca n  be 
a p p ro x im a te ly  com posed o f tw o  s tra ig h t lines o f  d iffe ren t steepness. T h e  effect 
o f  th e  g r in d in g  process is s e p a ra te d  in to  tw o  p a r ts  b y  K r a n t z  (1975). I n  th e  
f i r s t  p h a s e  th e  change o f c ry s ta ll in ity  s ta te  ta k e s  place, in  th e  seco n d  th e  
f r a g m e n ta t io n  is th e  p re d o m in a n t effect d u r in g  longer grind ing  tim e s . T he 
s u d d e n  ch an g e  of increase o f  th e  com plex c ry s ta l l in i ty  index  is p ro b a b ly  due 
to  th e  v a r ia t io n  of th e  e ffec t o f  g rind ing  p ro cess  described above.
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НОВЫЙ ПОКАЗАТЕЛЬ СТЕПЕНИ КРИСТАЛЛИЗАЦИИ КАОЛИНИТА

М. Н. ТОТ

Р е з ю м е

Изучены были степени кристаллизации образцов каолинита из месторождения 
Шедлец при помощи показателей, применяемых в литературе. Автор выделила лучше 
всего применимые индексы и она их свела к общей относительной шкале. Из средних зна
чений полученных таким образом величин она образовала комплексные индексы кристал
лизации (t). Комплексные индексы кристаллизации сравнивались индексами кристал
лизации, составленными из различных рентгеновских параметров. При этом был сделан 
вывод, что этот новый индекс позволяет лучшее описание состояния кристаллизации 
каолинита.
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CHANGE OF RATIO OF THE SOLID PHASES 
PRECIPITATING FROM DIABASE-WEHRLITE  

MELT AS A FUNCTION OF AGGREGATES AND 
CRYSTALLIZATION TEMPERATURE

By
I .  K u b o v i c s

DEPARTMENT OF PETROLOGY AND GEOCHEMISTRY, L. EÖTVÖS UNIVERSITY. BUDAPEST

In  sp ite  of its  low  tem p era tu re  o f m e ltin g , w ehrlite  will raise th e  c ry sta lliza tio n  
te m p e ra tu re  o f a d iab ase  m elt. In c reasin g  c o n ce n tra tio n  of m a g n e s iu m (II)  ions will 
accelerate  th e  p re c ip ita tio n  of rhom bic  p y ro x e n e  of n early  th e  sam e com position  as 
e n s ta t i te  a n d , p a ra lle l w ith  th is , reduce th e  r a te  o f  developm ent o f p lag ioc lase  c ry sta l 
germ s.

In  case o f com bined  add ing  of l ith iu m  ch lo ride  and w ehrlite  a t  1270 to  1250°C, 
h igh a m o u n t o f p lagioclase and low a m o u n t o f m agnesioferrite  —m ag n esite  a re  form ed. 
A t c ry s ta lliz a tio n  a t  1200°C m onoclinic p y ro x en e  will becom e a q u asi-accesso ry  com po
n e n t o f th e  a rtif ic ia l m ag m atité .

On th e  basis o f a g rea t num ber o f e x p e rim e n ts  th e  follow ing re g u la r ity  has been 
e s tab lish ed : if  th e  chem ical com position  of a m e lt is close to th e  a n o rth ite -d io p sid e  
b in a ry  sy s tem , th e n , in case of artific ia l c ry s ta lliz a tio n  a t  1200°C, th e  segregation  of 
p lagioclase will h eav ily  decline or to ta lly  cease a n d , in stead  of it, m onoclin ic  pyroxene  -f- 
S i0 2 m o d ifica tio n s o r a crysta lline  com plex co n sis tin g  of m onoclinic p y ro x e n e , w ollasto- 
n ite , sp in e l-la tticed  ox ides and S i0 2 m o d ifica tio n s  m ay  be fo rm ed in dependence  on 
th e  te m p e ra tu re .

T he fo rm a tio n  of a lum in ium  diopside or a lu m in iu m -co n ta in in g  m onoclin ic  p y ro 
xene dep en d s on th e  co n cen tra tio n  or p ro p o rtio n s  o f  d iffe ren t c o m p o n en ts , th e  fugacity  
o f oxygen  an d  the  a rtific ia l c rysta lliza tio n  te m p e ra tu re .

T he a p p ea ran c e  of th e  so-called “ p ig eo n ite  m arg in ” m ay  be a sc rib ed , beside 
the  c ry s ta lliz a tio n  te m p e ra tu re , to the  pecu lia r chem ica l com position  o f c e r ta in  sam ples: 
to th e  co m p a ra tiv e ly  low' A120., and CaO c o n te n ts  an d  th e  h igh MgO a n d , p a rticu la rly , 
FeO co n ten ts  w ith  re g ard  to S i0 2. As show n b y  experience , p igeonite  is u su a lly  a b u n d a n t 
in th e  m olten  m ag m a tite s . This m ay  be e x p la in ed  by  the  follow ing causes:

In  th e  m elt o f a fore-m entioned  c o m p o s itio n  th e  segregation  of M g-F e-con tain ing  
pyroxene  beg ins a t  re la tiv e ly  lowr te m p e ra tu re . B ecause of the  c o m p a ra tiv e ly  h igh  con
c en tra tio n  of m ag n e siu m (II)  and  iro n (II)  ions i t  is n o t u n til the  f in a l ph ase  o f pyroxene 
c ry s ta lliz a tio n  th a t  ca lc iu m (II) ions can  e n te r  th e  com position  of c h a in  s ilica tes, i.e. 
a lread y  a t  c o n sid e ra b ly  lower tem p e ra tu re , w hen  th e ir  c o n cen tra tio n  increases ra th e r  
considerab ly . A t d iffe ren t c rysta lliza tio n  o rd e r, a sim ilar p h en om enon  m ay  tak e  place 
in th e  m ag m a or lav as. A fter a p a r tia l  seg reg a tio n  of basic p lag ioclase  com ponents 
th e  c o n ce n tra tio n  of MgO and FeO will increase  a n d  th e  q u a n tity  o f CaO decrease, th u s 
enhan c in g  th e  c ry s ta lliz a tio n  of rhom bic  p y ro x e n e . Para lle l to th is  p rocess an d  also to 
th e  fo rm atio n  of m ag n e tite , the  percen tage  of ca lc iu m (II)  ions will in crease  and  these, 
a t  p ro p er te m p e ra tu re , will en te r the  com p o sitio n  o f pyroxene.

As show n unam b ig u o u sly  by  d a ta  in l i te ra tu re  — m ain ly  fro m  e x p e ri
m en ta l re su lts  o f C v e t k o v  (1937) and  R a s h i n  (1959) — th e  p ro p o rtio n s 
of th e  v a rio u s solid phases of fused m a g m a tité  as well as th e  com positions 
of single m a jo r c o n s titu e n ts  depend on th e  tim e  and te m p e ra tu re  of the  
ex p e rim en ta l c ry s ta lliz a tio n  process.

A ccording to  th e  resu lts  o b ta in ed  b y  Y o d e r  and  K u s h i r o  (1968), 
in dependence on th e  p a ram e te rs  of a r tif ic ia l c ry s ta lliz a tio n , fo u r, p a rtly

1 Acta Geologica Academiae Scientiarum Hungaricae 19, 1975
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in d e p e n d e n t,  c ry sta lliza tion  p h a se s  can be p ro d u ced  fro m  a glass of N e50— D i50 
c o m p o s itio n , i.e. from  an  o r ig in a lly  tw o -co m p o n en t system . As co n c lu d ed  
u n a n im o u s ly  b y  these re se a rc h  w o rk ers , th is  p h e n o m en o n  is due to  th e  v a r ia b le  
c o -o rd in a tio n  num ber of a lu m in iu m . The ex istence  o f  a lu m in iu m -b earin g  p y ro 
x en e  o r  a lu m in ium -d iopside , i.e . its  appearance  as an  isom orphic  in d iv id u u m  
has b e e n  certified  e x p e r im e n ta lly  b y  several w o rk ers  ( L a p i n , 1945; C v e t 

k o v , 1945 ; S a k a t a , 1957).
T h e  vario u s silicate m e lts  w ere crysta llized , in  m ino r p a r t, d ire c tly  b y  

a c o n tin u o u s  cooling, an d  in  m a jo r  p a r t ,  in  an  in d ire c t w ay , b y  th e rm a l t r e a t 
m e n t o n  th e  glass to  be p e rfo rm e d  a t  low te m p e ra tu re  (betw een  800 an d  1000°C 
in  g e n e ra l) . These e x p e rim e n ts  gave good re su lts  concern ing  th e  o rd e r  of 
“ n o rm a l”  “ equ ilib rium ”  p re c ip ita t io n  (segregation) fro m  th e  m elted  ro c k s  of 
d if fe re n t  chem ical co m p o sitio n ; th e  rec ry s ta lliz a tio n  o f volcanic glass w ith in  
th e  in d ic a te d  tem p era tu re  r a n g e ;  th e  ty p e  of re c ry s ta lliz a tio n  an d  its  m e c h a 
n ism . A  s tu d y  of the c ry s ta lliz a tio n  processes ta k in g  p lace  a t d iffe ren t te m p e ra 
tu re s  w ith in  a wide in te rv a l o f  te m p e ra tu re  va lu es  in  dependence on th e  tim e  
fa c to r  h a s  n o t  been u n d e r ta k e n  in  th e  m a jo rity  o f  th e  cases. B y  m ean s o f  a 
d ire c t e x p e rim e n ta l c ry s ta lliz a tio n  of d iabases in  H u n g a ry , m elted  a t  a d e fin ite  
te m p e r a tu r e ,  though fo r a t im e  v a ry in g  w ith in  a w ide te m p e ra tu re  ran g e , 
as w ell as b y  changing th e  ch em ica l com position  o f  th e  m elt b y  th e  use of 
v a r io u s  a d d itiv e  agents, th e  a u th o r  has sought to  give in fo rm atio n  on th e  re la 
t io n s h ip  b e tw een  chem ical co m p o sitio n  c ry s ta lliz a tio n  te m p e ra tu re , d u ra tio n  
an d  d e g re e  o f crysta llin ity  as w ell as on th e  ap p e a ra n ce  o f  d ifferen t solid p h ases  
in  d e p e n d e n c e  on the above fa c to rs .

O n  th e  effect of a g g re g a te s  of d ifferen t q u a lity  an d  q u a n tity  ad m ix e d  
to  d ia b a s e  th e  originally  s a tu r a te d  system  has b eco m e p a rtly  o v e rsa tu ra te d , 
p a r t ly  u n d e rsa tu ra te d . T he e x p e c te d  com position  a n d  ra tio  of th e  solid p h ases  
p r e c ip i ta t in g  from  these m e lts  o f  m ix tu res (T ab le  I )  w ere d e te rm in ed  b y  th e  
ro ck  re c a lc u la tio n  m ethod  o f N iggli. Since in case o f m u ltico m p o n en t sy s tem s 
th e  c o m p o s itio n  of d iffe ren t so lid  phases m ay  ch an g e , severa l v a ria tio n s  o f  th e  
c rysta ls^  r a t io  were ca lcu la ted  fro m  th e  single m ix tu re s . In  certa in  cases, h o w ev er, 
c o n s id e ra b le  deviation w as o b ta in e d  betw een  th e  rea l com position  and  th e  co m 
p o s itio n  ca lcu la ted  in fiv e -s ix  v a ria tio n s  (Figs 1 — 2). T h is is ex p la ined  b y  th e  
fa c t t h a t  d issim ilarly  o f th e  ca lcu la tio n  course, th e  p rec ip ita tio n  o f a g iven  
c o m p o n e n t is de term ined  b y  th e  ra tio  of d iffe ren t com ponen ts ch an g in g  also 
d u rin g  c ry sta lliza tio n . D e p e n d in g  on th is  fac to r, th e  o p tim al c ry s ta lliz a tio n  
te m p e r a tu r e  is also chang ing .

O n th e  effect of w eh rlite  m e ltin g  a t low te m p e ra tu re , i.e. a t a b o u t 1100 C, 
th e  o p t im a l  c rysta lliza tion  te m p e ra tu re  of th e  d iab ase  m elt is in creased . The 
c o n c e n tra t io n  grow th o f m a g n e s iu m (II)  ions acce le ra te s  th e  p re c ip ita tio n  of 
o r th o rh o m b ic  (possibly m o n o clin ic ) pyroxenes o f n e a r  e n s ta tite  co m p o sitio n , 
a n d  s im u ltan eo u sly  th e  fo rm a tio n  of th e  c ry s ta l germ s of p lag ioclase falls
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T able  1

Composition o f mixtures o f diabase-wehrlite basic material in weight per cent
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1 Csk-32 90 10 0.2
2 Cr-2 75 20 5+ 0.2

3 Csk-29 80 17 3 0.2
a, b, c a n d  2

4 Csk-4 60 10 15 15 0.2

5 Csk-8 60 10 13 12 5 0.2
6 Csk-11 60 10 13* 12 5 0.2

7 Csk-13 60 10 20* 5 5 0.2

8 Csk-3 60 10 15 15 0.2

9 Csk-7, 9 60 10 13 12 5 0.2
10 Md-1 92 5 3* 2

11 M d-8, 7, 9 90 8 2 1.5
11 Md-4 90 10 2

13 M d - 5 - 6 90 7 3 2
14 Md-16 90 5 5 2

15 Md-13 90 10 1.5

16 M d-15 95 5 1.5

17 Md-19 97.5 2.5 2

18 Md-11 90 7 3 1.5

19 Csk-23 45 45* 8* 2+ 0.2

20 Csk-26 30 60* 8 2+ 0.2

co n sid e rab ly  in to  th e  b ack g ro u n d . T h is  la t te r  is p ro m o te d  b y  th e  decreased  
co n c e n tra tio n  o f A1 a n d  Ca caused b y  w ehrlite . In  case o f 10 to  20 p e r cen t 
w eh rlite  ad m ix tu re  th e  ca lcu la ted  e n s ta t i te  m olecule is 19 to  21 p e r  c en t (see 
F ig . 1). U nder th e  re q u ire d  c ry s ta lliz a tio n  cond itions th e  re a l p y ro x e n e  con
te n t ,  how ever, m ay  su rp ass  th e  th re e fo ld  o f th is  v a lu e  (F ig . 2). As to  th e  ex p er
im e n ta l d a ta , in  a d d itio n  to  e n s ta ti te -h y p e rs th e n e , th e  w hole o f  th e  com po
n e n ts  of w ollaston ite  a n d  m ajo r p a r t  o f  th e  co m p o n en ts  of fa y a lite  (fo rsterite ) 
an d  plagioclase m ay  p re c ip ita te  as m onoclin ic  p y ro x en es. In  th is  case in the 
m o lten  m ag m atité  th e  q u a n ti ty  of p lag ioclase  is less th a n  th e  ca lc u la ted  value. 
T h is exp la in s th e  p h en o m en o n  th a t  in  th e  sam jdes Csk-32 an d  Cr-2 th e  py ro 
xene  has becom e a m a jo r  c o n s titu e n t an d  in sp ite  of th e  ca lcu la ted  40 to  57 per 
c e n t th e  p lagioclase can  be h a rd ly  d e te rm in ed  b y  X -ra y  d iffra c to m e te r  
(F ig . 3).
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V. 1

F ig . 1 . “ M ineralogical”  co m p o s itio n  o f th e  d iabase-based  m ix tu re s  re ca lc u la ted  b y  th e  
N ig g l i m e th o d  and show n in  T a b le  1. 1. F e ldspar; 2. O rth o rh o m b ic  p y ro x e n e ; 3. M onoclinic 
p y ro x e n e ;  4. W ollaston ite; 5. O liv in e ; 6. O xides o f sp inel s tru c tu re ;  7. S i0 2 m od ifications

F ig . 2 . C hange  of the  effec tive  m in e ra l com position  of th e  m o u ld ed  sam ples as a fu n c tio n  
of th e  ch em ica l com position a n d  c ry s ta lliz a tio n  cond itions. I. P lag ioc lase; 2. O rth o rh o m b ic  

p y ro x e n e ;  3. M onoclinic p y ro x e n e ;  4. Oxides; 5. M icro cry sta llin e  p a r t ;  6. R ock-glass

3 p e r  cent lith iu m -ch lo rid e  resp . the  lith iu m  ion itse lf  changed  th e  c ry s ta l
l iz a tio n  o f  th e  m elt o f m ix tu re  consisting  of d iab ase  an d  w eh rlite . The p rec ip i
ta t io n  ra n g e  becam e of o p p o s ite  tu rn :  a t h ig h er te m p e ra tu re s , i.c. a t 1270 — 
1250°C , plagioclase of g re a te r  q u a n t i ty  has dev e lo p ed  a n d  th e  o rth o rh o m b ic  
p y ro x e n e  w as rep laced  b y  m onoclin ic  v a rie ty  c ry s ta lliz in g  a t  low er te m p e ra -
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tu re s . W ith  decreasing  te m p e ra tu re  th e  fo rm a tio n  o f plagioclase c ry s ta l  germ s 
becom es g rad u a lly  su b o rd in a te , th e  q u a n t i ty  of sp inel-like oxides w ill, how ever, 
increase . In  case o f c ry s ta lliz a tio n  a t  1200°C th e  fe ld sp a r can be d e te rm in e d  
n e ith e r  by  m icroscope nor b y  X -ra y  d iffra c to m e te r; th e  a rtific ia l m a g m a tité  
will n ea rly  exclusively  consist of m onoclin ic p y ro x en e  (F ig. 4 ; P la te  I). 
T his phenom enon  can  be ex p la in ed  as follow s: a t  th e  g iven te m p e ra tu re  in 
th e  m onoclinic p y ro x en e  th e  lith iu m (I)  ion of 0.78 A ionic rad iu s  m a y  rep lace  
th e  m agnesium  (I l) io n  o f sam e m easu re . T hus, in  case o f o p tim al p re c ip ita tio n  
o f o rth o rh o m b ic  p y ro x en es  th e  M g(II) — C a(II) an d  th e  L i(I) (Li-Al) ions m ay  
jo in  th e  Si.jOg2" chains, a t  low er te m p e ra tu re s  an d  in  range  of d ecreasin g  ionic 
p o te n tia ls . W ith  decreasing  te m p e ra tu re  sodium  m a y  jo in  th e  e lem en ts  m en 
tio n ed  above. As a re su lt o f th is , m onoclin ic p y ro x en e  m ay  form  co n sis tin g  of 
th e  m ix tu re  of d iopside(-heden b erg ite )-A l-d io p sid e-aeg irite  (L i-b ea rin g  aegi- 
rite ) . The ra tio  of m ix tu re s  changes p a ra lle l w ith  th e  decrease of th e  c ry s ta lli
za tio n  te m p e ra tu re . In  sp ite  of th e  h igh  ca lcu la ted  va lu e  (15.7 p e r  c en t)  th e  
spodum ene of d issim ilar genetics can  be d e te rm in e d  as in d e p e n d e n t co n s ti
tu e n t  n e ith e r b y  m icroscope, no r b y  X -ra y  d iffra c to m e te r .

The above p y ro x en e  b u ilts  in  a p a r t  o f th e  ca lcium  of m odal w o lla s to n ite  
an d  alum in ium  o f p lag ioclase. As to  G r e e n  an d  R i n g w o o d  (1967), 
“ w ith  increasing  p ressu re  th e  so lu tion  o f  A120 3 is in creasin g  in th e  p y ro x e n e ” . 
As to  our ex p erim en ts  a t  1100°C, p y ro x en e  rich  in  a lu m in iu m  p re c ip ita te s  from
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F ig . 4. X -ra y  d iffra c to g ra m  o f th e  sam ple  Csk-29. a) Csk-29; b )  Csk-2 c

th e  o liv in e-th o le iite  m a g m a  in s te a d  of p lag ioclase  and  olivine (a t  h igh  p res
su re s ) . E .g .:

C a A l,S i ,0 8 +  (Mg, Fe).,SiO, ^  Ca(Mg, F e)S i,O c +  (Mg, F e )A l(A l,S i)0 6 (1)

A s to  o u r  ex p erim en ts , u n d e r  su itab le  c ry s ta lliz a tio n  cond itions th is  process is 
p a r t ly  com pleted , u n d e r  a tm o sp h e ric  p ressu res , as well.

W h e n  th e  com p o sitio n  o f  th e  m elt is n e a r  th e  b in a ry  sy s tem  o f an o rtite - 
d io p s id e , in  case of c ry s ta lliz a tio n  a t  1200°C th e  p re c ip ita tio n  o f p lag io 
c lase  becom es su b o rd in a te  o r w ill be s to p p e d  a n d  in s tead  of i t  th e  follow ing 
so lid  p h ases  m ay  develop  as a fu n c tio n  o f c ry s ta lliz a tio n  te m p e ra tu re :

a) C.aAhSEOg +  Ca(M g, Fe)S i,O c 

t  >  1200°C
^ = ^ 1  Ca2(M g, F e)A l(A lS i3) 0 12 +  S i0 2 ^  
t  1200°C

^  [Ca(Mg, F e)S i2Oe +  CaAl(Al S i)0 G] +  SiO , (2)

b ) CaAl2S i,0 8 +  Ca(M g, F e)S i20 6 ^  2 C a S i0 3 +  (Mg, F e)A l20 4 +  2SiO,(3)

c) 2 CaAl2Si20 8 +  2 Ca(M g, Fe)Si,O e ^  2 C a S i0 3 +
+  [Ca(Mg, F e)S i2O0 +  CaAl(AlSi)Oe] +  (Mg, F e )A l,0 4 +  3 SiO , (4)

d) 2 CaAljSijOg +  2 Ca(M g, F e )S i,0 G 3 C a S i0 3 +
+  Ca(Mg, F e)S i,O ß +  (Mg, Fe)A l20 4 +  A120 3 +  3 S i0 2 (5)
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At th e  a fo re -m en tio n ed  te m p e ra tu re  from  th e  m elt of th e  m ix tu re  o f  Csk-29 
essen tia lly  such  c ry sta ls  w ere p re c ip ita te d  w hich are s tru c tu ra l ly  th e  sam e or 
n ea rly  th e  sam e as th e  c o n s titu e n ts  a t  th e  r ig h t o f th e  e q u a tio n  (2). In  con
sequence of th e  sm aller silicic ac id  c o n te n t of th e  m elt, c ry s ta llin e , S i0 2 m odifi
ca tio n  did n o t fo rm , on th e  c o n tra ry , th e  su rp lus o f iro n (I I ) , i ro n ( I I I )  and 
t i ta n iu m (I I I /IY )  ions c ry s ta llized  as d isperse  oxides (m a g n e tite , ilinen ite , 
F e20 3-m odifica tions) in  form  o f inc lusions in  th e  py roxenes. As to  th e  experi
ences th e  c ry s ta l assem blage a t  th e  r ig h t o f  th e  e q u a tio n  (5) is fo rm ed  on ly  by 
solid- s ta te  reac tio n s . As to  th e  above  fa c ts  w hen crysta lliz in g  th e  m e lt of the 
m ix tu re  of g iven  com position  a t  1200°C, th e  op tim a l co n d itio n s o f  th e  crystal 
germ  fo rm atio n  o f m onoclinic p y ro x en e  w ere p roduced . T hus th e  p re c ip ita tio n  
of fe ldspars w as a b se n t an d  th e  co m p o n en ts  o f p lagioclase w ere b u ilt  in  into 
th e  s tru c tu re  o f th e  m onoclinic p y ro x en e . U n d er h e a t t r e a tm e n t  o f several 
d ay s a t  1200°C th e  crystals of th e  eq u a tio n s  (2) to  (5) are fo rm ed  also b y  solid- 
s ta te  reac tio n s. In  case of s h o r te r  h e a t t r e a tm e n t, as “ n o n -eq u ilib riu m  s ta te ” , 
a m ore v a rie g a te d  cry sta l assem blage  is fo rm ed  th a n  in d ic a te d  ab o v e  w hich, 
h av in g  decreased  th e  te m p e ra tu re , rem ain s stab le  in d ry  sy stem  fo r a long  tim e 
b e ing  p ro b ab ly  cha rac terized  b y  geological ages. A t 1200°C fro m  th e  m elt 
o f th e  m ix tu re  co rrespond ing  to  th e  com position  of a n o r ti te —diop sid e  1 : 1 
ra tio  only p lag ioclase will p re c ip ita te . W ith  decreasing te m p e ra tu re , how ever, 
th e  p ro p o rtio n  o f m onoclinic p y ro x en e  is ra p id ly  increasing  (F ig . 5).

In  acco rdance  w ith  th e  d a ta  of l i te ra tu re , th e  c ry s ta lliz a tio n  processes 
d en o ted  by  th e  ab o v e-m en tio n ed  reac tio n s  are in  connection  w ith  th e  double 
co -o rd ina tion  o f a lum in ium , to o . T hese m ay  fo rm  from  th e  m elt o f  A l-diopside 
or a lu m in iu m -b earin g  py ro x en es or b y  th e  rec ry s ta lliz a tio n  o f g lass-phase ,
i.e. b o th  a t  h ig h er an d  a t low er te m p e ra tu re s .

T hey  p re c ip ita te  m ostly  in  case of fa s te r  cooling, i.e. in  case o f  overcooling 
in a q u a n tity  g re a te r  th a n  th e  ca lc u la ted  one, b u t overcooling its e lf  does no t 
exclude  the  c ry s ta lliz a tio n  of p lag ioclase . I t  is w ell-know n t h a t  u n d e r  ce rta in  
cond itions th e  fe ld sp ar is fo rm ed  u n d e r com m on te m p e ra tu re , co n seq u en tly , 
th e  a lum in ium  o f fou r co -o rd in a tio n  is s tab le  in  a wide te m p e ra tu re  in te rv a l.

P ara lle l w ith  th e  b u ilt-in  a lu m in iu m  in to  th e  s tru c tu re  o f  pyroxenes 
th e  p a ra m é trés  o f i t  also change. As to  th e  investig a tio n s of S a k a t a  (1957), 
in  case of re p la c e m en t of silic ium , because o f th e  g rea te r ionic ra d iu s  o f a lu 
m in ium , th e  v a lu e  o f c 0 increases, while rep lac in g  th e  m agnesium  o f g rea te r 
ionic m easure b y  a lum in ium  th e  va lu es  of b 0 an d  a 0 decrease. T h e  b u ilt-in  
a lum in ium  increases th e  s ta b ility  o f  la ttic e  as a whole. The m easu re  o f  b u ilt- in  A1 
depends also on th e  p a ram ètres  d e te rm in e d  b y  o th e r com ponen ts an d  to le ran ce  
lim its reg u la ted  b y  te m p e ra tu re . A cco rd ing ly , in ad d itio n  to  th e  overcooling  
of ce rta in  e x te n t o f th e  m elt, th e  fo rm a tio n  o f A l-diopside or a lu m in iu m -b ea rin g  
m onoclinic p y ro x en e  is d e te rm in ed  b y  th e  co n cen tra tio n  o f d iffe ren t com po
n e n ts , th e ir  ra tio  an d  th e  c ry s ta lliz a tio n  te m p e ra tu re . The ch an g in g  co-o rd ina-
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c)

Fig. 5. X - r a y  d iffrac to g ram s o f th e  sam ples o f th e  m ix tu re  corresponding  to  th e  co m p o sitio n  
of a n o r ti te -d io p s id e  1 : 1 ra tio  and  c ry sta lliz ed  a t  d iffe re n t te m p e ra tu re s  (co m p o sitio n : 39 pe r 
cen t o f s a n d  o f  F eh érv árcsu rg ó ; 14 p e r cen t A120 3; 30 p e r  c e n t do lom ite; 17 pe r c en t D a ch s te in  

lim estone), a) a t  1220°C; b ) a t  1200°C; c) a t  1180°C

tio n  o f  a lu m in iu m  is th e  n ecessary  b u t  in su ffic ie n t condition  of th e  p re c ip i
ta t io n  o f  m onoclin ic  py roxene  to  a la rg e r e x te n t ,  an d  of th e  fo rm a tio n  of 
A l-d iopside . T he a lu m in iu m (III)  ion , g ra d u a lly  b u ilt-in  in to  th e  s tru c tu re  
of p y ro x e n e  v a rie tie s  is p roved  also b y  an a ly tic a l d a ta . I ts  q u a n t i ty  is ev er 
grow ing  in  th e  m em bers p re c ip ita tin g  a t  low er te m p e ra tu re s . As to  th e  d a ta  
ol D e e r  e t  a h , (1962) th e  m ax im al A1 c o n te n t is 4.2 per cen t in b ro n z ite
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(in th e  m e tam o rp h ic  h y p ersth en e  8.3 p e r c e n t) , 8.3 per cen t in d iopside  
and  14.3 p er c e n t in  aug ite  ( tita n o a u g ite ) . W h e n  ta k in g  in to  acco u n t t h a t  th e  
considerab le  N a a n d  Li co n ten t of th e  m ix tu re  ab o v e  can be connected  f i r s t  o f 
all to  th e  alkali p y ro x en es, it  is obv ious th a t  th e  A120 .S of 14.7 p er c e n t could  
bu ild -in  easily  in to  th e  s tru c tu re  o f in o silica tes . T heore tically , 1.06 p e r  cen t 
L i(l) ion m akes possib le  the  fo rm a tio n  o f 15.8 p e r  c en t spodum ene, w hile  2.66 
p er cen t sodium  is en ough  to  fo rm  19 p er c e n t ja d e ite  molecule.

The s to p p ag e  of th e  p lagioclase phase  a n d  th e  p rec ip ita tio n  o f its  co m 
ponen ts as p y ro x en es  resp . th e  p re d o m in a n t q u a n t i ty  of th e  la tte r  c o n s ti tu e n t  
can  be p ro v ed  b y  th e  reca lcu la tio n  o f th e  N ig g li-a to m  num bers of th e  m ix tu re  
Csk-29 as m onoclin ic  pyroxene (T able 2).

Table 2

Composition and  proportion o f  the monocline pyroxenes which can be computed fr o m  the
m ixture Csk-29

Atomic number
Total Weight

Li20 Na20 CaO MgO FeO F.-.O, ALÓ, TiO, Si02 per cent

(Fe,M g),S i,06 — — 107 128 — — — 235 470 26.2

CaM gSi,06 — — 72 72 — — — — 144 288 16.0

CaAl(AlSi)0„ — — 66 — — — 66 — 66 264 14.7

N a A lS iA 86 — — — — 86 — 172 344 19.1

L iA lS iA 71 — — — — — 71 — 141 283 15.7

T o ta l: 71 86 138 179 128 — 289 — 758 1649 91.7

Ilm enite  (F e T i0 3) _ — — — 45 — — 45 — 90 5.0

H em atite  (Fe20 3) — — - — — 59 — — — 59 3.3

T o ta l: — — 45 59 - 45 1798 100.0

In stead  of ilm en ite  4” h em atite  — m ag n e tite  (4.9 p e r cent) -f- h em atite  (0.8 p e r cen t) -)- 
ru tile  (2.5 per cen t) m ay  form.

A pply in g  fa s te r  te m p e ra tu re  d ecrease , th e  p rec ip ita tio n  o f p lag ioclase  
can he co n sid e rab ly  overshadow ed  in  case o f  com pu tab le  fe ld sp a r c o n te n t 
g rea te r th a n  in d ica ted  above. In  th e  m o u ld ed  volcanite  c o n ta in in g  sm all 
q u a n tity  g ro u n d  m ass (Md-6) th e  p lag ioclase can  be de term ined  on ly  in  trace s , 
in sp ite  of th e  p reca lcu la ted  45 p e r cen t. T h e  com position  of th e  m onoclin ic  
pyroxene a p p e a rin g  as m ajo r co m p o n en t is ch an g in g , how ever, also as a fu n c
tio n  of c ry s ta lliz a tio n  tim e.
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I n  ad d itio n  to  th e  re la tiv e ly  high (54 to  55 p er cent) silicic ac id  c o n te n t 
th e  o p tim a l c ry s ta lliz a tio n  te m p e ra tu re  o f  th e  m e lt is increased  b y  th e  con
c e n tr a t io n  g row th  of m ag n esiu m , as well. In  th e  given sam ple th e  silicic  acid 
c o n te n t  o f th e  m elt decreases as a re su lt o f th e  p re c ip ita tio n  of iro n —m ag n esiu m  
p y ro x e n e  (F ig . 6) th u s , th e  c ry s ta lliz a tio n  c a p a c ity  of the  re m a in in g  m elt 
in c re a se s .

F ig . 6. C h ange  of th e  SiO , c o n te n t  o f th e  m ix tu re s  o f  d iab a se  base show n in  T ab le  1 in  th e  
co u rse  o f  c ry s ta lliz a tio n  o f th e  m elt. 1. T he o rig inal S i0 2 c o n te n t  of the  m elt; 2. C o n c e n tra tio n  
of S iO , a f te r  p rec ip ita tio n  of p lag ioc lases; 3. C o n c en tra tio n  o f S i0 2 afte r the  p re c ip ita tio n  of 
all th e  fe ld sp a rs ;  4. C o n cen tra tio n  o f  S i0 2 a f te r  th e  p re c ip ita tio n  of all the  fe ldspars a n d  o f th e

ox id es o f spinel s tru c tu re

In  a d d itio n  to  th e  c ry s ta lliz a tio n  te m p e ra tu re  th e  ch arac teris tic  c ry s ta l l i 
z a tio n  o f  th e  p y roxene , i.e. th e  appearance  o f  p ig eo n ite  edge can be a t t r ib u te d  
to  th e  specific  chem ical com po sitio n  of th e  m ix tu re  Csk-23 (less A120 3 a n d  CaO 
as c o m p a re d  to  the  SiO.,, f u r th e r  m uch MgO a n d  m ain ly  FeO) (F igs 7—10). As 
to  th e  conclusions w hich can  be d raw n fro m  th e  s ta te m e n ts  o f H e s s  and  
P h i l l i p s  (1940) and P o l d e h w a a r t  (1947) “ th e  m o st favourab le  fo rm a tio n  co n 
d itio n s  a n d  th e  s ta b ility  of p igeon ite  are a ssu re d  b y  the  w et e n v iro n m e n t or 
b y  th e  r a p id  cooling o f th e  d ry  m agm a o f lo w er te m p e ra tu re ” ( K u b o v i c s  
1970). A s to  th e  experiences o f  several h u n d re d  ex p e rim en ts , in th e  “ m o u ld ed  
m a g m a ti te s ”  form ed from  ra p id ly  cooling “ d ry ”  m e lts  th e  pigeonite is a f r e q u e n t 
c o n s t i tu e n t ,  in  general. In  sp ite  of th e  p ig e o n itiz a tio n  of th e  o r th o rh o m b ic  
p y ro x e n e s  o f vo lcan ites, h o w ev er, in th e  m o u ld ed  m ag m atite s  it is c o n n e c te d  to  
th e  C a-M g-F e- bearing  m onoclin ic  p y ro x en es. T h is , fu r th e r  th e  c h a ra c te r is tic  
zone o f  h ig h e r  in terference  co lo u r and  of g re a te r  e x tin c tio n  angle th a n  t h a t  o f  th e
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F ig . 7. C hange o f  th e  CaO c o n te n t o f th e  m ix tu re s  o f d iab ase  base  show n in T ab le  1 in  th e  
course o f  c ry s ta lliz a tio n  of th e  m elt. 1. O rig inal CaO c o n te n t o f th e  m elt; 2. C o n cen tra tio n  of 
CaO a f te r  p re c ip ita tio n  of p lag ioclases; 3. C o n cen tra tio n  o f CaO a f te r  th e  p re c ip ita tio n  o f all 
th e  fe ld sp ars ; 4. C o n cen tra tio n  o f CaO a f te r  th e  p re c ip ita tio n  of all th e  fe ld sp ars  a n d  o f the

oxides o f spinel s tru c tu re

F ig. 8. C hange of th e  MgO c o n te n t o f th e  m ix tu re s  o f d iab ase  base  show n in T ab le  1 in the  
course o f c ry s ta lliz a tio n  o f th e  m elt. 1. O rig inal MgO c o n te n t o f th e  m elt; 2. C o n cen tra tio n  of 
MgO a f te r  th e  p re c ip ita tio n  of p lagioclases; 3. C o n cen tra tio n  of MgO a fte r  th e  p rec ip ita tio n  
o f all th e  fe ld sp ars; 4. C o n cen tra tio n  of MgO a f te r  th e  p re c ip ita tio n  of all th e  fe ld sp ars and

o f th e  oxides o f spinel s tru c tu re

core o f th e  M g-F e-clinopyroxenes of th e  sam ple Csk-23, (P la te  I I ) ,  as well as the  
in d e p e n d e n t p igeon ite  or th a t  jo in in g  th e  C a-M g-pyroxenes, fo rm  all as a fu n c
tio n  o f c ry s ta lliz a tio n  te m p e ra tu re  and  of th e  chem ical com position  o f th e  m elt 
(i.e. o f th e  rem a in in g  m agm a). A t re la tiv e ly  h igh te m p e ra tu re  from  th e  m elt of 
th e  sam ple o f g iven com position  th e  fo rm atio n  o f p y ro x en e  cen tres  has s ta r te d . 
T he considerab le  c o n c e n tra tio n  of th e  co m p o n en ts  above assu red  th e  u n d is tu rb 
ed grow ing of th e  p re c ip ita te d  cry sta ls . T h u s, th e  ca lc iu m (II) ion  m ay  en te ï 
th e  inosilicates in g re a te r  q u a n ti ty  only  in th e  com ple ting  period  o f th e  crys-
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F ig . 9. C hange of Na.,0 a n d  K 20  c o n te n ts  of th e  m ix tu re s  o f d iabase  base show n  in  T ab le  1 
in  th e  course  of c ry sta lliza tio n  o f  th e  m elt. 1. O rig inal N a 20  and  K .,0 c o n te n t o f th e  m elt; 
2. C o n cen tra tio n s  of N a ,0  a n d  K 20  a f te r  th e  p re c ip ita tio n  of plagioclases; 3. C oncen tra tio n s 
o f  3 \a 20  a n d  K 20  after th e  p re c ip ita tio n  of all the  fe ld sp ars; 4. C o n cen tra tio n s o f N a 20  and  К  О 

a f te r  the  p rec ip ita tio n  o f  a ll th e  fe ldspars an d  of th e  oxides o f spinel s tru c tu re

F ig . 10. C hange of the Fe.,03 +  F eO  a n d  A 1,03 co n ten ts  o f th e  m ix tu res  o f d iab ase  base  show n 
in  T a b le  1 in  the  course o f c ry s ta l l iz a t io n  of th e  m elt. 1. O rig in al Fe20 3 +  FeO  a n d  A120 3 
c o n te n ts  o f  th e  m elt; 2. C o n c en tra tio n s  of Fe20 3 +  FeO  a n d  A120 3 a fte r  th e  p re c ip ita tio n  of 
p lag io c la se s ; 3. C oncentrations o f F e 20 3 FeO an d  A120 3 a f te r  th e  p re c ip ita tio n  o f all th e  
fe ld sp a rs ;  4. C oncentrations o f  F e20 3 +  FeO and  A120 3 a f te r  th e  p re c ip ita tio n  o f all th e  fe ldspars

a n d  o f th e  oxides of spinel s tru c tu re

ta l l iz a t io n  of pyroxenes, a t  lo w er te m p e ra tu re s  an d  a t  re la tiv e ly  h ig h er concen 
t r a t io n s .  A sim ilar p h en o m en o n  accom pan ied  b y  d iss im ila r c ry s ta lliz a tio n  o rd er 
m a y  d ev e lo p  in the m ag m a a n d  in  th e  lav a , re sp ec tiv e ly : a f te r  th e  p a r tia l  
p re c ip ita t io n  of the co m p o n en ts  o f basic  p lagioclase th e  c o n cen tra tio n  o f MgO 
a n d  F eO  increases and  th e  q u a n t i ty  of CaO falls dow n and  th is  p ro m o te s  th e  
c ry s ta ll iz a tio n  of o rth o rh o m b ic  p y ro x en e . P a ra lle l w ith  th is  an d  w ith  th e  p re 
c ip ita t io n  o f m agnetite  th e  p e rc e n tu a l p ro p o rtio n  o f ca lc iu in (II)  ion increases 
as i t  e n te rs  th e  pyroxene a t  th e  su itab le  te m p e ra tu re .
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ИЗМЕНЕНИЕ СООТНОШЕНИЯ ТВЕРДЫХ ФАЗ, ВЫДЕЛЯЮЩИХСЯ ИЗ 
РАСПЛАВОВ ДИАБАЗО-ВЕРЛИТОВ В ЗАВИСИМОСТИ ОТ ДОБАВЛЕНИЯ К НИМ 
РАЗЛИЧНЫ Х ФЛЮСОВ И ОТ ИЗМЕНЕНИЯ ТЕМПЕРАТУРЫ КРИСТАЛЛИЗАЦИИ

И. КУБОВИЧ

Р е з ю м е

Несмотря на пониженную температуру расплавления, присутствие верлита повы
шает температуру кристаллизации диабазового расплава и увеличивает его кристалли
зационную способность. Увеличение концентрации ионов магния (II) ускоряет выделение 
ромбического пироксена, близкого по составу к энстатиту и, параллельно этому процессу, 
оно замедляет процесс формирования зачатков плагиоклазовых кристаллов.

