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lithological units of p la tfo rm , basin, volcanic or fluviatile-lacustrine facies w hich fol­
lowed the beach-, shallow -w ater marine or evaporitic  sediments of th e  ea rly  Triassic 
T ethyan transgression. Facies shifts w ithin th e  individual facies areas a re  particu larly  
striking in  the T ransdanub ian  Central M ountains and in the A ggtelek K ars t. The 
present writer has sought to  place these lithostra tig raph ic  units in  a geochronological 
frame, which he judges to  be best suited to  th is  purpose of all the v a rian ts  o f the new 
international standard  being still in the m aking. The principal s ta tem en ts  can be 
gathered from the correlation  tables are as follows:

The Lower Triassic of the Central M ountains  shows a wider gam e o f changes 
than  was supposed heretofore. The reef-lagoonal facies of the Anisian (in  c o n tra s t w ith 
the B alaton H ighland and  th e  Bakony) persist in  the more eastern p a r t  o f th e  Central 
M ountains even in  th e  Ladinian . The Veszprém  Marl Form ation of C arn ian  age can 
be traced from K eszthely  up  to  the Buda M ts., being intertongued here w ith  th e  chert- 
rich Sashegy Dolomite Form ation. The deposition of the H auptdolom it F o rm ation  is 
no t even in  the sou thw estern  Central M ountains confined in all occurrences to  the 
Norian, while fa rther n o rth eas t it  begins — w ith  some fluctuations th o u g h  — in ever 
deeper levels of the C arnian. This “ descent” of th e  H auptdolom it F o rm ation  is followed 
also by the onset of th e  D achstein Lim estone Form ation: still defin itely  R h ae tian  in 
age in the SW, the D achste in  Limestone is observed farther northw est to  h ave  begun 
to  be formed in A launian  and , in  the horsts on the D anube’s left side, as ea rly  as the 
Tuvalian. Interposed betw een the Dachstein L im estone and the H au p td o lo m it Form a­
tion in  the southw est, th e  “ ICössen beds”  will com pletely disappear in  th e  northern 
p a rt of the northern B akony  Mts. and to the east of it , to re-appear m aybe  on ly  in the 
Feketehegy Form ation spanning the greater p a r t  of the Norian (or reach in g  up  per­
haps into the R haetian , too) in  the Pilis M ts. In  connection w ith th e  d isappearance 
of the “ Kossen beds”  th e  Dachstein Lim estone Form ation of the n o r th e rn  Bakony 
Mts. and Buda Mts. is p a rt ly  or entirely in tertongued  w ith the H au p td o lo m it For­
mation. I t  is im p o rtan t to  know th a t, un like believed earlier, th e  c h e rty  Csővár 
Limestone Form ation ad jacen t to the reef- and  reef-lagoon facies D ach ste in  Lime­
stone of the Triassic ho rs ts  on the D anube’s le ft side is not restricted  to  th e  Carnian 
Stage, b u t i t  replaces th e  D achstein Lim estone Form ation being here o f Tuvalian-Se- 
va tian  age.

As a result of som e conodont and foram iniferal finds the age of th e  lithos tra ti­
graphic units of the B ü k k  area has been pushed  higher up the s tra tig rap h ic  column 
th an  was earlier believed by  the author.

The in tricate  s tra tig rap h y  of the Aggtelek-Szilice area has changed  in  th a t 
certain limestones of A lsóhegy earlier believed to  belong to the Schreyeralm  (i.e. Illyr­
ian) Limestone, now, on the  basis of conodonts, have proved to represen t th e  Ladinian, 
Carnian and N orian m em bers of the H a lls ta tt Lim estone Form ation. T he  borehole 
Szőlősardó-l on the sou thern  margin of th is area has uncovered, in  tu rn , u nder the 
Tuvalian-Alaunian P ö tschen  Limestone F orm ation , th e  Cordevolian—L ow er T uvalian 
Szőlősardó Marl F orm ation , h itherto  unknow n in  the Szilice nappe. T h is form ation, 
in  tu rn , was found to  be underlain by the M iddle Illy rian— L ongobard ian  N ádaska 
Limestone Form ation representing  an underw ater slope facies. Below th is  la t te r  — with 
the absence of the Low er Illyrian and Pelsonian Substages, owing to  tec ton ic  (?) 
causes — there follows a cherty  dolomarl- an d  siltstone sequence w ith  a volcanic ash 
content which, on accoun t of its  B ithynian (?) age, pushes, a t least locally , even the 
age of the underlying S teinalm  Form ation considerably deeper th a n  i t  w as earlier 
supposed.

Palynological investigations in  the M ecsek— Villány area have  m ade  evident 
the Lower Triassic age of th e  Jakabhegy Sandstone. The position of th e  know n litho­
logical units of the M iddle and Upper Triassic has been somewhat m odified  by  the 
revaluation of their fau n a  and  flora.

Although the lower boundary of the H ungarian  Triassic sequences is generally 
sharp b u t it  cannot everyw here be evidenced biostratigraphically. Som e o f th e  sharp 
boundaries above th e  P erm ian  clastic sequences are accentuated by  erosional uncon­
form ity and basal conglom erates (B alaton H ighland, Mecsek, V illány). T he Lower 
Triassic of the southern  foreland of the Vértes and  of th e  Aggtelek K a rs t re s ts  on Upper 
Perm ian evaporites. T he Lower Triassic oolites of th e  Bükk, how ever, lie on  Upper 
Perm ian marine lim estones.

The upper boundary o f  the sequences in  question varies from one m o un ta in  to 
the other. The D achstein  Limestone F orm ation  of the B alaton H ig h lan d  and  the 
southern and northern  B akony and the K arolinavölgy Sandstone F o rm a tio n  of the
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Mecsek pass un in terrup ted  in to  sim ilar facies o f the H ettangian Stage. The h iatus 
betw een the Triassic and the Jurassic in the V értes, the Gerecse, the Pilis and the Agg- 
telek-Szilice m ountains is relatively small. In  the  horsts on the D anube’s left side and 
the B uda M ountains (where the Jurassic and the Lower Cretaceous is to ta lly  absent), 
how ever, for the m om ent there is no evidence enabling a judgem ent: how m uch of this 
h ia tu s  m ay he owed to a break in  sedim entation w ithin the Mesozoic and how m uch 
to  a T ertia ry  denudation.

Preface

T h e  a u th o r  shou ld  like to  in se r t th e  p re se n tly  d is tingu ishab le  l i th o s tra ti-  
g rap h ic  u n its  o f th e  H u n g a ria n  T riassic  in  su ch  ta b le s  w hich n o t o n ly  i l lu s tra te  
th e ir  p ro b a b le  in te rre la tio n s , b u t  also d e te rm in e  th e ir  links to  th e  in te rn a tio n a l 
am m o n o id  zones. H e believes th a t  th e se  ta b le s  show  th e  now -fixable  positio n  
o f  th e  u n its  w ith in  th e  c h ro n o s tra tig ra p h ic  scale in  a m ore u p -to -d a te  fo rm  
co m p ared  to  th e  earlie r te n ta tiv e s  (К . B a l o g h —S. Y é g h —E . V é g h -N e u - 
b r a n d t , 1963; K . B a l o g h , 1973, 1974; K . B a l o g h  in  “ H ongrie” , 1978).

U p o n  in itia tiv e s  b y  T o z e r , E . T .; H . Z a p f e ; L . K r y s t y n ; R . A s s e r e t o , 
H . K o z u r ; J .  D . Z a k h a r o v ; Y u . Y. A r k h i p o v  a n d  o th e rs , su p p o rted  b y  in te r ­
n a tio n a l c o o p e ra tio n  u n d e r IG C P  P ro je c t N o. 4 , th e  v iew poin ts concern ing  
th e  b io s tra tig ra p h ic  an d  ch ro n o s tra tig rap h ic  (or geochronologic) subd iv isions 
of th e  T e th y a n  T riassic  have  con sid erab ly  ch an g ed  d u ring  th e  la s t decade . 
S everal c o n v e n tio n a l ch ro n o stra tig rap h ic  u n its  from  th e  low erm ost T riassic  
up  to  th e  m id d le  o f  th e  A nisian  h av e  been  p ro p o sed  to  be rep laced  b y  new  
ones. T he C a rn ian  S tage ap p ears  to  be w idened  — a t  th e  expense o f  th e  L ad in - 
ian  — b y  th e  C ordevo lian  S ub stag e . Since 1973 i t  has seem ed th a t  th e  R h a e t-  
ian  S tage  c a n n o t avo id  its  e lim in a tio n  from  th e  c h ro n o stra tig rap h ic  (geo­
chronologic) scale , unless deg raded  to  som e e x te n t, i.e . u n ite d  w ith  th e  S ev a tian  
S u b stag e  o f  th e  N o rian  S tage. O f th e  am m ono id  zones, those  — su itab le  fo r 
a lo n g -d is tan ce , in te rreg io n a l co rre la tio n  — h a v e  com e to  th e  fore. W ith  
a ra tio n a l a p p lic a tio n  o f  p rio r ity  ru les, s tra tig ra p h e rs  endeavour to  re ly  on 
th e  am m o n o id  z o n a tio n  in  red efin in g  th e  b o u n d a rie s  of stages an d  su b stag es: 
efforts p re su p p o s in g  an  u p -to -d a te  ap p ro ach  to  sy s tem a tic s . Beside a d ju s tm e n t 
to  th e  new  c h ro n o s tra tig ra p h ic  fram e  now  being  developed , th e  la te s t  re su lts  
of in v e s tig a tio n s  o f th e  H u n g a ria n  T riassic  h a v e  also  s tim u la ted  th e  w rite r  
to  m odify  th e  ea rlie r tab le s  an d  to  re fin e  th e m  in  fu r th e r  details.

In  the course of this work he paid particu lar a tten tio n  to  some parts of the T rans­
danubien C entral M ountains. N amely, the areas along the shoreline of Lake B alaton, w ith 
their Triassic sequences containing the richest am m onoid fauna in H ungary, have since 
J .  BÖCKH (1872, 1873); D. Laczkó (1909, 1911) and L. Lóczy Sr. (1913, 1916) served as an 
im portan t basis of reference both  in this country  and abroad. According to  I. Szabó (in  
F. Szentes e t al. 1972; I. Szabó 1978), however, the developm ent of the Lower and Middle 
Triassic does no t only in  the surroundings of Lake B alaton fluc tuate  more largely th an  was 
supposed by  Lóczy, b u t farther no rtheast (Iszkahegy, V értes and  B uda Mts.), the reef-lagoonal 
facies of the A nisian Stage continue, in  con trast w ith  th e  case of the Balaton H ighland and 
the Bakony, even in  the Ladinian. In  the horsts on the D anube’s left side, however, even
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cherty  basin facies occur in  im m ediate  v icin ity  of U pper Triassic p la tfo rm  facies. In  con trast 
w ith  these w ell-m otivated im provem ents of detail, the au tho r has had  to  refrain  from  repre­
senting the Triassic of the R u d ab án y a  M ts., because th is area is b u ilt up  by  several tectonic 
un its  showing such a diversity  o f facies th a t  their s tra tig raphy  cannot be unam biguously 
established even today.

W hile com piling  th e  ta b le s  th e  w rite r  h as  h a d  to  ta k e  in to  c o n s id e ra ­
tio n  th e  fo llow ing c ircu m stan ces :

1. The process o f transformation o f the international chronostratigraphic scale has not yet 
been completed: the  controversies concerning the beginning and  th e  end of the Triassic and 
the stratigraphic range of alm ost all of its  stages are still going on. One o f the causes o f  this fact 
consists in  the limitations o f  the direct applicability o f the ammonoid-based orthostratigraphic 
system. N otably , th e  m ajo rity  o f th e  amm onoids are frequen t only in  some deep-w ater car­
bonate facies, b u t even in  these i t  is n o t always possible to  trace  them  layer by  layer. In  hosts 
of o ther carbonate facies (e.g. H aup tdo lom it, D achstein L im estone, G utenstein Lim estone), 
in  tu rn , th e  amm onoids are scan t, in  fact, they  m ay be to ta lly  absent. F o r th is reason, to 
recognize the boundaries of am m onoid zones in th e  practice  becomes usually  subjective. 
Consequently, it is necessary to develop, in  addition to the orthostratigraphic system, also para- 
stratigraphic ones most perfectly harmonized with the former. M ost suitable for th is purpose are 
such facies-enduring (and therefore w idespread) microfossils, characterized, a t  th e  sam e tim e, 
by  a rap id  ra te  of evolution, w hich occur in  all (or m ost) m em bers of the stud ied  sequences 
and thus enable the establishm ent o f a fine zonal scale w ith  sharp  and  distinct zone boundaries. 
Most suited to this end w ith in  th e  Triassic are the conodonts, though  good resu lts can  be 
expected from  investigating th e  holothurioids, radiolarians, ostracods and sporom orphs w ith 
the same aim  as well. The most important and current task in  Triassic stratigraphy consists 
in  a precise correlation o f  parastratigraphic systems with the standard ammonoid zones, that are 
to be worked out coupled with elim inating the systematic and nomenclatural confusions w ithin  
the afore-mentioned (and other) fo ss il groups. This would be th e  only means enabling us to  find 
the common language and to  achieve th a t , a t least the  m ajo rity  of th e  scientists should judge 
uniform ly the spans of the chronostratig raphic  units being used. Because of th e  d ifferent rates 
of evolution of the various fossil groups i t  is though n o t easy to  pave th is road, however, 
we have no o ther choice. And u n til th is is not achieved, we m ust rem ain to le ran t w ith  some 
inaccuracies com m itted w ith  good faith .

2. Since the H ungarian Triassic comprises a lot o f lithological units identical in  facies and 
age with the A lpine and/or Carpathian counterparts, it is advisable, in  accordance w ith  th e  con­
ventional practice, to apply to these the A lpine  (or C arpathian) terms (W erfen Form ation , Guten- 
stein Form ation, S teinalm  F orm ation , W etterstein  Form ation , H a lls ta tt L im estone Form a­
tion, H auptdolom it F orm ation , D achstein Lim estone Form ation , etc.). New, “ H ungarian” 
names are proposed to  use only for units different from  th e  A lpine ones, d ifficult to identify  
w ith these.1 The unit-nam es inserted  in  the tables usually  agree w ith those proposed by K . 
Balogh (1973, 1974) on th e  basis of the standpoin t of th e  Triassic Subcom m ission of the 
H ungarian  S tratigraphic Com m ittee. Relying on the  re lev an t lite ra tu re , the m em bers of the 
Subcommission already gave a b rief characterization of these un its  in  the 2nd  edition  of the 
volum e “ Hongrie” (1978) of th e  Lexique Stratigraphique In te rna tiona l. The fac t is, however, 
th a t  these characterizations do n o t m eet yet the requirem ents stipu lated  in  th e  Guide issued 
by  the In ternational Subcom m ission on S tratigraphic Classification in 1972 and  its  H ungarian 
version (J . Fülöp—G. Császár—-J . Haas —E. Edelényi, 1975). To elim inate these short­
comings will cost us still a v ery  hard  w ork to do, for up -to -d a te  descriptions unam biguously 
fixing even the un it-boundaries are available only in th e  m onographs devoted to  the Triassic 
of the B ükk, the Mecsek an d  m ainly the Villány Mts. and  also to  the K ossen Beds of the 
southern B akony (К . Balogh, 1964; E. Nagy, 1968; E. Nagy—I. Nagy, 1976; S. Végh, 
1964b), though some sta tem en ts  even in  these need to  be revised. Particu larly  m uch to  be 
done has still rem ained for us as fa r as the definitions o f th e  lithostra tig raph ic  un its  of the 
Aggtelek K arst and, especially, those of the T ransdanub ian  C entral M ountains are concerned. 
Field observations, drilling research  and analytical w orks w hich have recen tly  undergone 
an upswing here have a lready  yielded hosts of new resu lts  w hich considerably m odify the 
con ten t of the local s tra tig raph ic  un its outlined 3 to  6 decades ago, and sometimes require the

1 The names of our u n its  th a t  are still to  be clarified and th a t  can  b y  no means be 
regarded as official term s are given, for distinction, in  quotation-m arks.
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introduction o f  new lithostratigraphic units (e.g. N ádaska Lim estone Form ation, SzőlSsardó 
Marl F orm ation , Csővár Limestone Form ation, etc.). In  other cases, units already correctly  
outlined and  defined, b u t unproperly named in  terms o f  present-day judgements, have had to be 
given proper (geographic) names. This is how the “ annulata-bearing”  (earlier: “ diploporal” ) 
dolomite o f th e  B uda Mts. has become — by  v irtue  of the principle of priority  — the B udaörs 
Dolomite F orm ation , the “Tirolites m arl”  of th e  B alaton  H ighland—B akony—Iszkahegy 
zone the Csopak Marl Form ation (which is all the more acceptable, as i t  enables to  redeterm ine 
the con ten t of th is  un it, com plem ented w ith  the m em bers, h itherto  unknown, observed by  
I. Szabó in  F . Szentes e t al., 1972), and the  “T ridentinus lim estone”  thus has been renam ed 
the Nem esvám os Lim estone Form ation. Again  in  other cases, we have changed names adopted 
also in  the 2nd edition o f  “Hongrie" (1978) fo r  ones more suited to the state o f exposure or the 
principle o f  priority ; th is is why we are recom m ending th e  term  Feketehegy Form ation as 
a substitu te  for th e  “ Cserepesvölgy L im estone” of th e  Pilis and  th e  Sashegy Dolomite F orm a­
tion for th e  “ M átyáshegy Dolomite” of the  B uda Mts. New fossil finds by H. Kozur and 
R. Mock (1977) have enabled us to  combine the “ N agyeged Lim estone” of the B ükk w ith  
the Felső tárkány  Lim estone Form ation. The present insufficiency of evidence for identification  
justifies to  keep th e  “ Ederics L im estone” of the K eszthely Mts. separate from the “ Sándor- 
hegy L im estone”  of the B alaton H ighland and th e  B akony (m ay be ju s t provisionally). For 
sake o f sim plification  we are inclined to unite the “ Subalyuk (Hórvölgy)” and “ Kisfennsik 
Lim estone”  form ations of the B ükk w ith  the B ervavölgy Lim estone Form ation owing to  the ir 
very slight differences from  one another. On the o ther hand , given the particular im portance 
of the calcareous algal w hite limestones, distinguished, in  th e  wake of L. LÓCZY Sr. (1913, 1916), 
also by  I. Szabó (1978) and intertonguing w ith  th e  “ Megyehegy Dolomite”  or the “ Reifling 
and Recoaro L im estone” of the B alaton H ighland and the southern  Bakony, i t  is necessary, 
however, to  nam e it , for the m om ent inform ally, “ Tagyon lim estone” . Sim ilarly important 
is to keep w ith in  th e  H ám or Dolomite Form ation of the B ükk th e  lower member under separate 
name, the V adászvölgy Dolomite Member, as a distinction from  the N yavalyástető Lim estone 
Member form ing th e  upper part. Nevertheless, we seek, as a rule, to reduce the num ber of 
distinguished u n its  and to  reserve the rig h t and possibility of fu rther detailing for fu tu re  
contributors.

3. A lthough no t wishing to find  final solutions in th e  tables, we consider it advisable 
to indicate the rank we propose to reserve fo r  each unit adopted  w ithin the lithostratig raphic  
hierarchy. In  sp ite  of the lack of exact definition of lithostratig raphic  categories in  th e  1972 
Guide of ISSC we believe the difficulties to be avoidable b y  a far-looking exam ination of the 
need for any  possible further division. To tre a t by all means as independent form ations, say, 
relatively little  d ifferent parts  of a continuous sequence being in  m any cases of restric ted  
extension or still very  little  studied would be, however, un justified , according to our opinion. 
Accordingly, we consider th e  six lithostratig raphic  units h itherto  distinguished w ithin the 
Lower Triassic in  th e  B alaton H ighland, the southern B akony Mts. and the Iszkahegy ju s t 
members of th e  W erfen Form ation. W ithin the W erfen Form ation  of the northern B akony, 
the Vértes and  th e  Aggtelek Mts., however, we speak already only of “ Seisian”  and “ Campil- 
ian” beds, as, to  subdivide in  further de tail the  relevant sequences — known for the m om ent 
only in rough lines for the m ost p a rt m erely by drilling and in a heavy tectonic dis­
integration — belongs to  the urgent tasks of the near fu ture. In  order to emphasize the differ­
ences in facies we do no t identify  the Ablakoskővölgy Form ation  corresponding to  the B ükk 
Mts. Lower Triassic w ith the W erfen Form ation, retain ing the power to further subdividing 
i t  to a la te r tim e. We propose, however, to un ite  th e  four or, respectively, two lith o s tra ti­
graphic un its  (E . Nagy, 1968; E. Nagy—I. Nagy, 1976) h itherto  distinguished w ithin the 
Mecsek and  V illány Lower Triassic as m em bers w ith in  the fram e of the Werfen Form ation, 
because such a separate  assignm ent of these s tra ta  of allegedly “ U pper Campilian”  na tu re  
is m otivated by  th e ir divergencies from  the underlying Jakabhegy  Sandstone Form ation. 
(That this la t te r  belongs to the Lower Triassic was convincingly proved by Á. BarabXs-Stuhl 
(in A. Barabás—Á. Barabás-Stuhl—Gy. Majoros — К . Balogh, 1978). As far as th e  
altogether 9 u n its  of the Mecsek Middle Triassic recognized by  E . Nagy (1968) are concerned, 
we propose to  tr e a t  them  henceforth as p a rts  of the Misina Form ation.

4. The lower boundary o f Hungary’s Triassic sequences being generally d istinct litho ­
logically, i t  canno t everywhere be proved very  well b iostratigraphically . Some of the strik ing 
boundaries are em phasized by erosional unconform ity and the presence of basal conglom erates 
above the d e tr ita l sequences of the Perm ian (B alaton H ighland, Mecsek, Villány). In  those 
parts of the T ransdanubian  Central M ountains, where we have to  rely  merely on the very  
small surfaces of core samples in our judgem ent about the mode of contac t between the U pper 
Perm ian and th e  Lower Triassic, particu lar precaution  is required in  stating  the presence of 
continuous tran sition  between the two system s even if  the sedim entation trends m ay coincide.
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The continu ity  of sedim entation  here is only probable even in  places, where th e  shallow- 
w ater to  beach-rock sedim ents of th e  initial Lower Triassic re s t on carbonate—sh a ly —eva- 
poritic  lagoonal form ations of th e  la te s t Perm ian (Gy . Majoros in  A. Barabás e t al., 1978). 
In  con trast w ith K. Balogh’s definitively positive s ta tem en t concerning the question  of con­
tin u ity  of sedim entation from  th e  Biikk’s predom inantly  carbonate-built, th ough  heavily 
bitum inous, m arine U pper P erm ian  to  the more ag ita ted -w ater carbonate-and-shaly  Lower 
Triassic (1964), the presen t-day  standpo in t is more inclined to  adm it such an opinion only as 
a p robability  owing to  th e  tecton ic  deformation of th e  boundary  form ations. T he contac t 
of th e  purple to  red “ Seisian”  sandstone of the A ggtelek Mts. w ith the anhydrite-bearing  
U pper (?) Perm ian underneath  (exposed best by the borehole Szin-1 pu t down qu ite  recently) 
does n o t seem to  be und istu rbed  either.

5. The Hungarian Triassic sequences vary in  tim e range and upper boundary from  one 
m ountain to the other. The D achstein  Limestone F orm ation  o f th e  B alaton H igh land  and the 
southern  and northern  B akony Mts. and the K arolinavölgy Sandstone Form ation in  th e  Mecsek 
pass w ithout any break to  th e  Jurassic. In  these places th e  upper boundary of th e  Triassic 
could be defined only artificially . F o r instance, the  Liassic continuation of th e  D achstein 
L im estone Form ation, the  K ard o sré t Member, is d istinguished from  its footw all, beside the 
disappearance of the large-sized Megalodontaceae, m ainly  only by  its  being variegated -m ottled  
(J . N oszky J r .,  1961). In  th e  Mecsek the Liassic H e ttan g ian  Stage was counted  for m any 
years from  the appearance of th e  f irs t coal seam, called Seam  A lpha, and i t  was q u ite  recently 
th a t , a fter sporom orph studies by  J .  BÓNA, this b o u n d ary  was proposed, b y  Z. N émedi- 
Varga (1971), to  he placed b y  ab o u t 85 m higher.

In  m any o ther places th ere  is a break in  sed im entation  between the Triassic and the 
Jurassic . Consequently, th e  differently-thick higher p a r t  o f th e  Triassic is also ab sen t and, 
as a rule, the lowerm ost horizons of the Liassic are n o t p resen t either. H ow ever, th is  break 
is n o t accentuated  by  angular unconform ity even there , w here, like in  the V illány M ts., i t  has 
resu lted  in  the absence of th e  U pper Triassic as a whole. In  th e  Gerecse, the V értes, th e  Pilis, 
th e  horsts on the D anube’s le ft side and the Aggtelek M ts., how ever, only the u pperm ost levels 
of th e  Triassic are lacking, in  varying measure, and  the  h ia tu s under various horizons of 
th e  Liassic is minimal. In  th e  K eszthely Mts., the  Iszkahegy  and the B uda M ts., in  tu rn , 
th e  whole Ju rassic—Lower Cretaceous, together w ith  th e  very top of th e  Triassic, is 
absent. In  such cases i t  is d ifficult to  find out how m uch of th is hiatus m ay be ascribed to 
a b reak  in  sedim entation w ith in  the  Mesozoic and  how m uch to the T ertia ry  denudation. 
The role of the la tte r  is, w anton ly  and incorrectly, com pletely  ignored by m any au tho rs  even 
a t  p resent time.

6. The chronostratigraphic correlation of our lithostra tig raph ic  un its is rendered  dif­
ficu lt by  the fact th a t  most o f  the Hungarian Triassic faunae  derive from  sam plings that were 
not made layer by layer. In  add ition  to  this, the processing of new collections and  th e  revision 
of old ones have been considerably delayed.

A n  additional impedance consists in the poverty in  ammonoids o f much o f  the Hungarian 
Triassic (E. Végh-Netjbrandt, 1974). For this reason we have to  rely increasingly on the use 
of parastratig raphic  m ethods. On the  other hand, th e  developm ent of conodont stra tig raphy , 
capable of filling the gap due to  the  shortage of am m onoids, however, is still fa r from  being 
com pleted. In  addition to  th is, an  even distribution of diggings and boreholes and  th e  analysis 
of the  m aterial for m icrofacies are the means from  w hich we can expect fu r th e r  progress 
in  stra tig raphy .

Consequently, the new tables are fa r  fr o m  being considered “fin a l iz e d ” . T hey  
r a th e r  rep re sen t a k in d  o f  “ en  ro u te ”  a c c o u n t, coupled  w ith  a  n u m b e r  of 
reco m m en d a tio n s a n d  p ro p o sa ls , w hich h as  as i ts  p rin c ip a l a im  to  p o in t ou t 
— th ro u g h  a su m m a riz a tio n  o f  p re sen t-d ay  know ledge  — th e  m a jo r  prob lem s 
to  be solved in  H u n g a ry ’s T riassic  s tra t ig ra p h y . T o  achieve th is , w e give an  
overv iew  o f th e  k ey  p ro b lem s f irs t o f th e  c h ro n o s tra tig ra p h ic  f ra m e  a n d  th e n  
o f  th e  H u n g a ria n  co rre la tio n , looking fo rw a rd  to hearing the o p in io n s  o f  col­
leagues especially  on th e  la t te r .

T he tab les  an d  th e  ex p lan a tio n s  to  th e m  h a v e  been  com piled  b y  consider­
ab le  collective e ffo rts . T h ere fo re  th e  a u th o r  is p ro f itin g  of th e  o p p o r tu n ity  to

Acta Geologica Academiae Scientiarum  Hungaricae 24, 1981



CORRELATION OF TRIASSIC 9

express h is g ra t i tu d e  to  all m em b ers  of th e  T riassic  S ubcom m ission  o f th e  
H u n g a rian  S tra tig ra p h ic  C o m m ittee . P a r tic u la r  th a n k s  a re  due  to  chief-geo­
logist I .  S z a b ó ; E . V é g h - N e u b r a n d t , fu ll p rofessor; J .  O r a y e c z , prin c ip a l 
a ss is tan t; F . G ó c z á n , section  h ead  in  th e  H u n g a rian  G eological In s t i tu te ;  Á . 
B a r a b á s -S t u h l , palaeo n to lo g is t on th e  s ta ff  o f M ÉV a n d  Gy . R a in c s Ák  an d
S. K o v á c s , re se a rc h  associates o f  M Á F I, for th e ir  adv ice  a n d  th e ir  d is in te re s t­
ed su p p o rtin g  th e  a u th o r  w ith  v a lu ab le  in fo rm atio n  th e y  h av e  given to  h im .

Problems o f the Clironostratigraphic Fram e

W ith in  th e  th ree  series o f  th e  T riassic system  in  H u n g a ry , developed  
in  T e th y a n  fac ies, 7 stages a n d  15 sub stag es m ay  be p ro p o sed  to  be d is tin ­
guished.

T he L o w e r  T r ia s s ic  (S cy th ian ) Series could so fa r  be subd iv id ed  in  
g rea test d e ta il, in  te rm s  o f am m o n o id s, in  C anada (T able  1, 1), th o u g h  S ov ie t 
au th o rs  h a v e  p rop o sed  h o sts  o f  o th e r  stage  nam es now  in  c ircu la tio n  (Table 1, 
2 —5). In  g en e ra l, these  can  be  w ell co rre la ted  w ith  one a n o th e r  an d  w ith  
T o z e r ’s s tag es . H . K o z u r  (1973a, b , 1975) a tte m p te d  to  g e t severa l old te rm s  
(G angetian , B ra h m a n ia n , G a n d a ria n  a n d  Y a k u tia n ) rev iv ed  in  a  sense som e­
w h a t d iffe ren t from  th e ir  o rig inal d efin itio n  b y  W a a g e n  a n d  D i e n e r  (1895) 
an d  to  a sso c ia te  th e m  w ith  th e  O lenekian  p roposed  b y  K i p a r is o v a  an d  
P o p o v ; an d  h e  recom m ended  to  rep lace  T o z e r ’s U p p er G riesb ach ian  b y  th e  
te rm  E lle sm erian  (T able 1, 6). B y  in tro d u c in g  th e  n am e  N am m alian , J .  G u e x  
(1977, 1978) a n d  E . T . T o z e r  (1978a) h av e  sim plified  th e  h ith e r to  fou r-m em ber 
division to  a th ree -m em b er one (T able  1, 7).

B y  v ir tu e  o f  th e ir  fossil c o n te n t, th e  H u n g arian  occurrences o f  th e  L ow er 
T riassic, h o w ev er, m igh t le t be sh a red  b y  on ly  tw o s tag es  w hose l i th o s tra ti-  
g raphic e q u iv a le n ts  are u su a lly  re fe rred  to  as “ Seisian”  a n d  “ C am pilian  b ed s”  
according to  co n v en tio n s, now  seem ing ly  o u t o f d a te , a d o p te d  for th e  A lpine 
realm . To s tre s s  th e  tim e  v a lu e  a t tr ib u te d  to  these , occasionally , we m ade 
a tte m p ts  a t  p ro m o tin g  our “ S eisian”  an d  “ C am pilian  b ed s”  to  th e  ra n k  o f 
stages. T h a t  th is  ap p ro ach  is in c o rre c t is ev id en t from  th e  fa c t th a t ,  re cen tly , 
beside th e  Seis ( =  Siusi) an d  C am pil M em bers, a d d itio n a l 4 to  6 m em bers are 
also d is tin g u ish ed  w ith in  th e  L ow er T riassic  o f  n o rth e rn  I ta ly  (A . B o s e l l i n i , 
1968; D. R o s s i ,  1969; E . F a r a b e g o l i  e t ah , 1977). F o r th is  reason , th e  a u th o r  
considers, fo r th e  m om en t, th e  tw o -m em b er d iv ision  reco m m en d ed  b y  Sov iet 
au th o rs  to  a p p ly  b es t to  H u n g a ria n  cond itions, reserv ing  th e  r ig h t o f  ev en tu a l 
m odifica tion  fo r  fu tu re  c o n tr ib u to rs .

Namely, o u t of the minim ally 9 am m onite zones, spanning the Lower Triassic in th e  
more eastern p a rts  of Tethys, it is only the Tirolites carniolicus Zone proposed by L. Krystyn 
(1974b) and recognized by J . Bystricky e t al. (1978) also in the W estern  C arpathians th a t
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Table 1

Stages and substages o f  the Lower Triassic

1. T ozer (1965, 1967); Silb er lin g —T ozer (1968)
2. K iparisova—P opov (1956, 1961)
3. K iparisova—P opov (1964); Arkhipov (1974)
4. V avilov—L ozovskij (1970)
5. Zakharov (1973, 1974)
6. K ozur (1973, 1975)
7. Gu e x  (1977, 1978); T ozer (1978a, b)

could be identified in  H ungary  (of course, in  ad d itio n  to  th e  Tirolites cassianus Zone surely 
present). The tim e spans of th e  o ther amm onite zones can, a t  present, he assessed still only 
on the basis of the presence or absence of the b ivalve (U nionites, Claraia, Gervilleia and Costa- 
toria) and  gastropod faunae (Naticella, Turbo) ch a rac te ris tic  of the W erfenian in  H ungary . 
N am ely, m icropalaeontological studies th a t m ight enab le  a  more detailed s tra tig ra p h y  have 
so fa r been conducted m ain ly  by  palynological m ethods and  solely in the V illány a n d  Mecsek 
Mts. F or th is reason, the suggestion to  lift, by v irtu e  of exam ples picked ou t o f th e  G erm anic 
facies realm , our Triadispora crassa- and Costatoria eostata-beds to the Anisian S tag e  w ould be, 
according to  the au thor’s opinion, prem ature to  be accepted .
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P ro p e rly  speaking  we a re  fo r  th e  m om ent u n a b le  to  c o n tr ib u te  m uch  
to  th e  q u e s tio n  o f th e  P e rm ian -T riassic  b o u n d a ry  itse lf. A t p resen t, th is  
b o u n d a ry  is n o t  evidenced p a laeo n to lo g ica lly  even in  th o se  reg ions of H u n g ary , 
w here a m a rin e  tra n s itio n , seem in g ly  continuous, from  lim esto n e  to  lim estone 
is su sp ec ted  (B ü k k  M ts.). N o tw ith s ta n d in g  th is , th e  b o u n d a ry  m u s t be got 
fig u red  w ith in  th e  tim e  scale. I f  w e accep t th e  Otoceras Z one as in itia l m em ber 
o f th e  L ow er T riassic  — in s u p p o r t  o f E . T . T o z e r  (1967, 1974, 1978) an d  
W a n g  Y i - K a n g  an d  H e  G u o - X i o n g  (1976, p . 233) a n d  in  sp ite  o f ob jec tions 
ta k e n  b y  H . K o z u r  (1974, 1975) —, we hack  th is  w ay  a  co nven tion  now  
a p p ea rin g  to  h av e  been e n ro o ted . T h e  key  to  f in d in g  f in a l so lu tion  to  th e  
p rob lem , h o w ever, is n o t in  H u n g a ry .

I n  H u n g a ry  equ iv a len ts  co rresp o n d in g  to  th e  3 —4 am m o n ite  zones o f 
th e  A egean  a n d  B ith y n ia n  (co m b in ed : A nato lian ) S u b stag es  proposed  an d  
defined  b y  R .  A s s e r e t o  as s u b s ti tu te s  for th e  “ H y d a sp ia n ”  substage  got 
inv a lid e , fo rm in g  th e  deeper p a r ts  o f  th e  M iddle T riassic  A n i s i a n  S t a g e  are  
fossil-poor do lo m ite  an d  lim esto n e  com plexes. A lth o u g h  th e se  a re  litho log ic­
a lly  r a th e r  d iffe ren t from  th e  y o u n g e s t beds of th e  L ow er T riassic , th e  p a lae ­
on to logical d e fin itio n  of th e ir  age  boundaries is n o t a c c u ra te .

This is reflected in L. Krystyn’s proposal (1974b, p. 45) th a t  the tim e equivalent of 
the Keyserlingites subrobustus Zone, overly ing the N orth American coun terparts of the Tiroliles 
carniolicus Zone (the  “ Subcolumbites Beds'") and thus still p resen t there, b u t, in  the Alps 
and C arpath ians, no t represented by  am m onoids, should be sought in  the lowermost, fossil- 
poor p a r t of th e  limestone and dolom ite complexes always considered to  be of Anisian age. 
This opinion concerning the age of th e  G utenstein Form ation in  th e  Aggtelek Mts. seems 
to  be corroborated by the results of th e  borehole Szőlósardó-1 (К . Balogh—S. Kovács, 1981). 
The opinion th a t  the Keyserlingites subrobustus Zone m ight belong already to  the Aegean 
Substage (H . Kozur, 1973d, pp. 9 —10) cannot be considered proved even on the basis of the 
profile a t  Chios. The boundary betw een th e  Lower and Middle Triassic can be draw n, even 
on the basis of conodonts, between th e  Subrobustus and Anodosum  Zones.

M uch b e tte r  possib ilities e x is t  for th e  se p a ra tio n  o f  th e  P elson ian  an d  
I lly r ia n  S u b stag es (respective ly , o f  th e  Balatonites balatonicus an d  Paraceratites 
trinodosus  Z ones co rrespond ing  to  them ), in  H u n g a ry , th o u g h  th e  absence 
o f in d ex  am m ono ids, s ta te d  in  m a n y  places, c a n n o t be p e rfe c tly  com pensa ted  
e ith e r  b y  d asycladaceans or b rach io p o d s . N am ely , th e  tim e-ran g e  o f m ost 
o f th e  A n isian  dasyc ladaceans m a y  sp an  th e  stage  as a w hole, a n d  a consider­
able p a r t  o f  th e  b rach iopods, in d e e d , pass well in to  th e  L ad in ian .

T h a t th e  au thor has substitu ted  th e  Balatonites balatonicus Zone, as a biostratigraphic 
equivalent of th e  Pelsonian Substage, for the “ Paraceratites binodosus Zone” reintroduced 
by R. Assereto (1971) (and originally proposed by Mojsisovics) is a reflection of the aptness 
of H. Kozur’s rem arks on this m a tte r  (1974, pp. 170—171). N am ely, Paraceratites binodosus 
is known only from  the upper one of th e  three ammonite horizons of the zone nam ed after it, 
and only from  th e  top of it; consequently , th e  s. str. Binodosus H orizon can — as a subzone — 
be un ited  w ith  the Paraceratites trinodosus Zone following n ex t above it ;  th e  more so, as this 
will create, com pared to the earlier circum stance, a more favoürable situation  from the view­
point of trac ing  the Pelsonian-Illyrian boundary  microfaunistically. To use the Balatonites 
shoshonensis Zone (E. T. Tozer, 1974) instead of the “ Binodosus Zone” is, in H ungary, no t
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ju s tif ied , for this species has been know n so far from  th e  w estern USA only. T he Balatonicus 
Zone, however, m ay certain ly  be regarded as an eq u iva len t of the great p a r t  o f  th e  three 
am m onite  horizons of Assebeto’s “ Binodosus Zone”  (H . K ozur, 1974, Table 2). B y  th e  way, 
even E . T. T ozer (1978) has accepted the Balatonicus Zone as the biozone of th e  Pelsonian 
Substage in the Tethys realm .