При совместном добавлении хлорида лития и верлита при температурах от 1270 до 
1250°С образуется большое количество магнезиоферрита—магнезита. При несколько 
более пониженной температуре значительно увеличивается количество окисей со шпинеле
вой решеткой. При 1200°С чуть ли не главным компонентом искусственного магматита 
становится моноклинный пироксен.

На основании большого количества опыта была выявлена следующая закономер
ность: если химический состав расплава близок бинарной системе анортит-диопсида, то 
при искусственной кристаллизации при 1200°С выделение плагиоклаза сильно вытесня
ется на задний план или полнотсью прекращается, и вместо него — в зависимости от тем
пературы — могут образоваться моноклинные пироксены +  модификации Si02 или крис
таллический комплекс, состоящий из моноклонного пироксена, волластонита, окисей со 
шпинелевой решеткой и модификации S i02.

Формирование алюмодиопсида или алюминиесодержащего моноклинного пироксена 
обусловливается концентрацией или соотношением различных компонентов, фугасностью 
кислорода и температурой искусственной концентрации.

Наряду с температурной кристаллизации появление так называемой »пижонитовой 
каймы« следует приписать своеобразному химическому составу некоторых проб — относи
тельно небольшому содержанию в них А120 3, СаО и большому содержанию MgO и, глав
ным образом, FeO по сравнению к S i0 2. Опыт показывает, что пижонит в расплавленных 
магматитах встречается, как правило, часто. Это можно объяснить следующими причи
нами:

В расплаве указанного состава выделение Mg— Fe- содержащего пироксена начи
нается при сравнительно высокой температуре. Из-за повышенной концентрации ионов 
магния (II) и железа(II) в состав цепочечные силикатов ионы кальция (II) в большом коли
честве могут вступить только лишь в заключительной фазе кристаллизации пироксенов, 
уже при более пониженной температуре, когда их концентрация увеличивается в относи
тельно значительной мере. При отличающейся последовательности кристаллизации, по
добное явление может иметь место также и в магме или лавах. После частичного выделе
ния компонентов основных плагиоклазов увеличивается концентрация MgO и FeO, а коли
чество СаО уменьшается, что способствует кристаллизации ромбоического пироксена. 
Параллельно этому процессу, а также формированию магнетита увеличивается процент
ное соотношение ионов кальция (II), причем при соответствующей температуре эти по
следние войдут в состав пироксена.
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TEMPERATURE DATA FOR TUFF FLOWS 
AND LAVAS OF THE TOKAJ MOUNTAINS 

FROM THE I. R. SPECTRAS 
OF ORGANIC MATTER IN FOSSIL WOODS

By

R . Ma u r y V. Sz é k y - F u x

INSTITUTE OF PETROLOGY AND VULCANOLOGY, INSTITUTE OF MINERALOGY AND GEOLOGY, 
PARIS-SUD UNIVERSITY, ORSAY KOSSUTH L. UNIVERSITY, DEBRECEN

T em p era tu re s  o f em p lacem en t o f tw o  tu f f  flow s and  one lav a  flow  o f th e  T o k a j- 
M o u n ta in s  (H u n g a ry ) are  e s tim a te d  b y  in fra -re d  s tu d y  of th e  c h a rre d  fossil wood 
th e y  c o n ta in . T he slig h tly  w elded tu f f  flow s o f F ü z é rk a ja ta  and  F ü z é rk o m ló s  were 
em p laced  a t  a b o u t 350 °C, and  th e  T e lk ib án y a  andesito g en ic  p ro p y lite  a t  4 5 0 — 500 °C. 
T h e  f i r s t  re su lt  shows t h a t  w elding can  occur a t  m o d era te  te m p e ra tu re s , m u c h  lower 
th a n  those  usu a lly  p roposed . T he second one g ives ev idence of a m o d e ra te - te m p e ra tu re  
em p la ce m e n t o f p ro p y litic  lav as, w hich is also su p p o rte d  by  chem ical a n d  m in eralog ica l 
co n sid era tio n s.

In tro d u c tio n

A new  m e th o d  o f e s tim a tio n  o f th e  te m p e ra tu re s  of e m p la c e m e n t of 
vo lcan ic  fossiliferous fo rm atio n s has re c e n tly  been  proposed b y  one  o f us 
(Ma u r y , 1971, 1973) an d  app lied  to  som e vo lcan ic  areas su ch  as J a p a n  
(Ma u r y  e t  ah , 1973) a n d  C arrib ean  Is lan d s  (M a u r y  e t ah , 1974).

In d e e d , ch a rred  fossil w oods are  f re q u e n tly  found in v o lc a n ic  fo rm a
tio n s. A t h igh  te m p e ra tu re s  and  in  th e  absence  o f  oxygen, c h a rrin g  is a qu ick  
and  irrev e rs ib le  process, w hich ta k e s  p lace  progressively  w ith  increasin g  
te m p e ra tu re . In fra re d  sp ec tras  of wood h e a te d  ex p erim en ta lly  a t  co n tro lled  
te m p e ra tu re s , in  th e  absence o f oxygen , show  a progressive loss o f  chem ical 
b o n d s, b e tw een  200 an d  550 °C. F irs tly , fro m  200 to  275 °C, d e h y d ra tio n  of 
wood is m a rk e d  b y  a decline o f th e  O H  p e a k  (3450 3300 c m “ 1); th e n , th e
b reak d o w n  of cellulosis an d  lignins (275 —300 °C) causes th e  re m o v a l o f th e  
C— H  (2960 2850 c m “ 1; 1480 1350 cm  J) an d  C O - C  (1260 1200 c m “ 1)
a b so rp tio n s . F ro m  300 to  500 °C, th e  re m a in in g  p rincipal b a n d s , 1760 1720
cm 1 (C =  0  ab so rp tio n ) and  1610 1580 c m “ 1 (m ain ly  C =  C a b so rp tio n )
decrease p rogressively . T he C =  0  p eak  a t  350 °C is still re d u c e d , a n d  d is
ap p ears  a t  450 °C. A t 550 °C th e  I .R . sp e c tru m  is en tire ly  f la t  (F ig . 2.).

T h e  th e rm a l scale th u s  o b ta in ed  can  b e  used  for th e  d e te rm in a tio n  of 
th e  te m p e ra tu re s  of c h a rrin g  of recen t fossil woods (Ma u r y , 1971, 1973), 
by  co m p arin g  th e  I .R . sp ec tra  o f th e ir  o rg an ic  m a tte r  w ith  th o se  o f  w oods
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e x p e r im e n ta lly  ch arred  a t  co n tro lled  te m p e ra tu re s . T he resu lts  in d ic a te  th e  
m a x im a  o f charring  te m p e ra tu re s  in n a tu ra l  co n d itio n s (see d iscussion  in  
Ma u r y , 1971); th e y  u su a lly  re flec t th e  te m p e ra tu re s  of em p lacem en t of 
s u rro u n d in g  fo rm ations.

T h is  m ethod  has b een  app lied  to  25 sam p le s  of fossil w oods fro m  3 
lo c a litie s  o f  th e  T okaj M o u n ta in s  volcanic a re a  (F ig . 1.).

In d e e d , a g rea t n u m b e r  o f  silicified w oods a re  know n in  H u n g a ry  from  
P e rm ia n , L iassic, D ogger, U p p e r  C retaceous, E o cen e , Oligocène, B u rd ig a lian - 
H e lv e tia n , h u t  p a r tic u la r ly  fro m  S a rm a tia n  a n d  P an n o n ian  beds. M ost o f 
th e m  a re  ch arred  w oods fo u n d  in  p y ro c la s tic  fo rm atio n s. The u n c la rif ie d  
p ro b le m s  o f th e ir  genesis a n d  en v iro n m en t w ere  sum m arized  b y  V a d á s z  

(1963, 1964). T hey  are  f re q u e n tly  silicified, th is  s ilic ification  being  as a  ru le  
an  e p ig e n e tic  process su b se q u e n t to  ch a rrin g  a n d  covering a long geological 
p e r io d . T h e  S i0 2 m a te r ia l o f  th e  o ldest silic ified  w ood rem ainders is con
s t i tu te d  p u re ly  by  q u a rtz . I n  m ore  recen t fo rm a tio n s  in  ad d itio n  to  q u a r tz , cristo - 
b a li te ,  tr id y m ite , ch a lced o n y  an d  opal h av e  b e e n  de tec ted . As th e se  silica 
m in e ra ls  g ive I .R . a b so rp tio n s  (Si - 0  b an d ) d is tu rb in g  th e  sp ec tra  o f  o rgan ic  
m a t te r ,  th e y  have been  re m o v e d  from  th e  sam p les  s tu d ied  by  ac tio n  o f  d ilu te  
H F ; i t  h a s  been verified  t h a t  th is  tre a tm e n t does n o t m odify th e  I .R .  c h a r
a c te r is tic s  o f organic m a tte r .

1. Charred tre-trunks enclosed in  rhyolite flood tuff 
from  Füzérkajata and Füzérkom lós

I n  p lace  of th e  te rm  ig n im b rite , w ith  re sp e c t, in  a re s tric ted  sense , to  
in te r n a t io n a l  usage a f te r  P a n t o  (1962, 1964) fo r  th e  Tokaj M o u n ta in s  we 
use th e  te rm s  flood tu f f  a n d  w elded flood  tu f f .

T h e  v illages F ü z é rk a ja ta  an d  F ü zérk o m ló s lie in th e  n o r th e rn  reg ion  
o f th e  T o k a j M ounta ins, a b o u t 10 —15 k m  a p a r t  from  each o th e r (F ig . 1).

I n  th e  q u a rry  n e a r  F ü z é rk a ja ta  on th e  o n e -tim e  s tra tif ied  tu f f  su rface  
an  a sh e n  — celtis fo res t g rew  up  in  S a rm a tia n  t im e , w hich was c h a rre d  b y  a 
15 m  th ic k  rh y o lite - tu ff  flo w . The re su ltin g  w elded  rh y o lite - tu f f  flow  
c o n ta in s  pum iceous an d  p e r li t ic  lapilli, a n d  in  th e  g roundm ass: san id in e , 
o lig o c lase , q u a rtz  f rag m en ts  a n d  b io tite  flak es . T h e  ch a rred  tru n k s  a re  covered  
b y  a siliceous coating  o f v a ry in g  th ickness.

T h e  20 m th ick  rh y o li te - tu f f  agg lom erate  exposed  in th e  F ü zérk o m ló s 
q u a r r y  co n ta in s  in  its  low er lay e r re -d ep o s ited  andesitic  s tra tif ie d  m ixed  
tu f f i te .  T h is  is th e  la y e r  on  w hose surface th e  a sh e n  — celtis fo rest (F ra x in -  
o x y lo n  kom losense G reg. — C eltixylon p a leo h u n g a ricu m  Greg.) ev o lved , 
w h ich  th e n  was b u ried  b y  th e  th ick  v itro c la s tic  rh y o lite - tu ff  flow . T h is is 
how  th e  perlite - and  o b sid ian  lap illi-co n ta in in g  w elded  rhy o lite  flo o d  tu f f
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F ig . 1. L o ca tio n  of occu rren ce  of fossil woods in  th e  a rea  o f Cenozoic an d es itic  vo lcan ism  
in  H u n g a ry . 1. C lay, sa n d ; 2. P e rlite ; 3. R h y o lite ; 4. R h y o d a c ite ; 5. R h y o lite  tu f f ;  6. R e 
d ep o sited  rh y o lite  tu f f ;  7. P y ro x en e  andesite; 8. D a c ite ;  9. P o ta sh  trac h y te  (p se u d o tra c h y te )

cam e in to  being , em b ed d in g  in  its  g ro u n d m ass  charred  and  s ilic ified  w ood 
rem ain d ers  of 30 — 40 cm  d iam ete r in  e re c t p o sitio n . O ver th is  la y e r  again  
w a te r-d ep o sited  rh y o lite  tu f f ite  was se d im e n te d , in  whose siliceous (lim no- 
q u a rtz iteo u s) lay e rs  S a rm a tia n  fossils a re  a lso  enclosed (Table 1).

T he fu sa in o u s (charcoal) ch a ra c te r  o f  t ru n k s  em bedded in  rh y o li te  tu f f  
p roves th e  fa s t b ack fillin g  an d  oxygen-exc lud ing  ch arrin g  effect o f th e  rh y o lite - 
tu f f  flow . T he p lace  o f th e  b u rn t-o u t p a r ts  o f  th e  tru n k  is filled  u p  b y  th e  
tu f f  m a te ria l. S ilic ifica tion  m ay  have ta k e n  p lace  a fte r  charring . T h e  siliceous 
m a te ria l m u st h av e  been  derived  from  th e  c lay -m in era liza tio n  o f th e  siliceous 
m inera ls  o f th e  flood  tu ff .
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Table 1

Chemical com position  o f  the em bedding rocks

Occurrence

Rhyolite flood tuff 

Füzérkajata

Rhyolite flood tuff 

Füzérkomlós

Andesitogenic 
propylite 

Telkibánya 
Csengő-mine 80- 
metre level front 

entry 376 mBorehole No 2 
116 m

Borehole No 2 
180.5 m

Upper 
tuff-quarry Under tuff-quarry

%

SiO, 73.59 71.20 71.26 72.25 56.05

T iO , 0.20 0.25 — — 0.63

A 1 ,0 3 12.63 12.54 11.89 12.06 18.36

F e 2O a 0.47 0.72 0.54 1.80 0.83

FeO 0.60 0.76 0.57 0.42 5.73

M nO 0.08 0.06 — 0.16 0.07

M gO 0.16 0.57 1.30 0.79 6.57

CaO 0.89 1.40 2.28 0.92 0.96

N a ,0 2.13 2.39 1.73 2.26 1.04

k 2o 5.22 4.24 3.71 3.78 3.92

P A — — — — 0.09

CO, 0.23 0.21 — — 0.11

H „ 0  + 3.74 4.37 5.25 4.16 4.89

h „o - 0.49 1.82 1.82 1.19 0.75

V nalyser S. N e m e s S. N e m e s S. N e m e s V . T o l n a i F. S o h a B . S im ó

T h e  rh y o lite  tu f f  is, as a ru le , u n s tra t if ie d  and  unclassified  a t  b o th  
lo ca litie s , an d  was b ro u g h t a b o u t th ro u g h  th e  in te rw eav ing  an d  jo in tin g  
to g e th e r  o f  th e  v itreo u s f ra g m e n ts . The m a te r ia l  of the  flood tu f f  is f in e 
g ra in e d , re la tiv e ly  u n b ro k e n , its  colour, due  to  th e  v itreous f ra g m e n ts , is 
lig h t g re y . Som etim es it  c o n ta in s  d ark -g rey  p e r lite  inclusions.

I n  m icrosection  th e  tu ffs  b o th  from  F ü z é rk a ja ta  and F üzérkom lós show  
th e  f lo o d - tu f f  ch a ra c te r  v e ry  well. The v itre o u s  fragm en ts are p la s tic a lly  
d e fo rm e d  an d  d isp lay  a rc h e d , b e n t shapes. T h e  w elding of th e  v itre o u s  
fra g m e n ts  is of sligh t degree. C h arac te ris tic  is th e  g reat q u a n tity  o f p um ice  
of v a ry in g  size, w hich again  in d ica tes  v o lu m in o u s  highly vo la tile  c o n te n t. 
S im ila rly , th e  sm aller pieces o f  pum ice are v e ry  often curved . T h e  la rg e r  
ones, o w in g  to  a sligh t degree o f  m echanical fra g m e n ta tio n  and  in itia l su rface  
d eco m p o sitio n , d isp lay  som e th in  illite -b e id e llite  lin ing  (E. P e r l a k i , 1972).

A t p laces, in a d d itio n  to  inclusions o f id e n tic a l m ateria l, i.e. p e r lite , 
rh y o li te , inclusions of o th e r  ro ck s are  also fo u n d  (dacite , andesite).
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a) Fiizérkajata, charred trunks

T h e  d iam e te r of th e  t r u n k  o f specim en 1 is 38 cm , o u t o f th is  6 sam ples 
w ere ex am in ed  along a rad ia l p ro file  (a f). C h arac te ris tic  o f  th e  tru n k  is 
th e  silic ified  b a rk . The X -ra y  g ra p h  ju s tif ie d  th e  presence o f opal a n d  q u a rtz . 
T he d is tr ib u tio n  of q u a r tz  is v e ry  irreg u la r; i t  is h a rd ly  d e te c ta b le  in  some 
sam ples. A fte r H F  tr e a tm e n t, th e  cu rves of th e  6 sam ples in th e  I R  sp ec tra  
are n e a r ly  iden tica l, an d  show  a ty p ic a l th e rm a l d eg rad a tio n . O H  ab so rp tio n  
w as decreased , w hereas C— H  an d  C 0  — C ab so rp tio n  d isa p p e a re d  com 
p le te ly  (F ig . 2). This fa c t in d ica tes  te m p e ra tu re s  h igher th a n  300 °C. H ow ever, 
since C =  0  abso rp tio n  w as v e ry  c learly  a p p a re n t, th e  te m p e ra tu re  o f  c h a r
ring , i.e. t h a t  of the  rh y o lite  tu f f  flow  can be reg a rd ed  as h igh as 300 350  °C.
S im ilar te m p e ra tu re  values w ere o b ta in e d  by  IR  sp e c tro m e try  fo r th e  o th e r 
tru n k s  fro m  F iiz é rk a ja ta  (T able 2).

Table 2

Temperature data fo r  t u f f  f lo w s  and laves o f  the Toka j M o u n ta in s  
fro m  the I .R . spectras o f  organic matter in  fo s s il  woods

Number The temperature
of samples genus or species Occurrence Embedding rocks of thermal 

degradation

1
(a— f along  a rad ia l F iizé rk a ja ta rhyo lite  flood tu f f 300— 350 °C

profile)
о

tu ff-q u arry

(a c along a rad ia l U lm oxylon F iizé rk aja ta rhyolite  flood tu ff 3 0 0 - 3 5 0  °C
profile) cam pestre tu ff-q u arry

(a—c along a rad ia l U lm oxylon F iizé rk aja ta rhyolite  flood tu ff 3 0 0 -  350 °C
profile)

4
cam pestre tu ff-q u arry

(a—c along a rad ia l ___ Füzérkom lós rhyo lite  flood tu ff 3 5 0 -  400 °C
profile) tu ff-q u arry

(a—d along a rad ia l — Füzérkom lós rhyolite  flood tu ff — 3 5 0 °C
profile) tu ff-q u arry

6 — Füzérkom lós rhyo lite  flood tu ff 300— 350 C
tu ff-q u arry

7 P te ro cary o x y lo n Füzérkom lós rhyo lite  flood tu ff — 3 5 0 °C

8
tu ff-q u arry

(a— d along a rad ia l F rax in u s T elk ibánya pyroxene andesito - 450 — 500 °C
profile) Csengo-mine genic p ropylite

b) Füzérkomlós, charred trunks

C —H  and  С 0  — C a b so rp tio n  d id  com plete ly  d isap p ea r, it  w as only  
th e  C =  C an d  С 0  bonds t h a t  w ere m a in ta in ed . On th e  g ro u n d s o f  th e  IR  
sp e c tra , sam ples 5 and  7 got c h a rre d  a t  ~ 3 5 0  °C, sam ple 6 a t  300 — 350 °C
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F ig . 2. In f ra re d  spectras o f  th e  o rg a n ic  m a tte r  o f fossil w oods. 1. Sam ple 2 fro m  Füzér- 
k a ja t a  300— 350 °C; 2. S am p le  6 fro m  Füzérkom lós 300— 350 °C; 3. Sam ple 5 fro m  F ü zé r
k o m ló s  ~ 3 5 0 ° C ;  4. Sam ple  4 fro m  Füzérkom lós 350— 400 °C ; 5. Sam ple 8 fro m  T elk i

b á n y a  450— 500 °C

(T ab le  2). In  sam ple 4 th e  s tre n g th  of th e  C O b o n d  w as d im in ished . T hus, 
th e  c h a rr in g  te m p e ra tu re  o f  sam p le  4, ow ing to  th e  decreased  s tre n g th  o f th e  
C =  О b o n d , can be ta k e n  as 350 400 °C (F ig . 2).

T h u s , it  can be s ta te d  th a t  the  tru n k s  a t  F üzérk o m ló s are  th e rm a lly  
non -h o m o g en eo u s and  c h a r r in g  te m p e ra tu re  h ere  is h igher th a n  a t  Füzér- 
k a ja ta .

In  ou r opinion, th is  c a n  be p rim arily  a c c o u n te d  for b y  th e  d ifferen t 
co m p o sitio n s  of th e  tw o  rh y o li te  flood tu ffs  r a th e r  th a n  b y  th e  d is tan ce  b e 
tw e e n  th e  sources of th e  p a r t ic u la r  tu f f  flow s (T ab le  1). In  fac t, th e re  is a 
m a rk e d  difference in  th e  p e rc e n ta g e  of a lk a lis , p r im a rily  of K ,0 . T he K.,0 
p ro p o r t io n  of the  rh y o lite  f lo o d  tu f f  from  F ü z é rk a ja ta  is considerab ly  h igher, 
w h ich  in d ica tes  a la te r  t u f f  flo w  of lower te m p e ra tu re  (Table 2).

2. Fossil log o f F ra x in u s  from  h y p o m ag m a a t T elkibánya

T h e  village T e lk ib á n y a  lies in th e  N W  a re a  o f th e  T okaj M ounta ins 
(F ig . 1). The place grew  to  significance as a re s u lt  o f noble m e ta l m ining 
w h ich  w as s ta rte d  as e a r ly  as th e  14th c e n tu ry . M ining here w as stopped  
a t  th e  tim e  of W orld W a r  I .  A fte r  W orld W a r I I  s ig n if ican t surface an d  deep 
level ex p lo ra tio n s w ere s ta r t e d  in  th e  m in ing  a rea .

T h e  fossil F ra x in u s  wras found  d u rin g  e x p lo ra tio n  w ork  in  one of the  
e n tr ie s  ( S z é k y - F u x , 1959). C h arac te ris tic  o f th e  enclosing andesitogen ic  
p ro p y lite  from  th e  S a rm a tia n  is a m ic ro -ho locrysta lline  p o rp h y ritic  te x tu re . 
O n th e  g round  of th e  g ra in -s ize  curve it  is a su b v o lcan ic  fo rm atio n  derived  
fro m  hy p o m ag m a rich  in  v o la tile s . I t  is c h a ra c te r is tic  of hypom agm as (E . 
S z á d e c z k y - K a r d o s s , G. P a n t ó , V. S z é k y - F u x , 1960) th a t ,  ow ing to  th e ir
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h ig h  v o la tile  c o n te n t, th e ir  c ry s ta lliz a tio n  can  ta k e  place even  in  th e  hydro- 
th e rm a l range an d , in  ad d itio n  to  ro ck -fo rm in g  m inerals d ev e lo p in g  a t  high 
te m p e ra tu re s , th e y  c o n ta in  m inera ls  o f low  crysta lliz ing  te m p e ra tu re . The 
considerab le  a m o u n t (H 20 +  =  4 .89% ) of n o n -ab so rp tio n a l w a te r  fo u n d  in  the  
chem ical com position  (T ab le  1) also refers to  th e  presence o f (h y p o ) m inerals 
fo rm in g  a t  low er te m p e ra tu re s . M icroscopic in v estiga tions p ro v e  th e  freq u en t 
o ccu rrence  of p lag ioclase  o f severa l m m  in  size, w ith  la ttic e , o r ra re ly , w ith  
p la te  s tru c tu re . On th e  p lagioclases z o n a lity  an d  tw in -la m in a rity  can  he well 
observ ed . T he co m position  o f p lag ioclases h e re , according to  m icroscop ic  and 
X -ra y  d iffrac to m e tric  s tu d ie s , is co n sid e rab ly  m ore acidic (a lb ite-o ligoclase  
com position ) th a n  in  p y ro x en e -o rtlio -an d es ite . In  ad d ition , th e  X - ra y  graph  
p ro v ed  th e  presence o f san id in e  as w ell. T h e  p lace of th e  co loured  c o n s titu e n ts  
is filled  up  b y  a co loured  ca lc ite -co n ta in in g  m ass. On th e  basis  o f  its  op tica l 
p ro p e rtie s  th e  m afic  c o n s titu e n t is c linoch lo re . The feldspars a re  a t  places 
w eak ly  seric itized . T he sm all a m o u n t of c lay  m inera l (5 — 10% ) is rep re sen ted  
b y  illite  an d  m o n tm o rillo n ite  ( S z é k y - F u x , 1964).

T he sam ples from  th e  d iffe ren t p a r ts  (a —d) of th e  sm a ll F rax in u s  
tru n k  (n u m b er 8) w ere in v e s tig a te d  b y  id e n tic a l m ethods an d  g a v e  id en tica l 
v a lu es .(T ab le  2). No d ifference betw een  th e  fossilization  te m p e ra tu re  o f the  4 
sam ples was observed . As p roved  b y  th e  IK  curve it is only  th e  C C ab 
so rp tio n s  th a t  rem ain ed , w hich  in d ica tes  t h a t  th e  tem p era tu re  o f  th e  fossilizing 
la v a  m ay  h av e  been b e tw een  450— 500 °C (F ig . 2). This va lu e  is p ro p o rtio n a l 
to  th e  m ineralogical (ca lc ite , ch linochlore , se ric ite) and chem ical com position  
( I I . ,0 + =  4.89, II .,0 ~  =  0 .75% , K 20  =  3 .9 2 % ), and  is c o n s is te n t w ith  the 
te m p e ra tu re  c h a ra c te ris tic s  o f  h y p o m ag m as rich  in  volatiles an d  a lk a lie s .

C onclusions

T he te m p e ra tu re s  o f em p lacem en t o f th e  F ü z é rk a ja ta  a n d  F üzérkom lós 
rh y o litic  tu f f  flow s fall in  th e  300—400 °C ran g e , w hich is th e  m o s t com m on 
ran g e  o f em p lacem en t te m p e ra tu re s  o f p y ro c la s tic  flows (M a u r y  e t  a l., 1973, 
1974). B u t these  tw o  flow s are s lig h tly  b u t  u n d o u b ted ly  w e ld ed . To our 
know ledge th e  te m p e ra tu re s  o b ta in ed  a re  th e  low est ones so fa r  p roposed  
fo r th e  em p lacem en t o f w elded  rh y o litic  fo rm atio n s. In d eed , in  Jap an ese  
p y ro c la s tic  flow s, w eld ing  seem s to  beg in  a t  m ore th a n  400 °C , as deduced 
from  th e  IR  s tu d y  o f fossil woods ( M a u r y  e t  a l., 1973). T e m p e ra tu re s  higher 
th a n  500 °C h av e  been  p ro p o sed  on th e  b asis  o f m agnetic  s tu d ies  ( N a p o l e o n e  

an d  Y o k o y a m a , 1970) or o f ca lcu la tio n s b a se d  on v isc o s ity - te m p e ra tu re  re la 
tio n s  ( S u z u k i , 1970; K o n o  and O s i m a , 1971; R i e h l e , 1973). S m i t h  (1960) 
also proposed  te m p e ra tu re s  h igher th a n  500 °C.

To our op in ion , th e  p re sen t re su lt c an  be explained b y  a ssu m in g  th a t
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th e  v is c o s ity  of the  m ag m a h a s  been co nsiderab ly  low ered  b y  its  h igh  w a te r  
an d  a lk a lie s  con ten t ( B o t t i n g a  and W e i l l , 1972; S h a w , 1972). S u z u k i  

(w r it te n  com m unication , 1973) agreed th a t  th e  te m p e ra tu re  of w e ld in g  of 
p y ro c la s tis  flows w ith  h igh  w a te r  and alkali c o n te n ts  m ay  he as low as 300 °C.

N o precise d a ta  c o n c e rn in g  tem p era tu re  o f p ro p y lit ic  facies is k n o w n  from  
th e  r e le v a n t  lite ra tu re , in  s p ite  o f  th e  fact th a t  K o rz h in sk ii has em p h asized  its  
s ig n if ic a n c e  (1970). F o r th e  te m p e ra tu re  o f th e  an d esito g en ic  m e ta p ro p y lite s  
o f th e  h y d ro th e rm a l ore v e in s , on th e  basis o f S tr in g h a m ’s d a ta , th e  v a lu es  
375— 250° cen tig rade w ere re c e iv e d  ( S z é k y - F u x , 1970). I t  is obvious t h a t  th e  
te m p e ra tu re  of the  h y p o p ro p y lite  crystallized  fro m  andesitic  laves r ich  in 
v o la tile s  is higher th a n  th e  ab o v e  value an d  co rre sp o n d  to  the  450— 500 °C 
d e te rm in e d  b y  the p re se n t a u th o rs .

R E F E R E N C E S

B o t t i n g a , Y . — W e il l , D. F .: T h e  V isco sity  of M agm atic  S ilic a te  L iquids: a M odel fo r  C al
c u la tio n . Amer. Jo u rn . Sei., 272, 438 — 475, 1972.

K o n o , Y . — O sima , Y: N u m erica l E x p e rim e n ts  on th e  W eld in g  Processes in th e  P y ro c la s tic  
F lo w  D eposits. Bull. V ole. Soc. J a p a n , 16, 1 —14, 1971.

K o r z h i n s k i i  D. S.: Theory of M e ta so m a tic  Zoning (T ra n s la te d  from  R ussian) O x fo rd , 1— 
162, 1970.

Ma u r y . R .:  A pplication  de la sp e c tro m é tr ie  infrarouge à l ’é tu d e  des bois fossilisés d a n s  les 
fo rm a tio n s  vo lcaniques. B u ll. Soc. géol. de F ra n c e , 7, XIII, 532 — 538, 1971.

Ma u r y , R .:  L a  m atière o rg a n iq u e  d es bois fossiles, in d ic a tr ic e  des conditions th e rm iq u e s  
de  m ise  en place des b rè ch e s  vo lcan iques. C. R . A cad . Sc., Paris, ser. D, 276, 917 — 
920 , 1973.

Ma u r y . R . —A r a i , F. —M im u r a , K .  — H a yatsu , K . —K o b a y a s h i , K .: E stim a tio n  des te m 
p é ra tu re s  de mise en p lace  d e  b rèch es py ro c lastiq u es d u  J a p o n  d ’après l’é tu d e  de  leu rs 
b o is  carbonisés. C. R . A cad . Sc., Paris, ser. D , 277, 1621 — 1624, 1973.

Ma u r y , R . — W estercam p , D . — M e r v o y e r , B.: T e m p é ra tu re s  de m ise en place d es p y ro - 
c la s t i te s  fossilifères de la  M o n tag n e  Pelée (M a rtin iq u e) e t  de la Soufrière de  G u a d e 
lo u p e . V I I I e Conf. Géol. d e s  C araïbes, (sous p resse ), 1974.

N a p o l e o n e , G .—Y okoyama , I .:  V olcanological and P a le o m a g n e tic  Studies o f W eld ed  T u ff  
f ro m  S ik o tu  Caldera, H o k k a id o . Bull. Vole. Soc., J a p a n ,  15, 87 — 95, 1970.

P a n t ó , G .: T h e  Role of Ig n im b rite s  in  th e  V olcanism  of H u n g a ry . A c ta  Geol. Ac. Sei. H u n g ., 
XVI, 3 0 7 -3 3 7 ,  1962.

P a n t o , G .: A z ign im brit v u lk án o ssá g  ú ja b b  kérdései (N ew  P ro b le m s  o f Ign im b ritic  V o lcan ism ). 
F ö ld ta n i  K özlöny, 94, 313 — 320 , 1964.

P e r l a k i . Б .:  A T okaji-hegység h a rm a d k o r i sav an y ú  v u lk a n iz m u sa  (T ertia ry  A cid ic  V ol
c a n ism  of the  Tokaj M o u n ta in s ) . Cand. diss., 1 — 245, 1973.

R i e h l e , J .  R .: C alculated C o m p ac tio n  Profiles of R h y o litic  A sh-flow  Tuffs. Geol. Soc. A m er. 
B u ll., 84, 2 1 9 3 -2 2 1 6 , 1973.

Sh a w , H . R .:  Viscosities o f M a g m a tic  Silicate L iquids a n  E m p ir ic a l M ethod of P re d ic tio n . 
A m er. Jo u rn . Sei., 272, 870 — 893, 1972.

Sm i t h , R . L .: Ash Flows. Geol. Soc. A m er. Bull., 71, 795 — 842, 1960.
S u z u k i , T .: Som e E x p erim en ts on  W eld ed  Tuff. Bull. V ole.. Soc, Ja p a n , 15, 75 — 86 , 1970.
Sz á d e c z k y - K ardoss , E. — P a n t ó , G. — Sz é k y -Fu x , V.: A P re l im in a ry  P roposition  fo r D e

v e lo p in g  a U niform  N o m e n c la tu re  of Igneous R o ck s. I n t .  Geol. Congr. R ep . X X I .  
Sess. C openhagen. XIII, 260, 1960.

Sz é k y - F u x , V .: Szenesedett, k o v á s  fa tö rz s  propilites p iro x é n a n d e z itb ő l (V erkohlter, kieseli- 
ge r S ta m m re st aus p ro p y lit is ie r te m  P y ro x enandesit). F ö ld t .  K özi., 89, 310 — 312, 1959.

Sz é k y - F u x , V .: P ro p y litiza tio n  a n d  P o tassium  M etaso m atism . A c ta  Geol. Ac. Sei. H u n g ., 
VIII, 9 7 - 1 1 7 ,  1964.

Sz é k y - F u x , V.: T elkibánya é rce sed ése  és k á rp á ti k a p cso la ta i. (T he  T elk ibánya  M inera liza tio n  
a n d  i ts  In tra -C a rp a th ian  C onnexions). A kadém iai K ia d ó , B u d ap est, 1— 266, 1970.

A d a  Geologit Academiae S c ien tia ru m  H u n g a r ic a e  19, 1975



T E M P E R A T U R E  П А Т А  F O R  T U F F  F L O W S 241

V a d á s z , E .: M agyarországi k ő szen esed c tt fa m a rad v á n y o k  fö ld tan i kérdései (G eological 
P rob lem s of C oalified W ood R e m n a n ts  from  H u n g a ry ). F ö ld tan i K özlöny , 93, 505 — 
544, 1963.

V a d á s z , E .: Geological P ro b lem s o f Fossil W ood in H u n g a ry . A cta  Geol. Ac. Sei. H u n g ., 
VIII, 119 143, 1964.

ТЕМПЕРАТУРНЫЕ ДАННЫЕ ТУФОВЫХ ПОТОКОВ И ЛАВ, ОПРЕДЕЛЕННЫЕ 
ПО ИНФРАКРАСНЫМ СПЕКТРАМ ОРГАНИЧЕСКОГО ВЕЩЕСТВА ИСКОПАЕМОЙ 

ДРЕВЕСИНЫ ИЗ ТОКАЙСКИХ ГОР

Р. Маури и В. Секи-Фукс

Р е з ю м е

Рассматриваются температуры извержения двух потоков вулканических туфов и 
одного лавового потока Токайских гор (Венгрия) путем изучения инфракрасным методом 
содержащихся в них остатков древесного угля. Слабо спекшиеся туфовые потоки у сс. 
Фюзеркаята и Фюзеркомлош извергались при температуре около 350°С, а андезитогенные 
пропилиты у с.Телкибаня при температуре 450—500°С. Первый результат показывает, что 
спекание может произойти при умеренных значениях температуры, гораздо меньших по 
сравнению с обычно предполагаемыми. Второй результат свидетельствует об извержении 
при умеренной температуре пропилитовых лав, что подтверждается соответствующими 
химическими и минералогическими данными.
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A REVIEW OF THE CLAY MINERALOGY 
OF HUNGARIAN SEDIMENTARY ROCKS 

(WITH SPECIAL REGARD TO THE 
DISTRIBUTION OF DIAGENETIC ZONES)

B y

I. ViCZIAN

HUNGARIAN CEOLOGICAL INSTITUTE, BUDAPEST

T he c h a ra c te ris tic  c lay-m ineral a ssem b lag es o f  th e  H u n g arian  se d im e n ta ry  rocks 
are rev iew ed  on  th e  b asis o f lite ra tu re  d a ta  a n d  o f th e  unpub lished  re su lts  o f  analyses 
m ade  in  th e  X -ra y  L a b o ra to ry  o f th e  H u n g a r ia n  Geological I n s t i tu te  (T ab le  1). 
On th is  basis  a t te m p t  is m ade a t  o u tlin in g  a t  f i r s t  ap p ro x im atio n , th e  d is t r ib u t io n  of 
d iag en etic  zones in  th e  in d iv id u a l se d im e n ta ry  seq u en ces. T he clay- m in era l a ssem blages 
are g ro u p ed  accord ing  to  th e ir  v a lue  as in d ic a to rs  o f  d iagenetic  a lte ra tio n s  (T ab le  2) 
w ith  th e  a ssu m p tio n  t h a t  th e  essen tia l c lay  m in e ra ls  are decom posed o r a lte re d  a s  a 
fu n c tio n  o f th e  degree of d iagenesis in  th e  fo llow ing  order: m o n tm o rillo n ite , illite  
m o n tm o rillo n ite  m ixed  s tru c tu re , k a o lin ite , (illite  ■ ch lorite). A ccording to  th e  d a ta  
av a ilab le , th e  low er l im it  o f ap p earance  of m o n tm o rillo n ite  corresponds to  th e  m ax im u m  
d e p th  o f b u ria l o f 2.5 to  4 km , w hile th e  illite  — m o n tm o rillo n ite  m ixed s t ru c tu re  occurs 
in a m ax im u m  d e p th  o f b u ria l o f a p p ro x . 5.5 k m . I n  th e  c lastic  sequences o f  th e  N eogene 
b a s in s  th e  d isap p ea ran ce  of k ao lin ite  p reced es t h a t  o f illite -  m o n tm o rillo n ite , i.e. it 
decom poses in  a m ax im u m  d e p th  o f b u ria l o f  2.5 to  3.5 km , w hile, e.g. in  th e  Paleozoic 
sed im en ts  o f th e  T ra n sd a n u b ia n  C en tra l M o u n ta in s , i t  can be traced  dow n  to  th e  anch i- 
m e tam o rp h ic  zone. V arious fo rm atio n s o f th e  sam e  age (e.g. th e  T ria ss ic , in  N o rth - 
H u n g a ry  a n d  in  th e  T ran sd an u b ian  C en tra l M o u n ta in s )  m ay  differ co n sid e ra b ly  in  th e ir  
degree  o f d iagenesis.

The re le v a n t l i te ra tu re  and  th e  re su lts  o f lab o ra to rie s  av a ilab le  in  m a n u 
sc rip ts  now  a lre a d y  p ro v id e  an  o p p o r tu n ity  fo r  g e ttin g  a general v ie w  on  th e  
clay  m inera logy  o f th e  sed im en ta ry  rocks o f  H u n g a ry  an d  for an  in te rp re ta t io n  
o f th e ir  d is tr ib u tio n  from  the  p o in t o f v iew  o f diagenesis (V i c z i á n , 1 9 7 4 ) .

Review o f literature data

In  th e  fo llow ing th e  p u b lica tions a n d  re p o r ts  in  m an u sc rip t co n cern in g  
th e  c lay  m inera ls  o f sed im en ta ry  rocks a n d  th e i r  diagenesis w ill b e  rev iew ed  
acco rd ing  to  th e  geological ages. The in te rn a l re p o rts  o f th e  X -ra y  L a b o ra to ry  
of th e  H u n g a ria n  G eological In s t i tu te  ( =  M Ä F I) will be re fe rred  to  as “ M Ä F I 
R tg .” .

In  th e  inso lub le  residue of th e  D e v o n ia n  lim estone of th e  Szendrő- 
M o u n ta in s  (N o rth -H u n g a ry )  in te re s tin g  tr io c ta h e d ra l  c h lo r ite -v e rm icu lite  and  
ch lo rite—V erm iculite—m ontm o rillo n ite  m ix e d -la y e r s tru c tu re s  are fo u n d  in  ad d i
tio n  to  illite  a n d  ch lo rite  (M Á FI R tg . 1972). T hese  are, how ever, r a th e r  special
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fo rm a tio n s ;  the  absence o f e x p an d in g  m in era ls  (m on tm orillon ite) a n d  o f th e ir  
m ix e d  s tru c tu re s  is c h a ra c te r is tic  of th e  P a leozo ic .

I n  th e  M ihályi a rca  o f  th e  L ittle  H u n g a r ia n  P la in  (N W -H u n g a ry ) th e  
illite  +  k ao lin ite  assem blage  is ch a rac te ris tic  o f  th e  ca rb o n a te  rocks o f th e  b a se 
m e n t th e  b asin  believed also  to  be D evonian . T h is  is a conspicuously  n o n -m e ta -  
m o rp h ic  fea tu re . (In  th e  m e ta p e lite s  o ccu rrin g  also  here k ao lin ite  is a b se n t 
a n d  th e  com m on m u sco v ite  +  chlorite a sso c ia tio n  is p re d o m in a n t [M A F I 
R tg . 1966].)