A bove th e  Trinodosus  Z one — u su a lly  a t  th e  to p  of th e  I l ly r ia n  (e.g.
H . Z a p f e , 1974, p. 246) in  K o z u r , 1974, p . 172, how ever, a t th e  b a s e  o f  th e  
F a s s a n ia n  S ubstage — th e  Aplococeras a v is ia n u m  Zone, got re v iv e d  b y  R . 
A s s e r e t o  (1969), is u su a lly  in d ica ted , to o . S ince  Aplococeras a v is ia n u m  does 
n o t  occu r in  H u n g ary  a n d  th e  “ associa te”  P tych ites  an d  F lexoptychites  fau n a  
is n o t  d iagnostic  of age (I . S z a b ó , 1978; I .  S z a b ó  — G y . M a j o r o s , 1978), th e  
a u th o r  c an n o t help  o m ittin g  th e  A v is ia n u m  Z one  from  its  tab les . L e t  us n o te  
in  th is  connection  th a t  T o z e r  (1978a) considers th e  location  o f th e  A v is ia n u m  
Z one  a t  th e  base o f th e  F a ssa n ia n  S u b stag e  to  be  an  undesired  in tro d u c t io n  
o f  a  co n v en tio n  d ev ia tin g  from  th e  tra d itio n s . In v o lv e d  in  th is m a y  h a v e  been  
th e  co n sid e ra tio n  o f t h a t  obv ious erro r t h a t  E . M o js iso v ic s  (1895) p laced  
th e  A v is ia n u m  Zone s till b e tw een  tb e  C u rio n ii a n d  Archelaus Z o n es.

B ecause  o f th e  d o u b tfu lln e ss  o f th e  lo w er a n d  upper b o u n d a r ie s  th e  
s p li t t in g  o f  th e  M iddle T riassic  L a d i n i a n  S t a g e  in to  “ R eitzi, W e n g e n  an d  
C assian  horizons”  has re c e n tly  go t in  a crisis. N am ely , some a u th o r s  assign 
th e  lo w er horizon of th e  F a ssa n ia n  S u b stag e  to  th e  A nisian, o th e rs  p la c e  th e  
o ld  “ C assian  H orizon”  ( =  C ordevolian  S u b s ta g e ), p a r tly  or c o m p le te ly , in  
th e  C arn ian .

To place the Lower Fassan ian  Protrachyceras reitzi Zone in  the Upper A n isian  would 
be m o tiv a ted  best of all by th e  fac t th a t , associated w ith  “ Ceratites of the R eitz i g ro u p ”  and 
w ith  Kellnerites, one mem ber of the  Nevadites genus, N . humboldtensis, enabling a f in e r sub­
division of the N orth American Gymnotoceras occidentalis Zone, believed to belong still to  the 
U pper A nisian (and thus being very  frequent there !), has recently  been discovered even in 
Greece. Moreover, according to  E . T. T ozer (1978), even th e  Protrachyceras sam p led  from 
Beds 98 to  112 of Sw itzerland’s Grenzbitum enzone w ould be a Nevadites. L. K r y st y n — 
I. Mariolakos (1975, p. 186) and  E . T. T ozer (1978) refer — in  the wake of N. J .  Sil b e r l in g  
and E . T . T ozer (1968) —, in  add ition  to  the above, also to  th e  fact th a t the low er boun d ary  
of th e  L ad in ian  Stage was defined already by E. Mo jsiso v ic s—W. Wagen—C. D ie n e r  (1895, 
p. 1279) w ith  the Protrachyceras curionii Zone overlying th e  R eitzi Zone. The presence in  the 
T ethys o f Nevadites (forms absen t in  H ungary  or n o t y e t discovered) is really  an  argum en t 
in  fav o u r o f the correlability o f the  Reitzi Zone w ith  th e  Gymnotoceras occidentalis Zone.

T h e  possible be long ing  o f th e  R eitzi Z one to  th e  L ad in ian , h o w ev e r, w o u ld  
be p re c lu d e d  b y  such  a s itu a tio n  w hich  w o u ld  a rise , w hen th e  “ C eratites”  
reitzi f ro m  H u n g a ry  w ould  tu r n  o u t n o t to  b e lo n g  to  th e  Protrachyceras genus. 
T h u s , fo r th e  tim e  being , n o th in g  can  h in d e r u s  in  s tick ing  to  th e  c o n v e n tio n  
o f  m a n y  decades defin ing  th e  base  of th e  L a d in ia n  S tage  w ith  th e  R e itz i  Z one 
— a n  a p p ro ach  m ore ap p licab le  to  th e  c o n d itio n s  ex isting  in  th e  B a la to n  
H ig h la n d .

A s reg ard s th e  F a s sa n ia n  a n d  L o n g o b a rd ia n  age of th e  C u r io n ii  a n d  
A rchelaus  Zones, re sp ec tiv e ly , n o  d o u b t has b e e n  aw ak ed  even in  th e  re c e n t
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tim es. I t  is w o r th  m en tion ing  th a t  som e rep resen ta tiv es  o f  th e  N o rth  A m erican  
c o u n te rp a r ts  o f  th e  Archelaus Z one , (nam ely  ones o f  th e  M eginoceras m eginae  
an d  M aclearniceras maclearni Z ones, respectively) h a v e  been  id en tified  ev en  
in  th e  A lps (E . T . T o z e r , 1978b). T h e  up p er b o u n d a ry  o f  th e  A rchelaus  Z one, 
how ever, is b e tte r  in d ica ted  b y  th e  la s t  occurrence o f  D aonella lom m eli th a n  
b y  th e  zo n a l index  species w h ich , as show n by  som e a u th o rs  (see below ), 
seem s to  re a c h  up  in to  th e  C a r n i a n  S t a g e . T he co n tro v e rsy  a b o u t d e fin in g  
th e  base  o f  th e  C arn ian  S tage  h a s , n o tw ith s ta n d in g  th is , s tem m ed  n o t from  
th is  c irc u m sta n c e , b u t from  th e  fa lse  in te rp re ta tio n s  ta k e n  b y  M o js iso v ic s .

N am ely, in  course of the gradually  developing the s tra tig raphy  of the Carnian Stage, 
Mojsisovics (Table 2) splitted up its  low er p a rt, in  1879/1882, in to  Trachyceras aon and Trachy- 
ceras aonoides Zones. In  1892/1893, how ever, he transferred the A on  Zone to  the Lower C arnian, 
the Aonoides Zone, in  tu rn  (together w ith  th e  Trachyceras ausfrtaeum -bearing “ lens” ) to  the 
Middle C arnian, noting th a t he had  based th e  first zone on the A on  fauna of the Cassian Beds, 
the second on th e  Aonoides fauna of th e  Feuerkogel’s H a lls ta tt Lim estone. In  1895, how ever, 
when in s titu tin g  the Cordevolian Substage corresponding to  the Lower Carnian and the Ju lian  
Substage corresponding to  the Middle C arnian, he designated the s tra to type  of the form er 
to  be th e  Cassian Beds, and th a t  of th e  la t te r  to be the R aibl Beds (overlying the form er). 
This is surprising , because the Raibl section comprises amm onoids only a t  its base and  only 
ones belonging to  the Aon  Zone, so th a t  th u s  cannot be decided w hether its  higher p a r t m ay 
extend upw ards into the Aonoides Zone as well. A fter this final standpo in t of Mojsisovics 
thus such a funny  situation has arisen  th a t  the Julian  Substage — whose key horizon, the 
Aonoides Zone, has a priority  over the  Cordevolian key horizon (i.e. the  Aon  Zone) — m ay 
now be regarded  as a later synonym  of th e  Cordevolian Substage owing to  the subsequent 
designation of th e  Raibl type locality.

I t  is qu ite  possible th a t the condensed and block-faulted na tu re  of the Feuerkogel 
section, a fa c t confirmed by L. Krystyn (1978, p. 44) as well, was the m ain reason for M o jsi­
sov ics’ proposing to  select the Raibl section as type locality for th e  Ju lian  Substage in th e  hope 
th a t la te r even fossils of the Aonoides Zone m ight be found in  its  higher pa rt. This, hope, 
however, has n o t come true; b u t the correctness of the A on— Aonoides — Austriacum  succession 
has been approved  in  a num ber of o th er Alpine sections, moreover, pa rtly  even in  the B ala ton  
H ighland. Consequently, the type locality  for the Ju lian  Stage would be designated in  accord­
ance w ith  Mojsisovics’ earlier views. W e should accept, however, also L. Krystyn’s s ta te ­
m ent (1978) th a t  the Aon  and Aonoides Zones cannot be assigned to two separate substages, 
as their index  species are mem bers o f one and the same evolutionary line; consequently .

Table 2

Development o f  M ojsisovics’ views on the division o f the deeper part o f  the Carnian Stage

1869 1879/1882 1892/1893 1895

T  u  V a  1 i a  n

A o n o id e s
Z o n e

A u s t r i a c u m  Z. 
M .C. F e u e r k o g e l J u l i a n R a ib l

c.
A o n o id e s  Z.

A o n o id e s  Z o n e

L.C.
A o n  Z o n e L.C .

A o n  Z o n e S t .  C a s s ia n C o r d e v o l ia n S t .  C a s s ia n

C. =  Carnian L.C. =  Lower C arnian M.C. — Middle Carnian
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such a Separation is conceivable only  b e t w e e n  th e  Aonoides and A ustriacum  Zones. To 
place th e  A on  Zone in  the Lower C arnian would m ean  to  re tu rn  to M o js iso v ics’ 1879/1882 
s ta tem en t and — w ith conservation  of the term  Ju lian  — to  discard the C ordevolian name.

N evertheless, th e  so lu tio n  is n o t so sim p le . I t  is tru e , t h a t  t h e  deeper 
p a r t  o f  th e  J u lia n  S tage  c o n s titu te d  in  acco rd an ce  w ith  th e  a b o v e  is  over­
la p p e d  b y  th e  U pper P a rt  o f  th e  C assian B ed s , th e  s tra to ty p e  o f  th e  C orde­
v o lia n  S ubstage , and  th is  u p p e r  p a r t  com prises th e  A o n  Zone as a  w h o le  and  
th e  b a se  o f th e  Aonoides  Z one . T he Lower P a r t  o f th e  Cassian B ed s, h o w ev er, 
o n  a c c o u n t o f  its  c o n ta in in g  F rankites regoledanus a n d  F . apertus ( U r l i c h s , M. 
1974, 1977), belongs to  th e  Sutherlandi Z one k n o w n , beside N o r th  A m erica , 
f ro m  th e  Feuerkogel, fro m  R o m an ia , G reece a n d  T u rk ey  as w ell. H . K o z u r  
(1976), how ever, n o ted  b y  r ig h t  th a t  th e  Su therla n d i Zone shou ld  b e  assigned  
— in  c o n tra s t w ith  th e  o p in io n  here to fo re  a d o p te d  — n o t to  th e  to p  o f  th e  
L a d in ia n , b u t  to  th e  base  o f  th e  C arn ian , as a n  a b ru p te  change o f  b o th  th e  
m acro - an d  m icro fauna cou ld  be  observed  — as p o in te d  o u t also  b y  L . K.RY- 
STYN a n d  B . G r u h e r  (1976, p . 281 —282) — o n ly  a t  th e  base o f  th is  zone. 
T h e  Su therland i Zone is co n n ec ted , in  tu rn ,  w ith  th e  A o n  Z one b y  severa l 
co m m o n  elem ents.

T herefo re  — a lth o u g h  th e  in d ex  species o f  th e  L o n g o b ard ian  S u b s ta g e , 
Protrachyceras archelaus, o ccu rs , in  th e  T e th y s  re a lm  in  th e  S u th erla n d i Zone, 
m o reo v er, accord ing  to  M. U r l ic h s  (1977) ev en  in  th e  R aib l B ed s  o f  th e  
S ch ie rn  p la te a u , i t  w ould  n o t  be  r ig h t to  co n sid e r th e  Low er C ass ian  B eds 
to  b e  o f  L ongobard ian  age, b u t  th e y  m u st be  p laced , to g e th e r w ith  th e  U p p e r 
C assian  B eds, in  th e  low er p a r t  o f  th e  C arn ian  S tag e . T h is enables, a t  th e  sam e 
tim e , to  conserve th e  v a lid i ty  o f th e  C ordevo lian  S ubstage in  th e  sen se  of 
M o j s i s o v i c s . Since, from  th e  v iew p o in t of th e  s tra tig ra p h ic  su b d iv is io n  o f  th e  
p la tfo rm  facies com m on in  th e  e a s te rn  T ra n sd a n u b ia n  C entral M o u n ta in s  an d  
in  N o r th  H u n g a ry , th is  so lu tio n  seem s, on a c c o u n t o f th e  en ro o ted  u se  o f  th e  
te rm , to  be, for th e  m o m en t, m ore fav o u rab le , th e  C arn ian  S tage  o n  th e  tim e  
sca le  o f  o u r tab les  begins w ith  th e  th ree -zo n ed  C ordevolian  a n d  o n ly  th e  
A u str ia c u m  Zone an d  th e  “ S iren ite s ,‘’ Zone d e ta c h a b le  from  th e  fo rm e r  u p  to  
th e  a p p e a ra n ce  of Tropites d illeri rem ain  to  b e  in c lu d e d  in  th e  J u l ia n  S u b s ta g e .

O n th e  zonal an d  su b s ta g e  scale of th e  in te rv a l sp an n in g  th e  U p p e r 
C a rn ia n  to  th e  N o r ia n  th e  m a jo r ity  o f  th e  a u th o rs , a p a r t  from  v e r y  sm all 
d iffe rences, ap p ea r to  ag ree . T h e  A lpine zones o f  th is  in te rv a l a re  g en e ra lly  
w ell co rre lab le  w ith  th e  N o r th  A m erican  ones, a n d  even  th e  so-called  iiA n a tro -  
p ite s  d o m a in ”  sep a ra te d  b y  H . Z a p f e  (1974) a n d  L . K r y s t y n  (1974) is 
d is tin g u ish ed  on ly  b y  th e  ab sen ce  o f  th e  in d ex  species from  th e  N o r th  A m e ric a n  
K lam a th ites  macrolobatus Z one (H . K o z u r , 1973b; E . T . T o z e r , 1978a).

A ll th e  m ore d isp u ted  is th e  zonation  o f  th e  y o u n g est p a r t  o f th e  T riass ic . 
F ir s t  o f  a ll, th e re  is a  c o n tro v e rsy  ab o u t th e  p o s itio n  o f  th e  iiH alorites  H o r iz o n ” 
p la c e d  a t  th e  to p  o f th e  A la u n ia n  S ubstage  b y  H . Z a p f e  (1974) a n d  L . K r y -
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STYN (1973 ,1974). Som e A lpine g e n e ra  — re s tr ic ted  to  th e  H im ava tites columbi­
anus  Z one e stab lish ed  in  N o r th  A m erica  — w ere earlie r ta k e n  to  be ch a rac ­
te ris tic  fo rm s o f  th e  Cyrtopleurites bicrenatus Zone. O n th e  o th e r  h an d , i t  has 
been  v e rified  t h a t  th e  “ S iren ites”  argonautae Zone d is tin g u ish ed  b y  E . M o j s i - 
SOVICS (1893) w ith in  th e  P ö tsc h e n  L im estone  belongs to  deep er p a r ts  o f  th e  
C olum bianus  Z one (F . T a t z r e i t e r , 1978). T he A rgonautae  Z one, how ever, was 
assigned , b y  M o j s i s o v i c s , s till t o  th e  S ev a tian , a su b stag e  c re a te d  b y  h im , 
an d  i t  w as o n ly  upon  in itia tiv e s  o f  N o rth  A m erican  p a laeo n to lo g is ts  th a t  i t  
w as p laced  a t  th e  to p  o f  th e  A la u n ia n . T herefore, acco rd in g  to  H . K o z u r  
(1973, 1979), th e  C olum bianus  Z one  shou ld  be reg a rd ed  a lre a d y  as S eva tian . 
A ccord ing  to  F . T a t z r e i t e r  (1978), th e  genus H im ava tites  fills  only  in  th e  
b o rea l p ro v in ce  th e  en tire  C olum bianus  Zone, being p re se n t on ly  in  its  deeper 
horizons in  th e  ea s te rn  T e th y s  a n d  is know n on ly  in  ob scu re  trace s  in  th e  
A lp ine p ro files (e.g. i t  occurs ev en  a t  th e  ty p e  lo ca lity  o f  A rgosiren ites argonau­
tae). T he  fa c t  is th a t  M o j s i s o v i c s ’ second (P inacoceras m ettern ich i) Zone of 
th e  S e v a tia n  S ubstage  has h a d  to  b e  re jec ted  an d  E . T . T o z e r  (1967, 1971) has 
rep laced  i t  b y  th e  Rhabdoceras suessi Zone of g lobal d is tr ib u tio n , th e  low er 
p a r t  o f  w h ich  he nam ed , in  1979, th e  Gnomohalorites cordilleranus Zone. 
P resence  o f  M onotis  species c h a ra c te r is tic  o f  th e  C ordilleranus  Zone enables 
th e  reco g n itio n  o f  th e  la t te r  ev en  in  absence o f am m o n o id s. A ccord ing  to
H . K o z u r  (1973, 1979), th is  zone in  th e  A lps is co rre lab le  w ith  th e  Sagenites 
giebeli Z one, know n, u n fo r tu n a te ly  enough , from  fissu re  in fillings only  (and  
th is  c o rre la tio n  can  be e x ten d ed , a t  le a s t in  p a r t ,  also to  a  p o rtio n  o f  th e  to p ­
m o st, H alorites  Subzone o f  th e  C olum bianus  Zone, th o u g h  th is  subzone still 
lacks Rhabdoceras, b u t inc ludes Brouw erites).

N o m a tte r  how  im p o r ta n t  i t s  ro le  in  defin ing  th e  b ase  o f  th e  S ev a tian , 
Rhabdoceras suessi is n o t su ita b le  fo r  a de ta iled  zo n a tio n  ow ing to  i ts  reach ing  
up  in to  h ig h e r horizons of th e  A lp in e  K ossen B eds. F o r  th is  reason , th e  use 
o f  th e  “ S uessi Zone”  w as g iven  u p , in  1979, even b y  i ts  fo u n d e r, T o z e r , w ho 
proposed  to  u se , in s tead  o f  i ts  lo w er p a r t ,  th e  C ordilleranus  Zone re fe rred  
to  ab o v e  a n d , in s te a d  o f its  u p p e r  p a r t ,  th e  Cochloceras am oenum  Zone. Since 
th is  l a t te r  is co rre lab le  w ith  th e  Cochloceras suessi Z one o f  th e  A lps, th e  p ro b ­
lem a tic s  o f  th e  u p p er p a r t  o f  th e  N o rian  is red u ced  to  decide w h e th e r th e  
R h a e t i a n  can  be re ta in ed  as a n  in d e p e n d e n t stage  o r su b s ta g e , e ith e r  in  its  
fo regoing  e x te n t  or in  a vo lu m e in c lu d in g  th e  q u o n d am  Rhabdoceras suessi 
Z one, to o  (ex ten d ed  u p  to  th e  b a se  o f  th e  Sagenites giebeli Z one), o r i t  is to  be 
reg a rd ed  s im p ly  as th e  u p p e rm o s t zone o f  th e  U p p e r N o ria n  ( =  S ev a tian ). 
T he p re se n t w r ite r  believes th a t ,  ow ing  to  th e  obvious p r io r i ty  a n d  th e  en ro o t - 
ednese o f  th e  in te rp re ta tio n  a d o p te d  here to fo re , th e  e ffo rts  en ab lin g  to  con­
serve th e  R h a e tia n  S tage in  th e  co n v en tio n a l sense (i.e. encom passing  th e  
A lp ine K ossen  B eds an d  th e ir  b io s tra tig ra p h ic a lly  co rre lab le  eq u iv a len ts  o f 
Z lam b ach  a n d  D ach ste in  facies) sh o u ld  be given p re fe ren ce . H e  is a fra id  th a t
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a n y  new  in te rp re ta tio n s  d e v ia tin g  from  th e  ab o v e  w ould re n d e r  e x tre m e ly  
d iff ic u lt th e  use o f in fo rm a tio n  o f  earlie r l i te r a tu r e .  F o r th is  re a so n , t h e  a u th o r  
jo in s  in  H . K o z u r ’s op in io n , ex p o u n d ed  sev e ra l tim es  betw een  1973 a n d  1979, 
t h a t  th e  R h a e tia n  can  b e  sav ed  as an  in d e p e n d e n t stage, w hen  s p l i t  u p  in to  
tw o  am m o n o id  zones. T h e  p o ss ib ility  fo r th is  e x is ts , even if  its  lo w e r — Chori- 
stoceras haueri — Z one is in d ic a te d  (like in  th e  W eisslo ferbach’s sec tion : 
H . M o s t l e r  e t al., 1978), on ly  b y  th e  p resen ce  o f Rhaetavicula contorta  an d  
Rhabdoceras suessi. T h e  d an g e r th a t  Choristoceras marshi m a y  e v e n tu a lly  
a p p e a r  a lread y  in  th e  H a u eri  Zone (H . K o zu R , 1979, p . 76, fo o tn o te ) , c a n  be 
ea s ily  e lim in a ted , i f  th e  H a u eri Zone is co n sid e red  as an  assem blage  zo n e  and  
i f  i ts  u p p e r  b o u n d a ry  is d e fin ed  as co in c id in g  w ith  th e  d isa p p e a ra n c e  of 
Rhabdoceras suessi. A cco rd ing ly , only  th a t ,  r a th e r  th in , p a r t  o f  th e  A lpine 
K ü sse n  B eds w hich a lre a d y  co n ta in s  on ly  Choristoceras m arshi w o u ld  belong  
to  th e  M a rsh i Zone.

Correlation o f Lithostratigraphic Units

A) T H E  C EN TRA L M OUNTAINS FA CIES AREA

1. The Keszthely M ts . (T ab le  3). T h e  o ld e s t kn o w n  m em ber o f  th e  geologic 
co lu m n  o f th e  K esz th e ly  M ts. belongs to  th e  h ig h e r-s itu a te d  m a rly  b e d s  o f  th e  
V eszprém  M arl F orm ation  ex ten d in g  from  th e  B a la to n  H ig h la n d  a n d  th e  
B a k o n y  in to  th e  s tu d y  a re a . T hese  beds, b e in g  k n o w n  from  o u tc ro p s , red u ced  
in  e x te n t ,  b u t rich  in  fossils (L . L ó c z y  S r., 1913, 1916; P . B o h n , 1975 , 1979), 
h a v e  re c e n tly  been u n co v e red , in  a d rillin g  th ickness o f a b o u t  100 m , 
w ith o u t  its  footw all b e ing  reach ed . B y  v ir tu e  o f  foram inifera  d e te rm in a tio n s  
b y  A . O r a v e c z -S c h e f f e r  (  F rondicu laria  bryzaeform is , Sch m id tia  in fla ta , 
Oberhauserella  cf. carin th iaca) , th e  “ E d erics  lim esto n e”  co nsidered  as back- 
re e f  fo rm a tio n  b y  P . B o h n  (1975) can  be c o rre la te d  — in c o n tra s t  w ith  G. 
K o l o s v a r y ’s assigning i t  to  th e  N o rian  ( in  S z e n t e s  e t al., 1972) — w ith  
th e  “ S án d o rh eg y  lim e s to n e ”  o f  th e  B a la to n  H ig h lan d  and , in  a c c o rd a n ce  
w ith  L . L ó c z y  Sr.’s o p in io n  (1913, 1916), i t  m a y  be regarded  a s  th e  to p ­
m o s t m em b er o f  th e  V eszp rém  M arl F o rm a tio n . H ow ever, w h e th e r th i s  l im e ­
s to n e  w as orig inally  p re se n t b e tw een  th e  H a u p td o lo m it and  th e  m a r ly  m em b ers  
o f  th e  V eszprém  M arl a n d  w h e th e r i t  h as  b e e n  ro lled  out e lsew h ere  u p o n  
te c to n ic  effects is n o t c lea r even  to d a y .

T h e  H auptdolom it F orm ation  overly in g  e ith e r  th e  “ E d erics  lim e s to n e ”  
or th e  V eszprém  M arl is , as fa r  as its  h ig h er p a r t  is concerned, c e r ta in ly  o f 
L a c ia n —A laun ian  age; t h a t  i ts  deeper p a r t  re a c h e s  dow n to  th e  U p p e r  T u v a l- 
ia n , how ever, can  be o n ly  supposed  b y  re ly in g  on B ala ton  H ig h la n d  an d  
S o u th  B ak o n y  analogies.
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O n th e  basis  o f Rhaetavicula contorta  th e  p resence a n d  R h a e tia n  age 
o f  th e  se d im e n ts  rich  in  ch e rty  d o lo m ite s  an d  called c o n v en tio n a lly  th e  “ f lö s ­
sen beds”  c a n  b e  ta k e n  for su re  ( th e  afo re-m en tioned  species seem s to  occur 
m ore f re q u e n tly  here  th a n  in  th e  B a k o n y : L. L ó czv  S r., 1913, 1916; F . S z e n ­
t e s , 1943; S. V é g h , 1964b; F . S z e n t e s  e t a l., 1972; P . B o h n , 1975, 1979). 
“ K össen b e d s”  rep resen ted  b y  h u n d re d s  o f m etres o f  sed im en t o f  r a th e r  
C a rp a th ia n  fac ies, consisting  o f  a l te rn a t in g  clay-m arls to  c lays, lim esto n es a n d  
dolom ites, h a v e  been uncovered  b y  drillings in  th e  w estw ard , deep -subsided  
ex tension  o f  th e  T ran sd an u h ian  C e n tra l M ountains. F a r th e r  n o r th e a s t, how ­
ever, th e y  g ra d u a lly  p inch  o u t, so t h a t  n o  ty p ica l K össen  facies is know n  from  
th e  V é r te s —G erecse range  o n w ard s. (O n ly  in  th e  P ilis’ F ek e te h e g y  F o rm a tio n  
th e y  are  su p p o sed  to  reap p ear.) T h e  “ K össen  B eds”  o f  th e  B a la to n  H ig h lan d  
an d  th e  B a k o n y  alw ays occur b e tw e e n  th e  H a u p td o lo m it a n d  th e  D ach ste in  
L im estone  F o rm a tio n . In  th e  K e sz th e ly  M ts., how ever, on  acco u n t o f th e  post- 
genetic  d e n u d a tio n  of th e ir  h a n g in g  w all, ju s t  th e ir  re s tin g  on  th e  H a u p t-  
do lom it c a n  be s ta te d .

2. T he B ala ton  H ighland a n d  the southern B a ko n y  M ts . (T able 3). T he 
succession a n d  age o f th e  u n its  d is tin g u ish ed  here a n d  sp an n in g  th e  w hole 
T riassic sy s te m  h av e  been in d ic a te d , essen tia lly , in  th e  sense o f  L . L o c z y  Sr. 
(1913, 1916). B u t  w herever i t  w as possib le  or necessary , th e  a u th o r  has re ­
p laced  L o c z y ’s te rm s  by  geograph ic  nam es. In  th e  lig h t o f  new  discoveries 
m ade in  re c e n t tim e , th e ir  s tra tig ra p h ic  co n ten t m u st, o f course, be redefined .

T h e  in i t ia l  beds o f th e  T riassic  re s t, in  th e  so u th w est, u n co n fo rm ab ly , 
in  th e  n o r th e a s t ,  peneconfo rm ab ly  on  th e  fina l beds o f th e  B a la to n  R ed san d - 
stone  F o rm a tio n , d a ted  by  sp o ro m o rp h s  convincingly  as o f  U p p e r P e rm ian  
age (Á . S t u h l , 1961), an d  in te rb e d d e d , locally , w ith  g reen ish -g rey  san d sto n e  
an d  d o lo m ite  b an k s  as well as c o a ly  a n d  an h y d ritic  s trin g e rs . T he b io s tra ti-  
g raphic d e f in itio n  o f th e  b o u n d a ry  b e tw een  th e  tw o  sy stem s is, nev erth e less , 
p re g n a n t w ith  som e u n c e r ta in ty , b ecau se  th e  la s t P e rm ia n  spo ro m o rp h s are  
found  a b o u t 100 m below th e  lith o lo g ic  and  se ttlin g  b o u n d a ry ; th u s  th e  la s t 
100 m o f th e  P e rm ian  are dev o id  o f  sporom orphs.

O f th e  six  Low er T riassic m e m b e rs  to  be un ified  as W e r f e n  F o r m a t io n  
th e  low er tw o , th e  N á d a sk ú t D o lo m ite  and  th e  A rács M arl, ag ree in  th e ir  
fea tu res  w ith  L o c z y ’s c h a ra c te r iz a tio n  over m ost o f  th e  a rea  in  qu estio n . 
T he co m p o sitio n  o f th e  N á d a skú t D olom ite M ember, how ever, is v a rieg a ted , 
in  th e  b o reh o le  Szigliget-1, by  g y p su m -h earin g  and  a n h y d ritic  an d , in  som e 
places, h e a v ily  g lauconitic  do lo m ite  lay e rs . In  o th e r boreholes p u t  dow n in  th e  
so u th w est p a r t  o f th e  B a la to n  H ig h la n d  th e  com position  o f  th e  A rács M arl 
M em ber is m od ified  as its  base is c o n s titu te d  — in  c o n tra s t  w ith  th e  greenish- 
grey  co lo u r o f  th e  bu lk  — b y  re d  m arls  an d  silts to n es, i ts  to p , in  tu rn ,  b y  
th ick e r, lo ca lly  an h y d ritic  an d  d o lo m itic  lim estone lay e rs . C o nsequen tly , in  th e  
so u th w est p a r t  o f  th e  B a la to n  H ig h la n d  th e  in itia l m em b ers  o f  th e  T riassic
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a re  m ore  s trong ly  su lp h a tic  and  d o lom itic  th a n  elsewhere (F . S z e n t e s  et 
a l., 1972).

T he H idegkút Sandstone  M ember — w h en  norm ally  d e v e lo p e d  — is 
d o m in a te d  b y  a lte rn a tio n  o f  red , sha ly  a n d  la m in a te d  sa n d s to n e s  a n d  silt- 
s to n e s , in  w hich, from  a b o u t th e  m iddle  o n w ard s , ru s t-m o ttle d , g re y , often  
g astro p o d -o o litic  lim esto n e  lam in ae  are  in te rc a la te d . In  o th e r c a se s , in  tu rn , 
th e  lim estone  lam in ae  a re  co m p le te ly  m issing  a n d  th e  m em ber e n d s  w ith  grey, 
p o ro u s  dolom ite beds (I . S z a b ó  in  F . Sz e n t e s  e t al., 1972, p . 34).

N evertheless, th e  g re a te s t  change co m p a re d  to  L ó c z y ’s d e sc r ip tio n  has 
b e e n  observed  w ith in  th e  Csopak M a rl M em ber. N am ely , a b o v e  th e  grey 
in i t ia l  m em ber o f th e  ^ T iro lite s  m arl”  in c lu d in g  also lim estone la m in a e  and  
ro u g h ly  corresponding  to  th e  C sopak M arl M em ber L . L ó c z y  S r. (1913 , 1916) 
— fo r lack  o f su itab le  ex p o su res  — cou ld  s till  sep a ra te  on ly  t h e  iiT irolites  
m a r l”  p ro p er, com prising  a lso  som e grey  o r  red d ish  lim estone la m in a e  and , 
a b o v e  i t ,  th e  yellow , c rin o id a l lim estone  la m in a e . A ccording to  I .  S z a b ó  (in  
F .  S z e n t e s  e t al., 1972, p . 34), how ever, t h e  th ick n ess  of th e se  b e d s  (ab o u t 
120 m ) is m uch g rea te r th a n  g iven  by  L ó c z y  (75 m ), because b e tw e e n  th e  s. str. 
“ T iro lites  m arl”  an d  th e  o verly ing  A szófő D o lo m ite  M em ber th e r e  is  f irs t 
a  considerab le  th ick n ess  o f  re d  clay -m arls a n d  s ilts tones and  th e n  fo llow s th e  
r e d  arg illaceous san d sto n e  a lte rn a tin g  w ith  c rin o id a l lim estone la m in a e  w hich, 
in  a w ea th e red  co n d itio n  th o u g h , L ó c z y  co u ld  also  observe. A c c o rd in g  to  th e  
f r ie n d ly  in fo rm ation  o b ta in e d  from  I. S z a b ó , th e  ap p earan ce  o f  D inarites  
(D . nu d u s, D . d a lm a tin u s)  w ith in  th e  s. s t r .  “ Tirolites  m arl”  p re c e d e s  th a t  
o f  T iro lites cassianus. A s he  has s ta te d , th e  low er, grey c la y -m a rl sequence 
is  ch a ra c te riz e d  b y  N atice lla  costata an d  its  re la tiv e s  an d  th e  red  m a r l  sequence  
o v e rly in g  th e  Tirolites b ed s  is ch a rac te rized  b y  Gervilleia as m o s t f re q u e n t 
fossils.

T h ere  is no need fo r ch an g in g  L ó c z y ’s in te rp re ta t io n  of th e  A s z ó fő  Dolo­
m ite  M em ber an d  of th e  Iszkahegy L im estone M em ber. A lthough  I .  S z a b ó  (in  
F .  S z e n t e s  e t al., 1972) — p a r t ly  follow ing J .  B ö c k h ’s opin ion  (1 872 , 1873), 
p a r t ly  b y  A lpine analog ies — is inc lined  to  a t ta c h  i t  a lread y  to  t h e  o lder 
A n is ia n , th e re  is no co n v in c in g  fossil ev id en ce  t h a t  m ight c o rro b o ra te  such  
a n  a p p ro ach . N o tab ly , th e  h y p ersa lin e  A szófő D o lo m ite  is co m p le te ly  unfossili- 
fe ro u s  an d  th e , ra th e r  p o o r, fossils o f th e  Isz k a h e g y  L im estone ( Costatoria  
costa ta , Gervilleia m odiola)  a re  still o f “ C am p ilian ”  ch a rac te r. I n  sp ite  of 
th is  fa c t,  th ere  w ould be som e reason  for a t t r ib u t in g  th e  Iszk ah eg y  L im esto n e  
to  th e  A nisian  — from  p u re ly  lith o s tra tig ra p h ic  v iew po in t —, y e t  a  d e f in itiv e  
so lu tio n  to  th e  prob lem  m ig h t be ach ieved  o n ly  b y  conodont s tu d ie s .

T h e  no tio n  o f th e  M egyehegy D olom ite F orm ation  w ith in  th e  M i d d l e  
T r i a s s i c , fo rm u la ted  f i r s t  b y  J .  B ö c k h  (1872) a n d  th e n  by  L . L ó c z y  Sr. 
(1913 , 1916), s till holds f irm  even  a t  p re se n t. As confirm ed b y  n e w  o b se rv a ­
t io n s , th is  fo rm atio n , n o t  p a r tic u la r ly  r ic h  in  fossils, is no t r e s t r ic te d  to  th e
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A egean a n d  B ith y n ia n  S ubstages, b u t  locally  ex te n d s  well in to  th e  P e lso n ian  
and , in  th e  v ic in ity  of H a jm ásk ér a n d  Ö skü, even  in to  th e  I lly ria n  S u b stag e , 
being o v e rla in  h ere  im m ed ia te ly  b y  tu ff itic  la y e rs  w ith  Trachyceras reitzi 
(i.e. L ow er L a d in ia n ) (I. S z a b ó , 1978, F ig . 1).

T h a t  th e  M iddle or U p p er A n is ian  lim estone  bodies, now  in te rb e d d e d  
w ith  m arls , s ilts to n es  and  tu ff ite s , n o w  c h e rty  o r do lom itic , are  s till re fe rred  
to  re sp e c tiv e ly  as “Recoaro'” or “ R e iflin g  lim estone”  is due to  our sim ply  
hav ing  no  o th e r  choice, for, on  th e  one  h an d , th e ir  petro log ic  fea tu re s  do n o t 
co rrespond  e x a c tly  to  those o f th e  A lp in e  u n its  o f  th e  sam e n am e; on th e  o th e r 
h an d , on a c c o u n t o f  th e ir  facio log ical v a r ia b ility , re la te d  in  p a r t ,  to  th e ir  
rem ark ab le  ch an g es  in  th ickness, th e y  show  a k in d  o f u n ifo rm ity , so t h a t  th e y  
can n o t b y  se p a ra te d  by  a sh a rp  b o u n d a ry . A t L . L ó c z y  Sr., th is  m an ifested  
itse lf  in  h is a t te m p tin g  to  re fer to  th e m  jo in tly  as “ A lpine M uschelkalk” . T his 
c o n tra d ic to ry  te rm , how ever, is no  lo n g e r used  ev en  in  th e  A lps. S ince before 
a p ro fo u n d  e la b o ra tio n  o f th e  o u tc ro p s  se ttled  b y  I . S z a b ó  (1978, F ig . 1) an d  
o f o th e r reco v eries  still to  be done h e re in a fte r  i t  w ould  n o t be  q u ite  r ig h t 
to  coin h a s t i ly  a  new  nam e enco m p assin g  th e  afo re -m en tio n ed  tw o  “ m em b ers” , 
an  in te r ro g a tio n  m ark  has been  e n te re d  in  its  p lace  in  th e  T ab le  3.

I t  re m a in s  for fu rth e r  s tu d ie s , how ever, to  assess th e  s tra tig ra p h ic  va lu e  
of th e  reef-lag o o n al (D asyc ladacea-bearing ) “ T agy on lim estone”  rep lac in g  th e  
“ R ecoaro”  a n d  th e  “ R eifling  lim esto n es”  in  th e  v ic in ity  o f V ászoly  an d  Szent- 
an ta lfa  a n d  u n co v ered  even to w a rd  th e  d e p th  in  th e  borehole  S z e n ta n ta lfa  
Szaf-1. In a s m u c h  as can be ju d g e d  a t  p resen t, th is  w ill be e q u iv a len t to  th e  
“ R ecoaro”  a n d  “ R eifling  lim esto n es”  as a w hole. H ow ever, i f  th e  “ T agyon  
lim esto n e”  is  to ta l ly  devoid o f am m o n o id s a n d  th e  M egyehegy D olom ite  
F o rm a tio n  c o n ta in s  one specim en o f  B alatonites balatonicus (ch a rac te ris tic  o f 
th e  P e lso n ia n ; J .  B ö c k h , 1872, 1873) on ly  in  th e  to p m o st layers o f its  ty p e  
loca lity , th e n  th e  deeper p a r t  o f th e  “ A lp ine M uschelkalk”  does co n ta in , beside 
b rach io p o d s o f  th e  Decurtella decurtata  Zone, th e  species Balatonites balatoni­
cus, w hile i ts  h ig h e r p a r t co n ta in s , in  a d d itio n  to  som e “ su rv iv in g ”  b rach io p o d - 
al species a n d  Paraceratites trinodosus, also Sem iornites  sp ., Flexoptychites, e tc . 
and , ab o v e  th e se , even D aonella s tu r i  (L . L ó c z y  Sr., 1913, 1916; I . S z a b ó  in
I .  S z a b ó  — G y . M a j o r o s , 1978). T h u s , in  th e  A nisian  o f th e  L ake B a la to n  
region o n ly  tw o  am m onoid  zones c a n  be id e n tif ie d  in  th e  p re sen t s ta te  o f 
know ledge.

A lth o u g h  tu f f  and  tu f f i te  in te r la y e rs  do occur even  in  th ese  fossil-ev i­
denced M idd le  to  U pper A nisian  sed im en ts  (I. S z a b ó , 1978; I . S z a b ó  in  F . S z e n ­
t e s  e t a l., 1972, F ig . 11 —12), th e  m a in  e ru p tio n  o f  th e  volcanic tu ffs  o f  p o tash - 
tra c h y tic  com p o sitio n  was asso c ia ted , as suggested  b y  I . S z a b ó  —Cs. R a v a s z  
(1970) a n d  C s. R a v a s z  (1973), n ev erth e less  w ith  th e  sed im en ta tio n  o f th e  
“ B uchenste in  F orm ation’’’’ tra c e a b le , in  v a ry in g  th ick n ess , in  th e  h an g in g  w all 
o f all th e  A n is ian  facies over a la rg e  a re a  (as p ro v ed  b y  drilling). D o tte d  w ith
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f re q u e n t lim estone lenses, th e se  pecu liar, g reen  an d  lig h t p u rp le  tu f f i te  beds 
o f  sev era l m  th ick n ess  se rv e  as a sh a rp  lith o s tra tig ra p h ic  b o u n d a ry  for the 
L a d in ia n . T he B u ch en ste in  F o rm a tio n  o f  th e  L ak e  B a la to n  R e g io n , how ever, 
in c lu d es , in  ad d itio n  to  th is  (o ften  h eav ily  b en to n itized ) ílp ie tra  verde”, even 
th ic k e r  tu ffaceous lim e s to n e  an d  ch e rty  lim esto n e  beds an d , a t  t h e  to p , also 
la m in a te d  ch e rty  shale  a n d  ra d io la rite  la y e rs . T h e  fo rm atio n  c o n s is ts , how ever, 
o f  tec to n ica lly  very  m obile  rocks, th e re fo re  to  d e te rm in e  its  c o m p o s itio n  and 
v ir tu a l  th ickness is o f te n  faced  w ith  co n sid e rab le  d ifficu lty . I t  is  overlain , 
in  ev e ry  case, b y  th e  re d  o r  l ig h t grey, c h e r ty , n o d u la r  lim estones o f  th e  N em es­
v á m o s  L im estone F o rm a tio n , som etim es s im ila rly  w ith  tu f f i te  a n d  m arl 
in te rb e d s .