A few  pub lished  d a ta  a re  availab le on  th e  c lay  m inerals of th e  P e rm ia n  
o f th e  M ecsek M ounta ins. F ro m  th is  a rea  S z t r ó k a y  (1963) describ ed  Cr-V- 
b e a r in g  h y d ro m ica  of d ia g e n e tic  origin.

A cco rd in g  to  th e  in v es tig a tio n s  in  p ro g re ss  (Csalagovits , 1973) ,  th e  
L o w er a n d  Middle T riassic  gyp su m - and  m a rl-b e a r in g  fo rm ations o f th e  v ic in 
i ty  o f  R u d a b á n y a  (N -I lu n g a ry )  are for th e  m o s t p a r t ch a rac te rized  b y  th e  
w e ll-c ry s ta lliz ed  illite -|- c h lo rite  m ineral p a ir  (a n d  freq u en tly  b y  som e k a o lin 
ite ) . T h is  fa irly  rem inds o f  th e  clay  m inerals o f th e  haline  facies of th e  T riassic  
of G e rm a n y  (see e.g. M il l o t , 1964, 1970). I t  is p ro b a b le , how ever, t h a t  in  th is  
case th e  d iagenetic  p rocesses were of g re a te r  significance w hich is p ro v e d  
b y  th e  absence  of co rrcn s ite , a ch a rac te ris tic  m in e ra l of th e  G erm an  T riassic  
ty p e , as well.

Á r k a i  (1973) d e m o n s tra te d  th a t  th e  v o lcan o -sed im en ta ry  ro ck s o f th e  
M idd le  T  riassic  of th e  B ü k k  M oun ta ins (N -H u n g a ry )  are assigned to  th e  pum - 
p e lly ite  p re h n ite —q u a r tz  fac ies. The sam e c h a ra c te r is tic  m inerals w ere  fo u n d  
in th e  d iab ase  fo rm atio n  a lte rn a tin g  w ith  se d im e n ts  along the  D arn ó  line 
( F ö l d e s s y , 1973).

T h e  C arn ian  m arl o f th e  T ra n sd a n u b ia n  B a k o n y  M ountains is c h a ra c te r 
ized  b y  a n  illite +  illite  m o n tm o rillo n ite  +  m o n tm o rillo n ite  sw elling co m p lex  
an d  b y  th e  jo in t presence o f ch lo rite  and  k a o lin ite . In  the  borehole B ak o n y - 
szűcs N o . 1 th e  m ore ca lca reo u s  p a r t  of th e  p ro file  is ch a rac te rized  b y  th e  
g re a te r  q u a n t i ty  of sw elling  m in era ls . U nlike in  th e  N o rth -H u n g a rian  T riassic , 
h o w e v e r , th e  clay m inera ls  o f  th is  locality  show  a ra th e r  low degree o f  c ry s ta l
lin ity  ( L e l k e s  et al., 1973; V i c z i á n , 1974).

A cco rd in g  to  S z a b ó  a n d  R a v a s z  (1970), in  th e  tu ffaceous ro ck s o f th e  
M iddle  T riassic  of the  T ra n sd a n u b ia n  C en tra l M o u n ta in s , illite, m o n tm o rillo 
n ite  a n d  k ao lin ite  occur.

T h e  clay  m ineral co m p o sitio n  of the  in so lu b le  residue of th e  lim esto n es 
an d  d o lo m ite s  of th e  U p p e r T riassic  of th e  T ra n sd a n u b ia n  C entral M o u n ta in s  
is h a r d ly  know n . The m ain  c la y  m inerals o f th e  te r r a  rossa, b a u x ite  a n d  f ire 
c lay  d e p o s its  on the  c a rb o n a te  rock  surface o f th e  T riassic  are k ao lin ite  a n d  its  
v a r ie tie s  ( B á r d o s s y , 1961, 1966; N e m e c z  a n d  V a r j ú , 1967). I t  is q u es tio n ab le , 
h o w e v e r, w h e th e r these  m in e ra ls  arc in h e rited  o r are  p ro d u c ts  of w ea th e rin g .

K a o lin ite  is th e  m ain  c lay  m ineral in th e  tu ffaceo u s  s id eritc -b carin g  bed s
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found  in th e  L ad in ian  o f th e  M ecsek M ountains (S -H u n g a ry ; N a g y  a n d  R a v a s z - 
B a r a n y a i , 1968).

In  th e  U pper T riassic  and  in th e  Low er L iassic coal beds of th e  Mecsek 
M o un ta ins illite +  k a o lin ite  -j- ch lorite  is a ty p ic a l c lay -m ineral assem blage  
being  fre q u e n tly  acco m p an ied  b y  cham ositc  (especially  in  th e  U p p e r T riassic). 
In  re a li ty , a p a r t  of illite  is an  illite -m o n tm o rillo n ite  m ixed -layer m in e ra l of 
h igh illite  c o n te n t. I t  seem s to  be possible th a t  it w as deposited  o rig in a lly  as 
a m ix ed -lay e r s tru c tu re  o f h igh  m on tm orillon ite  c o n te n t and  la te r  it  w as a lte red  
in to  a s tru c tu re  s im ila r to  th a t  of illite . I ro n -c o n ta in in g  c a rb o n a te s  are 
also re la tiv e ly  f re q u e n t ( B á r d o s s y , 1966; N o s k e - F a z e k a s  an d  N a g y - 
M e l l e s , 1969). T he ap p e a ra n ce  of m o n tm o rillo n ite  in th e  o v erly in g  U pper 
L iassic m arls  and  h ig h er u p  in  th e  section is a new  e lem en t. A t th e  sam e tim e, 
ch am osite  d isap p ears  an d  th e  association  of k ao lin ite  +  illite -j- m o n tm o ril
lon ite  becom es p re d o m in a n t (MÁF1 R tg . 1965, 1967, 1970, 1971).

In  th e  Ju ra ss ic  of th e  T ra n sd a n u b ia n  C en tra l M o un ta ins k a o lin ite  is less 
f re q u e n t an d  m ain ly  th e  illite  ( B e r n o u l l i  a n d  P e t e r s , 1970) or th e  illite  +  
m o n tm o rillo n ite  m inera l assem blage is availab le  (M Á F I R tg . 1973). A ccord ing  
to  B a u s c h  (1971), th is  is c h a ra c te ris tic  in  th e  M alm  th ro u g h o u t th e  w hole area 
o f th e  T e th y s. The absence of kao lin ite  can  be ex p la in ed  by  th e  a ssu m p tio n  
th a t  te rrig en o u s supp lies o f elastics were h indered  or su h d u ced , ow ing to  the  
rem o ten ess  of th e  shore line.

T he Low er C re taceous m arly  rocks of th e  T ra n sd a n u b ia n  C en tra l M oun
ta in s  a re  ch a rac te rized  b y  th e  d iv ersity  of u su a lly  s lig h tly  c ry s ta lliz ed , clay 
m inera ls: ch lo rite , illite , k ao lin ite , com bined w ith  v a rio u s m ixed  s tru c tu re s  
( F ö l d v á r i  e t al., 1973; V i c z iÁn , 1974). S im ilarly  to  o th e r  pe tro log ica l com po
n en ts  (volcanic glass, h e a v y  m inerals), th e  sw elling  m inerals of d iso rdered  
s tru c tu re  and  of high Fe an d  Mg c o n ten t, suggest th a t  th e  source o f  a t  least 
a p a r t  of th e  se d im e n ta ry  su b stan ce  should  he tra c e d  back  to  a b asic  igneous 
source a rea . In d eed , th e re  is a high q u a n tity  o f sw elling clay  m in era ls  in  the 
L ow er C retaceous basic  in itia l v o lcan o g en ic -scd im en ta ry  sequences of the  
M ecsek M ts (V ic z iÁn , 1966).

F rom  th e  E ocene to  th e  M iocene an  essen tia lly  a lum inous ty p e  o f  m o n tm o 
rillon ite  becom es m ore a n d  m ore sign ifican t as a re su lt o f ren ew in g  subse
q u e n t vo lcanism . In  th e  c lay  m inera liza tion  asso c ia ted  w ith  th e  T e r t ia ry  volcan- 
ism  o f th e  T okaj M ou n ta in s  (N E -H u n g a ry ), besides th e  m ost im p o r ta n t  hydro- 
th e rm a l processes, th e  e a r ly  d iagcnetic  processes th a t  to o k  place in th e  lim n ic  b a 
sins w ere also im p o r ta n t (M á t y á s , 1964,1966; N e m e c z , 1973; V a r j  u , 1964). In 
th e tu ffa c e o u s se d im e n tso f th e  M iocene of th e  M ecsek M ou n ta in s  s im ila r d iag en c t- 
ic p rocesses, i.e. m o n tm o rillo n itiza tio n  took  p lace ( R a v a s z - B a r a n y a i , 1973).

In  th e  E ocene co a l-b earin g  sequences of th e  T ra n sd a n u b ia n  C en tra l 
M ounta ins th e  poorly  c ry s ta lliz ed  kaolin ite  -(- illite  +  m o n tm o rillo n ite  assem -
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b la g e  is  ch a ra c ter is t ic ,  t h e  d is t r ib u t io n  o f  k a o l i n i t e  o f  d e tr i ta l  o r ig in  is c o n t r o l 
l e d  m a i n l y  b y  d i f fe r e n t ia l  s e d i m e n t a t io n  ( N e m e c z , 1967, 1973).

K ao lin ite  is th e  e s se n tia l  c lay  m ineral also  in  th e  U p p e r E ocene B u d a  
M arl (B u d a p e s t, M Á F I R tg . 1971). P a ra lle l w ith  th e  fo rm er, how ever, an  
illite  +  ch lorite  assem blage  occurs a lready  in  som e E ocene s t r a ta ,  to  becom e 
m o re  a n d  more f re q u e n t in  th e  Oligocène an d  h ig h e r in  th e  geologic colum n. 
T h is  l a t t e r  assem blage seem s to  be d e tr ita l, d e riv in g  m o stly  from  m e tam o rp h ic  
so u rce  a reas  and being , u n lik e  t h a t  in th e  C retaceous, fa irly  c ry sta llized . T his asso
c ia tio n  is locally m ixed  w ith  m ore or less k a o lin ite  an d  m o n tm o rillo n ite  (e.g., 
th e  oligocène K iscell c la y -m a rl) . The M iocene a n d  P a n n o n ia n  c lastic  rocks 
sh o w  essen tia lly  th e  sam e  c lay -m ineral co m p o sitio n  in th e  so u th e rn  G reat 
P la in  ( B á r d o s s y  e t al., 1970; N e m e c z , 1973; N e m e c z  an d  D a n k , 1973; V i c z i á n , 
1 9 73b ; BÉRCZI and V i c z i á n , 1973, 1975; V i c z i á n , 1974), in  th e  N yírség  area  
(N E -H u n g a ry ; M Á FI R tg . 1971), in the  Zala B asin  (S W -H u n g a ry ; N e m e c z  and  
D a n k , 1973: M Á FI R tg . 1969) and  in the  fo re la n d  o f th e  T ra n sd a n u b ia n  Cen
tr a l  M o u n ta in s  (M Á FI R tg . 1968 1970; V i c z i á n , 1970). T be d a ta  availab le
a b o u t  th e  < 2  pm  fra c tio n  a re  re la tiv e ly  g rea t in  n u m b er, in th is  fra c tio n  th e  
i l lite — m ontm orillon ite  (-ch lo rite )  m ixed s tru c tu re  is also en rich ed . I t  can  be 
d e m o n s tra te d  th a t  th e  tr a n s fo rm a tio n  of th is  l a t te r  an d  of th e  k a o lin ite , w hich 
o u g h t to  tak e  place u n d e r  th e  effect of d iagenesis due to  deep b u r ia l , is h in 
d e re d  w herever the  c a rb o n a te  m a trix  is a b u n d a n t. A p a r t  o f th e  ch lo rite  o f 
th e  P a n n o n ia n  is b e liev ed  to  be  of diagenctic o rig in  ( N e m e c z  a n d  D a n k , 1973).

Statistic processing of the results o f analyses performed 
in the H ungarian Geological Institute

P rin c ip le s  o f data processing

I n  th e  course of d a ta  p rocessing , only c lay  m inera ls  acco u n tin g  for m ore 
t h a n  25 p er cent of th e  t o ta l  c lay -m ineral c o n te n t o f th e  sam ples of th e  in d i
v id u a l  rocks analyzed , w ere  ta k e n  in to  co n sid e ra tio n . I t  seem ed  th a t  in 
th is  w a y  th e  associations c h a ra c te r is tic  of each  fo rm a tio n  cou ld  be se p a ra te d  
m o re  e ffic ien tly  th a n  in  th e  case if, irresp ec tiv e  o f q u a n tity , all th e  m inerals 
a v a ila b le , presen t ev en  in  tra c e s , h ad  b een  ta k e n  in to  acc o u n t. W here 
q u a n t i ta t iv e  d a ta  w ere a v a ila b le , these  w ere ta k e n  in to  co n sid e ra tio n  in  d e te r 
m in in g  th e  c lay-m ineral q u a n t i ty ,  in o th e r cases e s tim a tio n  w as u sed  for th e  
d e te rm in a tio n  w hether th e  q u a n t i ty  of a m in era l reach ed  th e  2 5 -p e r-cen t lim it 
o r n o t .  As a resu lt of th is  q u a n ti ta t iv e  l im ita tio n , on ly  associa tions consisting  
o f o n e , tw o  and th ree  c o m p o n e n ts  could be o b ta in e d .
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The d a ta  co n cern in g  th e  com position  o f th e  w hole ro ck  sam p le  and 
th e  < 2  pm  fra c tio n , re sp ec tiv e ly , were sum m arized  se p a ra te ly . T h e  d a ta  con
cern ing  hu lk  co m p o sitio n  an d  inso luble  residue have  been  g iven  to g e th e r, 
assum ing  th a t  a d isso lu tio n  in d ilu ted  h ydroch lo ric  acid does n o t  influence 
th e  c lay -m ineral co m position .

Since our aim  w as to  cha rac terize  th e  clay  m inera logy  o f th e  H u n g a rian  
sed im en ta ry  rocks, th e  com positions o f soils, a rtific ia l p ro d u c ts , igneous and 
m e tam o rp h ic  rocks in  g enera l, w ere neg lec ted .

O ut of th e  m e ta m o rp h ic  rocks, how ever, th e  ep izonal ro ck s , be in g  cer
ta in ly  of se d im e n ta ry  orig in , have  been inc luded  since th e se  re p re se n t the 
e n d -p o in t of th e  d iag en e tic  tra n s fo rm a tio n  process. Igneous (p y ro c las tic ) and 
p ép éritic  (hyaloclastic) rocks w ere ta k e n  in to  acco u n t on ly  w h en  th e se  had 
b een  red ep o sited  as a re su lt o f se d im e n ta ry  processes. N e ith e r  th e  in v estig a 
tio n s of gravels o f n o n -se d im e n ta ry  orig in  from  som e co n g lo m era te  an d  gravel 
sequences, no r th e  d a ta  concern ing  only  som e selected  co m p o n en ts  r a th e r  th an  
th e  w hole rock (ex cep t fo r th e  insoluble residue and  th e  < 2  pm  fra c tio n )  have 
b een  ta k e n  in to  co n sid e ra tio n . T hus, from  th e  period  b e tw een  1961 an d  1973 
th e  d a ta  of 4573 sam ples could be e v a lu a te d  from  th e  v ie w p o in t of the 
freq u en cy  of c lay -m in era l associations occurring  in th e  H u n g a ria n  sed im en ta ry  
rocks. O ut of th is  fig u re , th e  d a ta  o f 4411 sam ples concern th e  ro ck  in  fu ll, those 
o f  162 sam ples b e in g  re s tr ic te d  to  th e  < 2  pm  frac tio n .

The frequencies h av e  been given f irs t  in d e ta il b y  m a jo r geological region
al u n its , th en  com b in ed  fo r th e  whole co u n try . In  th e  d esig n a tio n  o f regional 
u n its  especially  th e  se p a ra tio n  o f basin  and  m o u n ta in  areas cau sed  troubles 
a n d  th u s  m ay be d o u b tfu l in som e cases. T he to ta l  rock  m a te r ia l o f  boreholes 
t h a t  trav e rsed  th e  N eogene se d im e n ta ry  sequence of severa l h u n d re d  m etres 
th ick n ess  and  th e  Paleo-M esozoic or c rysta lline  b asem en t h av e  u su a lly  been 
re fe rred  to  as “ N eogene b as in s” .

In  th e  course of d a ta  processing, only  collective te rm s o f m in e ra l groups 
h av e  been given (e.g. m o n tm o rillo n ite , illite , e tc .); th e ir  fu r th e r  subdiv ision  
w ould  be desirab le , o f  course. T his concerns m a in ly  th e  m in e ra ls  su m m ari
zed as “ illite” , th e  g roup  o f w hich as th e  m inerals of p re d o m in a n tly  d ioctahe- 
d ra l m ica s tru c tu re  have  been  assigned, i.e. beside 1 Md illite  p ro p e r , b o th  m us
cov ite  and  p h en g ite  an d  all th e ir  tra n s itio n s  (seric ite , h y d ro m u sc o v ite  etc.) 
h av e  been inc luded  in to  th is  group .

S im ilarly  to  th e  l i te ra tu re  d a ta , i t  is obvious also from  th e  re su lts  o f da ta  
processing th a t  th e  single associations la rg e ly  v a ry  in freq u en cy  in  th e  different 
s tra tig ra p h ic  u n its  a n d  in  th e  d iffe ren t areas. This suggests t h a t  to  search  for 
reg u la ritie s  in th e ir  d is tr ib u tio n  is reasonab le .
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R esu lts  o f  data processing

T h e  charac teris tic  (o r h ig h ly  ch a rac te ris tic ) associa tions o b ta in ed  in 
d a ta  p rocessing  are su m m a riz e d  in  Table I , b y  reg io n a l u n its  an d  ages. The 
a sso c ia tio n s  occurring in  m o re  th a n  10 p er c e n t o f th e  sam ples have been  
r e g a rd e d  as ch a rac te ris tic , a n d  th o se  occurring in  m ore  th a n  50 per cen t of th e  
sa m p le s  as highly c h a ra c te r is tic .

S ub jec tiv e  ju d g e m e n t a n d  a considera tion  of th e  l ite ra tu re  d a ta  could 
n o t h e  avo ided  in th e  a p p ra is a l  of the  o b ta in e d  freq u en cy  d a ta , p a r tic u la r ly  
b e c a u se  th e  sam ples are  r a th e r  inhom ogeneous in  d is tr ib u tio n  b y  ages and  
re g io n s . Some fo rm ations a re  w ell-know n (e.g. th e  L iassic  of th e  M ecsek M oun
ta in s ,  th e  Low er P a n n o n ia n  o f  th e  Algyő region), o th e rs  are rep re sen ted  b y  only  
a few  d a ta  (e.g. the M iocene o f  N o rth -H u n g a ry ). T h u s , a u th e n tic ity  of th e  d a ta  
is a lso  in d ica ted  in T ab le  I :  th e  m ark?  denotes th e  cases w here, accord ing  to  
o u r su b je c tiv e  ju d g em en t, th e  d a ta  available are in su ffic ien t for th e  assessm ent 
o f th e  associations c h a ra c te r is tic  o f th e  s tra tig ra p h ic  u n it u n d e r considera tion . 
S im ila r ly , the  m ost re liab le  d a ta  have been in d ic a te d  by*.

I t  is to  be n o ted  t h a t ,  th o u g h  the m e th o d  o f d a ta  processing has been 
d if fe re n t , y e t the  fu n d a m e n ta l tre n d s  in th e  d is tr ib u tio n  of clay  m inerals b y  
geo log ica l ages have p ro v e d  to  be sim ilar to  W e a v e r ’s occoun t (1967) of 
N o r th  A m erica. Such m u tu a l fe a tu re s  are, e.g. th e  decreasing  v a r ia b ility  of th e  
c la y -m in e ra l assem blages to w a rd s  older geological ages, as well as th e  decline 
o f th e  ex p an d in g  m inera ls  a n d  kao lin ite  a t th e  ex p en se  of illite and  ch lo rite .

D e te rm in a tio n  of the degree o f  diagenesis 
on  th e  basis of clay m in e ra ls

Theoretical fundam en ta ls  o f  the method

T h e  diagenesis of a se d im e n t is acco m p an ied  b y  th e  g rad u a l d isa p 
p e a ra n c e  of any possible d iv e rs i ty  of the  o rig inal c lay -m in era l assem blage and  
b y  its  un ifo rm iza tion . E a c h  sin g le  d iagenetic zone can  be ch a rac te rized  b y  th e  
d is a p p e a ra n c e  ( tra n s fo rm a tio n , d issolution) of a single c lay -m in era l ty p e . In  th e  
u p p e r  lev e l of the so-called “ d e e p -b u ria l phase”  ( M ü l l e r , 1967) the  m on tm oril- 
lo n ite , in  its lower ho rizons th e  m ixed-layer illite — m o n tm o rillo n ite  an d  in th e  
a n c h iz o n e  th e  kaolin ite  d is a p p e a r  in  th is w ay. (see e.g . Y ic z ia n , 1973c, Fig. 1).

O n  th e  basis of th is  o b se rv a tio n , know ing  o n ly  the  clay  m ineral asso
c ia tio n , c e r ta in  conclusions c a n  be  draw n concern ing  th e  m ax im u m  of d iagenetic  
tra n s fo rm a tio n  of th e  ro c k : e .g . th e  m o n tm o rillo n ite -co n ta in in g  associations 
c a n n o t derive  from  deep er t h a n  th e  upper zone o f  th e  deep -b u ria l p h ase , th e  
a sso c ia tio n s  contain ing  m ix e d -la y e r  illite m o n tm o rillo n ite  can n o t be deep er
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Table I

Characteristic clay-m ineral associations in  the sedim entary rocks o f  H ungary  (On th e  b asis o f  the 
resu lts o b ta in ed  in th e  X -ra y  L ab o ra to ry  of th e  H u n g a rian  S ta te  Geological In s t i tu te  b e tw een

1961 and  1973)

Geological age

The association occurs in

>  10 per cent >50 per cent

of the samples analysed

I /a .  Neogene basins

Holocene x i? , m x i? , ic?

Pleistocene m i, ic, m ic

Pliocene* i, ic, (i, i k :< 2  /im ) ic (ik: < 2  /im )

Miocene* i, ic, (i: < 2  / m ) (i: < 2  /u n )

Oligocène i, ic, mic, ike

Eocene ?

Cretaceous k ? к?

Ju rass ic ?

T riassic ?

Perm ian ik? ik?

C arboniferous ?

D evonian ik?

Silurian ?

Lower Paleozoic (undiv ided)* i, ic

I/b . M ecsek and V illány  M o u n ta in s ( Southern-H ungary)

Holocene ?

Pleistocene m i? , x i? , ik ? , m ic?

Pliocene 9

Miocene m ?, m x? m ?

Oligocène —

Eocene —

Cretaceous* m , me in

Jurassic* k , ik, xik

Triassic* k, xik , ko

Perm ian i?

C arboniferous* i, ic ic

D evonian ?

Silurian 9

Lower Paleozoic (u n d iv id ed ) c, ic
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Table 1 (continued)

The association occurs in

Geological age >10 per cent >50 per cent

of the samples analysed

I /c . T ran sd a n u b ia n  Central M o u n ta in s

H o lo cen e i?, ic?, m ic?
P le is to c e n e ic ic
P lio cen e m , k, m i, ic, m ic
M iocene k , m ic, m e
O ligocène ic, mic

E o cen e m, k, mic

C re ta ce o u s ic, xic, ike  ( x i :< 2  /ш ) ( x i :< 2  /tm )
J u ra s s ic mi, x i, ic

T ria ss ic i, xi xi

P e rm ia n k ? , ik? , x i k ?
C a rb o n ife ro u s i, ik, ic
D e v o n ia n c? c?
S ilu ria n * k, ik, ic

L o w er Paleozo ic  (undivided)* i, ik, ic ic

J/d , N orth -H ungarian  H ighland

H o lo cen e m k ? , m ik ? m k ?
P le is to c e n e m ?, m i?

P lio cen e ik ? , ic?, m ic? ik ?
M iocene m , i, mi

O ligocène* k , ic ic
E o cen e k ? , m k?, x k ?

C re taceo u s ?

J u ra s s ic 9

T ria ss ic* i, ic ic

P e rm ia n ic? ic?
C a rb o n ife ro u s 9

D e v o n ia n i, ic
S ilu ria n 9

L o w er P a leozo ic  (undivided)* i, ik, ic i

I/e. K őszeg  M ountains (W estern -H ungary)

L o w er Pa leozo ic  (?) (undiv ided)* c, ic

L eg en d : ? =  q u e s t io n a b le  d a ta ;  * =  d a ta  o f  p a r ticu la r ly  high re liab ility ; m  =  m o n t-  
m o ril lo n ite , x  — m ixed-layer ill i te — m ontm orillon ite , к  =  kaolin ite , i =  illite , c =  chlorite, 
о =  ch am o site . The com binations o f  th e  signs o f m in e ra ls  denote an  association  e.g . m ic =  
m o n tm o rillo n ite -f-illite  +  chlorite  association . A ssocia tions referred  as to (ik: < 2  /<m) re p re 
s e n t  c la y  m ineral associations reco rd ed  in the  < 2  / im  f rac tio n  of the sam ple.
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T able  II
The 25 theoretically possible associations o f  the f iv e  most im portant clay-m ineral types arranged 

according to their value as indicators o f  the degree o f  diagenetic alteration

Associations The highest possible degree 
of diagenetic alteration

m

m X

m X  к

i n X  c

m X  i d e e p - b u r i a l  p h a s e ,  u p p e r

m к l e v e l

m к  с

m к  i

m с

m с i

m

X

X  к

X  к  с d e e p - b u r i a l  p h a s e ,  l o w e r

X  к  i l e v e l

X  с

X  с i

X  i

к

к  с a n c h i z o n e

к  с i

к  i

С e p i m e t a m o r p h i s i n ,

с i  

i

g r e e n s c h i s t  f a c i e s

(A bbrev ia tions see in  T able  1)

th a n  th e  low er level o f th e  “ deep -b u ria l p h a se ” , e tc . In  o rd er to  d e m o n s tra te  
th is  w ay  of reaso n in g , th e  five m o st f re q u e n t c lay -m ineral g roups u sed  in  th e  
d a ta  processing h av e  been  chosen . T hese are as follow s: m o n tm o rillo n ite , 
m ix ed -lay e r illite— m o n tm o rillo n ite , illite , k ao lin ite , ch lo rite .

N ow , on th e  basis  o f th e ir  v a lu e  as in d ica to rs  of d iagene tic  a l te ra t io n , th e  
25 co m b in a to rica lly  possible a ssoc ia tions o f th e  five m ost im p o r ta n t  clay 
m in era ls  can he assigned  to  th e  fo u r g roups, as follows (Table 2).
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I t  is obvious th a t  th e  c lassification  of d iag en e tic  zones perfo rm ed  in th is  
w ay  is lim ited  from  sev e ra l v iew po in ts . Such lim ita tio n s  are , e.g. th a t  it is n o t 
v e ry  sensib le  in  re sp ec t to  sm all v a ria tio n s in  th e  degree o f diagenesis, it gives 
th e  h ig h e s t possible degree  ra th e r  th a n  th e  a c tu a l one; fu r th e r , th e  “ shallow - 
b u r ia l  p h a s e ”  and  th e  u p p e r  levels of the  “ d e e p -b u ria l p h ase”  can n o t be s e p a 
r a te d  b y  th is  m e th o d  e tc .

I n  th is  la t te r  case, h o w ev er, w hen n o n -d e v itr if ie d  volcanic  glass is found  
in  th e  ro c k , its d iag en e tic  degree can n o t su rp ass  th e  shallow -buria l p h ase .

In  sp ite  of all th e  ab o v e  lim ita tions, h o w ev er, i t  seem s th a t  an  a p p ro x i
m a te  d e te rm in a tio n  o f  th e  d iagene tic  zones can  be perfo rm ed  m erely  on th e  
basis  o f  th e  c lay -m in era l a ssoc ia tions as well. S uch  a c lassifica tion  can be im p ro v 
ed  b y  a p p ly in g  th e  m e a su re m e n t of the  s tru c tu ra l  or chem ical p a ra m é trés  of 
c e r ta in  m inera ls . F re q u e n tly  used  indices o f th is  k in d  are , e.g. th e  w id th  of 
b a sa l re flec tio n s  m e a su re d  a t  h a lf  he ig th , th e  ra t io  of en d  m em bers and  th e  
deg ree  o f  re g u la r ity  o f th e  la y e r  sequence in  m ix ed  s tru c tu re s , th e  d is tr ib u tio n  
o f so d iu m  and  p o ta ss iu m  am o n g  coexisting  m icas, e tc . T hese were used in  som e 
w o rk s l is te d  in  th e  re fe ren ces , th u s  th e ir  d a ta  h av e  been  in d irec tly  ta k e n  in to  
a c c o u n t. I t  is to  be n o te d  t h a t  th e  degree of d iag en e tic  tra n sfo rm a tio n  of th e  
s e d im e n t is d irec tly  in d ic a te d  b y  th e  p resence  o f th e  m inera l associa tions 
a n d /o r  th e  m easured  p a ra m e te rs  of th e  s in g le m in e ra ls  ( E g a n o v , 1972), a ssu m 
ing  t h a t  th e se  values can  be  a rra n g e d  as a fu n c tio n  o f som e ch a rac te ris tic  p a ram - 
m e te rs  o f  diagenesis (e.g . te m p e ra tu re , d e p th  o f b u r ia l  e tc .). T herefo re, th o u g h  
o u r choice concern ing  th e  p h ases  of M u l l e r ’s c lassifica tio n  (1967) to  w hich  
th e  sing le  c lay  m in era l zones m a y  correspond, has b een  in d ica ted , as an  ex am p le  
in  T a b le  I I ,  th is  does n o t  y ie ld  any  new in fo rm a tio n  on th e  rock , ju s t  m akes 
th e  c o m p a ra b ility  w ith  th e  lite ra tu re  d a ta  easie r.

D istribu tion  o f  diagenetic zones in  H ungary

O n th e  basis o f th e  p rincip les and  d a ta  su m m arized  above, a sk e tch , 
th o u g h  d isco n tin u o u s, c an  b e  d raw n as to  th e  d is tr ib u tio n  of th e  in d iv id u a l 
d ia g e n e tic  zones in  H u n g a ry .

I t  seem s so th a t  th e  o ld e s t fo rm ations c o n ta in in g  n o n -d ev itrified  vo lcan ic  
glass o f  considerab le  q u a n t i ty  are of C re taceous age. T he low er b o u n d a ry  o f 
th e  f r e q u e n t ap p earan ce  o f m o n tm o rillo n ite  is th e  T riassic  in  th e  T ra n sd a n u b ia n  
C e n tra l M oun ta ins a n d  th e  Ju ra ss ic  in  th e  M ecsek M o u n ta in s . In  th e  M ecsek 
M o u n ta in s  th is  b o u n d a ry  can  be fixed  m ore e x a c ty  w ith in  th e  Ju ra ss ic , a t  
a b o u t th e  u p p e r lim it o f  th e  L iassic co a l-b ea rin g  sequence  w hich m ay  co r
re sp o n d  to  a m ax im u m  b u r ia l  d e p th  of a b o u t 3 to  4 k ilom etres.

In  th e  sed im en ts o f th e  Neogene b as in s  th e  d isap p earan ce  of m o n t
m o rillo n ite  (and  of th e  ex p a n d e d  m ixed s tru c tu re s  o f h igh m o n tm o rillo n ite  
c o n te n t)  can  be o b serv ed  a t  d iffe ren t d ep th s  w ith in  th e  P an n o n ian  an d  Mio-
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cone. In  th e  so u th e rn  G re a t P la in  th is  b o u n d a ry  lies b y  a b o u t 500 m etres 
deeper, th a n  in  th e  Z a la  B asin  (S ou thern  G rea t P la in : a b o u t 3000 m etres, 
BÉRCZI and  V i c z i á n , 1973, 1975; Z ala B asin a b o u t 2500 m etres , N e m e c z  and 
D a n k , 1973). T his d ifference c a n n o t be ex p la in ed  y e t.

B o th  in th e  T ra n sd a n u b ia n  C en tral M oun ta ins an d  th e  M ecsek M ountains 
th e  s tra tig ra p h ic a lly  d eep est occurrence of illite — m o n tm o rillo n ite  is in the  
T riassic  (possibly in  th e  P e rm ian ?). I t  seem s to  be re m a rk a b le  t h a t  in the  
N eogene basins th e  re p re se n ta tiv e s  of th e  m ix ed  s tru c tu re s  o f h ig h er illite 
c o n te n t are no t a b se n t in  th e  g re a te s t d ep th s  th u s  fa r  ex p lo red  (borehole  H ó d 
m ezővásárhely  N o. 1.: M iocene, a b o u t 5.8 k ilo m etres , see V e t ő , 1973),  either. 
In  th e  sequences of th e  M ecsek and  T ra n sd a n u b ia n  C en tra l M o u n ta in s  ab o u t the 
sam e m ax im um  o rig in a l b u ria l d ep th s  m ay  be reck o n ed  w ith , as reg a rd s  the  
g re a te s t d ep th  of o ccu rren ce  of m ixed  s tru c tu re  m inera ls.

In  th e  T ra n sd a n u b ia n  C en tra l M ountains ( L e l k e s - F e l v a r i , 1974) and 
in  th e  b asem en t o f th e  L ittle  H u n g a rian  P la in  (e.g. M ihályi) k a o lin ite  often 
occurs in an ch im e tam o rp h ic  and  in w h a t are be liev ed  to  be L ow er Paleozoic 
fo rm atio n s.

K ao lin ite  is p ra c tic a lly  to ta lly  ab sen t, how ever, in th e  C arboniferous 
o f S o u th  T ra n sd a n u b ia  an d  d isregard ing  a sm all q u a n t i ty  in  som e of the  
sam ples — a lread y  in  th e  T riassic  of N o rth  H u n g a ry ; th e se  reg ions being 
ch a rac te rized  b y  th e  illite  (m uscov ite) ch lo rite  a sso c ia tion . O n th e  basis of 
th e  degree of c ry s ta lliz a tio n  of d û tes  th is  fo rm a tio n  is assigned , fo r th e  m ost 
p a r t ,  to  th e  anchizone (C s a l a g o v i t s , 1973). In  th e  so u th  o f th e  G re a t P lain  
(accord ing  to  th e  d a ta  of th e  above localities) kao lin ite  d isa p p e a rs  a t  a 
d e p th  o f 2.5 to  3.5 k m  in  th e  P an n o n ian  a n d  M iocene se d im e n ts , w hile i t  is 
com m on in the  h ig h e r levels. C onsequen tly , here  th e  sequence  o f  th e  d isap 
p ea ran ce  o f k a o lin ite  an d  m ixed-layers u p o n  b u ria l o f th e  se d im e n t is 
ju s t  th e  inverse co m p ared  to  T ab le  2 deduced  from  li te ra tu re  d a ta  an d  to  
w h a t can  be o b se rv ed  in  o th e r  fo rm atio n s in  H u n g a ry .

I t  is also o b v ious from  th ese  d a ta  th a t  su b sy n ch ro n o u s s e d im e n ta ry  rocks 
of H u n g a ry  u n d e rw e n t d iag en e tic  a lte ra tio n s  o f d iffe ren t deg ree , p ro b ab ly  
ow ing to  th e  d iffe ren t effic iency  of th e  fac to rs  govern ing  th e  d iagenesis itse lf 
(b u ria l d ep th , te m p e ra tu re ,  te c to n ic  stress, co m position  of in te r s t i t ia l  w ate r, 
e tc .) . This is read ily  re flec ted  b y  th e ir  c lay -m inera log ica l co m p o sitio n .
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ОБЗОР ГЛИНИСТЫХ МИНЕРАЛОВ ОСАДОЧНЫХ ОТЛОЖЕНИЙ ВЕНГРИИ 
(с ОСОБЫМ ВНИМАНИЕМ НА РАСПРОСТРАНЕНИЕ ДИАГЕНЕТИЧЕСКИХ ЗОН)

И. ВИЦИАН

Р е з ю м е

На основании опубликованных в литературе данных и большей частью еще не 
опубликованных результатов Рентгеновской лаборатории Венгерского геологического 
научно-исследовательского института дается обзор характерных ассоциаций глинистых 
минералов осадочных отложений Венгрии (Таблица I). Таким образом, автор 
попытается дать предварительную картину распространения диагенетических зон в от
дельных толщах. Диагенетические ассоциации глинистых минералов он группирует 
(Таблица II) на основании их индикаторского значения при условии, что руководящие 
глинистые минералы разлагаются в функции увеличения степени диагенеза, в следующей
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последовательности: монтмориллонит, иллит-монтмориллонит, смешанно-слоистый мине
рал, каолинит и (иллит +  хлорит). Судя по имеющимся в настоящее время данным, нижний 
предел появления монтмориллонита соответствует максимальной глубины погребения 
2,5—4 км, но смешанно-слоистый иллит-монтмориллонит встречается даже на максималь
ной глубине погребения около 5,5 км. Каолинит в обломочных толщах неогеновых бас
сейнов исчезает уже задолго перед иллит-монтмориллонитом, примерно на максимальной 
глубине от 2,5 до 3,5 км в то время как в палеозойских отложениях Задунайского средне
горья он прослеживается вплоть до анхиметаморфической зоны. Одновозрастные породы 
могут существенно различаться между собой по степени диагенеза (например триасовые 
отложения в Северной Венгрии с одной стороны и в Задунайском среднегорье, с другой)
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SOME BLEACHING CLAY DEPOSITS 
OF CAMPBELLPUR DISTRICT, PAKISTAN

By

K h u r s h i d  J e h a n  — A i n u l  H a s a n  K h a n  M  . A l l a u d d i n  M a n s o o h  A k h t a r

P.C.S.I.R. LABORATORIES, KARACHI, PAKISTAN P.C.S.I.R. LABORATORIES, PESHAWAR, PAKISTAN

B e n to n ite  dep o sits  are found  n ear th e  v illage  of D heri K o t an d  D h eri C hohan 
in C am pbellpu r D is tr ic t. T he clays are com posed  of m o n tm orillon ite  w ith  q u a r tz  as 
th e  m ajo r im p u r ity  an d  sm all am o u n ts  o f fe ld sp ars , m ag n e tite , z ircon , ru tile  and 
clino-zoisite. E x te n s iv e  prospecting  is n eed ed  fo r th e  estim a tio n  of to ta l  to n n ag e  of 
c lay  dep o sits  in  th e  w hole of th e  area. H o w ev er, i t  m ay  be suggested  th a t  th e  deposits 
m ay  be b e tw een  h a lf  to  one m illion to n s . I t  is also suggested th a t  th e se  b e n to n ites  
w ere fo rm ed from  volcan ic  ash deposited  in  sha llow  lagoonal w aters d u rin g  th e  T er
tia ry  period.

In tro d u c tio n

B e n to n ite  d ep o sits  occur n ea r th e  v illag es  nam ed  D heri K o t a n d  D heri 
C hohan  (F ig . 1). T hese tw o villages a re  a b o u t one mile a p a r t .  D h e ri K o t 
v illage (33° 4 3 ’ 4 5 ”  N ; 34° 18’ E) is n ea rly  6 m iles sou th -w est o f C am p b e llp u r, 
on th e  left b a n k  o f  H aro  R iver w hich is a t r ib u ta r y  of th e  In d u s .

T he a rea  is easily  accessible. The tra n s p o r t in g  tru c k s  cross th e  shallow  
riv e r all th e  y e a r  ro u n d  excep t a few d ay s  in  th e  ra in y  season. D u rin g  the  
sh o rt flood  period  th e  a rea  can be reach ed , b y  crossing th e  b rid g e  on H aro  
R iv e r a t  7 m ilestone  on B asal R oad , th ro u g h  M ongiw ala v illage.

In  1965 th e  c lay  deposits n ear v illage  D h eri K o t, a t  th e  th re e  d iffe ren t 
exposures along th e  S h ak a r D ara  s tre a m  w ere exam ined  [1]. Som e m in in g  of 
b e n to n ite  w as s ta r te d  in  th is  area  in a p r im itiv e  fashion to  m ee t th e  sporad ic  
dem ands o f th e  b e n to n ite  w ith in  th e  c o u n try . A t p resen t th e  re q u ire m e n ts  
o f F u lle r’s E a r th  fo r b leach ing  of edible oil a re  en tire ly  m et b y  im p o r ts  from  
foreign  co u n trie s  w hich  increases th e  cost o f  th e  fin ished  p ro d u c t. T h is  dem and  
can be easily  m e t b y  u tilis in g  th e  raw  b e n to n ite  from  th e  ab o v e-m en tio n ed  
sources a fte r  a c tiv a tio n . A t p resen t th e  e s ta b lish m e n t of a 10 to n  p la n t  based  
on th e se  dep o sits  is u n d e r  w ay.
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MAP SHOWING PROMISING AREA 
for BENTONITE CLAY

SHOWINGS, m
Fig. 1. M ap show ing  p rom ising  a rea  fo r b e n to n ite  clay

Climate, Vegetation and P hysiography

T h e  c lim a te  of th e  C am pbelljn ir are is severe . The m in im um  te m 
p e ra tu re  d ro p s  to  26 °F  d u rin g  w in te r. The m a x im u m  te m p e ra tu re  in  su m m e r 
rises to  115 °F . A verage ra in fa ll  is 20 inches p e r  an n u m . T he v e g e ta tio n  in  
th e  a re a  is sp arse . K ala  C liitta  R eserv e  F o rests  a re  in  th e  sou th  of th e  v illages.