O n th e  basis o f  fa u n a e  deriv ing  fro m  new  diggings a n d  b o reh o le s , I. 
S z a b ó  (1978) placed th e  age  o f  th e  “ B u c h e n s te in  F o rm a tio n ”  co n v in c in g ly  
in  th e  Protrachyceras re itzi Z one. T hese fa u n a l assem blages, c o n ta in in g , beside 
Protrachyceras reitzi, th e  re p re se n ta tiv e s  o f  K ellnerites, H ungarites  a n d  Flexo- 
p tych ites, can  be re a d ily  id e n tif ie d  w ith  o n e  a n o th e r , in  sp ite  o f  th e  f a c t  th a t  
th e y  are  associated  w ith  p ie tra  verde o f  r a th e r  d issim ilar se q u e n c e s . The 
Trachyceras reifzi-bearing “ p ie tra  v e rd e”  o f  th e  F o rrásh eg y  a t  F e lső ő re , here 
o v e rly in g  th e  lim estones o f  th e  Paraceratites trinodosus  Zone, is , fo r  in stan ce , 
o v e rla in  b y  re la tiv e ly  th in ,  c h e rty  lim esto n es, follow ed, in  tu r n ,  a lre a d y  by 
ty p ic a l  red  layers o f th e  lo w er p a r t  o f th e  N em esvám os L im esto n e  F o rm a tio n . 
T h e  v e ry  th in , Tr. re iiz i-b earin g  “ p ie tra  v e rd e ”  o f  th e  H a jm ásk é r s e c tio n , rests, 
o n  th e  co n tra ry , on M egyehegy  D olom ite  w h ich  is follow ed, in  t u r n ,  w ith  
in te rc a la tio n  of th e  ca lca reo u s-a lg a l reef-lagoonal facies of th e  B u d a ö rs  Dolo­
m ite  F o rm a tio n  p in ch in g  o u t  in  th is  reg ion , b y  th e  N em esvám os L im esto n e . 
T h e  sim ila rly  th in , b u t  fossiliferous, “ p ie tra  v e rd e ”  o f th e  V ászo ly  a n d  T agyon  
sec tio n s , respective ly , h o w ev er, is u n d e rla in  a lre a d y  b y  a ca lca reo u s-a lg a l 
“ T ag y o n  lim estone” , w h ile  i ts  im m ed ia te  overlie r is c o n s titu te d  b y  ch erty  
lim esto n es  of “ B u c h e n s te in ”  ty p e , in te r ru p te d  b y  new er tu f f  a n d  m a r l  in te r ­
la y e rs  an d  m uch th ic k e r  th a n  its  Felsőőre c o u n te rp a r t. In  th e  v ic in i ty  of 
V ászo ly  an d  Pécsely, ra d io la r ite  beds are a d d e d  to  th is  an d  th e  N em esvám os  
L im estone  lies only ab o v e  th e se .

L o c z y ’s c h a ra c te r iz a tio n  o f th is  fo rm a tio n  overly ing  th e  “ B u c h e n s te in  
F o rm a tio n ”  and  re fe rred  to  since I . BÖCKH (1872, 1873) as “ T r id e n t in u s  lim e­
s to n e ”  has n o t changed  m u c h  even in  th e  l ig h t o f  la te s t  re su lts . A m o n g  its 
c h e r ty -n o d u la r  lim estone  b ed s , red  a t  th e  b ase  a n d  lig h t g rey  h ig h e r  u p  the  
p ro file , lig h t grey tu f f  o r m a r l in te rlay e rs  o ccu r in  som e p laces, a s  w ell. The 
d eep e r p a r t  o f its  b asin -fac ies  sequence o f  H a l l s ta t t  ty p e  re p re se n ts , acco rd in g  
to  F . F r e c h  (1911) — b y  v ir tu e  of th e  p resen ce  o f Protrachyceras villanovae  
a n d  A rpad ites  —, th e  Protrachyceras cu rio n ii Z one, th e  h ig h e r p a r t  th e  P . 
archelaus Zone. D aonella lom m eli also occurs in  th e  m arly  in te rc a la t io n s  o f its 
h ig h e r  p a r t .
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U p p e r  T r i a s s ic . The N em esv ám o s L im esto n e  is follow ed u p w ard s  im ­
m e d ia te ly  b y  th e  low erm ost m e m b e r o f  th e  Veszprém  M arl F orm ation  — th e  
'''‘F üred  lim esto n e" . T he s im ila rity  o f  th e  n e ig h b o u rin g  beds o f  th e  tw o  fo rm a­
tio n s  h a d  becom e a source o f  v a r io u s  m isu n d e rs tan d in g s , th o u g h  L . LÓCZY Sr. 
(1913, 1916) c leared  th e  m a jo rity  o f  th e se . H o w ev er, i t  has re m a in e d  an  u n a n ­
sw ered q u e s tio n , how to  asses t h a t  th in  fo rm a tio n  called th e  “ Sóly  m arl”  
w hich  D . L a c z k ó  (1909, 1911) w ish ed  to  use fo r d raw ing  a b o u n d a ry  betw een  
th e  N em esvám os F o rm atio n  a n d  th e  “ F ü re d  lim estone” . I . S z a b ó  (in “ H on­
grie”  1978), how ever, found  th e  c o n te n t  o f  d iffe ren t horizons t o  h av e  got 
m ixed  u p  in  th e  no tion  o f  L aczk ó ’s “ Sóly  m a rl” , a phenom enon  due to  th e  
poor q u a li ty  o f  th e  exposures; th e re fo re , he p roposed  to  d iscard  th e  te rm  from  
am ong  th e  s tra tig ra p h ic  u n its .

D isag ree in g  w ith  E . V a d á s z  (1953, 1960) a n d  I . S z a b ó  ( in  F . S z e n t e s  
e t a l., 1972) w ho placed — o b v io u sly  on  th e  basis o f  Daonella lom m eli, allegedly 
fo u n d  J .  BÖCKH in  th e  “ F ü red  lim e s to n e ” , b u t  re fu te d  b y  L . L ó c z y  Sr. (1913, 
1916) — th is  lim estone  still a t  th e  to p  o f th e  L ad in ian , th e  p re se n t w rite r is 
m ore  in c lin ed  to  regard  i t  as p a r t  o f  th e  V eszprém  M arl F o rm a tio n  (referred  
to  as “ U p p e r  M arl G roup”  in  e a r lie r  w orks). I n  fac t, desp ite  h is ré fu ta i ju s t  
q u o ted , LÓCZY him self did assign  th is  ch e rt-p o o r, b u t a little  do lo m itic , com ­
p a c t, l ig h t g rey  lim estone, a lw ay s  un fossiliferous w hen ty p ic a lly  developed, 
to  th e  to p m o s t L ad in ian , because  h e  fo u n d  re a lia b ly  C arn ian  fossils (Trachy- 
ceras aon)  o n ly  in  th e  overly ing  “ C h o n d rite s  lim esto n e”  a lread y  u n d o u b te d ly  
belong ing  to  th e  “ U pper M arl G ro u p ” . O n th e  o th e r  han d , L ó c z y  h im se lf did 
em p h asize  t h a t  lim estone in te r la y e rs  v e ry  s im ila r to  th e  “ F ü re d  lim estone”  
occur in  h ig h e r horizons o f th e  “ U p p e r  M arl G ro u p ”  as well. A . O r a v e c z - 
S c h e f f e r  (1967), in  tu rn , m an ag ed  to  collect Carnites flo r id u s  f ro m  th e  m arl 
in te r la y e r  se p a ra tin g  th e  N em esv ám o s (“ T rid e n tin u s” ) L im esto n e  an d  th e  
“ F ü re d  lim e s to n e ” . T hus th is  species o b ta in e d  fro m  th e  foo tw all o f  th e  alleg­
ed ly  ty p ic a l (unfossiliferous) “ F ü re d  lim esto n e”  an d  th u s  fa r  k n o w n  only 
from  d eep e r p a r ts  o f th e  “ U p p e r M arl G ro u p ”  b ea rs  a co n v in c in g  w itness 
to  th e  L o w er C arn ian  age o f th e  “ F ü re d  lim esto n e”  and  to  its  be lo n g in g  to  th e  
“ U pper M arl G ro u p ”  (J . O r a v e c z , 1963).

T h e  fac ies o f  th e  less ty p ic a l occu rren ces o f  th e  “ F ü red  lim e s to n e ”  differs 
on ly  b y  th e i r  con ta in in g  ostraco d s a n d /o r  t in y , th in -she lled  b iv a lv es  (F . S z e n ­
t e s  e t a l., 1972) in  th e  th in  c lay  la y e rs  in te rb e d d e d  w ith  th e  lim esto n es. These 
beds a re  c e r ta in ly  fo re-runners o f  th e  low erm o st Chondrites- a n d  Daonella- 
b ea rin g  lim e s to n e  beds o f th e  “ U p p e r  M arl G ro u p ”  ta k e n  in  L o c z y ’s sense. 
H ig h er u p  th e  p rofile , these  lim esto n e  bed s — c o n ta in in g  f irs t  D aonella  reticu­
lata, D . latecostata, D . cassiana, D . esinensis , D . aperta  an d  D . lóczyi an d  th e n  
Trachyceras aon  — are in c reas in g ly  in te rb e d d e d  w ith  shaly  c lay  lay e rs  and  
th e ir  seq u en ce  grades — w ith  c o m p le te  c o n tin u ity  — in to  th e  so -ca lled  “ Estfce- 
ria  m a rl”  ch a rac te rized  m ain ly  b y  H alob ia  rugósa  a n d  Carnites f lo r id u s  (rem ark ­
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a b ly  enough , Trachyceras aonoides is to ta l ly  a b se n t!) . O nly 1/10 o f  th e  to ta l  
th ic k n e s s , 150 m  or so, o f th e  deeper beds j u s t  en u m era ted  is m a d e  u p  o f  th e  
p u rp le -g re y , poorly  c h e rty , th in -b e d d e d  “ Trachyceras austriacum  lim e s to n e ”  
w h ich  con ta in s , in  a d d itio n , K o n in ck in a  leonhardi as w ell. A lth o u g h  TV. 
a u str ia cu m , Sirenites subbetu linus  an d  H alobia  rugósa are  fo u n d  e v e n  a t  th e  
b a se  o f  th e  several h u n d re d  m  th ic k  “ N u cu la  an d  L im a  m arl” , fo llo w in g  n ex t 
h ig h e r  u p  th e  profile , th e  h ig h e r  horizons o f  th e  T riassic  in  th e  B a la to n  H ig h ­
la n d , a n d  w h a t is m ore, th ro u g h o u t th e  w hole B ak o n y  a rea  a re  a l r e a d y  devoid  
o f  am m o n o id s. T he “ U p p e r M arl G ro u p ”  o f  th e  B a la to n  H ig h la n d  en d s  w ith  
th e  l ig h t grey  “ S án d o rh eg y  lim esto n e”  in te rb e d d e d  w ith  d a rk  m a r ls  an d /o r 
b itu m in o u s  lim estones a n d  d o lo m ites  an d  c o n ta in in g  — beside J u l i th y r is  ju lica  
a n d  A lectryon ia  m ontiscaprilis  — C ornucardia hornigi and  N eom egalodon carin- 
th ia cu s, as well.

As a new li th o s tra tig ra p h ic  n am e  fo r th e  “ U p p er M arl G ro u p ”  in c lu d in g  
th e  “ F ü re d  lim estone” , as w ell, th e  te rm  V eszprém  M a rl F o rm a tio n  can  be 
reco m m en d ed ; a nam e u sed  b y  D . L aczicó  (1909, 1911) in  a  m o re  re s tr ic te d  
sen se , b u t  re flec ting  v e ry  w ell th e  coherence  o f  th e  c o n s titu e n t s t r a t a  groups. 
T h is  fo rm a tio n  has now  -— as  a re su lt o f deep  d rilling  a c tiv itie s  — becom e 
k n o w n  from  K esz the ly  u p  to  M ány  a n d  Z sám b ék . I t  seem s, h o w e v e r , t h a t  its  
lim e s to n e  m em bers d is tin g u ish ed  b y  LÓCZY a re  re s tr ic te d  ra th e r  to  th e  so u th ­
e rn  b e lt  o f th e  C en tra l M o u n ta in s . T h erefo re  we should  like to  h a n d le  th em  
fo r th e  m om en t only  as in fo rm a l u n its  u n t i l  th e ir  de ta iled  re in v e s tig a tio n  is 
c o m p le ted . Such a new  e la b o ra tio n  m ay  th e n  decide also th e  cho ice  o f  th e  new 
n a m e s  (based on geograph ic  lo ca tio n  o f th e  occurrences) t h a t  a re  su ita b le  to  
s u b s ti tu t io n  for th e  U óczy’s te rm s  a c c e n tu a tin g  th e  p a leo n to lo g ica l co n te n t.

T h a t  th e  n ear-V eszp rém  occurrences o f  th e  H aup tdo lom it F orm a tio n , 
a ss ig n ab le  a fte r  E . K u t a s s y  (1 9 3 3 , 1940, 1945) for th e  m o s t p a r t  to  the  
L ac ian -A lau n ian , reach  as f a r  dow n as th e  T u v a lia n  was s a tis fa c to r ily  p roved  
b y  S. V é g h  (1964a). T h e  f a c t  t h a t  th e  S e v a tia n  age of th e  “ K ü sse n  beds” 
b e tw e e n  th e  H a u p td o lo m it a n d  D a ch s te in  L im estone  F o rm a tio n  h as  been 
ev id en ced  by  a rich  b iv a lv e  fa u n a  co rro b o ra te s  also th e  R h a e t ia n  age  o f  th e  
D achste in  Limestone o ccu rren ces in  th is  reg io n  (S. V é g h , 1 964b). T h a t  th e  
D a c h s te in  lim estone fac ies ex te n d s  w ell in to  th e  Liassic w as e a r lie r  ta k e n  
to  b e  u n d o u b te d ; b u t, la te ly , som e a u th o rs  h a v e  coined a new , s e p a ra te  nam e, 
th e  K a rd o s ré t M em ber w h ich  th e y  h av e  b eg u n  to  use for th e  so -ca lled  “ D ach ­
s te in  L iassic”  w hich, as p u t  b y  J .  N o s z k y  J r .  (1961), is d is tin g u ish a b le  only 
o n  th e  basis o f its  m ore v a r ie g a te d  co lour a n d  th e  scan t b ra c h io p o d  co n ten t 
re p la c in g  th e  re p re se n ta tiv e s  o f  M egalodontaceae v an ish ing  he re .

3. The northern B a k o n y  M ts . (T able  3). T he T riassic se q u e n c e  o f th is  
m o u n ta in s , th ough  b e ing  co n sid e rab ly  co m p le ted  recen tly , is n o t  k n o w n  in 
fu ll ev en  to d ay .

T h e  borehole A lsószalm avár-1  has u ncovered  a W erfen  F orm ation
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evolv ing  w ith o u t a n y  b re a k  (?) from  th e  U p p e r  P erm ian  B a la to n  R edsand- 
sto n e  F o rm a tio n  an d  reach in g  ro u g h ly  to  th e  m iddle o f  th e  O lenekian  (Cs. 
D e t r e —E . N a g y , 1971). R ep re sen ted  b y  sa n d s to n e s—e v a p o r i te s —shales — 
dolom arls a t  th e  base  a n d  g e ttin g  ever m ore calcareous h ig h er u p  th e  p rofile , 
th ese  beds w ere  d efined , b y  th e ir  describers re ly ing  p a r t ly  on  lithological 
analogies, p a r t ly  on  ap p ea ren ce  o f Claraia  sp ., Costatoria costata  an d  Sporo- 
morpha  b e ing  o f  “ S eisian”  o r “ C am pilian”  c h a ra c te r . T hese te rm s , how ever, 
c an n o t be a t t r ib u te d  th e  c o n te n t o f  fo rm al u n its .

N e ith e r  th e  u p p e rm o st m em b ers  o f  th e  L ow er T riassic, n o r  m uch  o f th e  
low er p a r t  o f  th e  M i d d l e  T r i a s s ic  A nisian  S tag e  could so f a r  be  explored. 
T h a t  th e  grey  to  d a rk  g rey  do lom ites in  th e  466.6  to  480.0 m  in te rv a l o f th e  
borehole  B ak o n y g y iró t Bszl-5 m a y  y e t  belong  to  th e  to p  o f th e  B ith y n ia n  p a r t  
o f  th e  M egyehegy D o lom ite  F o rm a tio n  is, a g a in , ju s t  a h y p o th e s is  based on  
litho log ica l analog ies. N am ely , in  th e  d rilling  d o cu m en ta tio n , th is  dolom ite 
figures as L a d in ia n , ju s t  as i t  is th e  case w ith  th e  com plex p ie rced  b y  the  drill 
in  80 m  th ic k n e ss  be tw een  387.3 an d  466.6 m  w hich consists  o f  a lte rn a tio n  
o f  d a rk  g rey  c lay -m arls , ca lcareous m arls  a n d  do lom arls an d  c o n ta in s  th e  f irs t  
tra ce s  o f vo lcan ic  tu f f  e ru p tio n s . D esp ite  th is  fa c t, we guess to  have  to  do 
in  th ese  la t te r  b ed s  a lre a d y  w ith  re p re se n ta tiv e s  o f th e  P e lso n ian  an d  B ly rian  
S ubstages. N o ta b ly , w ith  a  v iew  to  th e  th ic k  in te rb ed s o f  p o ta sh - tra c h y te  
tu ffs  an d  tu f f i te s , th e  76-m -drilled  com plex  consisting  o f c h e r ty  lim estones, 
c h e rty  d o lom ites, c lay - a n d  do lom arls  w ith in  th e  3 1 1 .3 —387.3 m in te rv a l 
ab o v e  th e  a fo re -m en tio n ed  com plex  seem s to  correspond, a lre a d y , to  th e  
“ Buchenstein  F o rm ation”  o f  th e  B a la to n  H ig h la n d  (Cs. R a v a s z , 1973). Since, 
how ever, th e  N em esvám os L im esto n e  in  th e  B a la to n  H ig h lan d  also  con ta ins 
som e in te rb e d d e d  tu f f  lay e rs , i t  is fo r th e  m o m en t im possible to  decide  w h e th e r 
th e  h igher m em b ers  o f  th e  ch e rty -tu ffaceo u s  sequence o f th e  B a k o n y g y iró t 
borehole m ay  belong , a t  le a s t p a r t ly , to  th is  l a t t e r  fo rm ation  a lre a d y . B ecause 
o f  th e  ex is tin g  u n c e rta in tie s , th e  a u th o r  h a d  to  re fra in  from  g iv in g  th e  B ak o n y ­
g y iró t sequences fo rm al nam es.

U p p e r  T r i a s s i c . S om etim es co n ta in in g  som e th in  lim e s to n e  in te rb e d ­
dings, th e  d a rk  g rey  m arls , ca lcareous m arls  a n d  carbonaceous silts tones o f 
th e  Veszprém  M a rl F orm ation  a re  kn o w n  from  boreholes o n ly . T h e  boreholes 
P áp a teszé r-1  ( =  F enyőfó-2) an d  B akonyszűcs B ű t-10  have  in te rse c te d  a b o u t 
30 m  o f th is  sequence , th e  boreho le  B ak o n y szű cs Bszű-1, h o w ev er, could n o t 
ge t o u t o f i t  even  w hen  reach in g  dow n to  a d e p th  of 1150 m . A ccording to
A. O r a v e c z -S c h e f f e r  (1971), i t  co n ta in s  a fo ram in ife ra l assem b lag e  of Cas- 
sian  —R aib l ty p e . W hereas th e  fo ram in ife ra l lim esto n e  o u tc ro p p in g  a t  B akony- 
k o p p án y  (A. O r a v e c z -S c h e f f e r , 1967) a n d  th e  b rach io p o d a l lim estone 
observab le  a t  U god (Cs. D e t r e , 1972) a re  u su a lly  iden tified  w ith  th e  “ Sándor- 
hegy  lim esto n e”  o f  th e  B a la to n  H ig h lan d , to  su b d iv ide  th e  fo rm a tio n  in  a 
d e ta il s im ila r to  th e  case o f  th e  B a la to n  H ig h la n d  occurrences is n o t feasible
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here , an d , on to p  o f  th a t ,  i t  has n o t so fa r  b een  possible to  c lear i ts  re la tio n  
to  i ts  fo o tw all e ith e r .

S im ila rly  to  th e  case o f  th e  B a la to n  H ig h la n d  and  so u th e rn  B a k o n y  
occurrences, th e  d ep o sitio n  o f  th e  H a u p td o lo m it began , in  som e p laces , as 
ea rly  as th e  T u v a lia n , b u t  th e  b u lk  o f  th e  fo rm a tio n  is o f L a c ia n -A lau n ia n  age. 
I t  is co n n ec ted  w ith  th e  D achstein L im estone F orm ation , as a ru le , b y  a  t r a n s i­
tio n  w ith  m ark ed  chan g es in  lith o lo g y , b u t  th is  tra n s it io n  is a ss igned , a lre a d y , 
to  th e  D a ch s te in  L im esto n e .

K n ow n  on ly  in  th e  so u th e rn  p a r t  o f  th e  n o rth e rn  B a k o n y  M ts ., th e  
líK össen  beds”  h a v e  re c e n tly  been  id e n tif ie d  h e re  in  th e  borehole C so szp u sz ta  
T t-2 8 , b e tw een  th e  H a u p td o lo m it a n d  th e  D a c h s te in  L im estone, b e in g  re p re ­
sen ted  b y  a n  a lte rn a tio n  o f  p y ritife ro u s  c la y -m a rls , calcareous m a r ls , la m i­
n a te d , m arly  o r do lo m itic  lim estones a n d  d o lo m arls .

T he D achstein L im estone F orm ation  o f  th e  n o rth e rn  B a k o n y  M ts. w as 
considered  in  th e  l i te ra tu re  u p  to  E . V a d á s z  (1960) u n an im ously  as o f  R h a e tia n  
age. E . V é g h -N e u b r a n d t  (1963) w as th e  f i r s t  to  p o in t ou t t h a t  i t s  deeper 
p a r t  co n ta in s  a lre a d y  such  N orian  M egalodontaceae  as are  k n o w n  fro m  th e  
h ig h e r p a r ts  o f  th e  u n d e rly in g  H a u p td o lo m it as w ell. As ju d g e d  to d a y ,  th is  
deep er p a r t  o f  th e  D a c h s te in  L im estone  F o rm a tio n  belongs to  th e  A la u n ia n  
S u b stag e . C o n seq u en tly , th e  d ep osition  o f  th e  D a ch s te in  L im esto n e  fac ie s  m u st 
h a v e  b eg u n  over th e  g re a te r , “ K össen” -less p a r t  o f  th e  n o rth e rn  B a k o n y  M ts. 
as ea rly  as th e  A lau n ian  a n d , sp an n in g  a lso  th e  R h a e tia n  S u b s ta g e , i t  m u st 
co n tin u e  in  th e  L iassic  K a rd o s ré t L im e s to n e  o f D ach ste in  ty p e .

4 . The Iszkahegy  (T able  3). T h e  seq u en ce  re s tin g  on th e  B a la to n  R ed- 
san d sto n e  F o rm a tio n  h ere  agrees, from  th e  b a sa l T riassic up  to  th e  to p m o s t 
A nisian , a lm o st co m p le te ly  w ith  th a t  o f  th e  B a la to n  H igh land  (J . O r a v e c z  — 
E . V é g h -N e u b r a n d t , 1961, 1962; J .  O r a v e c z — J .  P u s k á s , 1966; A . B é r c z i - 
M a k k , 1970). A bove th e  “ B u ch en ste in  F o rm a tio n ”  rep resen ted  b y  c h e r ty  and  
m arly  lim estones a n d  do lom ites, b u t  re d u c e d  in  th ickness, h o w ev e r, i t  is n o t 
th e  basin -fac ies N em esvám os L im estone , b u t  th e  Budaörs D olom ite  F o rm a ­
tion  o f  reef-lagoonal facies w ith  D ip lopora  a n n u la ta , ex ten d in g  fro m  th e  B u d a  
M ts. u p  to  here , t h a t  follow s. I t  is o v e rla in  b y  c lay-m arls, m a r ly  d o lo m ites , 
c h e r ty  a n d  m arly  lim esto n es  in  a lte rn a tio n , o f  w h ich  a m ore c o m p le te  sequence  
is kn o w n  from  boreho les (J . O r a v e c z — J .  P u s k á s , 1966), i ts  C o rdevo lian - 
J u lia n  age b e ing  o n ly  suggested  b y  th e  “ sm a lle r-m e g a lo d o n tid -b ea rin g ”  in itia l 
beds o f  th e  o v erly in g  H a u p td o lo m it, a t  le a s t  fo r th e  m om ent so. O n  th e  basis 
o f its  p o s itio n , th is  fo rm a tio n , know n in  a  th ic k n e ss  o f ab o u t 80 m , seem s to  be 
a  m ore  lim esto n e-rich , b u t  re la tiv e ly  th in  v a r ie ty  o f th e  V eszp rém  M arl, 
in  w h ich  to  d is tin g u ish  be tw een  “ m e m b e rs”  s im ila r to  th e  case o f  th e  L ake 
B a la to n  reg ion  is p re se n tly  im possib le . I t  is  n o t  im probab le , h o w e v e r , th a t  
th e  la ck  here  o f y o u n g e r m em bers o f  th e  fo rm a tio n  m ay  be d u e  to  a n  over- 
th r u s t  o f  rig id  H a u p td o lo m it m asses.

Acta Geologica Academiae Scientiarum  Hurtgaricae 24, 1981



CORRELATION OF TRIASSIC 25

P re d o m in a n t species in  th e  deepest k n o w n  beds o f  th e  H auptdolom it 
is Neomegalodon triqueter p a n n o n icu s  w hose acm e  begins w ith  th e  T u v a lian ; 
th e  T u v a lian  is suggested , h o w ev er, to  have  b e e n  th e  tim e  w h en  th e  species 
Neomegalodon hoernesi, a sso c ia ted  w ith  th e  fo rm er, m ade its  f i r s t  ap p earan ce , 
to o  (G. T i c h y , 1974).

T he H a u p td o lo m it o f  th e  Iszk ah eg y  a n d  th e  D achstein  Lim estone  
F orm ation  overly in g  i t  ro u g h ly  co rrespond  in  t im e  sp an  to  th e ir  c o u n te rp a r ts  
in  th e  n o r th e rn  B a k o n y  M ts. T h e  D ach ste in  lim esto n e  facies evolves here  to o  
w ith  an  a lte rn a tio n  from  th e  H a u p td o lo m it, b u t  its  R h a e tia n  and  L ow er 
L iassic p a r ts  h a v e  been  lo s t to  p o std ep o sitio n a l erosion.

5. The Vértes M ts . (T ab le  3). T h e  Seisian a n d , th e n , C am p ilian -ty p e  sed i­
m en ts o f th e  L o w e r  T r i a s s ic  a re  know n on ly  fro m  boreholes p u t  dow n in th e  
so u th e rn  m o u n ta in  fo re lan d  (S. V i t á l i s , 1939; borehole  Tabajd-5). T h ey  
develop w ith o u t an y  b re a k  in  se d im e n ta tio n  fro m  th e  U p p er P e rm ian  shallow - 
w a te r, m arin e , carb o n aceo u s to  m a rly  T a b a jd  F o rm a tio n  (I . S z a b ó , 1964).

M i d d l e  a n d  U p p e r  T r i a s s i c . A fter a la rg e  gap  o f know ledge, th e  n e x t 
to  follow is a  D iplopora annula ta -bearing  do lo m ite  sequence id en tificab le  w ith  
th e  Budaörs D olom ite F orm ation  o f  th e  B u d a  M ts. overla in  b y  th e  c h e rty  
lim estone, m arl as w ell as ca lcareous and  d o lom itic  m arl sequence of th e  
Veszprém M a r l F orm ation , th in n e r  even th a n  o n  th e  Iszk ah eg y  (30 —40 m ), 
w ith  Z ygpleura  hybrida  an d  Cornucardia ju l i i .  T h e  th in n ess  o f  th e  fo rm atio n  
ap p ears  to  be  due  — like  in  th e  case o f th e  Isz k a h e g y  occurrence  — to  i ts  
being o v e r th ru s t b y  th e  H a u p td o lo m it m asses fo llow ing n e x t  u p  th e  pro file .

T he fossil c o n te n t ( C ornucardia hornigi, Neomegalodon triqueter p a n n o ­
nicus an d  N . carin th iacus)  o f  t h a t  p a r t  o f th e  low erm o st h o rizon  o f th e  H au p t-  
dolomit F orm ation  co incid ing  w ith  th e  Ju lia n /T u v a lia n  b o u n d a ry  confirm s 
th is  h y p o th esis . O therw ise , th e  H a u p td o lo m it reach es up  in to  th e  A lau n ian  
S ubstage  as w ell. T h e  D achstein  L im estone  ev o lv in g  from  i t  w ith  a lte rn a tio n  
is o f U p p er A la u n ia n -S e v a tia n  age. I t  is se p a ra te d , b y  an  erosional u n co n ­
fo rm ity , from  th e  L iassic H ie r la tz  L im estone.

6. The Gerecse M ts . (T able  3). F o r th e  m o m e n t, on ly  th e  H auptdolom it 
and  th e  D achstein L im estone Form ations  a re  k n o w n  from  h e re . Ju d g in g  b y  
d a ta  p u b lished  b y  E . J a k u c s  (1954), E . V é g h - N e u b r a n d t  (1960), E . V é g h - 
N e u b r a n d t — J .  O r a v e c z  (1961) an d  E . V é g h -N e u b r a n d t —J . O r a v e c z  
(1960—1961), th ese  seem  to  b e  o f  T u v a lia n -L a c ia n  or A la u n ia n -R h a e tian  age, 
re sp ec tiv e ly . T h e  H a u p td o lo m it a n d  th e  D a c h s te in  L im esto n e  F o rm a tio n  a re  
in te rco n n ec ted  b y  a p assage  c h a ra c te r iz e d  by  a lte rn a tio n  in  litho log ic  co n te n t. 
T he D ach ste in  L im esto n e  a n d  th e  Liassic a re  se p a ra te d  b y  erosional u n co n ­
fo rm ity .

7. M á n y —Z sá m b ék— Dorog  (T able 3). T h e  know n p a r t  o f  th e  T riassic  
begins w ith  th e  B udaörs D olom ite F orm ation  w ith  D ip lopora  annulata  o f  
L ad in ian  age w hich  w as o b se rv ed , in  a d d itio n  to  its  o u tc ro p s  a t  Z sám bék,

A d a  Geologien Academiac Scientiarum Hungaricae 24, 1981



26 BALOGH, К.

S zár a n d  Szom or ( J . O r a v e c z , 1961), in  th e  7 6 6 .3 —(1200.5) m  in te r v a l  o f  th e  
bo reho le  B u d a jen ő  Вб-2 as w ell, w here i ts  o b serv ed  th ickness w a s  434.3  m 
(Á. J á m b o r , 1977).

T h is  fo rm a tio n  ap p ea rs  to  be o v e rla in  b y  th e  a lte rn a tin g  se q u e n c e  of 
ca lcareo u s m arls , m arls  an d  ch e rty  d o lo m ite  a n d  lim estone b ed s in te rse c te d  
in  th e  285.0 —337.1 m in te rv a l of th e  b o re h o le  Z sám bék Zsá-6. T h e  b o u n d ­
a ry  beds o f  th e  “ A n n u la ta  do lom ite”  a n d  th e  c h e rty  lim estone  u n co v e red  
b y  th e  Z sám b ék  d rill, how ever are  for th e  m o m e n t unknow n to  u s . T h e  b o re ­
holes M ány-94 , -102, -116, -165, -174 a n d  -179  in te rsec ted  th is  l im e s to n e  in  
a th ic k n e ss  o f  a b o u t 240 m  w ith o u t h a v in g  go t o u t o f it. T h is c a n  b e  co r­
re la te d  w ith  th e  d eep er p a r t  o f the  V eszprém  M a rl Form ation  b e c a u se  above 
it ,  in  th e  boreho le  Z sám b ék  Zsá-6, 42 m , in  th e  a fo re -m en tio n ed  M ány 
boreho les 80 —90 m  o f such  a un ifo rm  a n d  m onotonous, d a rk  g re y  clay  
a n d  m a rl sequence w as in te rsec ted  w h ich  seem s, w ith  h ighest p ro b a b ili ty , 
to  be  e q u iv a le n t to  th e  h igher p a r t  o f  th e  V eszprém  M arl F o rm a tio n . Con­
se q u e n tly , th e  V eszprém  M arl F o rm a tio n  o f  th e  B ala to n  an d  B a k o n y  a rea  
ap p e a rs  to  be  in te r to n g u in g  in  E  d ire c tio n  th ro u g h  th e  Is z k a h e g y  a n d  th e  
V értes  a n d  p a r tic u la r ly  th ro u g h  th e  Z sám b ék  a n d  M ány basins, w ith  t h e  chert- 
r ich , th o u g h  e n tire ly  ca lcareous-do lom itic  fac ies  o f th e  B uda M ts. T h a t  th is  
in te r to n g u in g , supposed  to  ex ist for long , b u t ,  for lack  of in te rm e d ia te  expo­
sures, n o t  p ro v ed  he re to fo re , could now  be  t r a c e d  is one of th e  m o s t  e lo q u e n t 
re su lts  o f  re sea rch  d ev o ted  to  th e  C en tra l M o u n ta in s  Triassic.

A ccessib le to  s tu d y  in  ou tcrops a lre a d y , th e  H auptdolom it s p a n s , in  a d d i­
tio n  to  th e  T u v a lia n  S u b stag e , th e  g re a te s t p a r t  o f  th e  L acian  S u b s ta g e  as  well, 
in a sm u c h  as can  be  ju d g e d  from  J .  O r a v e c z ’s d a ta  (1961). T h e  D achstein  
L im estone  co n n ec ted  w ith  i t  b y  an  a l te rn a t io n  ex ten d s, in  tu rn ,  f ro m  th e  to p  
o f  th e  L ac ian  up  to  th e  S eva tian . T h e  u n co n fo rm ab le  su p e rp o s itio n  o f  th e  
A rie tite s  proaries-co n ta in in g  Liassic lim e s to n e  to  th e  Rhaetom egalodon incisus  
co rn u iu s-b earin g  D ach ste in  L im estone can  b e  s tu d ied  in  the  e a s te rn  p a r t  of 
th e  N ag y k ő sz ik la  a t  D orog  (G y . V i g h , 1913 ; J .  O r a v e c z , 1961).

8. The B u d a  M ts . (T able 4). T he L o w e r T riassic  sed im en ts a re  h id d en  
a t  g rea t d ep th s  u n d e r th e  do lom ite  a n d  lim e s to n e  m asses exposed  t o  th e  su r­
face a n d  so fa r th e y  cou ld  n o t be e x p lo re d  b y  drilling. T he o ld e s t  know n  
T riassic  sed im en t is th e  m o stly  lig h t, th o u g h  som etim es a l i t t le  d a rk e r  grey, 
ro ck  o f  th e  B udaörs D olom ite F orm ation  w i th  D iplopora annula ta  a n d  M acro- 
porella  beneckei, th o u g h  a t  th e  to p  ra th e r  w ith  F oram inifera  on ly , th e  L a d in ia n  
age  o f w h ich  w as f ir s t  recognized b y  E . K u t a s s y  (1926, 1927). O n  a cco u n t 
o f  i ts  e s tim a te d  th ick n ess  o f 1000 —1200 m , i t  m ay  span  th e  L a d in ia n  S tage  
as a w hole. (T he bo reho le  B udaörs-1  h as  in te rs e c te d  — w ith  e x c e p tio n  o f  the  
“ a n d e s ite ”  d ike  c u t  in  th e  7 7 5 .0 —831.4 m  in te rv a l — th is  fo rm a tio n  dow n 
to  910 m  d e p th ; b u t  u n d e rn e a th , a f te r  a f a u l t  zone o f 25 m v e r tic a l a m p litu d e , 
i t  h a s  p e n e tra te d  in to  su ch  a d a rk  grey  d o lo m ite  w hich E . N a g y  —G . N a g y  —
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F . Sz é k y  (1967) iden tified  as U p p e r C arn ian  H a u p td o lo m it, th o u g h  th e y  h ad  
no t fo u n d  a n y  in d ex  fossil in  it.)

B ecau se  o f  b lock -fau lting  a n d  th e  u n ev en  d is tr ib u tio n  o f  fossils th e  over- 
ly ing, h ig h er-T riassic  sequence is v e ry  d ifficu lt to  d ec ip h er s tra tig rap h ica lly . 
The s tr ip e  b y  s tr ip e  re p e titio n  o f  i ts  c h e r ty  a n d  chertless m em bers w ere in te r ­
p re ted  b y  th e i r  explorers v e ry  d iffe ren tly  w ith  such  s tr ik in g  ex trem es as, 
on th e  one  h a n d , th e  a lte rn a tio n  o f  te c to n ic  w indow s a n d  n ap p es (F . H o r u - 
SITZKY, 1943, 1949, 1956, 1958, 1959, 1961), on th e  o th e r  h a n d , as s trip e - 
p a tte rn e d  e le v a tio n s  an d  subsidences o f  th e  b o tto m  o f th e  one-tim e  sed im en t­
a ry  b asin  (G y . W e i n , 1976, 1977a, b ). B o th  w orkers so u g h t to  a rran g e  th e  
facies o f  th e  h ig h e r p a rts  o f  th e  T riassic  so t h a t  th e y  shou ld  b u ild  up  tw o  
d ifferen t seq u en ces a  “ c h e rty ”  a n d  a  “ ch ertle ss”  one. T h e  c h e rty  sequence 
accord ing  to  b o th  of th em  w ould  en d  w ith  a pecu lia r facies o f  th e  m o u n ta in s , 
th e  M o n o tis—H alorella—H alorelloides-b earin g  “ Ú jlakihegy dolomite” , w hile 
th e  ch e rtle ss  series w ould  te rm in a te  w ith  th e  D achstein L im estone  co n ta in in g  
th e  r ic h e s t N o ria n  fau n a  o f  th e  A lp ine  facies rea lm . In  c o n tra s t  w ith  th is , all 
th e  ea rlie r geo log ists, fu rth e rm o re , a lso  E . V a d á s z  (1953, 1960) a n d  E . V é g h - 
N e u b r a n d t  (in  T . B a l d i  e t a l., 1973; 1974), be lieve th a t  all th e  T riassic  facies 
are c o n s titu e n ts  o f  one an d  th e  sam e sequence. T he on ly  d ifference in  opinion 
betw een  th e se  a u th o rs  consists in  th e  o rd e r o f  succession o f th e  m em bers o f 
th is  seq u en ce . F ro m  am ong th e se  a u th o rs , in d eed , on ly  E . V é g h - N e u b r a n d t  
(in  T . B a l d i  e t  a l., 1973; 1974) d id , b y  g a th e rin g  all fac ts  in  re sp ec t to  se ttin g  
o f th e  s t r a ta ,  p ro d u ce  a s tra tig ra p h ic  sequence agreeing  v e ry  w ell w ith  o th e r 
p a rts  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 . W ith  som e co rrec tions th o u g h , 
her s tr a t ig r a p h y  is th a t  w hich  h as  b een  p re sen ted  in  th e  T ab le  4.