T h e  a re a  under in v e s tig a tio n  is u n d u la tin g . T he general h e igh t above  
th e  sea lev e l is 1000 f t. M ain s tre a m  of th e  a rea  is S h ak a rd a ra , o r ig in a tin g  
from  K a la  C h itta  R anges an d  flow ing  in  n o r th -s o u th  d irection , jo in s  H a ro  
R iv e r a b o u t  1 1/2 mile n o r th  o f  D heri K o t. T h e re  are  num erous sm all d ry  
s tre a m s , all jo in in g  S h a k a rd a ra  s tream  an d  h a v e  eroded th e  so ft b a n k s  
severe ly .

Acta Geologica Academiae Scientiarum Hungaricae 19, 1975



C L A Y  D E P O S I T S  O F  P A K I S T A N 2 5 9

General Geology o f  the Area

T he area  is a p la in  to  th e  n o r th  o f  th e  K a la  C h itta  R ange w h ic h  con
s t i tu te s  th e  o u te r  ranges of th e  G rea t H im a la y a s . B en ton ite  c la y  b ed s  ex 
posed in  th e  a rea  belong to  M iddle to  U p p e r S iw aliks, and  underlie  th e  R ecen t 
an d  S u b -R ecen t deposits , m ain ly  co n g lo m era tes  and  silts tones. T h e  b e d 
rocks to w ard s  so u th  are Mesozoic to  T e r t ia ry  in  age having a g e n e ra l east- 
w est s trik e . T he region as a w hole is c h a ra c te rise d  by  isoclinal fo ld s and 
s tr ik e  fa u lts  an d  rock  fo rm atio n  are co m m o n ly  overtu rn ed . T he e n tir e  sedi
m e n ta ry  sequence is th ru s te d  ag a in st th e  m e ta sed im en ts  belonging to  A tto ck  
an d  H a z a ra  s la te  fo rm ations. Q u a r te rn a ry  dep o sits  are located  e x te n s iv e ly  in 
valleys, hill slopes an d  a t  a lluv ia l p la in s . T h e  sequence o b serv ed  a t  D heri 
K o t and  D heri C hohan  areas is given in  F ig . 2.

O .'O lO
Conglomerates (approx.30 ft. )

Sand and silt.
( approx. 100 ft. )

Silt and clay ; bottom is more clayey
Colour varies from bottom, earthy to grey (approx. 2 ft.)

White clay ; bentonitic, colour varies
- - = v from light grey, light brown to white.

—

Z ( approx. 6 ft. )
—

Greyish silty clay.

Fig. 2. G eneralised  section  in D h eri K o t  an d  D heri Chohan a rea

Occurrence

T here  are  num erous exposures o f th e  b en to n itic  clays b e tw e e n  D heri 
K o t and  D heri C hohan  Villages. The th ic k n e ss  of clay beds v a rie s  fro m  3 ft. 
to  6 f t. M any sa lien t fea tu res o f  th e  d ep o sits  are well shown a t  D h e ri K ot 
M ine 3 because  o f th e  ex tensive  tu n n e l w o rk in g . The upper beds a re  b row nish  
in shade  w hereas th e  lower beds are lig h t g rey ish  w hite.

T he clays are  associated  w ith  s ilt e x c e p t one bed w hich is a b o u t 11” 
th ic k  an d  occurs a t  ab o u t 13”  above th e  u n d e rly in g  sed im ents. S h a k a r  D ara 
an d  o th e r  ch anne ls have  been c u t in to  c lay  a n d  in som e cases h a v e  en tire ly  
d issec ted  an d  eroded  th e  clays. M ost o f th e  m ines have been d ev e lo p ed  on  the 
side o f th e  channe l.

In  one o f th e  m ines n e a r D heri C h o h an  lensoidal sh ap ed  ca lcareous 
concre tions (F ig . 3a) are  exposed in lin e a r  p a t te rn  (Fig. 3b). T h e  size o f the
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F ig . 3a. L ensoidal sh ap ed  ca lcareous concre tions fo u n d  a t  Dheri C hohan m ines

F ig . 3b. D is tr ib u tio n  p a t t e rn  of calcareous c o n c re tio n s  a t  Dheri C hohan m ine

c o n c re tio n s  decreases w ith  slope. D ark  m inera ls  a re  co n cen tra ted  in th e  low est 
p a r t  o f  each  lens.

M ines a t D heri K o t p ro p e r and D h eri C h o h an  proper are fa ir ly  d e 
v e lo p e d . T he best g rade  c lay  a t  these tw o m in es  are  abou t 40,000 to n s  and  
5000 to n s  respec tive ly  w h ereas  th e  to ta l re se rv e s  h av e  been e s tim a te d  to  be 
0.2 m illio n  and  25,000 to n s  respective ly . E x te n s iv e  prospecting  is n eed ed  fo r 
th e  e s tim a tio n  of th e  to ta l  to n n ag e  of clay d e p o s its  in the  whole of th e  a rea . 
H o w ev e r, it m ay he su g g ested  th a t  the  d ep o sits  m a y  he betw een  h a lf  to  one 
m illion  to n s .
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M ineralogical Investiga tions

(i) X -ra y  D iffrac tion  : X -ra y  d iffrac tio n  ana ly ses  of clays h a v e  show n 
th a t  m on tm o rillo n ite  an d  q u a r tz  are th e  p re d o m in a n t m inera ls  p re s e n t w ith  
su b o rd in a te  am o u n t o f fe ld sp ars . Clay fra c tio n  sm alle r th a n  2 gt g av e  re flec 
tio n s  o f m o n tm o rillo n ite  on ly . G lycolation  o f th e  sam ple en h an ced  th e  001 
spac ing  from  15.23 to  16.06 Â. X -ray  d iffra c tio n  d a ta  of a ty p ic a l  sam ple 
N o. 1 are given in T ab le  I .

Table I

X -ra y  powder data fo r  C .B .l

A В c

<l(A) I* d(A) I* d(A) I*

15.25 100 15.24 100 16.06 100

4.46 85 4.42 100 4.43 70

4.25 82 2.54 70 2.39 50

4.04 70 1.69 40 1.69 30

3.88 85 1.50 80 1.50 40

3.76 70 1.29 60

3.33 100 1.25 50

3.29 85

3.18 100

3.07 65

2.83 65

2.55 60

2.52 65

2.50 60

A — Sam ple as i t  is 
В — Clay se p a ra ted  fro m  th e  sam ple 
C — Sam ple tre a te d  w ith  E th y len e  Glycol 
* — E s tim a te d  v isu a lly

(ii) D ifferen tia l Therm al A n a lysis . T he D T A  curve of a sam p le  show s 
a sh a rp  en d o th e rm  b e tw een  50 and  267 °C w ith  a p eak  a t 132 °C . T h e re  is 
a b ro a d  en d o th e rm  b e tw een  492 °C and  692 °C, an d  a n o th e r  e n d o th e rm  
betw een  823 an d  909 °C w ith  a peak  a t 870 °C. T he D TA  curve o f th e  sam ple 
is co m p arab le  to  th a t  o f a ty p ic a l m o n tm o rillo n ite  [3].

T he D TA  of th e  co n cre tio n  shows tw o sm all b ro ad  peaks a t  138° and  
207 °C w hich is m ost p ro b a b ly  due to  th e  sm all a m o u n t of c lay  m inera ls . 
A m ed ium  size ca lc ite  p e a k  occurs a t  a b o u t 892 °C.

(iii) H eavy M inera l S tud ies. H eavy  m inera l sep a ra tio n  using  b ro m o fo rm  
(sp. gr. 2.69) was co n d u c te d  a fte r  rem oval o f th e  colloidal f ra c tio n  b y  pan-
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n in g  a n d  w ashing w ith  w a te r .  The heavy  fra c tio n  o f  clays ex am in ed  un d er 
th e  m icroscope show ed p re d o m in a n tly  (79% ) h o rn b len d e . I t  is co lu m n ar and 
la th l ik e  in form  w ith  su b ro u n d e d  edges. O th e r  h eav y  m inerals id en tified  
w ere  m ag n e tite , zircon, ru t i le  and  clinozoisite . T h e  m ag n e tite , th o u g h  n ex t 
in  a b u n d a n c e , does no t ex ceed  more th a n  5 %  in a n y  sam ple. O th e r m inerals 
se ld o m  exceed 3% . T he size o f  th e  m ineral g ra in s  is fine to  coarse  g rained .

T h e  ligh t frac tio n  o f  th e  co n cen tra te  consists  of c loudy  g ra in s of 
a m o rp h o u s  m ineral. O th e r  m in era ls  of the l ig h t f ra c tio n s  are b io tite , m uscov ite , 
c a lc ite  an d  q u artz . B io tite  f la k e s  are of large size (0.1 to  1 m m ) in  com parison  
to  o th e r  m inerals. I ro n  o x id e  sta in ing  is a com m on  fea tu re  in th e  grains. 
Q u a r tz  an d  plagioclase fe ld sp a r  were also id e n tif ie d  in some o f th e  slides.

A  sam ple of c o n c re tio n  was s tud ied  a f te r  rem ov ing  th e  c lay  frac tio n  
u n d e r  th e  m icroscope. I t  c o n ta in s  su h an g u la r q u a r tz  and  ca lc ite  w ith  sm all 
a m o u n t  o f m agnetite , b io t i te ,  am phibole a n d  p y ro x en e .

Chem ical Investigations

T h e  resu lts of th e  ch em ica l analysis o f  f iv e  sam ples from  D h eri K o t 
a n d  D h e ri Chohan areas a n d  th e  calcareous c o n c re tio n  are given in  T ab le  I I . 
T h e  chem ica l com position  o f  th e  clay sam ples is sim ilar to  th o se  o f  m ont- 
m o rillo n ite  except th a t  th e  a lk a li co n ten ts N a.,0  %  K ,0  of D heri K o t clays 
a re  h ig h  (even in c o m p ariso n  w ith  D heri C h o h an  Clays).

Table II

C hem ical a na lysis o f  Cam pbellpur bentonites

Dheri Kot Dheri Chohan |k Concretion

C.B.l C.B.2 C.B.3 C.B.4 C.B.5 C.B.6

SiO, 51.60 56.80 53.00 49.52 48.96 32.46

A U ) , 16.52 14.43 15.88 15.78 15.26 1.95

ТЮ., 0.66 0.58 0.50 0.32 0.25 2.05

F e 20 3 2.21 2.03 2.69 3.30 4.58 11.59

FeO 0.52 0.55 0.86 0.06 0.18 0.21

CaO 2.92 3.92 4.64 3.02 4.10 23.14

MgO 1.02 1.58 3.61 2.18 2.56 —

N a ,0 5.70 4.80 2.00 0.75 0.60 2.04

K „0 2.20 2.20 1.30 0.27 0.72 -

M nO 0.08 0.12 0.14 — 0.04 0.43

C O , 0.01 0.03 0.01 0.30 0.37 0.70

L o s s o n  ig n itio n 16.89 13.69 15.42 24.70 22.83 26.27

T o ta l 100.33 100.79 100.05 100.20 100.55 100.84
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T hese h igh  a lkali c o n ten ts  seem  to  be m o stly  due to  im p u ritie s  like 
fe ld sp ars . T he p H  o f th e  w a te r  suspension  o f  D lieri K o t and  D h e ri C hohan  
clays v a rie s  be tw een  8.20 an d  8.70. I t  seem s t h a t  soluble sa lts  m a y  be con
tr ib u tin g  som e of th e  alkalies. A n o th e r im p o r ta n t  c h a ra c te ris tic  o f  D heri 
C hohan  clays is th a t  th ese  co n ta in  h ig h er a m o u n ts  of w a te r th a n  th o se  of 
D h eri K o t.

A re p re se n ta tiv e  sam ple  w as a c tiv a te d  w ith  HC1. A fte r w ash in g  an d  
d ry in g , th e  sam ple w as te s te d  for its  a c t iv i ty  b y  deco louriza tion  o f  c o tto n  
seed oil. T he a c tiv a te d  clay  w as 80%  ac tiv e  in  com parison  to  T e rra n a  (G erm an  
F u lle r’s ea rth ) . T his low er a c tiv ity  is a t t r ib u te d  to  th e  presence o f  n o n -c lay  
m inera ls  (q u a rtz  an d  fe ld spars).

Genesis

T he clays co n ta in  a u n iq u e  assem blage  o f m o n tm orillon ite  (b e id e llite ), 
q u a r tz  an d  fe ld sp ar (á lh ite ). H o rn b len d e , m a g n e tite , zircon, c a lc ite  a n d  m ica 
are  p re se n t in  su b o rd in a te  am o u n ts . Such  an  assem blage o f m in e ra ls  is ex 
p ec ted  to  he th e  w ea th e rin g  p ro d u c t o f an  ac id  igneous rock . T h u s  th e  source 
is suggested  be an  acid  igneous one.

T he m orpho logy  o f h o rn b len d e  an d  q u a r tz  grains in d ic a te  t h a t  th e  
m in era ls  w ere n o t tra n s p o r te d  from  a long d is ta n c e  and  th a t  th e  so u rce  rocks 
w ere close to  th e  basin  o f deposition .

T h e  h igh P H o f clays (d e te rm in ed  b y  an  aqueous su sp en sio n  o f  th e  
g ro u n d  m ate ria l)  is be lieved  to  be th e  sam e as th a t  of th e  w a te rs  o f  de- 
p o s itio n a l en v iro n m en t 5.6. T he h igh  p H  o f th e  clays (8.2 to  8.7) in d ica te s  
t h a t  an  a lkaline lake m ig h t have  b een  th e  b as in  of deposition . A bsence  of 
o rgan ic  m a tte r  an d  presence of iron  oxide as co a tin g  suggest th a t  th e  chem ical 
e n v iro n m e n t w as ox id izing  (A E h ) .  T h u s  i t  m a y  be concluded t h a t  th e  sed i
m e n ts  w ere dep o sited  in  shallow  a n d  tu rb u le n t  w ater.

A l i — S h a h  [7] h av e  suggested  th a t  P a k is ta n i b en to n ite s  w ere  fo rm ed  
from  vo lcan ic  ash  dep o sited  in  shallow  e s tu a r in e  and  lagoonal w a te rs  d u rin g  
th e  T e r tia ry  period . T his period  was m a rk e d  b y  w idespread v o lcan ic  a c tiv ity  
in  th e  H im alay as . T he D heri K o t an d  D h eri C hohan  clays m ig h t h a v e  fo rm ed  
as a re su lt o f v o lcan ism  d u rin g  th e  T e r tia ry .
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НЕКОТОРЫЕ МЕСТОРОЖДЕНИЯ ОТБЕЛИВАЮЩИХ ГЛИН РАЙОНА
КАМПБЕЛЛПУР В ПАКИСТАНЕ

К. Е Х А Н , А. X . К Х А Н , М. А ЛЛА У ДДИ Н  и А. МАНШУР

Р е з ю м е

Рассматриваются месторождения бентонита вблизисел Дхери Кот и Дхери Чохан в 
районе Камбеллпур. Глины сложены монтмориллонитом с кварцем в качестве главной 
примеси и с небольшим содержанием полевого шпата, магнетита, циркона, рутила и 
клиноцоизита. Для подсчета общега количества запасов полезного ископаемого в рас
сматриваемом районе требуются широкие поисково-разведочные работы. Однако, в совре
менной стадии изученности района общее количество запасов оценивается в половину 
миллиона или по крайней мере в миллион тонну минерального сырья. Также предпола
гается, что рассматриваемые бентониты образовались из вулканического пепла, отложив
шегося в условиях мелко-лагунной водной среды в третичном периоде.
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CRYSTALLOCHEMICAL 
AND METALLOGENETIC INVESTIGATION 

AND EVALUATION OF HYDROTHERMAL CRYSTAL 
PHASE MODEL EXPERIMENTS 

(25° to 300 °C)

By

J . K iss

EÖTVÖS UNIVERSITY, DEPARTMENT OF MINERALOGY, BUDAPEST

T he re su lts  o f m odel ex p erim en ts on th e  su b je c t g iven  in th e  t i t le  a re  ex p o u n d ed  
in  th e  follow ing g rou p in g :

a) T he a lte ra t io n  of C aC 03 (calcite) in to  Z n C 0 3— C d C 0 3— F e C 0 3— M g C 0 3— 
M n C 0 3 (m e ta so m a tism ) an d  th e  causes o f i ts  <5q— ôç changes co n n ec ted  w ith  ca tio n ic  
exchange are  d iscussed .

b) P b S , Z nS , H gS  an d  Ag2S phases w ere p ro d u c ed  o u t of so lu tio n -g as system s. 
T he m o th e r p h ase  “ c a tio n ”  (Zn, P b , H g, Ag) s u b s ti tu tio n  of Cd, Fe, M n, Cu, In , Ga, 
T l, P b , As an d  Sb a n d  its  effect in  changing  th e  u n i t  cell w ere exam in ed .

c) T he schem e o f o rdering  of th e  la tt ic e  o f P b S , ZnS, H gS  a n d  Ag2S o b ta in e d  
a t  25 °C ( te le th e rm a l h y d ro th e rm ) as well as th e  ro le  th e  im p u ritie s , Cd, Fe, M n, Cu, 
In , Ga, T l, P b , As, Sb, p lay ed  in rendering  th e  m o th e r  ph ase  (e.g. P b S , ZnS, e tc .) m ore 
ordered , w as ex am in ed .

I .  Objectives

T he p re sen t p a p e r  deals w ith  th e  p o o rly  in v e s tig a te d  fie ld  o f m ineralog i- 
ca l c ry s ta llo g ra p h y , i.e . o f ex p erim en ta l m in e ra lo g y . I ts  aim  is to  tra c e  an d  
m ak e  clear th e  m ech an ism  of certa in  genetic  c ry s ta llin e  phases u n d e r know n 
physico-chem ical co n d itio n s. The in v e s tig a tio n  has been  m o tiv a te d  b y  a 
n u m b e r o f genetic  p ro b lem s in trig u in g  s tu d e n ts  o f c ry s ta l ch em istry .

1. The p rob lem  o f syngenetic  and  ep ig en e tic  fo rm atio n  (m etaso m atism ) 
o f  th e  c ry sta llin e  p h ases  o f h y d ro th e rm s (so lu tio n  an d  gas, as w ell as solid- 
s ta te  an d  so lu tio n  sy stem s). C rysta llo -chem ical fea tu re s  o f th e  solid phases 
a n d  th e  p h ysico -chem ical dependence of th e ir  fo rm a tio n .

2. C rysta llo -chem ica l and  th e rm o d y n a m ic  re la tio n s  o f  th e  s tab le  iso
to p e  a lte ra tio n s  o f c e r ta in  epigenic processes (e.g. lim e-m etaso m atism ).

3. T he tra c e  e lem en t co n ten t o f th e  c ry s ta l  phases o f th e  (n a tu ra l and  
a rtific ia l)  h y d ro th e rm s  an d  th e ir  effects on th e  cry sta llo -ch em ica l c h a ra c te r
istics. A re th ese  e x a c t m easures of th e  fo rm a tio n  te m p e ra tu re  an d  pressure 
(p a leo -tem p era tu re  a n d  p ressu re)?

Som e o f th e  afo re -m en tio n ed  p rob lem s w ere d ea lt w ith  b y  num erous 
sc ien tis ts  in th e  p a s t  decades and  th e  re su lts  are  expressed  m o stly  b y  th e  
specu la tiv e  e x p la n a tio n , ev a lu a tio n  an d  sy n th es is  o f n a tu ra l  o b se rv a tio n s.
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T h ese  se rv e d  as liases for th e  g en e tic  c lassifica tions o f ce rta in  c lassical m eta llo - 
g e n e tic  m a n u a ls  (L i n d g r e e n , B a t e m a n , E m m o n s , N i g g l i , S c h n e i d e r h ö h n ).

F u n d a m e n ta l change h a s  b een  b ro u g h t a b o u t b y  th e  ra p id  p ro g re ss  of 
m e th o d s  a n d  in s tru m en ts  o f  in v e s tig a tio n  b e tw een  25° an d  500 °C i t  becam e 
p o ss ib le  to  follow th e  d isso lu tio n  c h a ra c te ris tic  o f ce rta in  n a tu ra l  c ry s ta l 
p h a se s  a n d  to  in te rp re t its  d a ta  re fe rrin g  to  th e  n a tu ra l  fo rm a tio n  cond i
tio n s  ( J .  V e r h o o g e n , R . M . G a r r e l s , A. F . K a p u s t i n s k y , P . C. S m i t h , 

H . C . H e l g e s o n , H . L . B a r n e s , etc .).
S o m e o f th e  efforts t r i e d  to  sy n th e tiz e  c e r ta in  c ry s ta l p h ase s  h av e  

r e s t r ic te d  to  “ re -c rysta llize”  th e  m e lt system s resp . pow der-like  so lid  phases 
b y  m e a n s  o f  vap o u r. In  th is  w a y  “ m ore o rd e re d ”  c ry s ta l s tru c tu re s  can  be 
p ro d u c e d  in  an  easier w ay .

T h e  s tu d y in g  of so lu tio n  sy s tem s can  be te c h n ic a lly  m ore d iff ic u lt to  
c a r ry  o u t ,  especially  in  h ig h e r te m p e ra tu re  ranges. T h e  fo rm a tio n  o f  c ry s ta l 
p h a se s  is  a  m ore or less slow  p ro cess  in  co n fin ed —u n co n fin ed  sy s tem s (reso lu 
tio n , e v a p o ra tio n , tim e-d ep en d en ce  o f th e  eq u ilib riu m  s ta te s ) , m o reo v er, in  
m a jo r i ty  o f  th e  cases c ry s ta l  p h a se s  o f d efec t la t t ic e  are  fo rm ed .

T h e  p re se n t p ap er aim s a t  th e  in v e s tig a tio n  of th e  liqu id -gas a n d  solid- 
l iq u id  sy  s te m s  ch arac te ris tic  o f  c e r ta in  n a tu ra l  h y d ro th e rm s  a n d  tr ie s  to  m ake 
c lea r t h e  genetic  problem s b y  m ean s o f c ry s ta lch em ica l e v a lu a tio n  o f th e  
p ro d u c ts .

I n  acco rd an ce  w ith  th e  a im e d  o b je c t th e  fo llow ing p rob lem s h a v e  been  
s tu d ie d :

1 — 1. E p ig e n ic  form ation  o f  the crysta l phases o f  calcite series between 25° and  
300 °C  ( m etasom atism )
a )  C aC O 3(S0)— ZnCl2(aq) sy s te m  [ =  Z n C 0 3; p rim ary -ep ig en ic  Z n C 0 3-b ed s];

b )  C aC O 3(S0)— CdCl2(aq) sy s te m  [ =  C d C 0 3; o ta v ite  o f o x id a tio n  zone];

c) C aC O 3(S0)— MgCl2(aq) sy s te m  [== C aM g(C 03)2; M g C 0 3; d o lo m itiza tio n , m ag n esite
fo rm a tio n ];

d ) C a C 0 3(so)— FeCl2(aq) sy s te m  [ =  F e C 0 3; epigenic s id e rite  b eds];

e )  C aC O 3(S0)— MnCl2(aq) sy s te m  [ =  M n C 0 3; epigenic rh o d o ch ro s ite  b eds].

1 — 2. C h em ica l, physico -chem ical iso tope-chem ical an d  c ry s ta lch em ica l in 
v e s t ig a tio n  and m e ta llo g e n e tic  e v a lu a tio n  o f  m e taso m atism .

2. F o rm a tio n  and changes in  i i trace element content" o f  lead su lph ide (P b S )  
between 25° and 300 °C fr o m  solutions o f  d ifferen t concentrations.

2 — 1. C rysta l phases o f the system s PbCl2(aq)— IL,S and  PbS 11,0; P b S  —
iVo2S(aq) (25° to 300 °C ) =  p u re  P bS-type.

2 —2. C rysta l phases o f  the system s PbCl2(aqyR -chloride  ̂aq  ̂ -|- H 2S  and  P bS(SOy  
R -ch loride  (25° to 300 ° C );  R  =  A g , B i, T l.

2 —3. C ry s ta lch em ica l c h a ra c te r iz a tio n  an d  m eta llo g en e tic  in te rp re ta t io n  of 
th e  (P b , R )S —RS p a rag en es is .
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3. F orm ation o f  zinc-su lph ide  ( Z n S )  fro m  solutions o f  d ifferen t concentration  
and its trace elem ents distributions between 25° and 300 °C.

3 — 1. C rysta l phases o f th e  system s ZnCl2(aq) -f- H 2S(g) an d  ZnS(S0) N a2S^aq) 
(25° to  300 °C) =  p u re  Z nS -type.

3 — 2. C rysta l phases o f th e  sy stem s ZnCl2(aq)-R -ch lo ride +  H 2S a n d  ZnS(S0>- 
R -chloride (25° to  300 °C) — R =  Cd, F e , Cu, M n, In , Ga.

3 — 3. C rysta llochem ical in v e s tig a tio n  an d  m eta llo g en e tic  in te rp re ta t io n  o f the  
(Zn, R)S R S p a rag en esis .

I I .  M ethods and execution o f  m odel experim ents

In  possession o f th e  fo reign  and  n a tio n a l d a ta  th e  tra c e  e lem en t d is
tr ib u tio n s  of th e  P b S — ZnS phases w ere co m p reh en siv e ly  e v a lu a te d  b y  
tra c in g  causal re la tio n s  b e tw een  th e  s tru c tu re  o f  th e  orig inal p h ase , th e  ty p e  
o f  ore fo rm atio n  and  q u a n ti ty -q u a li ty  o f tra c e  e lem en ts .

On th e  basis o f l i te ra tu re  d a ta  of th e  su lp h id e -w a te r  sy s tem  th e  m odel 
ex p erim en ts  ou tlin ed  in  th e  foregoing and  aim ing  a t  th e  sy n th e tiz a tio n  o f  cry sta l 
p h ase s  w ere e v a lu a te d  a n d  th ese  can be assigned  e ssen tia lly  to  tw o  g roups:

a) Crystal phases fo rm in g  fro m  a solution-gas system  under epitherm al 
conditions (25° to 100 °C ).

b) Recrysta lliza tion  and  ordering o f  ( m ostly)  disordered structures pro
duced at 25 °C (P b S , Z n S ,  Ag.zS , H gS  ; effect o f  postm eta llic  so lutions on the ore 
com ponen ts). In teractions o f  the metal cations o f  the solid-liquid phase  (hydro
therm  )  system s :

1. To re n d e r th e  “ m o th e r p h ase”  m ore o rd e red .
2. In  th e  fo rm a tio n  o f new  c ry s ta l p h ases  co n n ec ted  w ith  c a tio n  ex 

change (e.g. th e  p ro b lem a tic s  of th e  su lph ides re sp . epigenic Z n C 0 3—F e C 0 3, 
M n C 0 3 and  of th e  m ag n esite -d o lo m ite  fo rm a tio n  g en e ra tin g  w ith  space  w ith 
space-increasing  form s in  th e  second phase).

3. The prob lem  o f im p ro v erish m en t o f th e  tra c e  e lem en ts o f  th e  “ m other 
p h a se ” .

C rysta lliza tion  w as p ro d u ced  in c ry s ta lly z in g  vessels an d  P y re x -tu b e  
am pu lles in th e rm o s ta t ,  fu rn ace  and  au to c lav e  u n d e r  te m p e ra tu re  co n tro l of 
+  1.5 3.0 °C te m p e ra tu re  f lu c tu a tio n . T he c ry s ta llin e  p ro d u c ts  w ere in 
v e s tig a te d  b y  X -ra y , o p tic a l, op aq u e-o p tica l, D T A  an d  chem ical analyses, 
as well as b y  s tab le  iso to p e  exam in a tio n s a n d  b y  M össbauer sp e c tra l and 
electronm icroscop ic  reco rd s.

Sam ples of a b o u t 800 ex perim en ts w ere in v e s tig a te d . X -ra y  d a ta  were 
e v a lu a ted  b y  m eans o f  s tru c tu re  refin ing  p ro g ram m e of co m p u te rs . T he d a ta  
o b ta in e d  in th is  w ay  w ere sum m arized  in ta b le s  an d  w ere d e lin e a te d  in d ia 
g ram s as a fu n c tio n  o f  th e  physico-chem ical p a ra m e te rs  of th e  ex p erim en ts .
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I I I .  C rystallo-chem ical and metallogenetic interpretation  
o f  the resu lts o f  model experim ents

1. T h e  fo rm ation  o f s t r a t i f o rm  carb o n a te  Z n-ore deposits  m ay  ta k e  p lace 
to g e th e r  w ith  the chem ogenic sed im en ta tio n  d e te rm in a n t in  ino rgan ic  lim estone  
fo rm a tio n , w ithou t an y  a s c e n d e n t effect, a t  room  te m p e ra tu re .

I t s  fo rm ation  m ay  ta k e  p lace  also m e ta so m a tic a lly , s im ila rly  to  dolo- 
m it iz a t io n , s ideritiza tion , e tc . T h e  form  of th e  d ep o sit in  th ese  cases does n o t 
fo llo w  th e  s tra tig rap h ic  b o u n d a r ie s . The exchange  o f Ca2+ o f lim esto n e  up 
to  th e  com pletion  of Z n C 0 3 fo rm a tio n  is a m u lti-s te p  process. In  th e  so lu tion  
p h a se  o f  th e  C aC 03̂ SO) +  Z n 2+ b in a ry  sy stem  4 ZnCl2 • Z n(O H )2 is form ed 
t r a n s i t io n a l ly ,  its q u a n t i ty  is g radually  decreasin g  in a co n fined  system  
b e c a u se  o f  th e  p a rtia l p re ssu re  o f  (H C 0 3)~ an d  C 0 2. T h is is th e  tu rn in g  p o in t, 
w h e n  Z n 2+ will begin to  e n te r  th e  calcite la tt ic e  an d  a t  th e  sam e tim e  th e  
b a s ic  zinc-ch loride will b e g in  to  a lte r in to  “ h y d ro z in c ite ”  w hich  can  be 
c h a ra c te r iz e d  in th is  case b y  th e  following fo rm u lae :

^ п 1 ,97^'Оз,и (О Н )| 58 and
Z n 3,„9C 0 2|58(OH )5,02

T h u s , th e  order of fo rm a tio n  is:

C a C 0 3 (lim estone)

4 Z nC l2 ■ Zn(O H ),

Z n 5(C 0 3)2(0 H )e (h y d ro z in c ite )

Z n C 0 3

C a C 0 3

2. A t room  te m p e ra tu re  th e  syngenetic  fo rm a tio n  of lim estone-do lom ite- 
m a g n e s ite  is th e rm o d y n a m ic a lly  hard ly  possib le . T h e ir fo rm a tio n  u n d e r 
la b o r a to r y  conditions ta k e s  p la c e  b y  “ tra n s itio n s” . O n th e  basis o f la b o ra to ry  
e x p e r im e n ts  the  n a tu ra l d o lo m ite  seems n o t to  be p r im a ry  sed im en t. I ts  
p r im a r y  fo rm atio n  is im a g in a b le  under su b m arin e  e x h a la tio n  th e rm a l effect 
(in t h e  su b d u c tio n  zones o f  th e  geosynclines?).

3 . T h e  p rim ary -ep igen ic  fo rm a tio n  of m ag n esite  is co n tro lled  b y  the 
Mg2 + , H C O ^ and Cl-  c o n c e n tra tio n s  of th e  so lu tio n  an d  b y  te m p e ra tu re . 
In o rg a n ic a lly , the C aC 03̂ so) M gCl2l̂ aq) b in a ry  sy s tem  is form ed above 100 °C, 
in case  o f  Mg2+ > C a 2 + .

I n  th e  CaCOjpoj- M gCl2(aq) system , w here th e  Ca2+/M g2+ p ro v e d  to  be 
3 : 7, 1 : 1 an d  7 : 3, th e  o p tim u m  o f dolom ite fo rm a tio n  w as o b served  a t  175 °C. 
D o lo m ite  d id  no t form  b e lo w  175 °C, above th is  te m p e ra tu re  its  q u a n ti ty  
r a p id ly  decreased  and it  c o u ld  be traced  f irs t o f all in  th e  sy stem s o f Ca : 
Mg =  3 : 7  and  1 : 1 up  to  2 50° re sp .3 0 0 °C . O n th e  c o n tra ry , th e  s ta r t in g  
o f M g C 0 3 (m agnesite) fo rm a tio n  was observed
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in Ca : Mg =  1 : 1  a t  100 °C an d  

in Ca : Mg =  3 : 7  a t  100 °C and  

in  Ca : Mg =  7 : 3 a t  175 °C.

T he M gC 03 as a p re d o m in a n t co m p o n en t ap p eared  in  th e  follow ing 
system s w ith  decreasing  C a -co n tam in a tio n :

Ca : Mg =  7 : 3 =  225°, 250°, 300 °C;

Ca : Mg = 1 : 1  =  225°, 250°, 300 °C;

Ca : Mg =  3 : 7  =  200°, 250°, 300°, 350 °C.

In  a d d itio n  to  d o lo m ite -m agnesite , som e M gC 03‘3 H 20  (b a rrin g to n ite )  
developed  in all cases b e tw een  50 and 350 °C, be ing  p ro b ab ly  due to  th e  s e t
t in g  in o f equ ilib riu m  o f th e  C aC 0 3(SO)— MgCl2(aq) system  an d  th is  is n o t th e  
phase  w hich “ c a ta ly z es”  th e  m agnesite  fo rm a tio n  resp . w hich w ould  be th e  
so-called “ p ro to d o lo m ite” .

4. On th e  basis of C aC 0 3(SO) FeCl2(aq) th e  m e taso m atic  fo rm a tio n  ot 
s id e rite  m ay  ta k e  p lace u n d e r confined  geological co n d itions an d  th is  is 
m ark ed ly  accom pan ied  by  y -F e20 3 (m aghem ite ) an d  y -C aC 03 (v a te r ite ) . The 
fo rm a tio n  of sid e rite  (F e C 0 3) is lim ited  in  fa u lte d  geological en v iro n m en ts  
be ing  ch a rac te rized  b y  s tro n g  so lu tion  c irc u la tio n  an d  re la tiv e ly  h igh  redox  
co n d itio n s. In  th ese  cases in  dependence on th e  F e 2 + —> F e :i+ co n c e n tra tio n  
o f th e  so lu tion , tw o  ph ases , “ ferrous”  ca lc ite -g o e th ite  h e m a tite  (i.e. fe r
rous lim estone  -\- a -y -F eO O H  —>■ y-Fe20 3), a re  fo rm ed , w ith o u t a n y  siderite .

In  case of ex p e rim en ts  w ith  a confined  sy s tem  th e  low er lim it o f F e C 0 3 
fo rm a tio n  was observed  to  be a t  75° resp . 100 °C depend ing  on th e  F e 2+ con
c e n tra tio n  (T =  8 h), w hile in  case of Ca : F e 1 : 1 th is  o ccu rred  d u rin g  five 
y ea rs  also a t  room  te m p e ra tu re  and  co n sis ted  of

F c C 0 3,

y -F eO O lI an d

У-СаСОз

5. T he fo rm a tio n  o f M n-carbonate  chem ical sed im en ts req u ires  some 
h e a t  w hich m ay  be assu red  b y  th e  su b m arin e  ex h a la tio n  p h en o m en a  (area 
ab o v e  th e  su b d u c tio n  zones?).

T he m eta so m a tic  fo rm a tio n  of rh o d o ch ro s ite  is in tro d u ced  b y  m angano- 
ca lc ite ; its  f ir s t  ap p ea ran ce  was observed  a t  100 °C. In  con fined  system  
(d u rin g  one year) it  fo rm ed  also below 100 °C u n d e r  th e  effect o f c o n cen tra ted  
M n2 + . T h eo re tica lly , th e  to ta l  Ca2 + q u a n t i ty  of th e  lim estone  can  be ex
changed  (e.g. rh o d o ch ro site -rh o d o n itic  sk a rn ). T he course o f  m e taso m atism  
is: a -C aC 0 3 (Ca, M n)C 03 (M n, C a)C 03 M nC 03. The fo rm a tio n  o f k u tn a -
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h o r i te  co rrespond ing  to  th e  com po sitio n  o f C aM n(C 03)2 was n o t o b serv ed . 
In  a d d i t io n  to  the  c a rb o n a te  p h ases  «, y-M nO O H  (g ro u tite  and  m an g an ite )  
as w e ll as th e  com pound H 2M n 0 3 -f- H 20  w ith  a co m position  s im ila r to  th a t  
o f  v e r n a d i te  ( B e t e c h t i n , 1940) w ere also fo rm ed . T h e ir  fo rm a tio n  w as p ro 
m o te d  b y  th e  conditions s im ila r  to  those  o f th e  fo rm a tio n  o f oc-y-FeOOH.

6 . W h e n  replacing th e  C a2+ b y  Z n2 + , Cd2 + , M g2 + , F e 2+ an d  M n2+ th e  
s ta b le  iso to p e  com position o f  th e  donor (calcite) is changed . On th e  b as is  of 
th e  in v e s tig a tio n s  of sm all n u m b e r  carried  o u t till now  i t  seem  so th a t  ca lc ium  
a ffe c ts  th e  d0 while Z n 2 + , C d 2 + , F e 2 + and  M n2+ change th e  ca rb o n  d e lta  
v a lu e s  (d c) o f calcite.

7. W h e n  a com parison  is m ad e  b y  reference  to  th e  s to ich io m etric  com 
p o s itio n s  o f  th e  phases o f c a lc ite  series of n a tu ra l  s ta te  resp . p ro d u ced  b y  th e  
a u th o r ,  n o n -sto ich iom etric  fo rm u la e  o f ca tion- an d  an ion  insuffic iency  w ill be 
o b ta in e d . M etasom atism  is c h a ra c te r iz e d  b y  th e  Z n C 0 3, C dC 03, F e C 0 3, M g C 0 3 
a n d  M nC O ., phases of an ion  in su ffic ien cy  in  all of th e  cases b u t  a t  th e  sam e 
tim e , c a rb o n a te s  o rig in a tin g  f ro m  n a tu ra l so lu tio n s are  m o stly  in  la ck  o f 
c a tio n s  ex cep tin g  th e  core o f  M n C 0 3, (Ca, Mg)oC 0 3, an k erite  a n d , p a r t ly , 
M g C 0 3.

8 . T h e  fo rm ation  o f o n e -c a tio n  m onophase o f th e  so lu tion-gas sy s tem
(P b S , Z n S , AgoS, HgS) is d e te rm in e d  b y  th e  so lu tio n ’s (h y d ro th e rm ) ionic 
c o n c e n tra t io n , te m p e ra tu re , b y  th e  s ta b ility  o f th e  m e ta l com plexes o f  th e  
s o lu tio n , a n d  by  the  size, q u a n t i ty  and s tru c tu ra l a rra n g e m en t of th e  c ry s ta l 
g e rm s. D isreg ard in g  som e e x c e p tio n s , n o n -s to ch io m etric  cry sta l p h ase s  of 
c a tio n  in su ffic ien cy  are fo rm e d  fro m  th e  so lu tio n -g as system s, th e  R /S  ra tio  
is fo r  th e  m o s t p a rt nega tive . T h e  sa tu ra tio n  o f th e  c a tio n  positions is in v e rse ly  
p ro p o r t io n a l  to  the  ca tion  c o n c e n tra tio n  of th e  so lu tio n  (0.1 0.3 m  ZnCI,-
so lu tio n )  a n d  to  the  fo rm a tio n  te m p e ra tu re .

E .g . :  P bS  =  17.20 p e r c e n t  3.40 p e r cen t lack  of Pb

ZnS =  1.20 „  „  0.50 „  „  lack  of Zn

2.90 ,, ,, 0.80 ,, ,, lack  of Zn

U n d e r  t h e  effect of su b se q u e n t h y d ro th e rm s  (H 20  -j- N a2S) these  v a lu es  w ill 
d ev e lo p  in to  cation su rp lus o f  | 0.30 1.70 resp . -f-0.49 -2 .9 0  p e r c e n t in  
case o f  le a d  sulphide. In  case o f  ZnS u n d er s im ila r cond itions th e  la ck  of 
z in c -p o s itio n s  is co m p ara tiv e ly  h ig h e r, e.g. in  th e  sy s tem  ZnS(S0)—H 20  i t  is 
d o u b le d  as com pared to  ZnS(SO)— N a2S(aq):

3 .34—4.4 7  p e r cen t, resp .

2.09 2 .23  p e r cen t lack  o f Zn.

9 . T h e  su lphur anion (H S 2 , H S , S2_) o f th e  su lph ide  phases (P b S , 
ZnS, A g 2S, HgS) can be re p la c e d  b y  th e  p re d o m in a n t an ion  of th e  so lu tio n
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(in  th is  case th e  chloride) as fa r  as th e  s ta b i l i ty  o f th e  m eta l-ch lo ride  co m p lex  
o f th e  so lu tio n  allow s i t  (“ inclusions o f m o th e r  b a se ” ). Chlorine can  b e  rem o v ed  
o f th e  c ry s ta l  p h ase  on ly  b y  d e s tru c tio n . T h e re  is a re la tion  b e tw e e n  th e  
q u a lity  an d  q u a n t i ty  o f tra c e  e lem ents o f th e  “ m o th e r  phase”  an d  th e  q u a n t i ty  
o f  ch lo rine  an ions.

T here  is also a d e fin ite  re la tio n  b e tw een  th e  a rran g em en t o f th e  m o th e r 
p h ase , th e  fo rm a tio n  te m p e ra tu re  and  th e  c rysta llo -chcm ical c h a ra c te r  o f  th e  
tw o  m e ta l ca tio n s.

10. In  th e  fo rm a tio n  o f th e  one- an d  tw o -ca tio n  phases of th e  so lu tio n - 
gas a n d  so lid -so lu tion  system s th e  fo llow ing  crysta llo -chem ical re la t io n s  can 
b e  d e te rm in e d :

a) b e tw een  th e  R^ (m o th er ca tion ) R t  ( tra c e  elem ent and  te m p e ra tu re ) ;
b) b e tw een  R í R Í  an d  th e  cell p a ra m é tré ;
c) b e tw een  th e  cell p a ra m é tré  an d  th e  te m p e ra tu re , and
d) b e tw een  th e  te m p e ra tu re  (25° to  300 °C) and  the  tim e  o f  c ry s ta l

liza tio n .
11. T he c ry s ta lliz a tio n  of P bS  is g o v ern ed  b y  th e  la ttice  faces  o f  (100), 

(311) an d  (220). T he su b s titu te d  tra c e  e lem en t q u a n tity  of P bS  d e p e n d s  on 
th e  m easu re  o f  P bS  germ s, on th e  a rra n g e m e n t of th e  (220) face, on  th e  fo r
m a tio n  te m p e ra tu re , on th e  ty p e  o f th e  m e ta l ca tio n  and on its  c o n c e n tra 
tio n . In  so lu tion -gas system  (PbCI2 - A gC l— H 2S) th e  silver s tro n g ly  re s tra in s  
th e  fo rm a tio n  o f  id iom orphous P bS  w hile in  th e  system  PbS(S0) — A gCl(aq) the 
h y p id io in o rp h o u s-x en o m o rp h o u s lead  su lp h id e  o f cation  in su ffic ien cy  is re 
c ry s ta lliz ed  in to  v isu a lly  d e tec tab le  P b S -in d iv id u a ls  having  d iv e rs ified  c ry s ta l 
shap es (0.3 to  0.5 m m ).

12. A t h ig h er te m p e ra tu re  (178 °C o r m ore) th e  silver c o n te n t  o f  P bS  
is b o u n d  b y  ix-Ag2S (a rg en tite ). In  case o f  s ig n ifican t hu ild ing -in  o f  A g th e  
in te rg ro w tli o f /S-Ag2S (acan th ite ) ta k e s  p lace  a t  low er te m p e ra tu re  w h ich  can 
be  easily  leached  b y  p o stm eta llic  a lk a lin e  h y d ro th e rm s  (N a2S(aq)).

W hen  d u rin g  th e  P bS  fo rm a tio n  B i is also b u ilt  in, silver is co n n ec ted  
to  som e of th e  Bi A g-sulphide (e.g. sc h a p b a c h ite , pavonite).

13. T o g e th e r w ith  P bS  d iffe ren t lead -ch lo rid e  phases are  a lso  fo rm ed  
w hich  occupy  d iffe ren t p laces of la ttic e  d e fec t (“ inclusions of m o th e r  b a se ” ). 
O n th e  e ffec t o f a su b seq u en t h y d ro th e rm a l so lu tio n , so-called se c o n d -g e n e ra 
tio n  P b -su lp h id e  form s m ay  o rig in a te  fro m  th e  la t te r  e.g. co sa lite  (“ m eta- 
so m atic  fo rm s”  o rig in a tin g  w ith  g ro u n d -g a in in g  form s).

14. T he bu ild ing -in  of Bi in to  g a len a  la tt ic e  is lim ited  in s p ite  o f the 
fa c t t h a t  i t  is ideal m edium  for s u b s ti tu tio n . T he B i-in take  of P b S  is in c rea s
ing  w ith  in creasin g  fo rm atio n  te m p e ra tu re .

15. T he T l-co n ten t of P bS  is less b y  a n  o rd e r o f m agn itude  w ith  in c rea s
ing  te m p e ra tu re . T he in ta k e  of T1 is g re a te s t  in  th e  lower p a r t  o f  th e  “ ep i
th e rm a l ra n g e ” . T hallium  does n o t in flu en ce  th e  cell sizes of le a d  su lp h id e .
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16. A t h igher te m p e ra tu re s  the  lead  c o n te n t  o f Ag2S(S0) — PbCl2(aq), i.e. 
o f th e  a c a n th ite -a rg e n tite  o res is highest ( s im ila r i ty  in cell m easures o f  a rgen - 
t i te  a n d  galena) b u t  be low  178 °C (a-Ag2S /3-Ag2S) th e  Ag2S “ th ro w s  o u t”  
th e  le a d  from  th e  la t t ic e  w hich  is s tab ilized  in  PbS (Ag2S PbS ore ty p e ) . 
On th e  c o n tra ry , th e  x en o m o rp h o u s-lam ella r m onoclin ic  Ag2S of s ilv e r-lack  
c ry s ta lliz e s  n o t as cub ic  b u t  as m onoclinic id io m o rp h o u s A g2S c o n ta in in g  
0.8 p e r  c e n t Sb as c o n ta m in a tio n . This p ro cess  ta k e s  place in  th e  sy s tem  
Ag.iS(S0)-- SbCl3(aq) a t th e  te m p e ra tu re  h ig h e r th a n  th a t  of e n a n tio tro p y .

17. T he B i-in tak e  o f Ag.,S is sim ilar to  t h a t  o f  th e  lead b u t w hen  th e re  
is a n  “ a  p rio r i”  lead  in  th e  sy stem , the  s t r u c tu r a l  s im ilarity  o f th e  P b  — B i
su lp h id es  p rom otes an  in c rea sed  build ing-in  o f  B i.

18. In  case o f m u lt is te p  h y d ro therm s th e  tr a c e  elem ent q u a n t i ty  o f  a 
fo rm er c ry s ta l  phase (su lp h id e ) m ay be th e o re tic a l ly  to ta lly  re leased , i.e . i t  
becom es po o r in tra c e  e lem en ts .

19. T he c ry s ta lliz a tio n  o f ZnS is g o v ern ed  b y  la ttic e  face (111), th is  is 
fo llow ed  b y  th e  fo rm a tio n  o f  th e  more “ d is o rd e re d ”  (220) faces c o n tr ib u tin g  
th e  in ta k e  of trace  e lem en ts  an d  finally  th e  fo rm a tio n  of the  (311) an d  (200) 
la tt ic e  faces m eans th e  co m p le tio n  of th e  p ro c e ss .

20 . I n  th e  (p o s th y d ro th e rm a l)  sy stem s Z nS (S0)—H 20  an d  ZnS^SOj +  
N a2S(aq) th e  z inc-su lph ide  germ s of in su ffic ien t z in c  produced  a t 25 °C becom e 
o rd e red  a lre a d y  for 50 °C . A n ordered ZnS is b ro u g h t ab o u t b y  ep igen ic  
effects a f te r  th e  fo rm a tio n  o f  ZnS (“ la ttic e  d iag en esis” ). ZnS is m o s tly  an 
iso m e tric  g ra in  of h ig h  re flex io n  w hich lies in i t ia l ly  in flakes o f iso tro p ic  
b e h a v io u r . The n u m b e r o f  flak es  g radua lly  d ec reases  as a fu n c tio n  o f te m 
p e ra tu re  a n d  c ry s ta lliz a tio n  tim e , la te r  th e  f la k e s  d isappear and  f in a lly  th e y  
are  g ro u p e d  as isom etric  g ra in s  an d  a g g lo m era tio n  o f  grains of 0.1 m m .

21. T h e  q u a lity  a n d  q u a n t i ty  of tra c e  e le m e n ts  of ZnS depend  on th e  
o rd e rin g  o f  th e  (220) la tt ic e  faces and on th e  q u a n t i ty  of the  ch lo rite  an ions 
re p la c in g  th e  S — SH p o sitio n s .

W h e n  in a d d itio n  to  th e  p red o m in an t z inc th e  solu tion  co n ta in s  r e la t 
ive ly  h ig h  a m o u n t of m e ta llic  ca tions w hich a re  a b le  to  en ter th e  z inc-su lp h id e  
la tt ic e , th is  will be fix e d  in  an  in d ependen t p h a se . T he p rec ip ita tio n  o rd e r  is 
in flu e n c e d  b y  th e  s ta b il i ty  o f  th e  m etal com plexes o f  th e  solution, b y  th e  ionic 
c o n c e n tra tio n , hy  th e  deg ree  of re -d isso lu tion , e tc . In  these cases th e  R S- 
phases p re c ip ita te s  rh y th m ic a lly  w ith th e  m o th e r  phase or will be su p e r 
im posed  to  th e  m o th e r p h a se  (ZnS) as a f in a l p ro d u c t. CdS an d  CuS are  
re p re s e n ta tiv e s  of such  p ro d u c ts . O ut of th e m  e .g . CdS does n o t fo rm  in  a 
p r im a ry  w ay  e ith er an d  CuS is o ften  an  “ epigenic f i lm -c o a t”  on the  surface o f  Z nS .

22 . In  th e  so lu tio n  sy stem s (h y d ro th e rm s) Z nC l2(aq)-R -chloride-H 2S a n d  
ZnS(SO)-R -ch lo ride  th e  ro le  o f  Cd, Fe, Cu, M n, In  a n d  Ga has been s tu d ie d . 
R e la tiv e ly  b igh Zn R 2 + , R :i+ co ncen tra tions p ro d u c e  (Zn, R)S -|- RS R 2S3 
phases in  la b o ra to ry  e x p e rim e n ts .
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23. T he ex perim en ts show ed th a t  th e  in ta k e  of m eta l c a tio n s  (trace  
e lem en t) and  th e  effect on a 0 o f th e  ZnS is a p p a re n tly  a m b ig u o u s . W hen 
th e  “ ex p an sio n ”  or “ sh rin k a g e ”  of a 0 o f th e  m o th e r phase does n o t  keep  pace 
w ith  th e  mol per cen t o f th e  m e ta l ca tions p re sen t th is  is due  f i r s t  o f all to  
c rysta llo -chem ica l causes:

a) th e  g rea t d ifference in  space-dem and  b e tw een  th e  e n te r in g  m etals 
as co m p ared  to  th e  m eta llic  co m p o n en ts  o f th e  m o th e r ph ase ;

b) th e  differences in  e lec tro n  n e g a tiv ity , a to m ic  and ionic p o te n tia ls  of 
th e  tw o m eta ls;

c) th e  ex ten t u p  to  w hich  th e  “ s u b s ti tu to r”  in fluences th e  ra tio  of 
co v a len t-io n ic  bonds of th e  m o th e r phase.

24. The a ()-size of th e  Z nS -phase  of th e  so lu tion-gas sy s tem  is in fluenced  
b y  th e  ionic rad ii of th e  tra c e  elem ents in th e  follow ing d ec rea s in g  order:

(Zn, Cd)S - ,
(Z n ,In )S  ,
(Zn, Mn)S ,
(Zn, Fe)S - ,
(Zn, Cu)S - ,
(Zn, Ga)S

T he above sequence changes inasm uch  as th e  ionic zinc p o sitio n s are 
re p la c e d  by  covalen t s u b s ti tu e n ts . In  th e  ZnS(S0)-R -chloride sy s te m  (h y d ro 
th e rm  follow ing th e  ore m in era liza tio n ) th e  change of Z nS-cell size is de
te rm in e d  b y  th e  a n te c e d en ts  an d  o rdered -d iso rdered  s tru c tu ra l s ta te  o f the 
ZnS fo rm ed  in th e  “ f irs t  p h a se ”  fu r th e r  b y  th e  s a tu ra tio n  o f th e  faces b o u n d 
ing  th e  c ry sta ls . The ch an g e  o f g rea te s t m easu re  follows w hen  th e  ZnS con
sists  m o stly  of (220) faces (e.g . th e  A lston M oor-type).

25. T he e x tra o rd in a r ily  v a ried  p o ly typ ics o f ZnS (33 v a r ie tie s )  m ay be 
cau sed  b y  th e  fac t th a t  th e  co valen t-ion ic  bo n d  ra tio s  are  c h an g in g , i.e. the 
[ZnS4] m ay  be deform ed n o t o n ly  in one d irec tio n  (in c) b u t  also  in  th e  o ther 
th re e  d irec tions in d iffe re n t m easures w hich ta k e s  place m ore ea s ily  in the 
[ZnS4] of th e  so lu tion  sy s tem s th a n  in th a t  of th e  m e lt-v a p o u r  system s of 
s to ch io m etric  ra tio .

26. On th e  basis o f o u r ex p erim en ts , ß -Z n S  is o f c a tio n -la c k , х -ZnS of 
an io n -lack  ty p e .

S im ilar phenom enon  w as observed  a t  th e  ev a lu a tio n  o f  th e  chem ical 
d a ta  o f a-/J-HgS, a-/3-C aC 03, x-ß-FcS., and  o f o th e r p o ly ty p e  com pounds. 
I t  seem s th a t  all th e  n a tu ra l  and  a rtific ia l p o ly ty p e  phases are  cha rac terized  
b y  d iffe ren t R : A ra tio s .

T he zinc-sulphide o f  th e  in v estig a ted  so lu tion-gas sy s te m s  is /3-ZnS 
(sp h a le rite ), in d ep en d en tly  o f  th e  p H -v a lu e , w hile th e  fo rm a tio n  o f  w urtz ite  
s tru c tu re  is caused f irs t o f  all by  trace  e lem en t and  an ion  e ffec ts : fu rth er,
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th is  m a y  depend upon  th e  k in d  of anion w ith  w h ich  th e  “ m o th e r”  elem ent 
is h o u n d  and  on th e  ty p e  com plex -bond  in v o lv ed . O u t of ou r ex p erim en ts  
i t  is th e  fo rm ation  o f «-/3-H gS th a t  rep resen ts  th is  ty p e . In  th e  sy stem  of 
H gC l2/H g 2Cl2—H 2S ty p e  jő-H gS (m e tac in n ab arite ) is alw ays fo rm ed , while 
u n d e r  s im ila r conditions in  a d d itio n  to th e  s u b o rd in a te  /S-HgS m o stly  oc-HgS 
(c in n a b a r ite )  develops in  H g N 0 3—H 2S be tw een  25° an d  65 °C. O u t of th e  
tw o , a -H g S  is of m ore e x p re ss iv e  no n -sto ch io m etric  c h a ra c te r  as com pared  
to  /?-H gS ! A t the sam e t im e ,  th e  c0/a 0 value  o f th e  a -H gS  is a t  room  te m 
p e r a tu r e  (i.e. more e lo n g a te d  cell) is h igher w h ich , w hen  ap p ro ach in g  th e  
te m p e ra tu re  da ta  g iven in  l i te r a tu r e  will to ta l ly  tu r n  to  ch e rry -red  colour.
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КРИСТАЛЛОХИМИЧЕСКИЕ И МЕТАЛЛОГЕНЕТИЧЕСКИЕ ИССЛЕДОВАНИЯ ДЛЯ 
МОДЕЛИЗАЦИИ ГИДРОТЕРМАЛЬНОЙ КРИСТАЛЛИЧЕСКОЙ ФАЗЫ И ОЦЕНКА

ПОЛУЧЕННЫХ РЕЗУЛЬТАТОВ

Й. кишш

Р е з ю м е

В работе рассматриваются результаты — перечисленные в виде тезисов — экспери
ментов на моделях, посвященных к тематике, указанной в заглавии.

а) Рассматриваются вопросы превращения СаС03 (кальцита) в ZnC03— CdC03— 
FeC03— MgC03—MnC03 (метасоматоз) и причины изменений ô0 — ôc связанных с обменом 
катионами.

б) Из систем раствор-газ были получены фазы PbS, ZnS, ZnS, HgS и Ag2S и изуча
лись замещение «катиона» материанской фазы (Zn, Pb, Hg, Ag) Cd, Fe, Mn, Cu,'In, Ga, TI, 
Pb, As и Sb, а также его влияние на изменение элементарной ячейки.

в) Изучались ход упаковки кристаллической решетки PbS, ZnS, HgS и Ag2S, полу
ченных при 25°С (телетермальная гидротерма), а также роль примесей Cd, Fe, Mn, Cu, 
In, [/a , TI, Pb, As и Sb в усовершенствовании упаковки материнской фазы (например PbS, 
ZnS и т. п.).
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X-RAY DIFFRACTOMETRIC IDENTIFICATION 
OF HYDRALSITE,

AN INTERMEDIARY TRANSFORMATION PHASE  
OF KAOLINITE DECOMPOSITION

By

0 .  TOMSCHEY

HUNGARIAN ACADEMY OF SCIENCES, LABORATORY FOR GEOCHEMICAL RESEARCH, BUDAPEST

In v e s tig a tio n  a t  th e  decom position  o f k a o lin ite  u n d e r h ig h  p re ssu re -te m p era 
tu re  co n d itio n s in  th e  ex p erim en ts carried  o u t  a t  450 °C allow ed th e  a u th o r  to  id en ti
fy  h y d ra ls ite . T h is  p h ase  ap p ea red  all in  th e  ex p erim en ts  w ith  o n ly  one exception . 
T his tra n s fo rm a tio n  p ro d u c t described  f i r s t  b y  R o y  and O sborn  p ro v e d  to  be viable 
a t  450 °C a n d  u p  to  2.0 k ilo b a r w a te r  p re ssu re . A t h igher te m p e ra tu re s  (e .g . a t  550 °C) 
h y d ra ls ite  d id  n o t  occur.

In  ad d it ion  to  th e  m inerals  p u b l ish ed  in earlier p a p e rs  [2 and  5] in 
th e  course of in v es t ig a t io n  of th e  decom p o si t io n  of k a o l in i te  u n d e r  high 
p re ssu re - te m p e ra tu re  conditions such c ry s ta l l in e  phase  was d e te rm in e d  which 
appeared  only  in  th e  experim en ts  as an  a r t i f ic ia l  p ro d u c t  a n d  w h ich  did not 
occur in th e  n a tu r e ,  e ither .  The te rm  “ h y d ra ls i te ”  being  a c o n tra c t io n  of 
hyd ro-a lum ino-s i l ica te  was suggested  b y  R o y  a n d  O s b o r n  [4]. I n  th is  paper 
th is  t r a n s i t io n a l  m e m b e r  be tw een  p y ro p h y l l i te  an d  m ullite  as a t r a n s fo rm a 
t ion  p ro d u c t  of kao l in i te  decom position  xvill he  discussed.

B o th  th e  e x p e r im e n ta l  conditions, eq u ip m e n ts  an d  th e  s t a r t i n g  m ateria l  
were th e  same as p u b l ish ed  earlier [5]. Since th e  crysta ll ine  p h a s e  in  question  
developed  only in  th e  experim ents  c a r r ie d  o u t  a t  450 °C th e  ex p e r im en ts  of 
h igher te m p e ra tu re  will be  neglected  h e r e .  A t  450 °C th e  decom posit ion  of 
kao lin i te  was in v e s t ig a te d  e x p e r im e n ta l ly  a n d  th e  runs  were  ca r r ied  ou t  one 
b y  one a t  0.5 1.0 2.0 k ilobars, a n d  d u r in g  12 — 24 —48 h o u rs ,  respectively .
T ab le  I  con ta in s  t h e  com prehensive  d a t a  o f  th e  phases d ev e lo p ed  in the  
exp er im en ts  a n d  th e  experim en ta l  cond itions .

Two k inds o f  com parison  are  av a ilab le  for  iden tify ing  t h e  crystalline 
ph ase  developed. T h e  f i r s t  one is to  co m p are  th e  X -ra y  d if f rac to m e tr ic  peaks 
o f  hyd ra ls i te  d e te rm in e d  b y  R o y  and  O s b o r n  and  those o b ta in e d  in th e  ex
p e r im en ts .  T ab le  I I  shows th e  d -values o f  hyd ra ls i te  acco rd ing  to  R o y  and 
O s b o r n  and  som e of th o se  de te rm ined  in  t h e  experim en ta l  p ro d u c t .

I n  th e  d iff rac tog ram s th e  h y d ra ls i te  can  be u n a m b ig u o u s ly  separa ted  
f rom  th e  p y ro p h y ll i te ,  th o u g h  th e re  is a g re a t  s im ilarity  b e tw e e n  th e  two 
crys ta ll ine  phases .  E .g . th e  peaks of  8 0 —90 re la tive  in te n s i ty  characteris tic
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Table I

No. of 
run

Temp.,
°C

Press.,
kb.

Time,
hr. Crystalline phase

206 450 0.5 12 M + M k+ P  +  H  +  A n d -X + Crist

179 450 0.5 24 K + M k  +  P + H ? - ( - A n d - X - f  Mu +  Crist

198 450 0.5 48 K + M k + P + A n d - X + M u

187 450 1.0 12 K + M k  +  P + H + A n d - X

175 450 1.0 24 K + M k + P  +  H + A n d - X

202 450 1.0 24 K + M k + P  +  H  +  A n d -X + M u ?  +  C ris t?

183 450 1.0 48 K + M k + P  +  H + A n d - X + M u - f  C rist?

211 450 2.0 12 K + M k + P + H + M S + C r i s t ?

176 450 2.0 24 K + M k + P + H  + C r is t?

184 450 2.0 48 к-l Mk +  P  +  H + A n d - X

A b b re v ia t io n s :  K: kao lin ite ; M k: m e ta k a o lin ite  (b-axis d iso rd e red  k ao lin ite ); P : p y ro p h y il-  
l i t e ;  H : hydra ls ite ; A n d -X : a n d a lu s ite -X ; M u: m u llite ; C ris t: c ris to b a lite ; M S: m ixed  
s t ru c tu re .

Table II

R o y  -  O s b o r n ,
d(A) I/I.

E cperiments No.

1 7 5
d ( Â )

176
d ( À )

202
d ( Á )

206
d ( Â )

2 1 1
d ( Â )

8.91 80 8.961 8.952 8.960 8.950 8.934

4.448 60 4.470 4.453 4.448 4.448 4.448

3.414 100 3.413 3.413 3.424 3.397 3.410

2.43 50 2.432 2.431 2.424 2.420 2.431

2.362 40 9 9 2.380 2.380 2.379

2.074 20 2.078 2.076 2.073 2.076 2.077

2.044 10 2.034 2.031 2.040 9 2.032

1.845 20 1.845 1.845 1.841 1.846 1.846

1.810 10 1.807 1.807 1.800 9 1.807

1.768 20 1.767 1.768 1.760 1.768 1.768

1.471 5 1.471 1.470 9 9 1.469

1.450 10 1.452 9 9 9 1.451

of p y ro p h y l l i t e  a t  3.04 Á a n d  o f  th e  artificial p y ro p h y l l i te  a t  3.08 À are 
a b s o lu te ly  absen t in case o f  l iyd ra ls i te .

I t  is to  be noted here t h a t  in  some cases large  a m o u n t  of p y ro p h y l l i te  
d e v e lo p e d  an d  the p robab le  h y d ra ls i te  peaks are co v ered  b y  those of  p y r o 
p h y l l i t e .

A n o th e r  rem arkable  f a c t  is t h a t  hydra ls ite  d eve loped  only when m u ll i te  
p ro v e d  to  be  absent in th e  e x p e r im e n ta l  samples. T h is  s ta te m e n t  is w eakened
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only  b y  one excep tion , w hen  m ullite  and  h y d ra ls i te  ap pea red  to g e th e r  in th e  
crys ta l l ine  phases. Since in  th e  experim ents  no equ il ib r ium  has been  reached , 
th e  appearance  of h y d ra ls i te ,  py rophy ll i te  a n d  m u ll i te  in th e  e n d -p ro d u c ts  
is possible th o u g h  th e  tw o  la t t e r  minerals are  th e  decom position  p ro d u c ts  of 
hy d ra ls i te .  It should he n o te d  t h a t  the  fo rm a tio n  o f  h yd ra ls i te  is irreversib le ,  
i.e. it is n o t  t ra n s fo rm e d  in to  kaolinite .

The o ther  m a n n e r  of iden tif ica tion  was to  com pare  th e  re la t ive  i n te n 
sities of the  h y d ra ls i te  peaks  of th e  X - ra y  d iffrac tog ram . This e x am in a t io n  
was carried  ou t  on th e  basis of the  following ap p ro a c h :

The peak  ap p e a r in g  a t  3.414 A was a c cep ted  to  be o f  I / I 0 =  100. T h en  
th e  areas of th e  peaks  were com pared  to  th is  v a lu e  and  in case of th e  runs  
No. 211 an d  No. 176 th e  following results  were o b ta in e d  (Table I I I ) :

Table III

d(A) I/l. Experiments

a f t e r  R o y and No. 211 No. 176
O s b o r n d(A) l/I„ d( A) i/i.

3.414 100 3.410 100 3.413 100

2.43 50 2.431 72 2.431 88

2.362 40 2.379 4 9 9

2.074 20 2.077 46 2.076 33

2.044 10 2.032 3 2.031 4

1.845 20 1.846 28 1.845 27

1.810 10 1.807 15 1.807 17

1.768 20 1.768 26 1.768 27

1.471 5 1.469 7 1.470 7

1.450 10 1.451 10 9 9

I t  follows f rom  these  figures t h a t  th e  co m p o n en t  d e te rm in e d  in th e  
ex per im en ta l  sam ples  is h igh ly  similar to  t h a t  descr ibed  by  R o \ '  a n d  O s b o r n  
b u t  th e re  are some differences betw een  th e  tw o  p ro d u c ts .  T he  d-va lues  of 
th e  peaks  show fair  coincidence with each o th e r  b u t  th e ir  re la t ive  in tensities  
are  for th e  m o s t  p a r t  d ifferen t. Two fac to rs  m a y  be responsible  for these  
differences. F ir s t  o f  all th e  a im  of th e  e x p e r im e n ts  should be em phasized , 
i.e. our aim was to  in v es t ig a te  the  decom posit ion  of  kao lin ite  as a fu n c t io n  
o f  te m p e ra tu re ,  p ressure  and  tim e. R o y  a n d  O s b o r n  s ta r te d  from  d ifferen t 
m inerals  (endellite, ha lloysite ,  kaolinite , e tc .)  a n d  from  gel. T he  sep a ra t io n  
o f  hyd ra ls i te  p ro v ed  to  be successful while in  o u r  case th is  s ep a ra t io n  was 
impossible to  c a r ry  o u t  because  of th e  small q u a n t i t y  of samples. C onsequen tly ,  
t h e y  h a d  a un ifo rm  se p a ra te  sample, while in  ou r  experim en ts  th e  m inera l
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a s s e m b la g e  as well as t h e  n a tu r a l  c o n ta m in a t io n  of  th e  k ao l in i te  source 
s a m p le  m ig h t  change th e  re la t iv e  in tens i t ie s  o f  th e  h y d ra ls i te  peak s .

I n  t h e  run  No. 176 p ra c t ic a l ly  only  kao lin i te  a n d  h y d ra ls i te  developed . 
T h u s ,  a D T A  curve was re c o rd e d  of th is  sam ple  a n d  th is  is show n  in  Fig. 1. 
T h e  c u r v e  “ b ”  is assigned to  k ao lin i te  while th e  curve  “ a ” is th e  D T A  curve  
o f  k a o l in i t e  -f- hydra ls ite . I n  th is  l a t t e r  cu rve  th e  e longa ted  en d o t l ie rm a l  peak  
a t  a b o u t  950 °C m ay  re f lec t  t h e  presence  of  h y d ra ls i te  (in th e  D T A  record  
of  R o y  a n d  O s b o r n  th e  e n d o th e rm a l  p e a k  app ea r in g  also a t  a b o u t  th is  
t e m p e r a t u r e  is m uch m ore  e lo n g a ted )  (Fig. 1).

T o  s u m  up it  can be  s t a t e d  t h a t  th e  crys ta l l ine  phase  deve loped  in  th e  
co u rse  o f  t ran s fo rm a tio n  o f  k ao l in i te  is a m e ta s ta b le  in te rm e d ia ry  p ro d u c t  
w h ich ,  on  th e  basis of i ts  X - r a y  d if f rac tom etr ic  charac ter is t ics ,  seem s to  be 
h y d r a l s i t e .  F u r th e r  ex p e r im e n ts  a re  in  progress  w hich  a im  a t  th e  m ore  accu ra te  
d e t e r m in a t io n  of this m e ta s ta b le  in te rm e d ia ry  p ro d u c t  of th e  k ao l in i te  de
c o m p o s i t io n .
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РЕНТГЕНО-ДИФФРАКТОМЕТРИЧЕСКОЕ ОПРЕДЕЛЕНИЕ ГИДРАЛЬЗИТА — 
ПРОМЕЖУТОЧНОЙ ФАЗЫ ПРЕВРАЩЕНИЯ, ПРОИСХОДЯЩЕГО В ПРОЦЕССЕ

РАЗЛОЖЕНИЯ КАОЛИНИТА

О. ТОМШЕИ 

Р е з ю м е

В процессе исследования разложения каолинита в условиях опытов, проведенных 
при температуре 450°С, автору удалось установить присутствие гидральзита. Такая 
фаза проявлялась при всех опытах, за исключением одного из них. Данный продукт пре
вращения, впервые описанный Роем и Осборном, мог быть получен при температуре 450°С 
и давлении воды до 2,0 килобар. При более высоких значениях температуры (например, 
550°С) гидральзит не проявлялся.
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OCCURRENCE OF DAWSONITE AT RECSK 
(MÁTRA MOUNTAINS, NORTH-HUNGARY)

By

Cs. B a k s a  L .  B o g n á r - G y . L o v a s

NATIONAL ORE AND EÖTVÖS LORÁND UNIVERSITY
MINERAL MINES, RECSK DEPARTMENT OF MINERALOGY, BUDAPEST

A zeolite-like m in era l in d ica tin g  d aw so n ite  —  N a A l(0 H )2C 0 3 w as reco rd ed  by 
th e  a u th o rs  in th e  course o f ex p lo ra tio n  o f a  new  e n a rg ite -ty p e  co pper d e p o s it  (R ecsk, 
M á tra -M o u n ta in , N o rth -H u n g a ry ).

T he u n it  cell d im ensions [O rth o rh o m b ic  6.758(2), 10.434(4), 5 .598(2)] com p u ted  
fro m  X -ra y  d a ta  are  in  close ag reem en t w ith  th e  v a lues re p o rte d  in  th e  l ite ra tu re .

T he a u th o rs  suppose  t h a t  th e  d aw so n ite  w as developed u n d e r su b m a r in  c ircum 
stan ces  sim u ltan eo u sly  w ith  th e  h y d ro th e rm a l e n a rg ite -lu so n ite -b ea rin g  m in era lisa 
tio n . F u r th e r  ev idence reg ard in g  th e  c e r ta in ty  o f th is  th eo ry  is now  b e in g  in v es tig a te d .

Introduction

A few years ago daw son ite  (N a A lC 0 3( 0 H ) 2) was know n  o n ly  from  a 
few occurrences .  I t  has  been  reg a rd ed  a ra re  m inera l and  in  i ts  m ore  re
m a rk a b le  occurrences i t  was described as an  a l te ra t io n  p ro d u c t  o f  fe ldspars. 
Till t h e  sixties only  h y d ro th e rm a l  occurrences  of  daw sonite  w ere  know n, 
while in  th e  las t  decade several s e d im e n ta ry  occurrences w ere  discovered. 
D a w so n i te  was found  as rock-fo rm ing  m inera l  in N W -C olorado  in  th e  oil- 
shales  o f  th e  Green R ive r  F o rm a t io n  ( J .  W . S m it h  and Ch . M i l t o n , 1966) 
as well as in th e  New S ou th  W ales  d is t r ic t  o f  A ustra lia  in b o t h  te r re s tr ia l  
a n d  m a r in e  sequences of  th e  P e rm ian  a n d  T riassic  (F. C. L o u g h a n  a n d  G. T. 
S e e , 1967; R . G o l d b e r y  and  F .  C. L o u g h a n , 1970; F. C. L o u g h a n  and 
R .  G o l d b e r y , 1972).

T he  mineralogical in v es t iga t ion  of  th e  ra d ia te d ,  f ibrous c ry s ta l  groups 
of  severa l  millim etres in size, found  in 1973 in a new outcrop  o f  t h e  silicified 
ro ck s  associa ted  w ith  th e  ena rg ite - lu son ite  a n d  py ri te  ore m in e ra l iz a t io n  of 
th e  R ecsk  area  know n for m ore th a n  a c e n tu ry ,  verified th e  p resence  of 
daw son ite .

Geological environm ent o f  the dawsonite occurrence

A t Recsk  (M átra  M ounta ins ,  N o r th -H u n g a ry )  the L ah o ca  H il l  consists 
o f  U p p e r  Eocene b io tit ic  am phibo le  andes i te .  T he  igneous a c t iv i t y  p roducing  
th is  vo lcan ic  body  was accom panied  b y  considerab le  copper a n d  po lym eta llic  
ore m inera l iza t ion  th e  com ple ting  phase  of  wrhich  is rep resen ted  b y  th e  enargite- 
luson ite  and  p y ri te  ore m inera l iza t ion  of  L ahoca  Hill.
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I n  1969, in the  course  o f  sys tem atic  e x p lo ra t io n  ano the r  ore m in e ra l iza 
t io n  w a s  discovered. S im ila r  in  ty p e  to  the p re v io u s ly  know n  one, i t  is s i tu a te d  
in t h e  n o r th e rn  fo reground  o f  Lahoca Hill, in  su b s id e d  position covered  b y  
M iddle  Oligocène clay m ar l ,  f r o m  th e  surface d o w n  to  abou t 150 to  160 m etres .

T h e  U pper  Eocene am p h ib o le  andesite in c lu d in g  the  ore m inera l iza t ion  
d e v e lo p e d  in the  area in  t h r e e  horizons. T he  lo w er  horizon is ch a rac te r ized  
b y  s t r o n g ly  decomposed il l i t ic  lava rocks a long  th e  in tensely  silicified lava  
b a n k s  o f  which enarg itic  lu son it ic  im p reg n a t io n s  and  nests o f  sm all dip 
h a v e  b e e n  formed, occas iona lly  w ith  han d ed  s h a p e  and  pyrite  associa tion .

T h e  overlying v o lcan ic  b reccia  consists m o s t ly  of  the  lower horizon , 
viz . am p h ib o le  andesite ,  q u a r tz i t e ,  tu f f  a n d  less f req u en t ly  o re -bea r ing  
q u a r t z i t e  de tr i tu s .  T he  c e m e n t in g  m aterials  a re  vo lcan ic  m ud  a n d  sludge, 
in  t h e  u p p e r  levels an d es i te  tu f f i te .  Lava an d  tu f f i t e  b a n k  in te rca la t ions  are 
c o m m o n .  Occasionally th is  b recc ia  is cem en ted  b y  enarg ite-lusonite ,  p y r i te  
a n d  b a r y t e  ores. The m a x im a l  th ickness o f  th i s  fo rm a tio n  am o u n ts  to  70 
m e tre s .

T h e se  two fo rm a tio n s  a re  overlain b y  co a rsep o rp h y r ic  U p p e r  E ocene  
b io t i t  ic am ph ibo le  an d es i te  w h ic h  is barren  of ore a n d  i ts  rock-form ing m inera ls  
are a b s o lu te ly  in tac t.

D a w so n ite  accom panies  t h e  polym ictic  v o lcan ic  breccia of th e  m idd le  
ho rizon . I t  forms u sua lly  ro u n d e d - ra d ia ted  ag g reg a te s  and inc ru s ta t io n s  of 
pea  a n d  haze l-n u t  size a n d  yellow ish-w hite  co lour in  th e  underly ing  andes i te ,  
in  t h e  q u a r tz i t e  banks  of  t h e  ore bed and in  t h e  druses  con ta in ing  q u a r tz ,  
e n a rg i te  a n d  ba ry te  p h y e n o c ry s ts .  The m in e ra l  aggrega tes  are soft,  easily  
d i s in te g ra te  to  touching , t h e i r  appearance  re m in d s  zeolites. In  th e  brecc ia  
h o r izo n ,  daw son ite  occurs as cem en tin g  m a te r ia l  in  th e  fissures a n d  b e tw een  
f r a g m e n ts  as well as in fo rm  o f  f ibrous in c ru s ta t io n s  (1 -2  m m  th ick )  in  th e  
f is su res  o f  lava  and tu f f i te  b e d s .

T h e  chem ical analysis  o f  th e  prepared  c ry s ta l  aggregates was ca rr ied  
ou t  b y  M rs . K .  G u z y  ( H u n g a r ia n  Geological I n s t i t u t e ,  Chemical L a b o ra to ry ) :

Chem ical investigation o f  daw sonite

SiOo
ALÓ.,
F e .,0 3
Mho
CaO
Na„0
K „0

1.28%
3 5 .2 8 %

0 .0 8 %
0 .02 %
0 .2 6 %

20 .00%
0 .0 8 %

1 3 .75%
0 -12%

+  H ,0
— H „0  
r n - y . v v  /0

0 .0 4 %  
Z  10 0 .0 3 %

29.00%/ 0
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On th e  basis o f  th e  th eo re t ica l  fo rm ula  o f  t h e  m inera l ,  i.e. N aA I(0 H ). ,C 0 3, 
was assum ed  t h a t  S i0 2 is c o n tam in a t io n  only  in d eed ,  was verified  b y  X - ra y  
records. S u b tra c t in g  th is  and  th e  — H 20  a n d  reca lcu la t in g  th e  rem a in in g  
q u a n t i ty  to  100 pe r  cen t  its  fo rm u la  was c o m p u te d :

- ^ a 0:953^a 0; 007 ̂ -0 :0 0 2 -^ -8 0 .0 0 8 e 0.0 0 1 -^ 1 .0 2 8 (O H )2. 182(C O :i)o .90 7 (P O ,)  0.001

In  th e  fo rm u la  in  a d d i t io n  to  th e  considerab le  N a-def ic iency  Al-surplus  is 
found . I t  is p robab le  f rom  th e  geochemical p o in t  o f  v iew  t h a t  N a  is s u b s t i tu te d  
b y  К  and  Ca, a n d  p e rh a p s  b y  Mg or Fe. In  sp i te  o f  th is ,  analyses  in d ica te  
Al su rp lus  which m akes  i t  p ro b ab le  t h a t  A1 is b u i l t - in  also in  o th e r  s t ru c tu ra l  
positions.

C onsequen tly ,  th e  co m p u ted  values  show a  m in e ra l  n ea r  th e  th eo re t ica l  
com position .