A c co rd in g ly , th e  m em ber o f  th e  B u d a  T riassic  fo llow ing above th e  B u d a ­
örs D o lo m ite  F o rm a tio n  m ay  be  th e  s t r a ta  g roup  called  “ M átyáshegy lim e­
stone” . A s th e  h ig h es t bed  of th is  c an  be  re g a rd e d  th a t  c h e r t-n o d u la r  lim estone  
of a l i t t le  p in k y  grey  colour exposed  in  th e  n o r th e rn  esca rp m en t o f th e  Szép­
völgy o v er a sm all p a tch . I ts  d eep er p a r t  is rep re sen ted  b y  th e  p oo rly  fossili- 
ferous, f in e ly  s tra t if ie d  do lom ites, d a rk  c layey  dolom ites a n d  m arly  lim estones 
s tan d in g  v e r tic a lly  in  th e  1 3 .3 —150.3 m  in te rv a l o f th e  borehole  P á lv ö lg y  
Pvbg-1. T h e  “ M áty ásh eg y  lim esto n e”  seem s to  re p re se n t a c o n s titu e n t o f th e  
Veszprém M a r l F orm ation  s till req u ir in g  fu r th e r  c la rifica tio n , a fo rm atio n  
whose to ta l  th ic k n e ss  an d  w hose re la tio n  to  i ts  supposed  foo tw all are for th e  
m om ent u n k n o w n . As a k in d  o f  p ro b ab le  re la tio n sh ip  is m en tio n ed , b y  E . 
V é g h - N e u b r a n d t  (1974), t h a t  th e  c h e rty  do lo m ite  pebb les f req u en t am ong 
th e  pebb les o f  th e  E ocene basa l co n g lo m era te  tran sg re ss in g  over th e  A n n u la la  
dolom ite o f  th e  C síki-hegyek m u s t derive  from  a sequence o verly ing  th e  B u d a ­
örs D o lom ite . H e r  a rg u m e n ta tio n , how ever, m ak es p ro b ab le  th e  sup erp o si­
tion  to  th e  B u d a ö rs  D olom ite  not o f  th e  M áty ásh eg y  L im estone , b u t  on ly  o f 
its  h an g in g  w a ll, th e  c h e rty  S ashegy  D o lom ite  to  be d iscussed  h e re in a fte r.
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T h a t  th e  Szépvö lgy  o u tc ro p  of th e  “ M á ty á sh e g y  lim estone”  is o v e r la in  
b y  a do lom ite  sequence g ra d in g  from  th e  fo rm e r th ro u g h  dolom ites c o n ta in in g  
la rg e  grey  ch ert nodu les a t  th e  b o tto m  to  f in e ly  b ed d ed , siliceous d o lo m ite s  
a t  th e  to p  (I. L ő r e n t h e y , 1907; K . B a l o g h , 1961b) h as  been a p p ro v e d  o f  b y  
sev era l a u th o rs  since K . H o f m a n n  (1871). T h is  ro c k  is proposed b y  th e  p re s e n t  
w r ite r  to  be n am ed , fo r  i ts  m ost b eau tifu l lo c a lity , th e  Sashegy D olom ite  
F orm ation . F rom  th e  d eep e r beds of th is  fo rm a tio n  th e  re p re se n ta tiv e s  o f 
L in g u la  w ere m en tio n ed  fro m  th e  ro ad -cu t n e a r  th e  Ö rd ö g o ro m -csá rd a  (I. 
L ő r e n t h e y , 1907), D aonella  cf. aperta from  th e  M elocco-quarry  on  th e  n o r th ­
e a s t  side o f  th e  M á ty á sh e g y  (Z. S c h r é t e r  e t  a l . ,  1958), while from  a  p e b b le , 
go t in to  an  E ocene b a sa l cong lom erate , o f  i ts  lam in a ted -siliceo u s u p p e r  p a r t  
K o n in c k in a  telleri w as q u o te d  (G y . Y i g h , 1933). (As for th e  even  o th e rw ise  
v e ry  d o u b tfu l d e te rm in a tio n  o f  Alectryonia m o n tisca p rilis  reco rded  f ro m  th e  
ro a d -c u t o f  th e  Ö rd ö g o ro m  b y  F . S c h a f a r z i k  (1902), F . S c h a f a r z i k  —A. 
V e n d l  (1929) an d  la te r  a lso  b y  F . H o r u s i t z k y  (1943, 1961), i t  c a n n o t  be 
checked  anym ore  ow ing to  th e  fac t th a t  th e  sp ec im en (s) have since g o t lo st.)

E v e n  th o u g h  th e  occu rrence  of K o n in c k in a  telleri in  th e  u p p e r  p a r t  
o f  th e  S ashegy D o lo m ite  F o rm a tio n  m ay  b e a r  w itn ess  to  t h a t  th e  la t te r  
e x te n d s  u p  in to  th e  T u v a lia n  S ubstage , th e  in i t ia l  com plex  of th e  v a r ic o lo u re d  
a n d  v a ria b ly  te x tu re d  H aup tdo lom it F orm a tio n  p ro b a b ly  d irec tly  o v e rly in g  
i t  c a n n o t be o lder th a n  T u v a lia n  and  its  to p  c a n n o t be older t h a n  U p p e r 
A lau n ian . The H a u p td o lo m it  o f the  B u d a  M ts . c o n ta in s , nam ely , th r e e  in d e x  
fa u n a e  w hose co rre la tio n s  a re  d ifficu lt to  ju d g e ,  because th e y  w e re  fo u n d  
in  d iffe ren t blocks se p a ra te d  b y  fau lts . O f th e s e  th e  fa u n a  of th e  ApÁTHY-szikla 
(A p a t h y ’s rock) ap p e a rs  to  be  th e  oldest, w ith  th e  follow ing species — d e te r ­
m ined  b y  K . H o f m a n n  (1871, 1873) and J .  O r a v e c z  (1968): C ruratu la  stachei, 
A m phic linodon ta  suessi, C ardita  aff. crenata, P lac ites  cf. placodes, A n a to m ite s  
dulcis, Arcestes sp . d iv ., Orthoceras cam panile . A .  dulcis  being c e r ta in ly  o f 
M iddle T u v a lian  age (E . T . T o z e r , 1971), F .  H o r u s i t z k y ’s a t t e m p t  (1943) 
a t  reg a rd in g  th e  rock  o f  ApÁTHY-szikla as L a d in ia n  can  be c o n s id e red  f ru s ­
t r a te d .

A lm ost sy n ch ro n o u s w ith  th e  above f a u n a  is th e  sm aller M ega lodon tid s  
a n d  Cornucardia  b ea rin g  fossil assem blage o f  th e  K isgellérthegy  (E . K u t a s s y , 
1925, 1927) and  th e  e a s te rn  side of th e  S ash eg y  (E . V é g h -N e u b r a n d t , 1974): 
Cornucardia hornigi, C u sp id a ria  gladius, N eom egalodon carin th iacus, N .  tri- 
queter p annon icus, N . boeckhi n . ssp.

Y ou n g est is th e  r ic h  U p p e r A laun ian  f a u n a  o f  th e  “ Újla k ih eg y  do lo m ite ’’’’ 
in  w h ich , accord ing  to  Gy . Yigh (1933), M o n o tis  sa linaria , H alorelloidea recti- 
fr o n s  a n d  Halorella a m p h ito m a  are also p re s e n t .  T h is can by  n o  m e a n s  be 
re s tr ic te d  anym ore  to  th e  C arn ian  S tage, as su g g e s te d  by  Cs. D e t r e  (1971).

T h a t  th e  N orian  H a u p td o lo m it is re p la c e d  b y  th e  lower p a r t  o f  th e  D ach­
stein  L im estone F orm ation , a phenom en th u s  f a r  o b serv ed  only in  th e  n o r th e rn
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B ak o n y  M ts. w ith in  th e  C en tral M ou n ta in s  T riass ic , is m an ifested  w ith  p a r t ic u ­
lar v ig o u r in  th e  B u d a  M ts. N am ely , i f  th is  rep lacem en t in  th e  n o r th e rn  
B ak o n y  M ts. is re s tr ic te d  to  th e  u p p e r  p a r t  o f  th e  A lau n ian , in  th e  B u d a  
M ts. — as ev id en ced  b y  th e  r ich  fau n ae  o n  th e  Fazekas- a n d  R em ete -h eg y  
(M. P á l f y , 1921; E . V a d á s z , 1920; E . K u t a s s y , 1926, 1927, 1936; F . G ó c z á n , 
1961a, h) —, i t  ex ten d s  to  th e  L ac ian  S u b s ta g e  as well. T h a t th e  F azek as-h eg y  
fauna  w as b e lie v e d  even b y  P á l f y  an d  K u t a s s y  to  belong to  th e  Tropites  
subbullatus Z o n e  m ay  have been d u e  o n ly  to  th e  poorer know ledge o f th e  
s tra tig ra p h ic  ra n g e  o f th e  am m onoids. D u rin g  h e r revision  o f  th e  fau n a  on th e  
basis o f  120 specim ens, A. B é r c z i -M a k k  (1969) has d e te rm in ed  from  h ere  
th e  fo llow ing  am m o n o id s: Dieneroceras sp ., C lionitites pseudonodosus, S tyrites  
collegialis, A rcestes  cf. antonii, A .  decip iens, A .  tomostomus, C ladiscites p u s illu s , 
Cl. cf. s tr ia tis s im u s , M egaphyllites a p p la n a tu s , M . jarbas, P lacites m yophorus, 
PI. placodes, M onophyllites  sp ., R hacophyllites neojurensis. O n th e  basis o f  
these  fo rm s — in  h a rm o n y  w ith  F . G Ó c z á n ’s op in ion  based  on gastropods — 
th e  low er p a r t  o f  th e  F azek as-h eg y ’s D a c h s te in  L im estone sh o u ld  be assigned  
to  th e  L a c ia n . O n th e  c o n tra ry , th e  D a c h s te in  L im estone  o f  th e  R e m e te ­
hegy belongs to  A lau n ian  —S e v a tia n ; m o reo v e r, its  beds w ith  T ria s in a  h a n t­
keni can  re a c h  as h igh  as th e  R h a e tia n . S om e am m onoids (A lloclionites  sp ., 
H elictites sp ., E p i-  o r H yposulciles) th e  age o f  w ich can he p laced  a fte r  L . 
K r y s t y n  on  th e  A la u n ian /S ev a tian  b o u n d a ry  a re  lis ted  b y  F . T a t z r e i t e r  (1979. 
p. 119) from  a fissure-filling of th e  D a c h s te in  L im esto n e  of R em ete -h eg y , to o .

T h e  a l te rn a t io n  of D ach ste in  lim esto n e  w ith  H a u p td o lo m it is know n fo r 
th e  m o m en t o n ly  from  th e  V árh eg y  a t  P e s th id e g k ú t (E . K u t a s s y , 1927; 
E . V é g h - N e u b r a n d t , 1974). T his, how ever, c a n n o t be s tu d ied  an y m o re  in  th e  
p resen t s ta te  o f  exposure .

W ith  th is  th e  T riassic  sequence  o f  th e  B u d a  M ts. is in te r ru p te d  a n d , 
as a re su lt o f  p o s tg en e tic  d en u d a tio n , th e  J u ra s s ic  an d  C retaceous sed im en ts  
are also u n k n o w n .

9. The P i l is  M ts . (Table 4). T h e  o ld es t kn o w n  m em ber o f  th e  T riassic  
is th e  grey  c h e r ty  lim estone w ith  in te rb e d d e d  clay  layers c u t in  44.7 a n d  
73.6 m th ic k n e s s , re spec tive ly , a t  th e  b o tto m  o f  th e  co a l-ex p lo ra to ry  boreholes 
Pv-46 an d  P v -4 8  a t  P ilisvö rösvár. T h is  lim e s to n e  con ta in s, in  th e  borehole  
Pv-48, even  sm a ll Posidonom ya  a n d  A v ic u la  specim ens (K . B a l o g h , 1961b). 
T his, to g e th e r  w ith  th e  overly ing  grey  c la y -m a rls , observed  in  59.1 m a n d  
58.4 m d rillin g  th ick n ess  u n d er th e  E ocene te r re s tr ic a , in  w hich  th in ,  red d ish , 
brow nish  or g re y , som etim es ch e rty , lim esto n e  lay e rs  m ay  also be in te rb e d d e d , 
can  be c o rre la te d  w ith  th e  Veszprém  M a rl F o rm ation , because th e  c h e rty  Sas- 
hegy D o lo m ite  F o rm a tio n  in  th e  P ilis h as  n o t  been  found (a t le a s t up  to  th e  
p resen t).

T h e  re la t io n  o f  th e  afo re -m en tio n ed  m arls  a n d  th e  H a u p td o lo m it F o rm a ­
tion  is n o t c le a re d  y e t. F rom  th e  d eep est p a r t  o f  th e  o u tc rops o f  th e  H aupt-
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dolom it, how ever, S ch a fh ä u tlia  mellingi and , f ro m  i t s  som ew hat h ig h e r p a r t ,  
Cornucardia hornigi a n d  Neom egalodon  cf. carin th iacus  a re  know n (К . B a l o g h , 
1961b). On th is  basis, th e  a u th o r  believes t h a t  th e  age o f  th e  H a u p td o lo m it 
in  th e  P ilis M ts. co rre sp o n d s  to  th e  U pper J u l ia n  o r  T u v a lian . B eside su rface  
o u tc ro p s , th e  H a u p td o lo m it passes even in  th e  p ro file  o f  th e  k a rs tw a te r-w e ll 
P ilisszentlé lek-7  w ith  a n  a lte rn a tio n  in to  th e  D a c h s te in  L im estone.

T he L ac ian -A lau n ian  age o f th e  D achste in  L im estone F orm ation  is 
p ro v ed  b y  D icerocardium  s p .  found  b y  K . F e r e n c z  (1953) and  H alobia  cf. 
norica  lum achelle  d e sc rib ed  fro m  th e  F ek e teh eg y  a t  P ilisszen tlé lek  (К . B a l o g h , 
1961b; G. N a g y , 1961, 1964). T he crinoidal L ia ss ic  lim esto n e  follow ing, a f te r  
an  obvious b reak  in  se d im e n ta tio n , higher u p  th e  p ro file  fills th e  fissu res  
ob se rv ab le  in  th e  sad d le  b e tw een  th e  Öreg- a n d  F e h é r-sz ir t.

Beside th e  D a c h s te in  L im estone, how ever, th e  N o rian  in  th e  P ilis  M ts. 
h as  also  a n o th e r re p re s e n ta t iv e  o f  d ifferent fac ies w h ic h  evolved a t  th e  n o r th ­
w este rn  tip  o f th e  F e k e te h e g y  a t  P ilisszen tlé lek  w ith  g rad u a l tra n s it io n  from  
a l i t t le  brow nish  v a r ie ty  o f  th e  H a u p td o lo m it. T h is  facies, th e  tw o  m o st 
im p o r ta n t m em bers o f  w h ic h  a re  th e  “ dark , h e a v ily  b itu m in o u s , w e ll-s tra tif ied  
do lo m ite”  an d  th e  a b o u t 240 m  th ick  “ A vicu la  l im e s to n e ”  overly ing th e  fo rm er 
or a lte rn a tin g  w ith  i t ,  is  p re se n t in  th e  C serep es-v a lley  a d jacen t in  th e  n o r th . 
T h e  m arly  lim estones o f  th is  locality , how ever, m a d e  th e  im pression  in  th e ir  
exp lo rers th a t  th e y  m ig h t be long  to  th e  “ R a ib l”  m arls  of th e  C arn ian  (E . 
V a d á s z , 1953, 1960; Á . J á m b o r  e t al., 1966). I t s  F e k e te h e g y  occurrence , how ­
ev er, f irs t described  b y  G . S t ä c h e  (1866) an d  F . S c h a f a r z i k  (1884, 1902), w as 
dec la red  b y  G y . V i g h  (1928) a n d  F . S c h a f a r z i k —A . V e n d l  (1929) to  c o n ta in  
Rhaetavicula contorta a n d  M odiola m inuta  (?) a n d  assigned  to  th e  “ K üssen  
B eds”  o f th e  R h a e tia n . O n ly  J .  O r a v e c z  (1961), K . B a l o g h  (1961) an d  
G. N a g y  (1964) d id  reco g n ize  th e  id e n tity  o f  th e  fo rm a tio n s  o f th e  tw o  lo ca l­
ities . T hus th e y  m a n a g e d  to  e lim inate  a r a th e r  g ra v e  s tra tig ra p h ic  con fusion  
th e  trace s  o f w hich  s till e x is t  in  th e  s tra tig ra p h ic  te rm s  figured  in  th e  second  
ed itio n  of ‘‘‘‘Hongrie'1'’ (1978).

W hile e la b o ra tin g  th e  fossils collected  fro m  th e  tw o localities b y  F . 
S c h a f a r z ik , Gy . V i g h , Z. S c h r é t e r , E . V a d á s z  a n d  him self, J .  O r a v e c z  
fo u n d  am ong th e m , b es id e  a lo t o f specim ens o f  A vicu lae  an d  o th e r  form s 
b e in g  tra n s ie n t from  th e  C arn ian  Stage, se v e ra l exp lic ite ly  N o rian  species 
( Arcestes bicornis, W orthen ia  contabulata, W . escheri)  ; m oreover, in  th e  u p p e r 
b ed s, som ew hat d iffe re n t, lig h te r  in  colour c o m p a re d  to  th e  low er ones o f  th e  
C serepesvölgy lo c a lity , h e  could  iden tify  ev e n  Rhabdoceras suessi. D esp ite  
th e  sim ila rity  o f th e se  Rhabdoceras-bearing  se d im e n ts  to  Gy . V i g h ’s Contorta- 
b ed s, he b ro u g h t to  q u e s tio n  th e  presence o f  R haetavicu la  contorta (a n d  con­
seq u en tly , o f th e  “ K ö ssen  B eds” ) in  th e  P ilis  a re a , as he h im se lf h a d  n o t 
fo u n d  am ong his se lf-co llec ted  fossils any  fo rm  t h a t  m ig h t be id en tified  w ith  i t .  
S ince th e  e lab o ra ted  f a u n a  co n ta in s  —  along w ith  th e  p red o m in an tly  “ C a rn ia n ”
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form s — a lre a d y  N orian  ones as w ell, he p laced  all these  fossiliferous beds 
in  the  u p p e r  p a r t  o f  th e  C arn ian  a n d , re sp ec tiv e ly , e v a lu a ted  th e m  as tra n s ie n t 
w ith  co n tin u o u s  sed im en ta tio n , in to  th e  N o rian .

T h is d a tin g  b y  O r a v e c z  shou ld , a t  a n y  ra te , be m od ified . N o t u n til  
th e  fau n a  is re -sam p led  lay er b y  lay e r, i t  is possib le, how ever, to  review  th e  
d is tr ib u tio n  o f  th e  fau n a l e lem ents. T h erefo re , th e  position  o f  th e  fossiliferous 
sed im en ts w ith in  th e  N orian  S tage  is n o t c lear e ith e r. In  th e  p resen t s ta te  
o f  know ledge th e  presence o f Rhabdoceras suessi does n o t a t  a ll exclude th e  
presence o f  R haetavicu la  contorta, an d  th e  concu rrence  o f  th e  tw o  species m ay  
b ea r w itness to  ex ten sio n  of th is  p ecu lia r series from  th e  U p p e r  N orian  u p  
to  th e  R h a e tia n . T h e  new  fossil sam p lin g  shou ld  be coupled  w ith  s tud ies a im ed  
a t  c la rific a tio n  o f  d iverg ing  opinions s till ex is tin g , on  acco u n t o f  th e  in tr ic a te  
tec to n ic  s e tt in g , be tw een  K . B a l o g h  (1961b) an d  G. N a g y  (1961, 1964) 
as to  th e  co m p o sitio n  an d  re la tio n s to  fo o tw all a n d  hang in g  w all o f  th e  F e k e te ­
hegy  F o rm a tio n .