H a v in g  ca rr ied  o u t  th e  chemical ana lyses  i t  seem ed to  he  reasonab le  
to  co m p are  th e  X - ra y  d a ta  of dawsonite  w i th  fo rm e r  l i te ra tu re  d a ta .  The 
po w d er  d if f rac tog ram  of daw son ite  was reco rded  b y  m eans  of  th e  S IE M E N S  
K ris ta llo flex-4  X - ra y  in s t ru m e n t  of th e  D e p a r tm e n t  for M ineralogy. On th e  
basis o f  th is  an d  b y  m eans  o f  th e  least  square  m e th o d  th e  m ore  precise de
te rm in a t io n  of  la t t ic e  p a ra m é tré s  was carried  o u t  accord ing  to  w hich:

a 0: 6.758 (2) À

b 0: 10.430 (4) Â 

c 0: 5.598 (2) Â

were o b ta in ed  a n d  w h ich  are com pared  w ith  th e  fo rm e r  l i t e r a tu re  d a ta  in th e  
following tab le :

a o b0 co References

1. 6.73 10.36 5.38 L auho , 1941

2. 6.76 10.42 5.60 B e r r y , 1960

3. 6.77 10.40 5.58 Ma n d a r in o — H a r r is , 1965
4. 6.71 10.411 5.58 F r u e h , 1967

5. 6.758 10.430 5.598 L ovas— B ogn á r , 1974

On th e  basis o f th e  es tab lished precise la t t ic e  p a ra m é tré s  th e  g enera ted
indices of  daw son ite  an d  th e  corresponding  dÁ  d a t a  were co m p u ted .  As 
can  he seen from  th e  ta b le  below, th e  th e o re t ic a l  d a t a  show good ag reem en t  
w ith  th e  d a ta  o b ta in e d  (Table  I).
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Table 1

X -ra y  data o f  daivsonite

C o m p u t e d  i n d i c e s  
a n d  d / Â  d a t a  

( L o v a s  -  B o g n á r ) 
1 9 7 4

R e c s k
( L o v a s — B o g n á r ) 

1 9 7 4

M o n t r e a l
( B e r r y )

1 9 6 0

M o n t r e a l
( M a n d a r i n o  — H a r r i s ) 

1 9 6 5

h k l d/A d/A i/i. d/A i/i. d/A I/I»

1. 110 5.671 *5.672 100 5.700 100 5.67 100

2. 020 5.215

3. 011 4.932 *4.935 2 4.94 5

4. 101 4.311

5. 200 3.379 *3.377 40 3.385 16 3.38 60

6. 121 3.323 *3.336 10 3.31 20

7. 130 3.091 *3.091 20 3.091 4 3.09 20

8. 031 2.953 *2.955 2 2.95 5

9. 220 2.836 *2.835 3 2.836 2 2.834 5

10. 002 2.799

11. 211 2.787 *2.787 90 2.787 8 2.784 90

12. 040 2.607 *2.606 60 2.607 8 2.601 70

13. 112 2.510 *2.505 12 2.504 2 2.500 40

14. 022 2.466 2.458 3 (?) Q

15. 141 2.231 I
*2.228 8 2.226 1 2.221 30

16. 231 2.223

17. 310 2.202 2.206 2

18. 202 2.155 *2.152 15 2.150 1 2.151 60

19. 301 2.090

20. 132 2.075

21. 240 2.064 *2.066 5 2.064 1 2.066 20

22. 150 1.993 1
*1.992 50 1.993 10 1.998 70

23. 222 1.992 J
24. 051 1.954 *1.955 15 1.955 18 1.949 40

25. 321 1.939 1.947 18

26. 042 1.908 1.909 1 1.909 5

27. 330 1.890 *1.891 2 1.891 1 1.892 5

28. 013 1.837 1.836 1 1.836 10

29. 103 1.799

30. 060 1.738 1.737 8

31. 312 1.730 *1.730 18 1.720 2 1.728 70

32. 123 1.700

33. 251 1.692 1 50
*1.691 25 1.690 14 1.689

34. 400 1.689

35. 242 1.661 *1.660 15 1.653 1 1.656 60

A d a  Geologica Academ iae Sc ien tia ru m  H u n g a r ica e  19 ,  1975



D A W S O N I T E  A T  R  E C S  К 285

C o m p u t e d  i n d i c e s  
a n d  d /  d a t a  

( L o v a s  B o g n á r ) 
1 9 7 4

R e c s k
( L o v a s  B o g n á r ) 

1 9 7 4

M o n t r e a l
( B e r r y )

1 9 6 0

M o n t r e a l
( M a n d a r i n o  H a r r i s ) 

I ' m ,;,

h k l d/A d/A I/I. d/A l/l„ 1 d/A I/I.

36. 033 1.644

37. 341 1.630 1.634 2

38. 152 1.624 *1.623 3 1.620 20

39. 213 1.614

40. 161 1.612

41. 420 1.607 *1.608 3 1.608 2 1.607 10

42. 411 1.598

43. 332 1.567 *1.567 1 1.565 5

44. 260 1.546 1.545 12 1.545 2

45. 350 1.530 1.531 1.527 10

46. 143 1.480

47. 233 1.478 1
*1.477 4 1.473 30

48. 062 1.477 1

49. 431 1.466

50. 170 1.455

51. 402 1.446

52. 071 1.439 I
53. 303 1.437 I
54. 440 1.418 *1.418 3 1.417 10

55. 004 1.399 1 1.392 40

56. 422 1.394

* T h ese  indices w ere used  fo r d e te rm in a tio n  of th e  la ttic e  p a ra m e te rs

D iscussion  o f  m ineral genesis

On th e  basis of know n daw so n ite  occurrences several possib le  w ays of 
orig in  o f  th is  mineral are a d m i t te d .  ( I ts  artif icial p roduc tion  p lays  an  im p o r ta n t  
role in p h a rm aceu tics  since in c e r ta in  countries  its p h a rm a c e u t ic a l  app lica
t io n  is w idespread  in th e  t r e a t m e n t  of gastric  h y p erac id ity .)

A ccord ing  to  th e  ear l ies t  k n o w n  occurrence o f  d a w s to n i te  o n ly  its 
ep igenic  fo rm ation  was p ro v e d  suggested  b y  its ap p ea ran ce  in  t h e  fissures 
a n d  druses  of  th e  andesite  la v a  a n d  pyroclastics ;  th e  postv 'o lcan ic  hydro- 
t h e r m a  m a y  have p layed  a decisive role in its  fo rm ation .

T h e  new  occurrences te s t i f ied  to  the  possib ility  o f  s e d im e n ta ry  daw so
n i te  fo rm a tio n  in b o th  te r re s t r ia l  a n d  m arine  env ironm en ts .

T h e  epigenic occurrence  of  th e  Recsk  daw ston ite  fo llow ed th e  ore 
m in era l iza t io n  b u t  it  is d irec t ly  connec ted  to  th e  enarg ite - luson ite  ore minera-
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l iz a t io n .  I t  is p ro b a b le  t h a t  th e  subm arine  ore  m inera l iza t ion  itse lf  was a 
t r a n s i t io n  from th e  h y d r o th e r m a l  solution sy s te m  in to  th e  exha la t ion  one. 
T h ese  conditions p ro v e d  to  be favourab le  for  t h e  fo rm atio n  of daw son ite  
d u e  to  th e  high p a r t i a l  CO., pressure  of th e  vo lcan ic  exha la t ion .  In  add it ion  
to  N a  a n d  A1 p resen t  in  t h e  decomposed a n d e s i te  th e  fo rm a tio n  of daw son ite  
r e q u i r e d  the  co rrespond ing  pressure , as well.

F u r th e r  in v e s t ig a t io n s  are  necessary to  dec ide  t h a t  along with daw sonite  
м h a t  k inds  of o the r  e p ig en ic  minerals m ake  up  th is  pa ragene tic  series. Till 
n o w  analcim e, fa u ja s i te ,  c linoptilo lite  and  m o rd e n i te  h ave  been found  as 
accesso ry  minerals in t h e  re c e n t ly  explored ore m in era l iza t io n  of Recsk. I t  is 
p ro b a b le  t h a t  the  re c o g n i t io n  of  fu r the r  accessory  m inera ls  will resu lt  in the  
e lu c id a t io n  of the fo rm a t io n  o f  dawsonite an d  f u r th e r  d a t a  could he o b ta in ed  
r e g a rd in g  the  fo rm a tio n  o f  th e  enarg ite-lusonite  ore m inera liza tion .
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О НАХОДКЕ ДАВСОНИТА НА МЕСТОРОЖДЕНИИ РЕЧК (ГОРЫ МАТРА,
СЕВЕРНАЯ ВЕНГРИЯ)

Ч. Б А К Ш А -Л . Б О Г Н А Р -Д Ь . ЛОВАШ

Р е з ю м е

В процессе разведки нового месторождения медной руды типа энаргита (Речк, 
горы Матра, Северная Венгрия) авторы наблюдали цеолитообразный минерал с давсонитом 
— N a A l(O H )A 0 3.

Размеры узловой точки кристаллической решетки (орторомбические — 6.758(2), 
10.434(4), 5.598(2)), вычисленные из рентгеновских данных, обнаруживают близкое со
ответствие значениям, опубликованным в литературе.

Авторы предполагает, что давсонит образовался в морских подводных условиях 
одновременно с гидротермальной энаргито-лузонитосодержащей минерализацией. В на
стоящее время проводятся исследования по поводу выяснения надежности данной теории.
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PRODUCTION OF CORUNDUM FROM 
KAUABSHA KAOLINITE (EGYPT)

P A R T  I . T H E R M A L  IN V E S T IG A T IO N

By

A. M. A b d e l  R e h i m

INSTITUTE OF MINERALOGY, EÖTVÖS LORÂND UNIVERSITY, BUDAPEST

The p re sen t w o rk  includes a s tu d y  on th e  th e rm a l in v es tig a tio n  o f th e  p ro d u c tio n  
of co rundum  or a lp h a -a lu m in iu m  oxide from  K a la b sh a  k ao lin ite  by  i ts  s in te r in g  w ith  
a lum in ium  flu o ride . T h is  m eth o d  is based  on th e  re m o v a l o f silicon in  th e  fo rm  o f silicon 
te tra flu o rid e . D esilica tio n  w as ex p erim en ted  in  th is  re sea rch  by  using  d e r iv a to g ra p h . 
T he p ro d u c ts  o f s in te rin g  w ere id en tified  b o th  m ic roscop ica lly  and  by  u s in g  a Siem ens 
C rysta llo flex  d iffra c to m e te r . T he D TA  curves a n d  X -ra y  pow der d iffrac tio n  d a ta  in d i
cate  th e  ap p earen ce  o f b o th  to p az  an d  m ullite  a t  625°C. T he desilication  o f  k a o lin ite  is 
observed  to  occur in  tw o  d is tin c t steps. T he f i r s t  is m ark e d  by  an  e n d o th e rm ic  p eak  a t 
750°C, rep re sen tin g  th e  fo rm atio n  o f to p az  a n d  th e  second by  a sh a rp  en d o th e rm a l 
p eak  a t  950°C, re p re se n tin g  its  sub seq u en t d isso c ia tio n . D esilication  re su lts  in  th e  p ro 
d u c tio n  of c o ru n d u m  or a lp h a-a lu m in iu m  oxide.

There are d iffe ren t  m e th o d s  of chemical processing  of k ao lin i te  for ob
ta in in g  a lum in ium  oxide. These include s in te r ing  w ith  l imestone or  soda  and 
acid leaching. T hese m e th o d s  are achieved in s tages .  One good v a r i a n t  is its s in 
te r ing  with a lu m in iu m  fluoride. This m ethod  is carr ied  o u t  in one s tage  and 
based  on the  desilication  o f  kaolin ite  and th e  vo la t i l iza t ion  of silicon in the  
fo rm  of silicon te t ra f lu o r id e  an d  resu lting  in th e  fo rm a tio n  of a lp h a -a lu m in iu m  
oxide or co rundum .

The th e rm a l  b e h a v io u r  of kaolinite  was s tu d ie d  b y  m an y  inves t iga to rs  
( F ö l d v á r i , 1958; I v a n o v a , 1961; L ő c s e i , 1963; M a c k e n z i e , 1970; P a u l i k  et 
ah , 1958). I t s  th e rm o g ra m  shows a s trong  e n d o th e rm ic  peak  b e tw e e n  750° 
and  600°C, re p re se n t in g  i ts  loss of co n s t i tu t io n a l  O H  radicals a n d  its s t ru c 
tu re  breaks down. Also, i t  shows a sharp  e x o th e rm a l  peak  b e tw een  950° and 
1000°C, rep resen ting  th e  recrysta ll ization  of a lum in iu m  oxide in to  g a m m a -a lu 
m inium  oxide.

S intering of k ao lin i te  w ith  a lum inium  fluo ride  is rep o r ted  to  ta k e  place 
w ith  th e  fo rm ation  of  m ull i te  and  topaz  ( B i e n  a n d  D e  K e i s e r , 1962; Ca r 
p e n t e r , 1968; D o n a l d , 1971; G a r o a l e s  and  C h r i s t , 1965; S h e r i d a e  e t  ah, 
1968). Topaz looses silicon te t ra f luo r ide  a t  827°C a n d  it  d issociates a t  960°C 
w ith  th e  fo rm ation  of  a lum in iu m  oxide [16]. G a m m a -a lu m in iu m  oxide  passes 
in to  a lp ha-a lum in ium  oxide above 900°C v ia  О m odifica tion .

This research  rep re sen ts  a s tu d y  on th e  th e rm a l  inves t iga t ion  o f  p ro d u c 
t io n  of  co ru n d u m  or a lp h a-a lum in ium  oxide from  K a lab sh a  kao l in i te  b y  its 
s in tering  w ith  a lu m in iu m  fluoride un d er  d if fe ren t  conditions.
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Table 1

Chemical composition o f  Kalabsha kaolinile

Chemical component Content, %

A 1 ,0 3 36.32
SiO , 44.07
F e 20 3 0.39
FeO 0.35
TiO., 4.14
M nO trac es

MgO trac es

CaO 0.00
N a.O 0.09
К  „О 0.01

+  H..O 0.50
— H 20 13.67

p2o5 0.01

Experim enta l  w ork

T h is  research was c a r r ie d  o u t  w ith  kao l in i te ,  collected f rom  K a la b sh a  
a rea  n e a r  Aswan. I t s  ch em ica l  com position  a n d  X - ra y  pow der  d iffrac tion  
d a t a  a re  g iven in Tables 1 a n d  2.

Techniques of w ork

S ta r tin g  materials

S ta r t in g  m ateria ls  u su a l ly  consisted of kao lin i te  m ix tu res .  K ao lin ite  
p o w d e r  a n d  alum inium  f lu o r id e  were mixed to g e th e r  in p a r t ic u la r  am o u n ts .  
M ix ing  w as  done b y  r e p e a te d  grind ing  in  an  a u to m a te d  agate  m o r t a r  and  
s iev ing  fo r  one hour till all t h e  pow der  passed  th r o u g h  a 300 m esh  sieve an d  
pes t le  a n d  a hom ogeneity  w as  achieved.

A p p a r a tu s

E x p e r im e n ts  were c a r r ie d  o u t  using p la t in u m  crucibles, h e a te d  in  an 
e lec tr ica l  fu rnace  un d er  su c t io n  o f  th e  volatilized  silicon te t ra f lu o r id e  a n d  o th e r  
gases. T h e  tem p era tu re  is re g u la te d  a u to m a tica l ly  w i th  an accu racy  o f  +  5°C.

T h e  th e rm a l  in v e s t ig a t io n  of th e  s in te ring  o f  K a lab sh a  kao l in i te  w ith  
a lu m in iu m  fluoride was s tu d ie d ,  using a d e r iv a to g ra p h  designed b y  F .  P a u l ik
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Table 2

X -ra y  powder diffraction data o f  kaolinite

.1 (A)
ASTM

A  (A)
Observed

I
ASTM

I
Observed h к 1

7.17 7.201 100 100 0 0 1

4.478 4.479 35 40 0 2 0

4.366 4.375 60 50 1 1 0

4.186 4.183 45 42 1 1 1

4.139 4.143 35 34 1 1 1

3.847 3.855 40 25 0 2 1

3.745 3.755 25 15 0 2 J

3.420 3.430 5 10 1 1 1

3.376 3.366 35 42 1 1 1

3.155 3.162 20 7 1 1 2

3.107 3.111 20 5 1 1 2

2.754 2.811 20 5 0 2 2

2.566 2.572 35 32 1 3 0, 201

2.553 2.565 25 30 1 3 0

2.535 2.537 35 25 1 3 1

2.519 2.526 10 17 1 1 2

2.495 2.503 45 40 1 3 1, 200

2.385 2.391 25 27 0 0 3

2.347 2.348 40 51 2 0 2

2.338 2.339 40 50 1 3 1, 113

2.305 2.322 5 15 1 1 3

2.293 2.299 35 30 1 3 1

2.253 2.252 20 12 1 3 2

2.237 2.215 5 6 0 4 0, 2 2 Ï

2.218 2.219 10 6 2 2 1

2.197 1.195 20 8 1 3 2

2.186 2.188 20 8 2 0 1, 220

2.173 2.172 5 4 2 2 0

2.151 2.149 10 3 0 4 1

2.133 2.123 20 9 0 2 3

2.116 2.116 10 6 0 4 1

2.093 2.083 10 6 2 2 2

2.080 2.071 5 4 0 2 3

2.064 2.063 20 11 2 2 2

1.997 1.996 35 18 2 0 3

1.987 1.993 35 18 1 3 2
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T ab le  2 (co n tin u ed )

,1 (A) 
ASTM

d (A)
Observed

I
ASTM

I
Observed h к l

1 .974 1 .9 8 8 20 15 2 2 1

1 .952 1 .9 5 5 20 8 2 2 1

1 .939 1 .9 4 5 35 9 1 3 2

1.921 1 .9 3 5 20 7 1 I  3 , 0 4 2

1 .906 1 .9 1 6 5 5 1 1 3

1 .897 1 .8 9 9 25 и 1 3 3

1 .870 1 .8 9 0 20 9 0 4  2

1 .845 1 .8 4 4 25 9 1 3 3

1 .838 1 .8 3 4 35 8 2 0 2 , 2 2 3

1 .810 1 .8 0 6 20 5 1 1 4 , 2 2 3

1 .789 1 .791 25 12 0 0 4

1 .710 1 .7 0 8 25 12 2 2 2

1 .689 1 .6 8 8 25 13 2 4 I

1 .681 1 .6 7 7 25 13 1 5 0 , 1 5 Ï

1 .669 1 .6 6 9 40 25 2 4 0 , 2 0 4

1 .660 1 .6 6 5 40 25 1 3 3 , 2 4 0

1 .6 5 6 1 .661 10 11 0 4  3

1 .649 1 .6 5 0 40 17 3 I  2

1 .633 1 .647 30 11 3 Í  0 , 2 42

1 .620 1 .6 2 2 70 18 1 5 1, 133

1 .607 1 .6 1 7 30 13 2 4  2 , 0 4 2

1 .5 9 4 1 .5 9 4 10 6 1 5 1, 152

1 .586 1 .5 8 7 60 8 1 3 4

1 .572 1 .5 7 8 10 4 2 2 4 , 241

1 .5 5 3 1.563 30 5 2 2 4 , 241

1 .5 4 5 1 .5 4 6 40 10 1 3 4 , 3 1 3

1 .537 1 .541 40 8 2 0 3

1 .5 1 4 1 .5 1 4 5 4 3 Ï  1

1 .505 1 .5 0 2 5 4 2 4 3

1 .4 8 9 1 .491 9 0 B 35 3 3 I, 331

e t  a l. ,  (1958 , 1966). This a p p a r a tu s  records s im u ltan eo u s ly  four cu rves :  th e  
ch an g e  o f  te m p e ra tu re  of th e  sam ple  (T), d if fe ren tia l  th e rm a l  analysis  (DTA), 
th e rm o g ra v im e t r ic  analysis (TG) (q u a n t i ta t iv e ly  in  mg), and  d e r iva tive  th e r -  
m o g ra v im e t r ic  analysis (DTG) on a single sam ple  u n d e r  controlled cond it ions .

P a r a m e te r s  during th e  t e s t  were as follows: p la t in u m  crucible — m ed iu m  
size, re fe re n ce  m aterial a lu m in iu m  oxide.
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T h e  w eight o f  m ix tu re  ranges  from  0.5 to  1 g, T — 1200°C, D T A  1/3 and 
1/5, DTG 1/10 and T G  200 and  500 mg. T he  ra te  of hea t in g  is 10°C/min. 
D T A - a n d  te m p e ra tu re -m e a su r in g  therm o co u p les  are P t - P t R h  w ires .  A tm o s
phere  air u n d e r  suc tion  of  th e  vo latile  p ro d u c ts  of the  re a c t io n .

P/i ase identification  and characterization

The phase of th e  p ro d u c ts  of kao lin ite  s in te ring  with a lu m in iu m  fluoride 
were iden tif ied  b o th  m icroscopically  and  b y  X - ra y  analysis.

X -r a y  procedure

A  Siemens C rystalloflex  d i f f rac to m e te r  was used w ith  n icke l-f i l te red  
c o p p e r  rad ia t io n .  E xposu re  was one h o u r  a n d  scanning speed  w as  1° 20 per 
m in u te  a t  o n e -c m -p e r -m in u te  c h a r t  speed. In tens i t ie s  were co llec ted  to  a m ax i
m u m  of 20 —65°. The sen s i t iv i ty  of  th e  e x p e r im en t  was 4 х Ю 5 im pl./m in. 
a n d  th e  s ta t is t ic a l  e rro r  was 1 .5% .

Results and  discussion

S in tering  of K a la b sh a  kao lin ite  w ith  a lum in ium  fluoride w as s tudied , 
using  different am o u n ts  o f  th is  reag en t ,  rang ing  from 100 to  2 0 0 %  of th e o 
re t ica l  va lue , for com plete  rem o v a l  o f  silicon.

The der iv a to g ram  of a kao lin i te  m ix tu re  w ith  a lu m in iu m  fluo ride  in 
15 0 %  a m o u n t  of the  th eo re t ica l  va lue  is show n in Fig. 1. I t  is e v a lu a t e d  on the 
basis  of l i te ra tu re  d a ta  ( A b d e l  R e h i m , u n d e r  pub l .;  B i e n  a n d  D e  K e y s e r , 

1962; T h a k u r  e t  ah , 1952; T s h u k h r o v , 1962). T he  f irs t  tw o w ide  endo ther-  
m al peaks  a t  130° and  320°C are  consis ten t  w ith  the  th e rm a l  d a t a  o f  a lum in ium  
fluoride  a n d  represen t  its d e h y d ra t io n  ( A b d e l  R e h i m , u n d e r  p u b l . ) .  The en- 
d o th e rm a l  peak  a t  590°C rep re sen ts  th e  loss o f  th e  c o n s t i tu t io n a l  O H  radicals 
o f  kao lin ite  (TG curve). The en d o th e rm a l  p eak  a t  625°C re p re se n ts  th e  reaction 
b e tw een  kaolinite  and  a lum in iu m  fluoride w ith  the  fo rm ation  o f  m ull i te  and 
to p a z ,  as shown b y  th e  X - ra y  pow der  diffraction p a t t e r n  (F ig . 2) of the 
p ro d u c t  of s in tering  a t  625°C. As show n b y  its microscopic e x a m in a t io n ,  it 
consists  m ain ly  of m ullite  a n d  some to p az .  The reaction of fo rm a t io n  of  topaz 
ta k e s  place in tensively  a t  750°C and  is ind ica ted  by  the  e n d o th e r m a l  effect 
a t  th is  tem p era tu re .  The microscopic s tu d y  of th e  p ro d u c t  o f  s in te r ing  at 
750°C and  its X -ray  po w d er  d iffrac tion  p a t t e r n  (Fig. 3) show t h a t  i t  consists 
m a in ly  o f  topaz  w ith  few grains of  m ulli te . The small e n d o th e rm a l  peak 
a t  800 C shows p ro b a b ly  th e  p ro p e r ty  of to p az  to  loose silicon te tra f lu o r id e .  
This  is consis ten t w ith  l i te ra tu re  d a ta  on to p az  and its loosing o f  silicon t e t r a 
f luoride a t  827°C ( T s h u k h r o v , 1962).
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Fig. 1. D e r iv a to g r a m  o f  k a o l in i t e  s in t e r in g  w ith  a lu m in iu m  f lu o r id e  p r e s e n t  in  1 5 0 %  o f  t h e o 
re tica l v a lu e . W e i g h t  o f  sa m p le  1000 m g . H e a t i n g  r a te  1 0 °C /m in

Fig. 2. X - r a y  p o w d er  d i f f r a c t io n  p a t t e r n  o f  th e  p r o d u c t  o f  k a o l in i t e  s in te r in g  w ith  a lu m in iu m  
flu o r id e  o f  1 5 0 %  a m o u n t  a t  625°C . M: M u l l i t e ;  T : T o p a z

Fig. 3 . X - r a y  p o w d er  d i f f r a c t io n  p a t t e r n  o f  th e  p r o d u c t  o f  k a o l in i t e  s in te r in g  w ith 'a lu m in iu m  
f lu o r id e  o f  1 5 0 %  a m o u n t  a t  750°C . M : M u ll i t e ;  T : T o p a z
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The sharp  a n d  large en d o th e rm a l  p eak  a t  950°C represen ts  th e  decom po
sition of  topaz  and  th e  l ib e ra t ion  of co rundum  or a lp h a-a lu m in iu m  oxide. This 
process is accom panied  b y  a sharp  decrease in  w e ig h t  (TG curve), due  to  the  
volati l iza tion  of  silicon te t ra f lu o r id e .  The end p r o d u c t  consists m a in ly  o f  co run 
d u m  and  a ve ry  small a m o u n t  of mullite , as show n b y  its X -ra y  po w d er  diffrac
t io n  p a t t e r n  (Fig. 4). T he  X - r a y  pow der d iff rac t ion  d a ta  of the  o b ta in e d  topaz , 
m ullite  and c o ru n d u m  are given in Tables 3, 4 a n d  5, respectively.

Fig. 4. X - r a y  p o w d e r  d i f f r a c t io n  p a t te r n  o f  th e  p r o d u c t  o f  k a o l in it e  s in te r in g  w i t h  a lu m in iu m  
f lu o r id e  o f  1 5 0 %  a m o u n t  a t  9 5 0 °C . C: C o r u n d u m ; M: M u llite ;  R : R u t i l e

F or s tu d y in g  th e  effect of the  am oun t of  a lu m in iu m  fluoride on th e  desi- 
lica tion  of k ao lin ite ,  some ru n s  were carried o u t ,  u s in g  kaolinite  m ix tu re s ,  con
ta in in g  different a m o u n ts  o f  a lum inium  fluoride  ran g in g  from 100 u p  to  200%  
of th e  theore t ica l  va lue .

The d e r iv a to g ram s  o f kaolinite  m ix tu re s  w ith  a lum in ium  fluoride in 
a m o u n t  100 and  125%  are shown in Figs 5 a n d  6, respectively .  The D T A  curves 
show similar peaks  as t h a t  o b ta ined  using a lu m in iu m  fluoride in 15 0 %  am o u n t ,  
th o u g h  at s lightly  sh if ted  te m p e ra tu re .  The d e r iv a to g ra m  of kao lin i te  m ix tu res  
w ith  100%  excess o f  a lum in iu m  fluoride is th e  sam e as t h a t  o b ta in e d  using 
50%  excess of  a lu m in iu m  fluoride.

I t  is ev id en t  from  th e  ob ta ined  results  (Table  6) t h a t  th e  desilication 
efficiency of kao lin ite  s h a rp ly  increases w ith  th e  a m o u n t  of a lu m in iu m  fluoride. 
I t  reaches a high va lue  in presence of a lum in ium  f luoride  a m o u n t in g  to  150% 
of th e  theore t ica l  va lue  and  above i t  th e  desil ica tion  increases prac t ica l ly  
slowly.

The p roduc ts  o f  ign it ion  of these runs were iden tif ied  bo th  m icroscopically  
and  b y  X -ra y  d iffrac tion  analysis. Microscopic ex am in a t io n  of t h in  sections
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Table 3

X -ra y  powder diffraction data o f  topaz

d (Â) 
ASTM

d (A)
Observed

I
ASTM

I
Observed h к  1

4 .40 4 .4 0 3 6 25 0 2 0
4 .19 4 .2 2 6 4 5 0 0 2
4.111 4 .1 2 9 12 14 1 1 0
3 .896 3 .9 1 4 6 8 0 2 1
3 .693 3 .7 0 7 60 80 1 1 1
3 .195 3 .2 1 1 65 82 1 2 0
3.037 3 .0 4 4 35 40 0 2 2
2 .985 3 .0 0 2 25 25 1 2 1
2 .937 2 .9 4 6 100 10 0 1 1 2
2 .480 2 .4 9 3 20 27 1 3 0
2 .397 2 .4 0 2 10 13 1 0 3
2.378 2 .3 8 4 25 36 1 3 1
2.361 2 .3 6 5 45 55 0 2 3
2 .325 2 .3 1 8 8 13 2 0 0
2.313 2 .3 0 6 10 12 1 1 3
2.247 2 .2 5 2 6 5 2 1 0
2.199 2 .1 8 9 10 13 0 4 0
2.141 2 .1 4 0 12 15 2 1 1
2 .127 2 .1 1 3 8 16 0 4 1
2.105 2 .1 0 3 45 5 4 1 2 3
2 .056 2 .0 6 5 25 28 2 2 5
2 .987 2 .9 8 8 8 9 1 4 0
1.982 1 .9 8 4 10 11 2 1 2
1.947 1 .9 4 1 4 5 0 4 2
1.934 1 .9 3 1 6 5 1 4 1
1.869 1 .875 25 31 1 1 4
1.853 1 .8 7 5 25 25 1 3 3
1.821 1 .8 3 1 12 11 2 3 0
1.797 1 .8 0 2 8 7 1 4  2
1 .779 1 .7 8 1 6 6 2 3 1
1.671 1 .6 7 6 25 32 2 3 2
1.656 1 .6 6 1 8 25 2 2 3
1.620 1 .6 2 7 12 15 1 4 3
1.601 1 .6 0 5 2 4 1 3 4
1.597 1 .5 9 4 4 7 2 4 0
1 .579 1.581 2 4 1 0 5
1.568 1 .5 6 4 4 5 2 4  1 , 0 2 5
1.557 1 .5 5 9 1 3 2 0 4
1 .554 1 .5 5 1 2 6 1 1 5

o f  t h e  p ro d u c ts  of s in tering , u s in g  the  theore tica l a m o u n t  of a lum in iu m  fluoride, 
has  s h o w n  th a t  it consists m a in ly  of mullite , som e topaz  and  sm all a m o u n t  
of  c o r u n d u m .  This gives a good idea ab o u t  th e  incom ple tion  of desilication .

A s th e  am ount of a lu m in iu m  fluoride increases  to  125% and 1 5 0 %  of the 
th e o r e t i c a l  value, the  g ro w th  a n d  am oun t of c o ru n d u m  increases a n d  on ly  few 
g ra in s  o f  mullite and to p a z  w ere  observed.

T h e  p roduc t  o b ta in ed  in  th e  run ,  using excess of a lum in ium  fluo ride  in 
1 0 0 %  a m o u n t ,  is com posed  m a in ly  of c o ru n d u m  w ith  ve ry  few grains  of 
m u l l i te .
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T a b le  4

X -ra y  powder d iffraction data o f  m ullite

d (A)
ASTM

d (A)
Observed

I
ASTM Observed h к 1

5 .3 9 5 .4 2 2 50 45 1 1 0

3 .7 7 4 3 .8 0 3 8 6 2 0 0

3 .4 2 8 3 .4 2 8 95 90 1 2 0

3 .3 9 0 3 .4 0 2 100 100 2 1 0

2 .8 8 2.891 70 30 0 0 1

2 .6 9 2 .6 9 8 80 50 2 2 0

2 .5 4 2 .5 4 8 90 85 1 1 1

2 .4 2 2 .4 3 4 70 20 1 3 0

2 .3 0 2 .3 0 2 10 20 0 2 1

2 .2 0 2 .2 1 5 90 70 1 2 1

2 .1 9 2 .1 9 8 20 6 2 1 1

2 .1 2 2 .1 2 6 80 35 2 3 0

2 .11 2 .1 0 9 4 0 30 3 2 0

1 .891 1 .897 50 15 4 0 0

1 ,857 1.861 10 8 1 4  0

1 .841 1 .8 4 8 70 15 3 1 1

1 .8 3 6 1.831 10 8 4 1 0

1 .7 9 5 1 .803 30 4 3 3 0

1 .7 0 9 1 .717 60 15 2 4  0

1 .6 9 9 1 .7 0 5 70 20 3 2 1

1 .6 9 6 1 .698 70 20 4 2 0

1 .595 1 .6 0 5 80 71 0 4 1

1 .5 8 0 1 .5 8 6 60 12 4 0 1

1 .5 6 0 1 .5 6 4 30 8 1 4  1

1 .5 4 8 1 .551 20 5 4  1 1

1 .5 2 3 1 .5 2 9 90 45 3 1 1

1 .5 0 2 1 .508 10 4 1 5 0

1 .481 1 .486 10 4 5 1 0

1 .4 6 9 1 .4 6 7 10 8 2 4  1

1 .461 1 .4 6 6 60 8 4 2 1

1 .4 3 9 1 .445 80 30 0 0 2

1 .4 2 0 1 .4 3 4 40 15 2 5 0
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Table 5

X -ra y  powder diffraction data o f  corundum

d (A) 
ASTM

d (A)
Observ ed

I
ASTM

I
Observed h к 1

3 .4 7 9 3 .4 7 8 75 70 0 1 2

2 .5 5 2 2 .5 5 0 90 82 1 0 4

2 .3 7 9 2 .3 8 4 40 60 1 1 0

2 .1 6 5 2 .1 6 9 > 1 1 0 0 6

2 .0 8 5 2 .0 8 6 100 10 0 1 1 3

1 .9 6 4 1 .9 6 5 1 2 2 0 2

1 .7 4 1 .7 3 8 45 61 0 2 4

1.601 1 .6 0 2 80 100 1 1 6

1 .546 1 .5 4 9 3 4 2 1 1

1 .514 1 .5 1 4 5 3 1 2 2

1 .510 1 .5 1 2 7 9 0 1 8

°C

mg

100

200

300

A00
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Fig. 5. D e riv a to g ra m  of k a o lin ite  s in te rin g  w ith  a lu m in iu m  flu o rid e  o f 100%  am o u n t. W e ig h t 
o f sam ple  1000 m g. H eatin g  r a te  10°C /m in
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Fig. 6. D e riv a to g ram  o f k a o lin ite  s in te rin g  w ith  a lu m in iu m  fluorideT of 1 2 5 %  a m o u n t of 
th e  th eo re tic a l value . W eig h t o f sam ple  1000 m g. H eating  ra te  10°C /m in

T ab le  6

Effect o f  the am ount o f  a lu m in iu m  flu o r id e  on the desilication o f  Kalabsha ka o lin ite

Amount of aluminium 
fluoride, % of 

theoretical value
Efficiency of 

desilication, %

100 52.97

125 76.77

150 95.46

200 97.83

The X - ra y  pow der d iffraction  p a t t e r n s  of  these p roduc ts  a re  show n  in 
Fig. 7. Mullite and  to p az  are p re se n t  in  large  a m o u n ts  in th e  r u n  (a) ,  u s ing  the  
theo re t ica l  a m o u n t  of a lum in ium  fluoride . As th e  am o u n t  of a lu m in iu m  fluoride 
increases  ( run  b and  d a t  a m o u n t  of a lu m in iu m  fluoride 125%  a n d  1 5 0 %  of 
th e o re t ic a l  value), th e  c o ru n d u m  peaks  becom e more and more in te n s e .  I n  the 
r u n  (c), a t  200 %  a m o u n t  of  a lum in iu m  f luo r ide ,  th e  co rundum  p e a k s  a re  h igh ly  
in ten se ,  topaz  peaks com plete ly  d isap p ea r  a n d  mullite peaks  a re  v e r y  faint. 
T h e  X - r a y  peaks  of  co ru n d u m  are n a r ro w  a n d  in tense , suggesting g o o d  crystal-  
l i ty .  The X - ra y  pow der  d iffrac tion  d a ta  of  sy n th e t ic  co ru n d u m  a re  consis ten t  
w i th  those  of th e  n a tu ra l  m ineral.

The microscopic s tu d y  of th e  p ro d u c t  phases  of kaolin ite  s in te r in g  w ith  
a lu m in iu m  fluoride is in good ag reem en t  w ith  th e ir  X -ray  p o w d e r  d iff rac t ion  
p a t te rn .
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F ig . 7. X - ra y  pow der d iffra c tio n  p a t t e r n  of th e  end p ro d u c t  o f  k ao lin ite  sin tering  w ith  a lu 
m in iu m  f lu o rid e , (a): U sing  th e o re tic a l  am o u n t o f  a lu m in iu m  flu o ride ; (b): U sing  125%  
a m o u n t o f  a lu m in iu m  flu o rid e ; (c ): U sing 200%  a m o u n t o f  a lu m in iu m  fluoride; (d ): U sing  

1 5 0 %  a m o u n t o f a lu m in iu m  flu o rid e . See Fig. 4. C: C o ru n d u m ; M: M ullite; T: T opaz

As fa r  as the  ab o v e  th e r m a l  inves t iga t ion  o f  kaolin ite  s in tering  w i th  
a lu m in iu m  fluoride is c o n c e rn e d ,  nearly  com plete  des i l ica t ion  of kaolin ite  ta k e s  
p lace  a t  900 950°C. T h e  s in te r in g  results in  t h e  fo rm a t io n  of co ru n d u m  or
a lp h a -a lu m in iu m  oxide. T h e  e n d  produc t o f  s in te r in g  contains 0 .62%  S i0 2.
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Conclusion

The th e rm a l  inv es t ig a t io n  of  s in te ring  of  K a la b sh a  k ao l in i te  w i th  a lu
m in iu m  fluoride has  rev ea led  t h a t  its  com plete  desilication m a y  be  reached  
a t  900 950°C, dep en d in g  u p o n  th e  t im e  of s in tering . T he  su i ta b le  a m o u n t  of
a lu m in iu m  fluoride m a y  be  considered  to  a t ta in  150%  of th e  th e o re t ic a l  value.

The X -ra y  d if f rac to m e tr ic  a n d  microscopic s tu d y  of th e  p ro d u c ts  o f  sin
te r in g  a t  different t e m p e ra tu re s  show th e  beg inn ing  of a p p e a ra n c e  of bo th  
to p a z  and  mullite  a t  600°C. A t  750°C, th e  re a c t io n  of  to p az  fo rm a t io n  takes  
p lace  in tensively  a n d  co n s t i tu te s  th e  m ain  com position  o f  th e  p r o d u c t  with 
few  grains  of m ullite . A bove  800°C, to p az  looses some silicon te t r a f lu o r id e .  I ts  
decom position  tak es  p lace com ple te ly  a n d  ra p id ly  a t  950°C. T h e  desilicaton 
process  of kaolin ite  re su l ts  in th e  p ro d u c t io n  of  c o ru n d u m , w h ich  is useful for 
m a n y  industr ia l  purposes .
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ПРОИЗВОДСТВО КОРУНДА ИЗ КАОЛИНИТА МЕСТОРОЖДЕНИЯ КАЛАБША
(ЭГИПТ)

ЧАСТЬ I.ТЕРМИЧЕСКИЙ АНАЛИЗ

А. М. А БД ЕЛ РЕХИ М

В настоящей работе рассматриваются термические исследования производства 
корунда или окиси альфа-алюминия из каолинтового месторождения Калабша путем 
спекания каолинита прибавлением фтористого алюминия. Данный метод основывается на 
вытеснении кремния, представленного кремнистым тетрафторидом. Десилификация ис
пытывалась в процессе этих исследований применением дериватографа. Продукты спека
ния определялись как под микроскопом, так и путем применения диффрактометра Сименс 
Кристаллофлекс. Кривые дифференциально-термического анализа и рентгено-диффракто- 
метрические данные свидетельствуют о появлении как топаза, так и муллита при темпера
туре 625°С. Десилификация каолинита наблюдается в двух фазах, отчетливо отличающихся 
друг от друга. Первая из них отличается значительным эндотермическим максимумом при 
750°С, представляющим собою образование топаза. Вторая фаза отличается резким эндо
термическим минимумом при 950°С, свидетельствующим о последующей диссоциации 
топаза В результате десилификации формируется корунд или окись альфа-алюминия.
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MINERALOGY AND RATE 
OF DUST FALLOUT OVER CAIRO, HELWAN 

AND THE NORTHERN-WESTERN COAST OF EGYPT

By

A. A. K o l k i l a

DEPT. OF GEOLOGY, FACULTY OF SCIENCES, AL-AZHAR EL-SHAREF UNIV. CAIRO, EGYPT

T h e  a u th o r  s tu d ied  six  d u s t sam ples ta k e n  from  d ifferen t p o in ts  o f E g y p t. 
H e re p o rts  on  th e  re su lts  o f th e  analyses o f  th e ir  m ineralogical co m p o sitio n  a n d  of 
th e  ra te  o f d u s t a cc u m u la tio n  in th e  te r r i to ry  o f C airo, H elw an a n d  th e  n o rth -w es t 
co as t o f E g y p t. T he geological s tru c tu re  o f th e  a fo re-m en tioned  a rea s is d iscussed . 
O n th e  basis o f  th e  re su lts  th e  conclusion  h a s  b een  d raw n  th a t  th e  an a ly ze d  sam ples 
h av e  s im ilar m in era lo g ica l com position , h u t  th e  re la tiv e  abundances o f  th e  in d iv id u a l 
co m p o n en ts  a re  d iffe ren t reflecting  th e  lith o lo g ic a l com position  of th e  sou rce  m ate ria l. 
T he d u s t  h as com e m ain ly  from  Gebei A h m a r a n d  G ebei E l-M o k atta in , M aad i, H elw an, 
S ah a ri c ity  a n d  th e  N W  co asta l hills in E g y p t.

Introduction

Air po llu t ion  is one of the  most p ress ing  a n d  challenging p rob lem s facing 
th e  w orld  to d a y .  W i th  th e  rap id  d e v e lo p m e n t  of  in d u s try  in s ta l la t io n  in 
E g y p t ,  th e  over increas ing  ra te  of p o p u la t io n ,  th e  concen tra t ion  of  in h a b i ta n ts  
in th e  D e l ta  an d  th e  Nile Valley, in a d d i t io n  to  th e  ra th e r  w a rm  c lim a te ,  air 
po llu t ion  in E g y p t  becom es a ve ry  serious p ro b lem  and deserves special 
a t t e n t io n  because  i t  has a m ark ed  im p a c t  on  h u m an  and  a n im a l  hea lth ,  
v e g e ta t io n ,  i t  causes considerable  dam age  to  p ro p e r ty  and m a te r ia l  o f  m an y  
k inds  such  as m e ta ls ,  fu rn itu res  and  p a in ts .  M oreover aerosoles in  p a r t ic u la r  
will obscure  sun ligh t an d  p reven t  the  u l t r a v io le t  rad ia t ion  from reach in g  the  
E a r t h ’ surface. In  add i t io n  th ey  will reduce  v is ib i l i ty  and in te r fe re  w i th  air 
c ra f t  o pe ra t ion  a n d  increase the  p ro b a b i l i ty  o f  accidents.

A m ong  th e  few a t te m p ts  pub lished ,  i t  is worthwile to  m e n t io n  the  
w ork  of H i g a z y  (1961), who t r e a te d  th e  p h y s ica l  conditions of  a ir  po llu tion  
in Cairo an d  m easu red  th e  d u s t  depos ited  d u r in g  th e  yea r  1960 in ton /sq . 
m ile /m on th  (Tables 1 and  2), and d e te rm in e d  th e  m ax im u m  av erag e  and 
m in im u m  co n cen tra t io n  of  the  deposited  p o l lu ta n te  over tw e n ty  one sites. 
S o w e l i m  (1965) s tu d ie d  th e  dus t  fa llou t each  m o n th  a t  d ifferen t sec tions of 
Cairo d u r ing  1962 (Tables 1 and  2). Z a g h l o u l  and  I b r a h i m  (1972) s tud ied  
th e  com position  a n d  ra te  of wind blown d u s t  o v e r  Assuot during  1969 (Tables 
1 and  2).
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F ig . 2. K e y  m ap showing th e  lo c a tio n  of Cairo, H e lw an  a n d  th e  N W  coast o f E g y p t
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Sampling

To collect sam ples  rep re sen t in g  th e  d u s t  falling over Cairo  (M aden it  
N as r ,  A bbasiya , D a ra n sa ,  R o x y ,  E l-Z y to n ,  S h u b ra ,  E l-K he im a  a n d  Sahari  
C ity  or “ E g y p t ia n  p y ra m id  d is t r ic t” ), H e lw a n  and  the  N o r th e rn -W e s te rn  
C oast o f  E g y p t  (M aruot,  B org E l-A rab  a n d  E l-H am aam ) ,  d if fe ren t  sc a t te re d  
s ites were  chosen an d  show n on ske tch  m aps  given in Figs (1) a n d  (2). A t  each 
s i te  special ap p a ra tu se s  were f ixed  collec ting  th e  dus t  samples.

T he  dust  sam ples were collected in w a te r  every m on th  s t a r t i n g  from 
J u l y  1973 till J u n e  1974 a t  Cairo, from  J a n u a r y  1974 till J u n e  1974 a t  H e lw an

Table 1

Data o f  the average rate o f  fa llo u t ( ton/sq.m ile/month)  
over Cairo and  A ssu o t obtained by d ifferen t authors compared 

w ith that obtained by the author fo r  Cairo in 1973— 1974

Month
H lG A Z Y

I960
SO W E L IM

1962

A u t h o r  
July Dec.

1973
Jan. Jun.

1974

I b r a h i m

1973

Cairo Cairo Cairo Assuot

Ja n u a ry 61.20 88.60 40.90 13.96
F ebruary 67.30 99.70 50.90 28.16
M arch 78.80 138.40 105.70 60.43
April 130.90 78.00 186.90 37.36
May 108.20 71.60 115.60 27.33
Ju n e 104.40 41.60 93.80 26.51
Ju ly 84.30 43.30 106.50 17.51
A ugust 78.00 56.40 95.60 13.31
Septem ber 84.60 42.20 81.10 25.25
O ctober 79.80 41.90 85.00 19.73
N ovem ber 61.20 58.70 75.40 23.00
Decem ber 63.80 130.80 46.3 8.88

Table 2

Data o f  the average rate o f  fa llo u t (ton/sq .m ile/m onth) over Cairo  
and A ssuot compared w ith  that obtained by the author fo r  H e lw an  

and the N orthern-W estern Coast o f  E gyp t ( M a ru o t , Borg E l-A rab and  E l-H a m a a m )  
in  the f ir s t  h a l f  o f  y ea r 1974

Month

H lG A Z Y
1960

SO W E L IM
1962

I b r a h i m

1969
A u t h o r

1974
A u t h o r

1974

Cairo Cairo Assuot Helwan NW Coast 
of Egypt

Ja n u a ry 61.20 88.60 13.96 71.40 82.60
F eb ru a ry 67.30 99.70 28.16 122.90 111.40
M arch 78.80 138.40 60.43 136.60 332.70
April 130.90 78.0 37.36 359.50 846.50
M ay 108.20 71.60 27.33 164.00 470.60
Ju n e 104.40 41.6 26.51 127.80 120.50
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Table 3

The data estim a ted  at Cairo fo r  the dust fa l lo u t  o f  every site 
with the average a tm ospheric  conditions p re v a ilin g  in  every month

Time
Average

max.
temp.,

°C

Average 
1 min.
I temp., 

°C
1

Average
humidity,

vap/m3

Atmospheric
pressure,
em/HzO

Average 
velocity 
of wind 
knots

Average 
rate of 
fallout, 
ton/sq. 

mile/month

Locality Cairo

1

1973. J u ly 35.2 21.9 17.0 1000.3 6.6 78.2 M adenit N asr
,, ,, 35.2 21.9 17.0 1000.3 6.6 127.1 El-Zyton
,, ,, 35.2 21.9 17.0 1000.3 6.6 109.6 Roxy
» 35.2 21.9 17.0 1000.3 6.6 111.0 E l-A bbasiya

1973. A u g u s t 33.3 21.2 25.0 1001.8 6.1 70.4 M adenit N asr
11 11 33.3 21.2 25.0 1001.8 6.1 125.2 E l-Z yton
,, ,, 33.3 21.2 25.0 1001.8 6.1 68.5 Roxy
„ 33.3 21.2 25.0 1001.8 6.1 118.4 El-A bbasiya

1973. S ep tem b er 32.6 16.1 36.0 1000.4 7.2 66.9 M adenit N asr
,, ,, 32.6 16.1 36.0 1000.4 7.2 118.3 El-Zyton
.. ,, 32.6 16.1 36.0 1000.4 7.2 41.4 Roxy
„ 32.6 16.1 36.0 1000.4 7.2 97.8 El-A bbasiya

1973. O c to b er 31.2 15.4 24.0 1008.0 7.2 56.6 M adenit N asr
,, ,, 31.2 15.4 24.0 1008.0 7.2 111.4 El-Zyton
i l  i l 31.2 15.4 24.0 1008.0 7.2 34.3 Roxy

31.2 15.4 24.0 1008.0 7.2 137.5 E l-A bbasiya

1973. N o v em b er 23.2 11.9 20.0 1011.0 5.6 53.1 M adenit N asr
,, ,, 23.2 11.9 20.0 1011.0 5.6 97.8 El-Zyton
11 11 23.2 11.9 20.0 1011.0 5.6 20.6 Roxy
11 11 23.2 11.9 20.0 1011.0 5.6 129.9 El-A bbasiya

1973. D ecem ber 21.0 10.0 30.0 1011.9 6.8 37.5 M adenit N asr
,, ,, 21.0 10.0 30.0 1011.9 6.8 70.3 El-Zyton
,, ,, 21.0 10.0 30.0 1011.9 6.8 13.7 Roxy
» 21.0 10.0 30.0 1011.9 6.8 63.5 El-A bbasiya

1974. J a n u a ry 16.7 8.3 68.0 1008.2 6.4 39.8 M adenit N asr
,, ,, 16.7 8.3 68.0 1008.2 6.4 29.4 Shubra E l-K heim a
., ,, 16.7 8.3 68.0 1008.2 6.4 46.9 Sahara C itv
» 16.7 8.3 68.0 1008.2 6.4 47.5 D araasa

1974. F e b ru a ry 20.5 10.4 59.0 1007.0 7.1 42.1 M adenit N asr
20.5 10.4 59.0 1007.0 7.1 37.9 Shubra E l-K h eim a
20.5 10.4 59.0 1007.0 7.1 60.0 Sahara C ity
20.5 10.4 59.0 1007.0 7.1 63.5 D araasa

1974. M arch 24.5 13.4 55.0 1005.2 8.2 61.1 M adenit N asr
24.5 13.4 55.0 1005.2 8.2 104.5 Shubra E l-K heim a
24.5 13.4 55.0 1005.2 8.2 126.2 Sahara C ity
24.5 13.4 55.0 1005.2 8.2 131.0 D araasa

1974. A pril 28.0 15.9 40.0 1002.3 9.6 188.8 M adenit N asr
,, ,, 28.0 15.9 40.0 1002.3 9.6 62.7 Shubra E l-K heim a
,, ,, 28.0 15.9 40.0 1002.3 9.6 331.8 Sahara C ity

28.0 15.9 40.0 1002.3 9.6 163.0 Daraasa

1974. M ay 31.8 17.5 41.0 1003.6 8.6 115.5 M adenit N asr
„  ,, 31.8 17.5 41.0 1003.6 8.6 99.4 Shubra E l-K heim a
„  „ 31.8 17.5 41.0 1003.6 8.6 145.1 Sahara City
»• 31.8 17.5 41.0 1003.6 8.6 102.2 Daraasa

1974. J u n e 34.0 20.6 35.0 1001.7 7.6 106.9 M adenit N asr
,, ,, 34.0 20.6 35.0 1001.7 7.6 87.8 Shubra E l-K heim a
,, 11 34.0 20.6 35.0 1001.7 7.6 93.3 Sahara City
11 34.0 20.6 35.0 1001.7 7.6 77.1 D araasa
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a n d  N o r th e rn -W es te rn  Coast o f  E g y p t ,  local m eteorological d a t a  for  the  
a tm o sp h er ic  p ressure , h u m id i ty ,  te m p e ra tu re ,  w ind v e loc ity  a n d  direc tion  
w ere  k ind ly  p rov ided  b y  th e  Cairo A tm ospheric  O b se rv a to ry ’s s ta ff .

The ra te  o f  d u s t  fa l lou t  a t  each s ta t io n  was e s t im a te d  in ton /sq .m ile /  
m o n th .  F o r  every  m o n th  tab le s  (3) and  (4) were p re p a re d  show ing th e  d a ta

Table 4

The data estimated at H elw an and the N W  Coast o f  E g yp t fo r  the dust fa llo u t  
at every site w ith the average atmospheric conditions preva iling  in  every m onth

Time
Average

max.
temp.,

°C

Average
min.

temp.,
°c

Average
humidity,
vap./m3

Atmospheric
pressure,
ст/НгО

Average 
velocity 
of wind 
knots

Average 
rate of 
fallout 
ton/sq. 

mile/month

Locality

1974. Ja n u a ry 16.7 8.3 68 1008.2 5.6 71.4 H elw an

1974. F ebruary 20.5 10.4 59 1007.0 6.5 122.9 H elw an

1974. M arch 24.5 13.4 55 1005.2 7.8 136.6 H elw an

1974. April 28.8 15.9 40 1002.3 8.5 359.5 H elw an

1974. May 31.8 17.5 41 1003.6 8.5 164.0 H elw an

1974. Ju n e 34.0 20.6 35 1001.7 8.3 127.8 H elw an

1974. Ja n u a ry 11.7 9.6 67 1017.3 6.8 82.6 N W  C oast o f E gypt

1974. F eb ru ary 19.1 8.6 67 1016.0 9.3 111.4 N W  C oast o f E gyp t

1974. M arch 21.3 12.1 71 1014.7 8.4 332.7 NW  C oast o f  E gypt

1974. April 24.7 13.6 60 1012.0 8.7 846.5 N W  C oast o f E gyp t

1974. May 26.6 15.3 65 1013.1 7.2 470.6 N W  C oast o f  E gyp t

1974. Ju n e 28.5 19.5 69 1011.1 7.3 120.5 NW  C oast o f E gypt

es t im a te d  for th e  d u s t  fa l lou t  a t  every  site w ith  th e  average  a tm ospheric  
conditions p revailing  in t h a t  m on th .  The p rep a red  sheets  a re  g iven  in the 
following pages.

F ro m  the  p rev ious sheets , we can notice t h a t  th e y  in d ica te  a consis ten t 
rise of  fa llout d u r ing  April for every  site, m in im u m  ra te  is genera l ly  recorded  
to  occur in J a n u a r y  a n d  D ecem ber. I t  is w o r th  n o t in g  t h a t  d u r in g  the 
К  ha masin period which  occur in E g y p t  from  th e  end  of F e b r u a r y  to  May 
th e  ra te  of fa llou t is m a rk e d ly  high. The average  r a te  o f  fa l lou t  o f  d u s t  over 
Cairo, H elw an a n d  N W  Coast o f  E g y p t  ten d s  to  increase  w ith  th e  increase 
o f  wind velocity , a n d  decrease  w ith  th e  increase of  re la t ive  h u m id i ty .  There 
is no re la tionsh ip  b e tw een  th e  ra te  o f  fa llout a n d  th e  m a x im u m  a n d  m in im um  
te m p e ra tu re s  or a tm o sp h e r ic  pressures.

To te s t  th e  re la t io n sh ip  of  th e  average ra te  o f  fa llou t a t  each  s ta t ion  
a n d  its a l t i tude  from  th e  g round  (Tables 5 a n d  6) a cu rve  was co ns truc ted
(Fig. 3).
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Elevction from the ground in ms.

F ig . 3. P lo t  o f the  m ean a v e ra g e  r a te  o f d u st-fa llo u t o v er Cairo ag a in s t th e  h e ig h t o f each
s ta t io n  from  th e  g ro u n d

Table 5

Data fo r  the m ea n  average rate o f  fa llo u t at each station  
o f Cairo throught 1973— 1974 and the a ltitude in  meters

S t a t i o n
M e a n  a v e r a g e  i n  

t o n / s q . m i l e / m o n t h
A l t i t u d e  

i n  m s .

M adenit N asr 76.41 16
El-Zyton 108.30 20

Roxy 47.70 40

El-A bbasiya 109.70 25

Shubra E l-K h e im a 70.30 13

Sahari city 133.40 8

D araasa 99.1 11

T h e  l a t te r  shows a v a g u e  inverse  re la t ionsh ip , i.e. th e  n ea re r  th e  s ta t io n  
f ro m  t h e  ground, th e  h ig h e r  t h e  am oun t of  d u s t .

T h e  chief factors t h a t  p o ss ib ly  affect th e  r a te  o f  d u s t  fa l lou t  are the 
fo l low ing :

1. W in d  velocity a n d  d irec t io n .
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2. R e la tiv e  h u m id ity  o f  th e  a tm o sp h ere .
3. E le v a tio n  from  th e  ground .
4 . T o p o g ra p h y  of th e  area.

Table 6

Data fo r  the mean average rate o f  fa llo u t at each station 
o f  the H elw an and N orthern-W estern  Coast o f  E gypt 

during  the f ir s t  h a lf  o f  year 1974 a n d  altitude in  meters

Station Mean average in 
ton/sq.mile/month

Altitude 
in me.

H elw an 180.40 12

M aruot 135.30 5

B org EI-A rab 311.30 5

E l-H am aam 536.40 7

Geology of Cairo and H elwan

T he classic  sec tio n  of th e  m iddle  E ocene is t h a t  o f  Gebei E l-M o k attam , a  h ill th a t  
b o rd ers  th e  e a s te rn  p a r t  o f  Cairo. T he M o k a tta m  h ill w as th e  su b jec t of s tu d ie s  b y  a large  
n u m b er of w o rkers: F araas (1867), S c h w e i n f u r t h  (1883), B l a n c k e n h o r n  (1900), F o u r t a u  
(1897), B a r r o n  (1907), Cu v i l l i e r  (1924, 1930) a n d  m a n y  o th e rs  (Said  1962). T h e  s t r a ta  
d isp lay ed  in  th e  cliff b eh in d  th e  C itadel d iffer w idely , th e  low er tw o th ird s  c o n s is t o f w h ite  
lim e sto n es, w hile th e  u p p e r p a r t  is red -b ro w n  in  co lou r a n d  is ch aracte rised  b y  th e  p resence  
of n u m ero u s beds o f e lastics (F ig . 4). T h is m ark ed  to p o g ra p h ic a l an d  litho log ica l se p a ra tio n  
led Z itte l  to  su b d iv id e  these  s t r a ta  in to  th e  L ow er a n d  U p p e r  M o k a ttam  u n its . H e  d a te d  
th em  as m id d le  E ocene. L a te r  pa leon to log ical w o rk  on  th e  c o n ta in ed  fau n as h as  sh o w n  th a t  
th e  L ow er M o k a tta m  u n it  (M o k a ttam  fo rm atio n ) is o f m idd le  E ocene age in  i ts  lo w er p a r t  
and  o f u p p e r  E ocene age in  its  h igher p a r ts , w hereas th e  u p p e r  M o k a ttam  u n i t  is o f  u p p e r 
E ocene age.

The M okattam  fo rm ation . A t th e  lo ca lity  n e a r  th e  C itadel, th e  fo llow ing se c tio n  is 
know n:

3. A  w hite, somewhat compact, lim estone u n it, th e  so-called O percu lina  P y ra m id u m  
zone, co n ta in in g  th is  fossil to g e th e r w ith  N u m m u lite s  C o n to rtu s -S tria tu s , D ic ty o co n u s  
aeg y p ten sis , E ch in o lam p as  fraa si, E . a frican a , P y ro c id a r is  schm idelii and  a b u n d a n t  Pelecy- 
pods an d  B ry o zo an s . T his u n it  g rades u p w a rd  in to  clayey gypseous beds, th e  c e les tin e  is 
q u a rried  in  p laces; 47 ms.

2. Cairo build ing  stone horizon w ith g y p su m , co n ta in in g  shark  te e t ti  O x y rh in a  sp., 
C arch aro d o n  sp ., C erith ium  g ig an teu m , N au tilu s  ca s ts  a n d  o th e r ;  th ickness 33 m s.

1. Lim estone  crow ed w ith  N u m m u lites g izehensis a n d  m an y  g astropods, 53 m s.
B ed  3 in  th e  above succession is considered  U p p e r  E ocene, while beds 1 a n d  2 a re  of 

M iddle E ocene  age. To th e  so u th  of M o k a ttam  in  th e  e a s te rn  cliffs of H e lw an , th e s e  sam e 
u n its  becom e in creasing ly  th ic k e r. F arag  an d  I sm a il  (1959) hav e  recen tly  su b d iv id e d  th e  
succession in  th is  a rea  in to  th e  follow ing u n its :

3. E l-Q urn  fo rm a tio n  : 97 ms thick u n it especially  developed  a t  E l-Q u rn  a n d  H a law n a  
h e ig h ts . T h is u n it  is m ade  up  of chalky and m arly  lim estones  a lte rn a tin g  w ith  sa n d y  marls. 
T he m ain  fossils h ere  a re : O percu lina  p y ra m id u m , N u m m u lite s  c o n to r tu s -s tr ia tu s , O strea  
reili a n d  o th ers .

2. Observatory fo rm a tio n  : ty p ic a lly  developed  o n  th e  p la te a u  of th e  o b se rv a to ry  a t  
H elw an. T h is  is a n  80 m s th ic k  u n it  o f yellow ish to w hite hard chalky limestone  w h ic h  is com 
p a rab le  to  th e  bu ild in g  stone horizon  o f Gebei e l-M o k a ttam .

1. Gebei H o f  fo rm a tio n :  ty p ic a lly  developed  a t  G abel H o f cliffs b o rd e rin g  W ad i A bu 
R o k h am . I t  co n ta in s  N u m m u lites  g izehensis, V ela tes  schm iedelii and  o th e r fossils.

The M a a d i fo rm a tio n  (U p p e r M o k a ttam ). A series o f  b row nish  beds, t h a t  is ty p ic a lly  
developed  to  th e  e a s t o f  Cairo, overlies th e  M o k a tta m  fo rm atio n . The beds a re  e x c e p tio n a lly
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Fig. 4 . G eological m ap of th e  C airo-H elw an  d is tr ic t. (A f te r  B a rron , 1907b; Sh u k r i , 1953b; 
Sh u k r i  a n d  A k m a l , 1953; Sh u k r i  a n d  A y o u t y , 1956)

well d e v e lo p ed  in th e  d ese rt to  th e  eas t of M aadi, w h e re  th e  following sec tio n  h as  been 
m ea su re d :

3. H a r d , brown lim estone  b e d , becom ing sa n d y  a t  th e  base c o n ta in in g  a b u n d a n t  
e ch in o id s , 4 ms.

2. A ltern a tin g  yellow ish sa n d y  and greyish sha ly  beds w ith  a few  in te rb e d d e d  m arl 
lay e rs , a b u n d a n t  in C arolia p lac u n o id s , O strea fraa s i a n d  o th e rs , 36 ms.

1. A ltern a tin g  brown sa n d y  lim estone and m arls , a b u n d a n t  in N u m m u lites  c o n to r tu s -  
S tr ia tu s  a n d  T u rrite llae  in th e  u p p e r  p a r t,  24 m s.
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F rom  th e  d ese rt eas t o f H elivan , F arag  a n d  I sm a il  (1959) describe a s im ila r  succes
sion  an d  G harab  and  I smail (1957) d escribed  its  m icrofacies. T he succession  is as follow s:

2. W adi H o f  “ series” , particu larly  developed at W adi H o f graben, c o m p o sed  ch ie fly  of 
sha les an d  san d sto n es w ith  a lim esto n e  bed in  th e  L ow er p a r t, th e  series c o n ta in s  N um - 
m ulites beaum onti, N . contortus-Striatus and O perculina p y ra m id u m , 52 ms.

1. W adi Garawi “ series” , especially  developed  be tw een  W adi E l-G ib b u  a n d  W adi 
G araw i, composed chiefly o f  lim estones, and sandy  shales th e  series co n ta in s C a ro lin a  placunoi- 
des, P lic a tu la  po ly m o rp h a  an d  o th e rs ; 25 ms.

On th e  w estern  side of th e  N ile, th e  to p o g rap h y  is som ew hat sub d u ed  a n d  th e  Eocene 
succession is th in n e r. In  the  p y ra m id s  o f G izeh p la te a u  th e  succession has a  25 m s th ic k  grey 
to yellow ish  limestone bed a t  th e  base. T his bed is v e ry  r ic h  in N um m ulites g izeh en s is , E chino- 
lam p u s  a frican u s and  o thers . T h is is follow ed by a 16 ms th ic k  u n it best exp o sed  in  th e  Sphinx 
d itc h  an d  in  th e  q u a rry  along th e  F a y u m  ro ad . I t  is dolom itic  in places and  c o n ta in s  a num ber 
o f fossils, m ain ly  Pe lecypods, G astro p o d s an d  occasional N um m ulites g izehensis . N e a r the 
to p  of th is  u n it  th ere  is a th in  bed ca rry in g  O strea  reili and  O perculina p y ra m id u m . The 
h e ad  a n d  neck  of th e  S phinx  are  cu rv ed  in th is  la t te r  bed.

T he w hole succession re s ts  u n co n fo rin ab ly , a n d  w ith  a conglom erate  a t  i ts  b ase , over 
th e  S en o n ian  chalk  exposed to  th e  so u th . T he M o k a tta m  fo rm atio n  in th e  P y ra m id s  p la teau  
of G izeh is follow ed by a w id e ly -d is tr ib u te d  u n it  t h a t  corresponds to th e  M aad i fo rm atio n  
a n d  con sis ts  o f hard , brown , siliceous lim estones w hich  c o n ta in  N um m ulites s t r ia tu s ,  C arolina 
p lacu n o id es an d  o thers . The e n tire  succession is a b o u t 25 ms in th ick n ess to  th e  n o rth  of 
th e  P y ra m id s  p la te au  and m ay  co rrespond  to  bed 1 o f th e  M aadi on th e  o p p o s ite  side of 
th e  riv er.

Gebei A h m a r sands and gravels. A t Gebei A h m ar, to  th e  east of Cairo, m ass iv e  v a rieg a ted  
san d s and  gravels, p re su m ab ly  d ep o sited  by  an  O ligocène riv er th a t  d ra in ed  s o u th e rn  E g y p t, 
overlie  th e  U p p er E ocene beds w ith  an  a n g u la r  u n co m fo rm ity . The rich ly -co lo u red  a n d  v a rie 
g a te d  san d s are trav e rsed  by silicified tu b es . A g iiio n  (1940) discussed th e  m o d e  o f  fo rm atio n  
of th ese  tu b e s  and  th o u g h t t h a t  th ey  w ere fo rm ed  by th e rm al w aters p a ss in g  th ro u g h  wet 
san d s  t h a t  were subm erged  b y  calm  w a ters . S h u k r i  (1954. C) discussed a lso  th is  su b ject, 
gave field  ev idence for the  conclusion  th a t  these  tu b es  w ere form ed by a sc e n d e n t f lu id s  c a rry 
ing iron , m anganese  and  su lp h u r oxides in  th e  form  of fum aro les a t  th e  b e g in n in g  a n d  la te r 
in th e  fo rm  of ho t m ineral sp rings t h a t  d id  n o t d is tu rb  th e  sed im en tary  s t r u c tu re s  o f the 
sands.

Several b a sa lt flows are  re p o rte d  from  all over th e  Cairo Suez d is tr ic t .  T h ese  overlie 
th e  O ligocène sands and  g ravels and  are  overla id  u nconfo rinab ly  by  th e  m a rin e  Miocene 
sed im en ts . B arron  (1907b), B a r t h o u x  (1922) an d  A n d r e w  (1937a) g ive  a l is t  o f these 
occurrences.

Geology of th e  N o rth ern  W este rn  D esert of E gyp t

T h e  geology of the  N o rth e rn  W este rn  D esert o f E g y p t is d ea lt w ith  b r ie f ly  b y  S hata 
(1953a, b), Said  (1961c) gave th e  re su lts  o f h is s tu d ie s  on the  N o rth e rn  W e s te rn  D esert. 
T h e  follow ing no tes a re  largely  ta k e n  from  th e  la t te r  p u b lica tio n  (Said  1962).

T he larger p a r t  of th e  N o rth e rn  W este rn  D esert is covered by a t h i n  b la n k e t .  In  the 
e a s t  th e  low er Miocene sed im en ts re s t over b a sa lt  flow s or “ c o n tin en ta l”  O ligocène sed im en ts, 
th u s  m ark in g  a m inor period  o f no n -d ep o sitio n  and  erosion . The to p  of th e  M iocene in te rv a l 
is m ark ed  by th e  u n co n fo rm ity  upo n  w hich th e  c o as ta l gen tly -d ipp ing  P lio cen e  sandstone  
an d  shales re s t. In  Borg E l-A ra b  th e  m iddle  m iocéné rocks are overlaid  u n c o n fo rm a b ly  by 
a p liocene section  of m arine shales a b o u t 64 m s th ick . T h e  existence of g y p su m  in E l-H am aam  
is q u a rrie d  from  an cien t p leistocene lake  bed t h a t  e x te n d ed  in th is region (S h u k r i , P h ilip  
and  S a id  1956).

T h e  M arm arica  (d esert p la te a u  region of n o rth  A frica  along th e  M e d ite r ra n e a n  Sea 
b e tw een  a n c ien t C yrenaica an d  E g y p t, S aid  1962) lim estone  fo rm ation  co v ers  a lm o st the 
e n tire  n o rth e rn  s tre tc h  of th e  W este rn  D esert. M arm arica  fo rm ation  is m ad e  u p  o f an  upper 
w h ite  lim estone m em ber and  a low er m em ber o f g rey  ca lcaren ites w ith  in te rb e d d e d  shale 
laser. T he low er m em ber form s a d is tin c tiv e , h a rd , th in  ledge th a t  can be  t ra c e d  all along 
th e  Q u tta ra  escarpm en t. Said  (1962) gave  th e  follow ing m easured sec tion  a t  th is  locality , 
from  to p  to  b o tto m :

9. W h ite  lim estone bed w ith  m arl in te rca la tio n s , fossiliferous 18 m s.
8. C halky and  rich ly  fossiliferous lim estone, 23 m s.
7. C rysta lline  lim estone, w h ite , dense  an d  poorly  fossiliferous, 6 m s.
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6. M arl, greenish, r ic h  in  in te rn a l  m oulds o f C a rd iu m  sp . 6 ms.
5. O y s te r  lim estone b e d  7 m s.
4. L edge-form ing fo ss ilife ro u s  lim estone bed r ic h  in  ech ino ids, 18 ms.
3. M arl, greenish, g y p se ro u s  an d  shaly bed, 9 m s.
2. A lloch thonous lim e s to n e  w ith  th in  m arl b a n d s , 2 m s.
1. M arl, gypseous a n d  sh a ly , 10 ms.
T h e  M oghra fo rm atio n  is a  th ic k  u n it of elastics t h a t  u n d e rlie s  th e  M arm arica  lim estone  

fo rm a tio n . T h e  following c o lu m n a r  section  was given b y  Sa i d  (1962) from  to p  to  b ase :
8. M arm arica  lim esto n e  fo rm a tio n , w hite  san d y  l im e s to n e , 5.5 ms.
7. V arieg a ted  (grey, y e llo w  a n d  brow n) sa n d s to n e , 12.5 ms.
6. M arly  sandstone , y e llo w ish  in  colour, 2 m s.
5. V arieg a ted  sa n d sto n e , 10 m s.
4. Y ellow  m arl w ith  g y p su m  veins and a low er b o n e  b e d , 37 ms.
3. V a rieg a ted  sands w ith  a  bone  bed and  a b u n d a n t  silicified wood an d  v e r te b ra te  

re m a in s , 43 ms.
2. Y ellow  h ard , c o n g lo m e ra tic  lim estone bed  w ith  a b u n d a n t  ostracods, 1 m .
1. V arieg a ted  free -ru n n in g  sa n d s  w ith  shale in te rc a la t io n s ,  97 ms.

X-ray an a lysis o f the dust fa lling  over Egypt

T h e  id en tifica tio n  o f  th e  m ineralogical co m p o s itio n  of th e  d u s t  fa lling  
o v e r C airo , H elw an an d  th e  n o rth e rn -w este rn  c o a s t o f  E g y p t was a p p ro a c h e d  
th ro u g h  th e  use of th e  X - r a y  pow der analysis. X - r a y  pow der reco rd ings h av e  
b een  m a d e  for some s ix -sam p le s  b y  using a P h ilip s  X -ra y  d iffra c to m e te r .

T a b le  (7) lists th e  n u m b e r  of sam ples, a n d  th e i r  localities, u se d  in  th e  
X - ra y  an a ly sis  for th e  id e n tif ic a tio n  of th e ir  m in e ra l com position . T h e  sam p les  
u sed  in  th e  analysis w ere c h o se n  from  th e  v e ry  f in e  s a n d  frac tio n  ( > 2 0  m icrons).

Table 7
N u m b ers  o f  samples and their localities

No. of sample Locality

l . M a d e n it N asr, Cairo, E g y p t

2. D a ra a sa , Cairo, E gyp t

— H elw an , E gypt

1. M a ru o t, NW  Coast o f E g y p t

2. B o rg  E l-A rab, NW  C oast o f E g y p t

3. E l-H am aa m , NW  C oast o f  E g y p t

Discussion of results

F ro m  th e  d a ta  g iven  in  ta b le  (8), (9), (10), (11), (12) and  (13) one can 
o b se rv e  th e  following:

1. T h e  d u s t sam ples a n a ly se d  for th e  s ix  sa m p le s  of d ifferen t localities 
h a v e  id e n tic a l m ineral co m p o sitio n , b u t th e  r e la t iv e  abundance  o f th e  con-
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T a b le  8

X-ray diffraction data for the very fin e  sand o f dust falling

Mazenit Nasr Halloysite Card 
No. 9-451

Illite Card 
No. 9-451

Kaolinite Card 
No. 6-0221

Dolomite Card 
No. 2-0714

d Â i / i . dÂ I/ l . d A I/Io d A i / i . d Á l / i ,

7 .56 3
4 .4 1 3 4 .4 2 100 4 .4 6 100 4 .4 8 80 _
4 .27 10 — — — ___ _ _ _
3 .8 4 23 — — 3 .88 60 ___ _ _
3 .6 7 4 — — 3 .65 50 — ___ ___ _
3 .31 56 3 .3 4 90 3 .3 6 100 ___ ___ _ _
2 .98 100 — — — — — — 2 .95 100
2 .8 8 7 — — 2 .86 60 ___ ___ _
2 .761 4 — — — ___ _ _
2 .5 4 6 5 2 .56 80 2 .57 100 2 .5 6 5 80 _
2 .471 31 — — 2 .45 50 ___ ___ _
2 .3 8 30 2 .36 60 2 .39 60 2 .3 8 6 80 2 .4 0 30
2 .3 4 0 3 — — — — 2.341 90 ___ ___

2 .2 3 0 5 2 .2 3 20 2 .2 4 50 2 .2 0 6 10 2 .2 4 50
2 .1 2 5 5 — — 2 .1 4 60 ___ ___ _ _
2 .0 7 0 37 2 .0 6 10 — — — ___ 2 .0 4 40
1 .990 4 — — 1 .992 60 1 .989 40 _ _
1 .978 6 — — 1 .94 40 ___ _ _
1 .789 4 — — — — 1 .789 40 1.81 70
1 .670 4 1 .678 80 1 .650 60 1 .6 6 6 50 _ _
1 .5 4 0 8 — — — — 1.541 10 1 .56 40
1 .465 5 1.481 90 1 .5 0 0 80 1 .4 8 8 100 1 .48 40
1 .3 4 9 3 — — 1 .345 50 1 .339 10 1 .30 10
1 .282 3 1.283 70 1.297 40 1.287 30 1 .25 30
1 .266 2 — — 1.269 40 1.265 10 1.25 30
1 .242 4 — — 1.245 50 _ _ _
1.231 4 1 .236 30 — — 1 .236 30 1.22 5
1 .198 4 — — 1 .1 9 4 10 1 .19 10

Madenit Nasr, Cairo, Egypt, during A pril 1974

Gypsum Card 
No. 6-0046

Quartz Card 
No.'5-0490

Muscovite Card 
No. 7-32

Biotite Card 
No. 2-0045

d A i / i . d A 1 1. d Á I /I0 d A i / i .

7 .5 6 100
— — — — 4 .4 8 55 _ _

4 .2 7 50 4 .2 6 35 4 .3 0 20 _
— — — — 3.8 8 9 35 -

— 3 .3 4 3 100 3 .51 < 1 0 0 3.37 100
— — — — 2 .9 9 9 45 _ _

2 .867 25 — — 2.871 35 — _
2 .7 8 6 6 — — 2 .8 0 3 20 _
2.591 4 — — 2 .5 8 9 50 _ _

— — 2 .4 5 8 12 2 .4 5 8 20 2.45 80
2 .4 0 0 4 — 2.3 9 6 10 — —

2 .2 1 6 6 2 .237 6 2 .2 3 6 6
2 .1 3 9 2 2 .1 2 8 9 2 .1 3 2 25 2 .18 80
2 .0 7 3 8 — — 2.051 6 _ _
1 .990 4 — — — — 2 .0 0 80
1 .953 4 — — 1.975 14 ___

1.812 10 1.817 17 — — 1 .75 20
J .6 6 4 4 1 .659 3 1 .670 12 1.67 80
1.532 2 1.541 15 — — 1 .54 80

— — — 1 .499 40 1.47 20
— — 1.372 9 — — 1 .36 60
— — 1.288 3 — — 1.31 40
— — 1 .256 4 — — — —

— — — — — — ___ _
— — 1 .228 2 — ___ ___ ___

1 .1973 2 — — — —
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T a b le  9

X -ra y  diffraction data fo r  the very f in e  sand o f  dust fa llin g  over Daraasa, Cairo, E gypt, during A p r il 1974

D araasa
Halloysite Card 

No. 9-451
Ulite Card 
No. 9-451

Kaolinite Card 
No. 6-0221

Dolomite Card 
No. 2-0714

Gypsum Card 
No. 6-0046

Quartz Card 
No. 5-0490

Muscovite Card 
No. 7-32

Jliotite Card 
No. 2-0045

,1 A I/I« d A V C d A i / i . d A I I 0 d A V C d A  l / i„ d A V C d A I / I 0 d A V C

7 .5 6 4 7 .5 6 1 0 0 _ _ __ __ __ _
7 .1 6 4 — — • --- 7 .1 8 1 0 0 — — — — — — — — —

4 .1 8 5 4 .4 2 1 0 0 4 .4 6 100 4 .4 8 8 0 — — — — — — 4 .4 8 55 — —

4 .2 6 26 — — — — — — — — 4 .2 7 50 4 .2 6 35 4 .3 0 2 0 — —

3 .8 5 14 __ __ 3 .8 8 6 0 — — — — — — — — 3 .8 8 9 35 — —

3 .7 7 2 12 — — — — — — — 3 .7 9 2 0 — — 3 .7 3 5 3 0 — —

3.645 11 3.65 50 3.58 100 — — — — — — — — — —

3.30 50 3.34 90 — — — — — - — — 3.343 100 3.351 < 1 0 0 — —

3.12 6 — — 3.10 50 — — — — — — — — — — —

3.034 100 — — — — — — — — — — — — 2.999 45 — —

2.936 8 — — _ — — 2.95 100 — — — — — 2.92 20
2.896 31 — — 2.86 60 — — — 2.867 25 — — 2.871 35 — —

2.776 4 __ — — — — — 2.786 6 — — 2.803 20 — —
2.580 6 2.560 80 2.57 100 2.565 80 — — 2.591 4 — — 2.589 50 — —

2.52 9 — — — 2.502 80 — — 2.530 < 1 — — 2.514 20 2.52 40
2.440 2 — 2.45 50 — _ — _ 2.495 6 2.458 12 2.458 20 2.45 80
2.426 5 — 2.39 60 2.386 80 2.40 30 2.400 4 — — 2.396 10 — —

2.346 6 2.36 60 — — 2.341 90 — — — — — — — — — —

2.235 7 2.23 20 2.24 50 2.206 10 2.24 50 2.206 6 2.237 6 2.236 6 — —

2.156 5 — — 2.14 60 — — — — 2.139 2 2.128 9 2.132 25 — —

2.090 23 2.06 10 — — — — 2.04 40 2.073 8 — — 2.051 6 — —

1.979 9 __ — 1.992 60 1.989 40 — — 1.990 4 — — 1.975 14 2.00 80
1.962 5 — — 1.94 40 — — — — 1.953 4 — — — — 1.91 20
1.789 5 — — — — 1.789 40 1.81 70 1.812 10 1.817 17 — — 1.75 20
1.697 3 1.678 80 1.650 60 1.666 50 — 1.664 4 1.659 3 1.670 12 1.67 80
1.540 16 — — — — 1.541 10 1.56 40 1.532 2 1.541 15 — — 1.54 80
1.482 3 1.481 90 1.500 80 1.488 100 1.48 40 — — — — 1.499 40 1.47 20
1.437 9 — — — — 1.432 20 1.40 40 — — — — — — 1.43 20
1.341 6 — — 1.345 50 1.339 10 1.37 5 — — 1.372 9 — — 1.36 60
1.282 6 1.283 70 1.297 60 1.310 10 1.30 10 — — 1.288 3 — — 1.31 40
1.265 5 — — 1.269 40 1.287 30 1.25 30 — — 1.256 4 — — — —

1.239 4 1.236 30 — 1.236 30 1.22 5 — 1.228 2 —

3
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T a b le  10

X-ray diffraction data for the very fin e  sand o f dust falling over Helwan, Egypt, during April 1974

Helwan
Halloysite Card 

No. 9-451
lllite Card 
No. 9-451

Kaolinite Card 
No. 6-0221

Dolomite Card 
No. 2-0714

Gypsum Card 
No. 6-0046

Quartz Card 
No. 5-0490

Muscovite Card 
No. 7-32

Biotite Card
No. 2-0045

d A I /I , d A I / I . d A I/I d Á I/Io d A I/Io d A I/Io d A i / i „ d A I / I . d A I / I .

4 .4 1 4 4 .4 2 100
4 .2 4 5 _ — — — — — 4 .2 7 5 0 4 .2 6 3 5 4 .3 0 2 0 — —
3 .8 4 9 — — 3 .8 8 6 0 _ — — — — — — — 3 .8 8 9 3 5 — —
3 .6 7 4 — — 3 .6 5 5 0 — — — — — — — — — — — —
3 .1 4 6 0 — — 3 .1 0 5 0 — — — — 3 .1 6 3 4 — — — — 3 .1 6 2 0
2 .8 6 6 0 — — 2 .8 6 6 0 — — — — 2 .8 6 7 25 — — 2 .8 7 1 3 5 — —

2 .7 8 7 — — — — — — — — 2.786 6 — — 2.803 20 — —

2.56 8 2.56 80 2.57 100 2.565 80 — — 2.591 4 — — 2.589 50 — —

2.53 8 — — — — 2.502 80 — — 2.530 < 1 — — 2.514 20 2.52 40
2.48 16 — — 2.45 50 — — — — 2.495 6 2.458 12 2.458 20 2.45 80
2.40 7 — — 2.39 60 2.386 80 2.40 30 2.400 4 — — 2.396 10 — —

2.35 7 2.36 60 — — 2.341 90 — — — — — — — — — —

2.23 20 2.23 20 2.24 50 2.206 10 2.24 50 2.216 6 2.237 6 2.236 6 2.28 20
2.65 10 — — 2.14 60 — — — — 2.139 2 2.128 9 2.132 25 2.18 80
2.08 11 2.06 10 — — — — 2.04 40 2.073 8 — — 2.051 6 — —

1.966 22 — — 1.94 40 — — — — 1.953 4 — — — — 1.91 20
1.789 4 — — — — 1.789 40 1.81 70 1.812 10 1.817 17 — — 1.75 20
1.693 4 1.678 80 1.650 60 1.666 50 — — 1.664 4 1.659 3 1.670 12 1.67 80
1.535 49 — — — — 1.541 10 1.56 40 1.532 2 1.541 15 1.54 80
1.482 4 1.481 90 1.500 80 1.488 100 1.48 40 — — — — 1.499 40 1.47 20
1.436 6 — — — — 1.432 20 1.40 40 — — — — — — 1.43 20
1.348 34 — — 1.345 50 1.339 10 1.37 5 — — 1.372 9 — — 1.96 60
1.286 12 1.283 70 1.297 60 1.310 10 1.30 10 — — 1.288 3 — — 1.31 40
1.254 19 — — 1.269 40 1.287 30 1.25 30 — — 1.256 4 — — — —

1.235 5 — — 1.245 50 1.265 10 — — — — — — — — —

1.230 5 1.236 30 — — 1.236 30 1.22 5 — 1.228 2 — — — —

1.198 15 — — — — 1.194 10 1.19 10 — — 1.1973 2 — — — —
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Table 11

oo

X - r a y  d i f f r a c t io n  d a ta  f o r  the  v e r y  f i n e  s a n d  o f  d u s t  f a l l i n g  over M a r u o t  ( N o r th  C oast o f  E g y p t ) ,  d u r in g  A p r i l  1 9 7 4

M aruot
Halloysite Card 

No. 9-451
Illite Card 
No. 9-334

Kaolinite Card 
No. 6-0221

Dolomite Card 
No. 2-0714

Gypsum Card 
No. 6-0046

Quartz Card 
No. 5-0490

Muscovite Card 
No. 7-32

Biotite Card 
No. 2-0045

d A I/Io d A i / i . d A I / I . d A i / i . d A i / i . d A i / i . d A i / i . d A I /I . d Á i / i .

4 .4 9 4 4 .4 6 1 0 0 - 4 .4 8 5 5
3 .8 3 17 — — 3 .8 8 6 0 — — — — — — 3 .8 8 9 3 5 — —
3 .6 6 7 5 — 3 .6 5 50 — — — — — — — — — —
3 .3 2 3 8 0 3 .3 4 90 3 .3 6 1 0 0 — — — — — ' --- 3 .3 4 3 1 0 0 3 .3 5 1 < 1 0 0 3 .3 7 1 00
3 .1 1 2 5 — — 3 .1 0 50 — — — — — — — — — — 3 .1 6 2 0
2 .9 2 6 8 — — — — — — 2 .9 5 1 0 0 — — — — __ __ __ __

2 .8 8 0 12 — — 2 .8 6 6 0 — — —  . — 2 .8 6 7 2 5 — — 2 .8 7 1 35 2 .9 2 2 0
2 .7 7 6 4 — — — — — — — — 2 .7 8 6 6 — — 2 .8 0 3 2 0 __ __
2 .5 8 0 6 2 .5 6 8 0 2 .5 7 1 0 0 2 .5 6 5 8 0 — — 2 .5 9 1 4 — — 2 .5 8 9 5 0 — __
2 .5 1 6 4 — — — — 2 .5 0 2 8 0 — — 2 .4 9 5 6 — — 2 .5 1 4 2 0 2 .5 2 4 0
2 .4 5 0 15 — — 2 .4 5 50 — — — — — 2 .4 5 8 12 2 .4 5 8 20 2 .4 5 8 0
2 .4 0 0 4 2 .3 6 6 0 2 .3 9 60 2 .3 8 6 8 0 2 .4 0 3 0 2 .4 0 0 4 — — 2 .3 9 6 10 — —
2 .3 5 0 4 — — — — 2 .3 4 1 9 0 — — — — — — — — — —
2 .2 3 0 5 2 .2 3 2 0 2 .2 4 5 0 2 .2 0 6 10 2 .2 4 5 0 2 .2 1 6 6 2 .2 3 7 6 2 .2 3 6 6 — —
2 .1 5 6 5 — — 2 .1 4 6 0 — — — — 2 .1 3 9 2 2 .1 2 8 9 2 .1 3 2 25 2 .1 8 8 0
2 .0 8 0 3 2 .0 6 10 — — — 2 .0 4 4 0 2 .0 7 3 8 — — 2 .0 5 1 6 — —
1 .9 5 4 3 — — 1 .9 4 4 0 1 .9 8 9 4 0 — — 1 .9 5 3 4 — — 1 .9 7 5 1 4 1 .9 1 2 0
1 .7 8 6 4 — — — — 1 .7 8 9 4 0 1 .8 1 70 1 .8 1 2 10 1 .8 1 7 17 — — 1 .7 5 2 0
1 .6 8 8 4 1 .6 7 8 8 0 1 .6 5 0 6 0 1 .6 6 6 5 0 — — 1 .6 6 4 4 1 .6 5 9 3 1 .6 7 0 12 1 .6 7 8 0
1 .5 3 8 10 — — 1 .5 0 0 8 0 1 .5 4 1 10 1 .5 6 4 0 1 .5 3 2 2 1 .5 4 1 15 — — 1 .5 4 8 0
1 .4 8 7 4 1 .4 8 1 9 0 — — 1 .4 8 8 1 00 1 .4 8 4 0 — — — — 1 .4 9 9 4 0 1 .4 7 2 0
1 .4 3 2 9 — — — — 1 .4 3 2 20 1 .4 0 4 0 — — — — — — 1 .4 3 2 0
1 .3 4 6 3 — — 1 .3 4 5 50 1 .3 3 9 10 1 .3 7 5 — — 1 .3 7 2 9 — — 1 .3 6 6 0
1 .2 8 5 5 1 .2 8 3 7 0 1 .2 9 7 6 0 1 .3 1 0 10 1 .3 0 10 — — 1 .2 8 8 3 — — 1 .3 1 4 0
1 .2 6 6 3 — — 1 .2 6 9 4 0 1 .2 8 7 30 1 .2 5 30 — — 1 .2 5 6 4 — — — —
1 .2 4 2 4 — — 1 .2 4 5 50 1 .2 6 5 10 — — — — — — — — — _
1 .2 3 8 4 1 .2 3 6 3 0 — - 1 .2 3 6 3 0 1 .2 2 5 — — 1 .2 2 8 2 — — —
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T a b le  12

X-ray diffraction data for the very fin e  sand o f dust falling over Borg-el-Arab (North Coast o f Egypt) during A pril 1974

Borg-el-Arab
H alloy site Card 

No. 9-451
I Hite Card 
No. 9-334

Kaolinite Card 
No. 6-0221

Dolomite Card 
No. 2-0714

Gypsum Card 
No. 6-0046

—

Quartz Card 
No. 5-0490

Muscovite Card 
No. 7-32

Biotite Card 
No. 2-0045

d A I / I . d A I / I . d Â I / I . d Â I / I . d A i / i . d A I / I . d A i / i . d A I / I . d A I / I .

7 .6 0 4 7 .5 6 1 0 0 _ _ ___ ___ ___ ___

4 .4 8 5 ___ ___ 4 .4 6 1 0 0 4 .4 8 8 0 — — — — — — 4 .4 8 5 5 — —

3 .8 8 3 0 — — 3 .8 8 6 0 — — — — — — — — 3 .8 8 9 3 5 — —

3 .7 8 12 ___ ___ — — — — — — 3 .7 9 2 0 — — 3 .7 3 5 3 0 — —

3 .3 0 1 0 0 3 .3 4 9 0 3 .3 6 1 0 0 — — — — — — 3 .3 4 3 1 0 0 3 .3 5 1 < 1 0 0 3 .3 7 1 0 0

2 .9 5 6 12 ___ ___ — — — — 2 .9 5 1 0 0 — — — — 2 .9 9 9 4 5 — —
2 .8 8 0 3 0 ___ — 2 .8 6 6 0 — — — — 2 .8 6 7 2 5 — — 2 .8 7 1 35 2 .9 2 4 0

2 .7 6 0 6 — ___ — — — — — — 2 .7 8 6 6 — — 2 .8 0 3 2 0 — — -

2 .5 6 0 6 2 .5 6 8 0 2 .5 7 1 0 0 2 .5 6 5 8 0 — — 2 .5 9 1 4 — — 2 .5 8 9 5 0 — —

2 .5 2 0 6 ___ ___ — — 2 .5 0 2 8 0 — — 2 .5 3 0 < 1 — — 2 .5 1 4 2 0 2 .5 2 4 0

2 .4 7 6 12 ___ ___ 2 .4 5 5 0 — — — — — — 2 .4 5 8 12 2 .4 5 8 2 0 2 .4 5 8 0

2 .4 1 5 7 — — 2 .3 9 6 0 2 .3 8 6 8 0 2 .4 0 3 0 2 .4 0 0 4 — — 2 .3 9 6 10 — —

2 .3 5 6 4 — — — — 2 .3 4 1 9 0 — — — — — — — — — —

2 .2 3 0 16 2 .2 3 2 0 2 .2 4 0 5 0 2 .2 0 6 10 2 .2 4 5 0 2 .2 1 6 6 2 .2 3 7 6 2 .2 3 6 6 — —
2 .1 5 6 7 ___ — 2 .1 4 6 0 — — — — 2 .1 3 9 2 2 .1 2 8 9 2 .1 3 2 2 5 2 .1 8 8 0

2 .0 8 0 9 2 .0 6 10 — — — — 2 .0 4 4 0 2 .0 7 3 8 — 2 .0 5 1 6 — —

2 .0 1 0 6 — — 1 .9 9 2 6 0 1 .9 8 9 4 0 — — 1 .9 9 0 4 — 1 .9 7 5 14 2 .0 0 8 0

1 .9 7 0 2 6 — — 1 .9 4 4 0 — — — — 1 .9 5 3 4 — — — — —

1 .7 8 2 7 — ___ — — 1 .7 8 9 40 1 .81 7 0 1 .8 1 2 10 1 .8 1 7 17 — — 1 .7 5 2 0
1 .6 9 0 4 1 .6 7 8 8 0 1 .6 5 0 6 0 1 .6 6 6 5 0 — — 1 .6 6 4 4 1 .6 5 9 3 1 .6 7 0 12 1 .6 7 8 0
1 .5 3 2 4 9 — — — — 1 .5 4 1 10 1 .5 6 4 0 1 .5 3 2 2 1 .5 4 1 15 — — 1 .5 4 8 0

1 .4 8 2 3 1 .4 8 1 9 0 1 .5 0 0 8 0 1 .4 8 8 100 1 .4 8 4 0 — — — — 1 .4 9 9 4 0 1 .4 7 2 0

1 .4 3 2 6 — — — — 1 .4 3 2 2 0 1 .4 0 4 0 — — — — — — 1 .4 3 2 0

1 .3 4 2 3 ___ — 1 .3 4 5 5 0 1 .3 3 9 10 1 .3 7 5 — — 1 .3 7 2 9 — — 1 .3 6 6 0

1 .2 8 2 7 1 .2 8 3 7 0 1 .2 9 7 6 0 1 .3 1 0 10 1 .3 0 10 1 .2 8 8 3 1 .3 1 4 0
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T ab ic  13

X -ra y  diffraction data fo r  the very f in e  sand o f  dust fa llin g  over E l-H am aam  (N orth  Coast o f  E g yp t), during A p r il 1974

El-Ham aam
Halloysite Card 

No. 9-451
Illite Card 
No. 9-334

Kaolinite Card 
No. 6-0221

Dolomite Card 
No. 2-0714

Gypsum Card 
No. 6-0046

Quartz Card 
No. 5-0490

Muscovite Card 
No. 7-32

Biotite Card 
No. 2-0045

d A i / i „ d A i / i . d A I / l .  d A i / i . d A I / i 0 d A I / I . d A i / i » d A I /I . d A I / I .

7 .6 0 4 7 .5 6 1 0 0
4 .4 4 6 4 .4 2 100 4 .4 6 100 4 .4 8 8 0 — — — — — — 4 .4 8 5 5 — —
4 .2 3 5 — — — — — — — — 4 .2 7 5 0 4 .2 6 3 5 — — — —
3 .8 7 11 — — 3 .8 8 6 0 — — — — — — — — 3 .8 8 9 3 5 — —
3 .8 1 12 — — — — — — — — 3 .7 9 2 0 — — — — — —
3 .6 8 9 — — 3 .6 5 5 0 — — — — — — — — — — — —
3 .3 2 9 8 3 .3 4 9 0 3 .3 6 1 0 0 — — — — — — 3 .3 4 3

О1—H 3 .3 5 1 < 1 0 0 3 .3 7 1 0 0
3 .1 0 11 — — 3 .1 0 5 0 — — — — — — — — — — _ —
2 .9 S 6 9 — — — — — — 2 .9 5 1 0 0 — — — — 2 .9 9 9 4 5 — —
2 .8 7 0 3 3 — — 2 .8 6 6 0 — — — — 2 .8 6 7 2 5 — — 2 .8 7 1 3 5 2 .9 2 2 0
2 .7 7 6 8 — — — — — — — — 2 .7 8 6 6 — — 2 .8 0 3 2 0 — —
2 .5 4 5 7 2 .5 6 8 0 2 .5 7 1 0 0 2 .5 6 5 8 0 — — 2 .5 9 1 4 — — 2 .5 8 9 5 0 — —
2 .5 2 0 7 — — — — 2 .5 0 2 8 0 — — 2 .4 9 5 6 — — 2 .5 1 4 2 0 2 .5 2 4 0
2 .4 4 0 4 9 — — 2 .4 5 5 0 — — — — — — 2 .4 5 8 12 2 .4 5 8 2 0 2 .4 5 8 0
2 .4 0 0 8 — — 2 .3 9 6 0 2 .3 8 6 8 0 2 .4 0 3 0 2 .4 0 4 — — 2 .3 9 6 10 — —
2 .3 4 0 6 — — — — 2 .3 4 1 9 0 — — — — — — — — — —
2 .2 3 0 2 8 2 .2 3 2 0 2 .2 4 50 2.206 10 2.24 50 2.216 6 2.237 6 2.236 6 __ —
2.156 8 — — 2.14 60 — — — — 2.139 2 2.128 9 2.132 25 2.18 80
2.090 10 2.06 10 — — — — 2.04 40 2.073 8 — — 2.051 6 — —
1.997 6 — — 1.992 60 1.989 40 — — 1.990 4 — — 1.975 14 2.00 80
1.782 9 — — — — 1.789 40 1.81 70 1.812 10 1.817 17 — — 1.75 20
1.692 6 1.678 80 1.650 60 1.666 50 — — 1.664 4 1.659 3 1.670 12 1.67 80
1.554 8 — — — — 1.541 10 1.56 40 1.532 2 1.541 15 — — 1.54 80
1.482 5 1.481 90 1.500 80 1.488 100 1.48 У — — — — 1.499 40 1.47 20
1.437 6 — — — — 1.432 20 1.40 40 — — — — — — 1.43 20
1.347 6 — — 1.345 50 1.339 10 1.37 5 — — 1.372 9 — — 1.36 60
1.288 11 1.283 70 1.297 60 1.31 10 1.30 10 — — 1.288 3 __ __ 1.31 40
1.261 5 — — 1.269 40 1.287 30 1.25 30 — — — __ __ __ __ __
1.240 6 — — 1.245 50 1.265 10 — — — __ 1.256 4 _ _ _ ___

1.233 6 1.236 30 — — 1.236 30 1.22 5 — — 1.228 2 — — —
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s t i tu e n t  m inerals differs, th e  m inera l assem blages reflects th e  lith o lo g ica l 
co m position  o f th e  su rface  o f a t  le a s t th e  n e a rb y  province b e in g  th e  m ain  
source rock  o f th e  d u s t, w h e th e r fa lling  o v er C airo, H elw an  o r  th e  NW  
C oast o f E g y p t, th e  ab u n d an ce  of each  m in e ra l in  sam ple a n a ly se d  h as  been 
e s tim a te d  b y  its  freq u en cy  o r its  re p e a te d  re flec tio n  shown in ta b le s  before.

2. T he m inerals id en tified  are  g en e ra lly  dolom ite, g y p su m , q u a rtz , 
m u sco v ite  an d  b io tite , assoc ia ted  w ith  som e c lay  m inerals w h ich  m a y  be in 
th e  size o f san d  frac tio n  o r m ay  be escap ed  d u rin g  th e  s e p a ra tio n  o f  sand  
f ra c tio n  b y  d eca n ta tio n .

3. T he clay  m inerals are  u su a lly  illite , ha llo y site  and  k a o lin ite .
4 . T he clay  m inera ls reco rd ed  i.e . illite , h a lloysite  a n d  k a o lin ite  are 

p o ssib ly  derived  from  th e  c layey  gypsiferous beds (M o k attam ), g re y ish  shaly  
beds an d  m arls (M aadi), s a n d y  shales (H e lw an ), shales (N W  C o ast) .

5. T he non  clay  m inera ls  especia lly  do lo m ite  (m an g an o am  ca lc ite ) are 
d e tr i ta l ,  p roduced  th ro u g h  th e  m ech an ica l d is in teg ra tio n  o f th e  su rro u n d in g  
d o lom itic  lim estone  a t  each  area  w h e th e r , M aden it N asr, H e lw a n  or the  
N o rth e rn -W e ste rn  Coast o f E g y p t.

6. D olom ite  to g e th e r  w ith  c lay  m in era ls  iden tified  show  a m ark ed  
c o n c e n tra tio n  in th e  san d  frac tio n s a n a ly sed . D olom ite m ay  b e  o rig in a ted  
from  d o lom ite  lim estone  b ed  (M o k a ttam , G izeh p y ram ids an d  s p h in x  an d  the  
M arm arica  fo rm atio n ).

7. Q u a rtz  possib ly  o rig in a ted  from  th e  loose sandy  m a te r ia l  belonging 
th e  a llu v iu m  in each  area  or from  th e  re c e n t san d  dunes s c a t te re d  in  the  
n e ig h b o u rh o o d  of C airo, H elw an  an d  th e  N o rth  Coast of E g y p t.

8. G ypsum  m ay  be p ro d u ced  b y  th e  m echan ical d is in te g ra tio n  o f the  
C airo c layey  gypseous an d  b u ild in g  s to n e  ho rizon  w ith  g y p su m  (M o k a ttam  
fo rm a tio n ), H elw an , th e  M arm arica  fo rm a tio n  an d  th e  p le is to cen e  b ed  w hich 
is q u a rr ie d  a t  E l-H am aam , N W  C oast o f  E g y p t.

T he h ig h est v a lue  o f  d u s t d ep o sited  a ll over th e  d iffe ren t lo ca litie s  are 
reco rd ed  du ring  M arch till M ay w ith  m ax im u m  deposition  o c c u rrin g  in  April. 
T h is is due to  th e  passage o f loca lly  w ell-know n a tm o sp h eric  depressions 
“ K h a m a sin  D epressions”  w hich are u su a lly  associated  w ith  s tro n g ly  hot 
southern  w inds w hich  are  genera lly  d ire c te d  to  N E -N  a t C airo a n d  H elw an 
d is tr ic ts , an d  N W -N  a t th e  N o rth e rn -W e ste rn  C oast of E g y p t.

T he ex istence  o f G ebei A hm ar an d  G ebei E l-M o k attam , M aad i, H elw an, 
S a h a ri c ity  an d  N W  C oast of E g y p t h ills  p lay  th e  chief ro le  in  increasing  
th e  q u a n t i ty  of th e  d u s t deposited .
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МИНЕРАЛОГИЧЕСКИЙ СОСТАВ И ИНТЕНСИВНОСТЬ ВЫПАДЕНИЯ ПЫЛИ НА 
ТЕРРИТОРИИ КАИРА, ХЕЛУИАНА И СЕВЕРОЗАПАДНОГО ПРИМОРЬЯ ЭГИПТА

А Б Д Е Л  АЗИЗ КО ЛКИЛА

Р е з ю м е

Автор статьи изучал шесть проб пыли, взятых в шести различных пунктах Эгипта. 
Подводятся итоги проведенных анализов их минералогического состава и интенсивности 
накопления пыли на территории Каира, Хелуана и северо-западного Приседиземноморья 
Эгипта. Рассматривается геологическое строение упомянутых районов. На основании 
полученных результатов делается вывод, что изученные образцы пыли имеют в основном 
аналогичный минералогический состав. Однако, относительные содержания отдельных 
компонентов различаются в соответствии с различиями литологического состава пород, 
послуживших источником питания пыли. Пыль поступает в основном с холмов Джебел 
Ахмар и Джебел Ел-Мокаттам, Маади и Хелуан-Сахари, а также с северо-западных 
приседиземноморских холмов Эгипта.
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D ir e c t  r e s e a r c h  w a s  c a r r ie d  o u t  fo r  p r o s p e c t in g  o f  o il a n d  g a s  f i e l d s  b y  m ic r o 
b io lo g ic a l  a n a ly s is  a n d  b y  m e a s u r in g  o f  t h e  h y d r o c a r b o n -g a s  c o n t e n t  o f  s o i l  a n d  
w a t e r  s a m p le s  d e r iv e d  fr o m  s h a llo w  d e p th s . Q u a n t i t a t iv e  a n a ly s e s  w e r e  m a d e  o n  th e  
o n e  p a r t  t o  d e te r m in e  t h e  n u m b e r  or  a c t iv i t y  o f  h y d r o c a r b o n  o x id iz in g  m ic r o o r g a n is m s  
a n d  o n  t h e  o th e r  p a r t  to  d e te r m in e  t h e  o r ig in a l c o n t e n t  o f  h y d r o c a r b o n  g a s e s  (C x— C4) 
a d s o r b e d  in  so il d is s o lv e d  in  w a te r  s a m p le s .  T h e  a im  o f  t h e  a n a ly s e s  w a s  t o  d e 
m o n s t r a te  t h e  p r o d u c t iv i t y  o f  t h e  s t r u c tu r e  s u p p o s e d  b y  fo r m e r  s e i s m ic  s u r v e y s .  
O r ig in a l c o n t e n t  o f  h y d r o c a r b o n  g a s e s  o f  s o i l  a n d  w a te r  sa m p le s  w e r e  d e t e r m in e d  b y  
g a s  c h r o m a to g r a p h y  a n d  t h e  r a t io  o f  m e th a n e  t o  h ig h e r  m o l. w e ig h t  h y d r o c a r b o n  
g a s e s  w e r e  t a k e n  in to  c o n s id e r a t io n . A f te r  m a t h e m a t ic a l  s t a t is t ic a l  p r o c e s s in g  o f  th e  
d a ta  t h e  a u th o r s  d r e w  u p  a n o m a lo u s  m a p s . B o t h  m ic r o b io lo g ic a l a n d  d ir e c t  g e o 
c h e m ic a l  a n o m a lo u s  s p o t s  g a v e  a  g o o d  c o r r e s p o n d e n c e  to  t h e  s t r u c t u r e  w h ic h  w a s  
o v e r la in  w it h  a la r g e  a n o m a ly .  P r o d u c t iv i t y  o f  t h e  s tr u c tu r e  w a s  d e m o n s t r a t e d  b y  
e x p lo r a t o r y  w e lls  m e a n t im e .

T h e d irec t geochem ical an d  m icrobio logical h y d ro ca rb o n  e x p lo ra tio n  as 
an  e x tra o rd in a r ily  sim ple  and  inexpensive  m eth o d  is b ecom ing  m ore  and  
m ore w id esp read  all over th e  w orld . E x a m in a tio n s  b y  th e  geo ch em ical m eth o d  
h av e  been  perfo rm ed  espec ia lly  in  F ran ce  an d  in  A frica; F e u g e r e  e t al. 
(1970), G e r a r d  (1966), G e r a r d  (1971), L u c o n  e t al. (1970) w hile  th e  m icro 
b io log ical m eth o d  is p rim a rily  gain ing  g ro u n d  in  th e  Soviet U n io n  an d  in 
som e soc ia list co u n trie s ; B o g d a n o v a  e t al. (1974), D a v is  (1967), K a r t s e v  
e t  al. (1959), K u z n e t s o v  e t al. (1963), M o g i l e v s k i j  (1974), M o g i l e v s k i j  et 
al. (1974), K a r a s k i e w i c z  (1970). M any h u n d re d  th o u san d  sq u a re  k ilo m etres  
h av e  b een  exam ined  b y  u sin g  b o th  m eth o d s w ith  favourab le  r e s u lts .

T he fu n d am en ta l p rinc ip les o f  th e  m e th o d  are given b y  th e  v e rtic a l 
m ig ra tio n  of h y d ro ca rb o n s d iscussed  in  d e ta il b y  G e r a r d  (1973). A s a re su lt 
o f  th is  m ig ra tio n , th e  h y d ro c a rb o n  gases in  th e  lay ers  and  in  th e  w a te rs  near 
th e  su rface  get re la tiv e ly  en rich ed  re su ltin g  in  a local b re e d in g  o f  m icro 
o rgan ism s u tiliz ing  h y d ro c a rb o n  gases as an  on ly  source o f c a rb o n . S ince th e  
d ire c t geochem ical an d  m icrobio logical m e th o d s form  a su p p le m e n t to  th e  
seism ic an d  g ra v ita tio n a l m e th o d s , i t  is ad v isab le  to  use th e m  w ith  these  
s im u ltan eo u sly  or consecu tive ly . N am ely , w hile th e  seismic a n d  g ra v ita t io n a l
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m e th o d s  are p rim arily  s u ita b le  for d e te rm in in g  th e  location  and  size o f  re 
se rv o irs , b y  using th e  d ire c t  m ethod , it can  be  s e t t le d  w ith  h igh p ro b a b ility  
w h e th e r  th e  s tru c tu re  c o n ta in s  any  h y d ro c a rb o n  o r n o t. In  som e cases, th e  
d ire c t  geochem ical a n d  m icrobiological in d ic a tio n  can he used  in  itself, 
m a in ly  for locating  s t r a t ig r a p h ic  trap s , th e  d e te c tin g  o f w hich b y  p h y sica l 
m e th o d s  is very  d iff ic u lt o r  im possible. T he reco n n a issan ce  su rv ey  o f large 
re g io n s  can  be a fu r th e r  in d e p e n d e n t ap p lica tio n  b ecau se  th is m eth o d  involves 
a low  cost im pact.

T h e  area ex am in ed  is s i tu a te d  in S o u th  H u n g a ry , close to  th e  Y ugoslav  
b o rd e r . In  th is area , tw o  se ism ic  profiles in te rs e c tin g  each  o th e r lines (M J-3- 
726 a n d  M J-4-726) w ere  t a k e n  as a s ta r tin g  b a s is . A long th ese  lines rock  
sa m p le s  w ere ta k e n  fro m  sh a llo w  depth  an d  w a te r  sam ples from  th e  shallow  
d u g  w ells along these  lin es  w ere  exam ined. M icrob io log ica l ex am in a tio n s w ere 
p e r fo rm e d  on all sam p les  b u t  gas c h ro m a to g ra p h ic  exam in a tio n s on w a te r  
sa m p le s  only.

Methods

I n  th e  course o f  m icrobio logical e x a m in a tio n s , p a r tly  q u a n ti ta t iv e  
b a c te r ia  coun ting  w as c a r r ie d  o u t b y  th e  e n d -p o in t d ilu tion  m e th o d , p a r t ly  
b a c te r ia -a c tiv i ty  e x a m in a tio n s  were perfo rm ed . T h e  geochem ical in v e s tig a 
t io n s , i.e . th e  d e te rm in a tio n  o f  th e  am o u n t o f  h y d ro c a rb o n  gases o rig ina lly  
d isso lv e d  in  th e  w a te r  sa m p le s  were ca rried  o u t  b y  gas c h ro m a to g ra p h y  
te c h n iq u e s  a fte r re lea s in g  th e  gases from  w a te r  sam p les  using  th e  m e th o d  of 
th e  O G IL  lab o ra to ry .

Soil sam ples w ere t a k e n  b y  m eans of a m a n u a l  e a r th  bo rer an d  a sam p lin g  
d ev ice  considering th e  p o ss ib le  asepsis. T ak in g  in to  acco u n t th e  h igh  g ro u n d  
w a te r  lev e l, sam ples to  b e  e x a m in e d  were ta k e n  f ro m  1.0 1.5 m. Soil sam ples
w ere  s to re d  in a ir t ig h t c y lin d e rs  equipped w ith  p la s tic  caps on b o th  ends 
p re v io u s ly  sterilized. T h e  sam p le s  were p rocessed  a f te r  th e ir  re tu rn  to  th e  
la b o ra to ry  w ith in  le a s t o f  possib le  delay.

W a te r  sam ples w ere  ta k e n  from  dug w ells f ro m  th e  w a te r su rface  a t  a 
d e p th  o f  1.0 m. S am ples w e re  p u t  into 500 m l so -ca lled  b lo o d -tran sfu sio n  
b o t t le s  closed b y  ru b b e r  p lu g s  and th re a d e d  a lu m in iu m  caps p rev io u sly  
s te r iliz e d . The w a te r sa m p le s  w ere w ith a s im p le  m e ta l in s tru m e n t o f  own 
d esig n  w hich  p e rm itte d  s a m p lin g  a t  the desired  d e p th s . F o r th e  m icrob io log
ica l ex am in a tio n s , a so lu tio n  co n ta in in g  in o rg an ic  s a lts  an d  as carb o n  sources, 
gases re leased  from  c ru d e  o il, p ro p an e-b u tan e  g as , p e n ta n e  and  hex an e  w ere 
u sed ; O b e r z i l l  (1967), R o d i n a  (1965), R o z a n o v a  (1974).
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R esults

T he d a ta  o b ta in ed  b y  all th e  ab o v e-m en tio n ed  m icrobiological m e th o d s  are 
su m m ed  up  g raph ica lly  in  F ig . 1 w here also th e  seism ic re su lts  a re  show n. As 
e v id e n t from  th e  m ap , th e re  is a s tro n g  po sitiv e  an o m aly  in  th e  neigh
b o u rh o o d  of th e  in te rse c tio n  p o in t o f th e  M J-3-726 and  M J-4-726  lines as 
well as so u th  of th a t  w hich  is con firm ed  b y  th e  d rilling  re s u lts  o b ta in ed

F ig. 1. M órahalom . A no m aly  m ap  o f th e  m icrobiological tests . 1. D e p th  in  m e tre s ; 2. line 
o f th e  seism ic su rvey ; 3. sam p lin g  p o in ts  (w a ter); 4. sam pling  p o in ts  (so il); 5. b a rre n  well 

6. p ro d u c tiv e  well; 7. s tro n g  p o sitiv e  anom alies
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so f a r .  A strong p o sitiv e  a n o m a ly  can be fo u n d  in  th e  n o rth e rn  end  o f th e  
M J-4 -7 2 6  line and in  i ts  v ic in i ty ,  too. Two sm alle r p o s itiv e  anom alies a p p ea r 
in  th e  N -W  and/or S -E  d ire c tio n  from  th e  in te rse c tio n  p o in t o f th e  M J-6-736 
a n d  M J-4-726  lines. T h ese , how ever, are n o t s ig n if ic a n t.

A f te r  the  d e te rm in a tio n  of the  a m o u n t o f  h y d ro ca rb o n s d issolved 
o r ig in a lly  in  the  w a te r  s a m p le s , p roportions o f  m e th a n e  and  e th an e , an d /o r

F ig . 2. M órahalom . A nom aly  m a p  o f  th e  ra tio  of M e th a n e /E th a n e  +  . . . +  C5 h y d ro c a rb o n  
gases d isso lv ed  in w ater sam ples. 1. D e p th  in m etres; 2. line o f  th e  seism ic survey ; 3. sam p lin g  
p o in ts  (w a te r ) ;  4. b a rren  w ell; 5. p ro d u c tiv e  well; 6. w eak  p o s itiv e  anom alies; 7. p o sitive  

a n o m a lie s ;  8. strong positive  an o m a lie s
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of m e th an e  to  e th a n e  p lus th e  h igher c a rb o n  a to m ic  n u m b er a lk an es  were 
co u n ted . C onsidering t h a t  these  p ro p o rtio n s  a re  accep ted  as b e in g  ty p ic a l, 
in  a sign ifican t p a r t  o f  th e  l i te ra tu re  th ese  se rv ed  as a basis fo r o u t ca lcu la 
tio n s. The ca lcu la tio n s  w ere perfo rm ed  as fo llow s: average  o f  p ro p o rtio n s  
p rev io u sly  m en tio n ed  a n d  th e  d ispersion  coeffic ien t, an d /o r th e  s ta n d a rd  
d ev ia tio n  w ere d e te rm in e d . As a reg ional b a c k g ro u n d  th e  v alue  o f  th e  a rith -

Fig. 3. M órahalom . A n o m aly  m ap  of th e  ra tio  o f M e th a n e /E th a n e  - ) - . . .  -f- C5 h y d ro c arb o n  
gases dissolved in  w a te r  sam ples. C orrected b y  p ro b a b ili ty  calcu la tions. 1. D e p th  in m etres; 
2. line  o f th e  seism ic su rv e y ; 3. sam pling  p o in ts  (w a te r) ;  4. b a rre n  well; 5. p ro d u c tiv e  well; 

6. p o sitiv e  anom alies; 7. s tro n g  p o sitiv e  anom alies
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m e tic a l  av e rag e  ^  s ta n d a r t  d e v ia tio n  w as ac c e p ted . F rom  th e se  d a ta ,  a 
s ta n d a rd iz e d  anom aly  v a lu e  (T ) w as ca lcu la ted  fo r each in d iv id u a l sam ple . 
B a se d  on  th is  anom aly  v a lu e , F ig . 2 was p lo tte d  w here 0.8 <[ T  <[ 1.2 is a 
w e a k  p o s itiv e , 1.2 <  T  <7 1.4 a fa ir  p ositive  a n d  T  >  1.4 a m a rk e d  po sitiv e  
a n o m a ly . T h en  a p ro b a b ili ty  coeffic ien t w as ca lcu la ted  for each in d iv id u a l 
sa m p le  ( / )  in  o rder to  red u ce  th e  significance o f th e  iso la ted  anom alies an d /o r 
to  u n d e r l in e  anom alies t h a t  a re  n e a r  each  o th e r . G e r a r d  (1971). T h e  sum  
o f th e  T -v a lu e  of four o th e r  sam p lin g  p o in ts  c losest to  th e  sam p lin g  p o in t 
c o n c e rn e d  w as d iv ided  b y  fo u r , since th e  v a lu e  T  =  1.0 can be a c c e p ted  as 
a th r e s h o ld  anom aly  v a lu e . O n  th e  basis of th e se  d a ta ,  F ig . 3 w as c o n s tru c te d , 
w h e re  1 .0  < ^ f x T  <7 1.2 is a fa ir  positive  w hile  f x T  > 1 . 2  is a m a rk e d  
p o s itiv e  an o m aly  area.

M a rk e d  positive an o m alies  in F ig . 2 occu r a long  th e  b o u n d a ry  line of 
th e  re s e rv o ir  developed in  th e  m ean  tim e  b y  e x p lo ra to ry  wells. A v e ry  s tro n g  
p o s itiv e  an o m aly  was also fo u n d  in  th e  sam p lin g  p o in t s itu a te d  in  th e  im 
m e d ia te  v ic in ity  of th e  M o ra - l  well w hich p ro v e d  to  be p ro d u c tiv e .

I n  F ig . 3 co rrec ted  b y  p ro b a b ili ty  ca lc u la tio n , th e  iso la ted  anom alies 
h a v e  “ d isa p p e a re d ” an d  all th e  anom alies a re  fo u n d  in  a well c ircu m scrib ab le  
re g io n . T h e  region d e te rm in e d  b y  th e  m a rk e d ly  anom alous spo ts show s a 
good  a g re e m e n t w ith  th e  h y d ro c a rb o n  reserv o ir p ro v e d  in  th e  m ean w h ile  b y  
e x p lo ra to ry  wells.

Conclusions

S u rfa c e  m icrobiological a n d  gas e x am in a tio n s  w ere ca rried  o u t  in  a 
re s e rv o ir  a re a  d e te rm ined  b y  th e  M J-3-726 an d  M J-4-726 seism ic lines in  th e  
d is t r ic t  o f  M órahalom , S o u th  H u n g a ry . P a r t ly  soil sam ples, p a r t ly  w a te r  
sam p le s  f ro m  dug wells e x a m in e d . T he e x am in a tio n s  w ere d iv ided  e sse n tia lly  
in to  tw o  m ain  groups, i.e. in to  ex am in a tio n s  o f  m icrobiological c h a ra c te r  
a n d  in to  th e  d e te rm in a tio n  o f th e  a m o u n t of h y d ro c a rb o n s  d issolved o rig in a lly  
in  w a te r s .

O n  so il and  wra te r  sam p le s , q u a n ti ta t iv e  bac te rio lo g ica l ex a m in a tio n s  
vrere  p e rfo rm e d  for d e te rm in in g  th e  n u m b er a n d  th e  a c tiv ity  o f  b a c te r ia  
w h ich  a re  ab le  to  u tilize  th e  v a rio u s  h y d ro ca rb o n s  as a sole ca rb o n  source. 
F ro m  th e  degree of occu rrence  o f th e se  b a c te r ia , an d /o r from  th e ir  h y d ro 
c a rb o n -o x id iz in g  a c tiv ity , conclusions w ere drawm  w h e th e r th e  in d ic a tio n  
g iven  c o n ta in e d  any  h y d ro c a rb o n s .

A s sh o w n  b y  an  analy sis  o f  th e  d a ta  an d  th e ir  in te rp re ta tio n , a m a rk e d ly  
p o s itiv e  a n o m a ly  appears in  th e  v ic in ity  of th e  in te rse c tio n  p o in t o f th e  tw o 
a fo re -m e n tio n ed  seismic lines, a n d  so u th  o f t h a t  w hich  is p ro v ed  also  b y  
th e  d a ta  o f  th e  M óra-1 w ell d rille d  a fte r  th e  e x a m in a tio n  of th e  soil sa m p le s .
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L ikew ise, a s tro n g  an o m a ly  is found  in th e  d is tr ic t  o f th e  n o r th e rn  ex ten sio n  
o f th e  M J-4-726 seism ic line , on th e  confines o f  th e  v illage.

T he gas c h ro m a to g ra p h ic  ex am in a tio n  o f  h y d ro ca rb o n s  d isso lved  in 
w a te r  has given re su lts  th a t  are in  a good ag reem en t w ith  th e  m icrob io log ica l 
re su lts . T he s tro n g ly  p o sitiv e  gas anom alies can  he found  also m o s tly  in th e  
neighb o u rh o o d  of th e  in te rsec tio n  p o in t o f th e  seism ic lines m e n tio n e d  an d /o r 
so u th  of th a t .  S im ila rly , a p ositive  an o m aly  p re se n te d  itse lf  in  one p o in t in 
th e  n o rth e rn  ex ten sio n  o f th e  M J-4-726 line. T h e  in te rn a tio n a lly  accep ted  
p ro b a b ility  ca lcu la tio n  m e th o d  allow ed to  d iscard  th e  iso la ted  gas anom alies as 
u n im p o r ta n t an d  to  stress  th e  significance o f c losely-spaced  anom alies. T h e  fa irly  
p ositive  an d  th e  m a rk e d ly  p o sitive  gas an om alies are  s itu a te d  in  a well 
confined  a rea  in  th e  m ap  th u s  co rrec ted  show ing  a v e ry  good ag reem en t 
w ith  th e  m icrobio logical d a ta  an d /o r w ith  th e  h y d ro ca rb o n  re se rv o ir  u n 
covered  b y  th e  M óra-1 well.
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НАЗЕМ НЫ Е МИКРОБИОЛОГИЧЕСКИЕ И ПРЯМЫЕ ГЕОХИМИЧЕСКИЕ МЕТОДЫ 
ПОИСКОВ НЕФТЕГАЗОНОСНЫХ УЧАСТКОВ В ВЕНГРИИ

Я . С О Л Ь Н О К И -И . Ф И Ш -Д . РАЦ

Р е з ю м е

Прямые исследования проводились путем микробиологического анализа и изме
рения содержания углеводородного газа в образцах горных пород и воды, взятых из 
мелких глубин, в процессе поисково-разведочных работ. При этом были проведены коли
чественные анализы, с одной соторы, для определения количества или деятельности мик
роорганизмов, окисляющих углеводороды, с другой стороны, для определения первона
чального содержания углеводородных газов (Cj— С4), адсорбированных в образцах пород 
или растворенных в воде. Целью анализов было выявление продуктивности структур, 
которые на основании проведенных раньше сейсмических работ предполагались как пер
спективные. Первоначальное содержание углеводородных газов в образцах пород и воды 
определялось газово-хроматографическим методом и принималось во внимание соотно
шение содержания метана с углеводородными газами с повышенным молекулярным весом. 
После математическо-статистической обработки данных, авторы составили карты анома
лий. Как микробиологические, так и прямые геохимические аномальные пятна обнаружи
вали хорошее соответствие труктуре, на которую была наложена крупная аномалия. 
Продуктивность данной структуры была выявлена разведочными скважинами.
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