10. The horsts on the D anube's left side  (T able 4). B ecause o f  b lo ck -fau lt­
ing , th e  s tr a t ig ra p h e r  is faced w ith  a s im ila rly  d ifficu lt ta sk , as in  case o f  th e  
B u d a  an d  th e  P ilis  M ts. Since E . V a d á s z  (1910, 1911) up  to  m o s t recen t tim es  
alm ost e v e ry b o d y  reg a rd ed  th e  a lte rn a tio n  o f c h e r ty  lim estones a n d  grey m arls  
in  th e  P o k o lv ö lg y  q u a rry  a t C sővár as th e  A rch im ed ean  p o in t o f  local T riassic  
s tra tig ra p h y . A n d  since th e  a fo re -m en tio n ed  sed im en ts w ere ev en  qu ite  la te ly  
soug h t to  be p u sh ed  dow n to  th e  C arn ian  S tage  (Cs. D e t r e , 1969, 1970b), 
i t  was a g re a t su rp rise  to  see H . K o z u r  an d  H . M o s t l e r  (1973) conclude 
th a t  th e  sed im en ts  in  th e  afo re -m en tio n ed  q u a rry  a re  n o t o f  C arn ian , b u t  
o f  U pper S e v a tia n  age, as th e y  c o n ta in , in  ad d itio n  to  C lionitites nicetae, 
M isike lla  hernste in i as well. H ow ever, w ith  a view  to  th e  fa c t th a t  th e  to p  
o f  th e  D achstein L im estone  in th e  im m e d ia te  ne ighb o u rh o o d  is — on  th e  basis  
o f  its  M egalodontaceae (D icerocardium  hungaricum , Triadom egalodon tofanae, 
Neomegalodon com planatus, N . com planatus segestanus, N . hoernesi) — also  
o f  (u p p er? ) N o ria n  age, th e  presence o f  p a ra lle l successions o f tw o  d ifferen t 
(basin- a n d  p la tfo rm -) facies m u st be su p p o sed  here.

T he seq u en ce  o f  p la tform  fa c ies  p ro b a b ly  begins w ith  th e  “ U ashegy 
H a u p tdo lom it”  o f  un k n o w n  foo tw all; in  absence  o f fossils, th is  sed im en t m a y  
be  assigned to  th e  C ord ev o lian -Ju lian . T h a t  i t  c an n o t he e x te n d e d  h ig h er 
u p  to  th e  T u v a lia n  is due to  th e  fa c t t h a t  i t  is th e  D achstein L im estone  o f re e f  
facies o f th e  N ézsa  b lock  w ith  Cornucardia hornigi, Sageceras haidingeri a n d  
Paralobites p is u m  t h a t  has to  be p laced  th e re . T h e  N orian  “ n o rm a l”  develop­
m en t o f th e  D a c h s te in  L im estone  F o rm a tio n  w ould  follow o n ly  a fte r  th a t .

T he c o n s titu tio n  o f th e  basin-facies  sequence  o u g h t to  b e  g iven  on th e  
basis o f th e  b o reho le  C sővár-1. T h e  sec tio n  o f  th is  borehole , h o w ever, can  be 
ev a lu a ted  b io s tra tig ra p h ic a lly  o n ly  as re g a rd s  th e  Csővár L im estone F orm a­
tion  ex ten d in g  below  th e  surface to  522 m  d e p th . N am ely , as show n b y  H .
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K o z u r  an d  H . M o s t l e r  (1973), th a t  p a r t  o f  th is  fo rm a tio n  ly in g  a t  352.4 m 
d e p th  and  c o n ta in in g  M etapolygnathus diebeli, M etapolygnathus m ostleri an d  
specim ens (u n fo r tu n a te ly  to ta l ly  lost in  th e  m ean tim e) o f  a new  species, E p i-  
gondolella pseudobidentata, is  s till C ordevo lian . C o nsequen tly , th e  b as is  o f  th e  
fo rm a tio n  s itu a te d  ro u n d  170 m  deeper m a y  e x te n d  dow nw ards a s  f a r  as th e  
u p p e r  b o u n d a ry  o f  th e  L a d in ia n . As fa r  as th e  age o f  th e  678 m  o f  d o lom ite , 
u ncovered  b y  d rilling  a n d  allegedly  c o n ta in in g  even  ch erts  in  its  u p p e r  p a r t  
(522.0 —613.2 m) a n d  ca lled  ‘'''Pokolvölgy dolom ite”  fo r th e  lo ca tio n  o f  th e  b o re ­
hole, is concerned , n o th in g  can  be sa id  w ith  c e r ta in ty  a b o u t i ts  s tra tig ra p h ic  
p o sition  owing to  th e  in su ffic iency  o f d e sc rip tio n  an d  to  u n c e r ta in tie s  of 
id en tif ic a tio n  o f D aonella  specim ens o b ta in e d  in  564.3 m  d e p th  fro m  c h e rty  
do lom ites (Cs. D e t r e  in  H . K o z u r —H . M o s t l e r , 1973). In  case o f  no rm al 
positio n  o f th e  beds th e  “ P oko lvö lgy  d o lo m ite”  m a y  be o f L a d in ia n  age; if, 
how ever, its  u p p e r b o u n d a ry  is a te c to n ic  one , i ts  c h e rty  p a r t  — m odelled  
on  th e  B u d a  M o u n ta in s  — m ay  reach  u p  in to  th e  Ju lia n -T u v a lia n .

In  th e  h o rs ts  o n  th e  D an u b e’s le ft s id e  th e  pre-T riassic  M esozoic w as 
lo st to  erosion s till b efo re  th e  E ocene, so t h a t  th e  R h ae tian /L ia ss ic  b o u n d a ry  
c a n n o t be s tu d ied  h e re  e ith e r .

B) T H E  B Ü K K IA N  FA C IES A REA

11. The B ü k k  M ts . (T able  4). B eg in n in g  w ith  oöidic lim esto n es  above 
th e  m arine lim esto n e  b eds o f th e  U p p er P e rm ia n , th e  T riassic  seq u en ce  of 
a lm o st 3.5 km  th ic k n e ss  o f th e  B ü k k  M ts., w ith  i ts  s ligh t d y n a m o th e rm a l 
m etam o rp h ism  a n d  C arn ic  A lp ine-D inaric  c h a ra c te r , differs from  a ll th e  o th e r 
H u n g a ria n  co n tem p o ra ries . I n  sp ite  o f th e  f if te e n  y ea rs  th a t  h a v e  e lapsed  
since th e  p u b lica tio n  o f  K . B a l o g h  (1964), o n ly  a few m o d ifica tio n s  on th e  
succession of th e  d esc rib ed  u n its  are  n eed ed , m ere ly  th e  age o f so m e m em bers 
has sh ifted  a l i t t le  h ig h e r u p  th e  s tra tig ra p h ic  co lum n , an d  o n ly  th e  iso la ted  
occurrences of lim esto n e  a n d  d iabase  a t  N ek ézsen y , p laced  fo rm e rly  to  th e  
L ad in ian , p ro v ed  to  be  — a f te r  find ings o f  Conodont b y  S. K o v á c s  —  as old 
as Low er D ev o n ian . N o ta b ly , th e  N ya va lyá ste tő  L im estone M em ber  o f  th e  
H ám or D olomite F orm ation  evo lv ing  w ith  a l te rn a tio n  from  th e  L o w er T riassic  
Ablakoskővölgy F orm a tio n , in  th e  w ake o f  d e te rm in a tio n s  d one  b y  co u rtesy  
o f  S. P a n t i í - P r o d a n o v ic  (G lom ospira articulosa, Gl. ten u ifis tu la , Gl. sigm oida- 
lis )  has tu rn e d  o u t to  be long  — in c o n tra s t  w ith  i ts  ea rlie r a s s ig n m e n t to  the  
L ow er A nisian — to  th e  I lly r ia n  a lread y . T h e  sam e  can  be su g g e s te d  b y  th e  
T riadophyllum  f in d s  k n o w n  from  th is  lim esto n e  fo r a long  tim e , as co ra ls  from  
sed im en ts  o lder th a n  th is  a re  unknow n in  th e  A lpine T riassic.

B ecause o f  th e  sh a rp  d is tin c tio n  of th e  N y a v a ly á s te tő  L im esto n e  M em ber, 
th e  a u th o r  proposes to  d istin g u ish  th e  d eep e r, p u re ly  grey  d o lo m itic  p a r t  o f 
th e  H ám o r D olom ite  F o rm a tio n  as V adászvölgy D olom ite M em ber.
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lu  new  ro a d -c u ts  on th e  e a s t side o f th e  Sebesvíz v a lley  do lom ite -con ­
glom erates h a v e  b een  exposed to  o b se rv a tio n , sed im en ts  w hich  — b y  v ir tu e  
of th e ir re d -v a r ie g a te d , te rre s tr ia l c lay  in te rb ed d in g s  -— m ay  be in te rp re te d  
as traces o f  a s h o r t ,  L a te  I lly ria n  b re a k  in  sed im en ta tio n  (H . K o z u r  —R . M o c k , 

1977).
As a co n seq u en ce  o f ex ten sio n  o f th e  H á m o r D o lom ite  to  th e  A n isian  

as a w hole, a ll th e  sed im ents th u s  fa r  found  un fossiliferous have  h a d  to  be 
m ade y o u n g er. T h is  is how th e  Szent-Istvánhegy P orphyrite  Form ation  over- 
lying th e  H á m o r  D olom ite  F o rm a tio n  as well as th e  F ehérkö L im estone F or­
mation ev o lv in g  w ith  a lte rn a tio n  from  i t  have  been  assigned  to  th e  L a d in ia n , 
while a p a r t  o f  th e  K isgyőr Sericitic  Shale F orm ation  (be tw een  D iósgyőr 
an d  B é la p á tfa lv a )  to  th e  C arn ian . T h is is con firm ed  b y  conodon t fin d s  th a t  
could be o b ta in e d  from  th e  pa le -red , n o d u la r in te rla y e rs  o f  th e  F eh érk ő  L im e­
stone and  fro m  so m e grey lim estone  beds in  th e  K isg y ő r S eric itic  Shale F o rm a ­
tion  as w ell as f ro m  lim estone  sequences overly ing  th e  la t te r  an d  in te rto n g u in g  
b o th  w ith  o n e  a n o th e r  an d  th e  Óhuta Diabase F orm ation . T he com position  
of these h as  b e e n  p re sen ted  in  T ab le  3.

M acrofossils, th e  N orian  age o f  w hich  o n ly  re c e n tly  p roved  (Laba lla  
suessi, G em erithyris  sp ., P olygyrina  elegáns, N aticopsis hoernesi, H alobia  cf. 
slyriaca)  w ere e v e n  earlie r know n from  th e  fossil-richest Bervavölgy L im estone  
Form ation  o f  th e  B iik k ’s U p p er T riassic . To e v a lu a te  th e m  p ro p erly  w as, 
however, h a n d ic a p p e d  b y  th e  p resence o f species b e ing  tra n s ie n t from  th e  
Carnian an d  b y  m isid en tifica tio n s o f  corals b y  G. K o l o s v Á r y . R ecogn ition  
o f the  N o rian  ag e  o f  th e  Felsfftárkány L im estone F orm ation  w as h in d e red  
b y  the  f la t te n e d  sh a p e  o f th e  sp a rse  fossils recovered  fro m  it  an d  th e ir  u n ­
certa in  d e te rm in a tio n  ( iíPosidonia  cf. wengensis” , “ P . cf. p a n n o n ica " , “ D ao- 
nella p ich leri” , iiProarcestes aff. subtriden tinus" , “ Trachyceras cf. roderici” ) .  
B u t M etapo lygna tus posteras an d  M . abneptis o b ta in e d  b y  H . K o z u r  a n d  
R . M o c k  (1977) f ro m  th is  fo rm a tio n  do confirm  n o t o n ly  th e  N orian  age; 
m oreover th e y  s t im u la te  us to  in c lude  also th e  “ N agyeged  L im estone”  w ith  
M onotis sa lin a ria  haueri in  th e  n o tio n  o f th e  F e lső tá rk á n y  L im estone  F o rm a ­
tio n , even th o u g h  i t  w as earlier se p a ra te d  from  th is  (K . B a l o g h , 1964). I t  is 
all th e  m ore n e c e s sa ry  because S. K o v á c s  has o b ta in ed  M etapolygnatus biden- 
tatus and  G ondolella steinbergensis from  it .  L a tte r ly  th e  h y p o th es is  arose t h a t  
some re p re se n ta tiv e s  o f  th e  K isgyőr S eric itic  S hale  in  th e  SW  B ü k k  w ould  
belong — a t  le a s t  p a r t ly  — to  th e  Ju ra ss ic . T he p ro v e  o f  th is  h y p o th es is  
requires, h o w ev er, fu r th e r  detailed  in v estig a tio n s. In  th a t  w o rk  th e  system atical 
m icrofauna- a n d  fac ie s-d e te rm in a tio n s  w ill p lay  a decisive ro le .
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C) T H E  A G G TELEK —SZ IL IC E  FA C IE S  AREA

12. The Aggtelek M ts .  (Table 5). E x te n d in g  well to  S lo v ak ian  te r r i to ry  
a n d  belonging  to  th e  S ilice N appe o f th e  W e s te rn  C arpa th ians, th i s  k a rs t 
p la te a u  has a T riassic  p ro v id in g  a f ru itfu l s u b je c t  for s tu d y  o w in g  to  p re ­
se rv a tio n  o f co n n ec tio n s  be tw een  its  severa l r a n g e s  an d  in  spite o f  t h e  in tr ic a te  
d is tr ib u tio n  o f th e  p la tfo rm , reef-, re e f- la g o o n a l a n d  various b a s in a l  facies. 
F o r  th is  reason , in  th e  l ig h t of works o f  H u n g a r ia n  and S lo v ak  geologists 
(K . B a l o g h , 1961a, 1964 , 1976 and  in  “ H o n g rie” , 1978; К . B a l o g h  —S. 
K o v á c s , 1976; S. K o v á c s , 1977, 1978a, b  a n d  1979; J .  B y s t r ic k y , 1 9 5 5 ,1 9 6 0 , 
1 9 6 4 ,1 9 6 7 ,1 9 7 2 ,1 9 7 3 ; M . K o c h a n o v á — J .  M e l l o  —M .S i b l í k , 1975; Y . K o l l á - 
r o v á -A n d r u s o v o v á —J .  B y s t r ic k y , 1974 ; Y . K o l l á r o v á -A n d r u s o v o v á  — 
M . K o c h a n o v á , 1973; H . K o z u r - R .  M o c k , 1 9 7 3 ,1 9 7 4 ; J .  M e l l o ,  1974 , 1975, 
1976, 1977; M . M i Sí k — K . B o r z a , 1976; R .  М о е к , 1975; A . G a z d z i c k i —H . 
K o z u r — R . M o c k , 1979; М. S i b l í k , 1967, 1 9 7 1 a , b , 1972, 1977; e tc .) ,  th e  con­
s t i tu t io n  o f its  seq u en ces  is co m p ara tiv e ly  w e ll know n.

F u r th e r  su b d iv is io n  o f  th e  “ Seisian”  a n d  “ C am pilian beds”  o f  th e  L ow er 
T riassic  W erfen F o rm a tio n  and  e x p lo ra tio n  o f  i ts  re la tion  to  t h e  P e rk u p a  
E v a p o rite  F o rm a tio n  o f  U pper P e rm ian  (? ) age  need to  be  c o rro b o ra te d  
b y  a d d itio n a l ev id en ce . O verly ing  th e  W e rfe n  F o rm a tio n , th e  G u ten ste in  and  
th e n  th e  S te ina lm  F o rm a tio n s  are p re sen t th ro u g h o u t  th e  m o u n ta in s  a n d  th e y  
co n tin u e , in  m a n y  p la c e s , d irectly  in  th e  W etterstein  F orm ation , e q u a lly  of 
reef- or reef-lagoon fac ie s  an d  of L a d in ia n -J u lia n  age w ith in  w h ic h  th e  la rger 
d o lom ite  bodies m a y  ev e n  be considered t o  re p re se n t in d e p e n d e n t m em bers. 
(W ith in  th e  S te in a lm  F o rm atio n  th e  d o lo m ite  bodies show a  m u c h  m ore 
irreg ila r d is tr ib u tio n , so th a t  an  in d e p e n d e n t “ S teinalm  D o lo m ite  M em ber”  
can  h a rd ly  be sp o k e n  of.) Since th e  G u te n s te in  sequence is e n t i r e ly  unfossili- 
ferous, its  reach in g  d o w n  in to  the  to p m o s t  L o w er Triassic is fo r  t h e  m om en t 
— a fte r  L. K r y s t y n , 1974b — m erely  su p p o se d .

M uch m ore  in fo rm a tio n , based  p a r t l y  on  dasycladaceans, p a r t ly  on 
brachiopods a n d , less freq u en tly , on conodon ts, is available t o  th e  U pper 
B ith y n ia n -I lly r ia n  a g e  o f  th e  S teinalm  F o rm a tio n  (K . B a l o g h — S. K o v á c s , 
1981).

T h e  L a d in ia n  ag e  o f  th e  older p a r t  o f  th e  W e tte rs te in  F o rm a tio n  is 
ev idenced  b y  D ip lo p o ra  annulata, T eu tloporella  nodosa, and  D a o n ella  lom m eli, 
i ts  younger p a r ts  b e lo n g in g  to  th e  C o rd e v o lia n -Ju lia n  being p ro v e d  b y  finds 
o f  Poikiloporella d u p lica ta , Teutloporella herculea, Physoporella her a k i  and 
Uragiella supra tria ssica .

T he on ly  k n o w n  non-basin-facies fo rm a tio n  of the  N o ria n  S ta g e  is th e  
“ F urm ance L im estone'1'’ ( =  “ D a c h s te in -R iffk a lk ” ) w ith  la rg e r  M egalodon- 
taceae an d  H eteroporella  cf. carpathica o f  t h e  Som hegy a t  D r n a v a ,  S lovakia. 
I t  is overlain  b y  th e  grey , c r in o id a l-co q u in o id a l Drnava L im e s to n e  o f  th e
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B leskovÿ p ra m e n  reg io n , a  fo rm a tio n  o f  “ K ossen ty p e ”  c o n ta in in g  num erous 
a p p a re n tly  R h a e tia n  b rach io p o d s asso c ia ted  w ith  a m m o n o id s  w hich w ere 
earlie r believed  to  b e  U p p er N o rian . M ore th a n  19.6%  o f  th e  b ivalves an d  
4 7 %  of th e  g as tro p o d s  could  be id e n tif ie d  w ith  v a ry in g  a c c u ra c y  w ith  know n 
species; th e ir  s tra tig ra p h ic  va lu e  is n o t  c lear, how ever. N o  co n o d o n ts . O n th e  
basis  o f th e  am m o n o id s , V. K o l l á ROVÁ-An d r u s o v o v Á a n d  M. K o c h a n o v á  
(1973) reg ard  th e  D rn a v a  L im esto n e  as o f S ev a tian  age. H . K o z u r  (1973) an d  
A . G a z d z ic k i  —H . K o z u r  —R . M o c k  (1979), how ever, h a v e  p o in te d  o u t, w ith  
good reason, t h a t  th e se  beds m a y  belong , indeed, to  th e  L ow er R h a e tia n  
a lread y . This su g g estio n  ap p ears  to  be  d isapp roved  o n ly  b y  th e  absence of 
som e ch a rac te ris tic  R h a e tia n  fo rm s ( Choristoceras m arshi, R h a e tin a  gregaria , 
A ustrirhynch ia  cornigera) an d  th e  p resence  o f th e  “ N o ria n ”  Halorella am phi- 
tom a. On th e  o th e r  h a n d , i t  is co rro b o ra te d  b y  th e  fo llow ing:

(1 )  fiv e  o f  th e  e ig h t am m o n o id  genera ex ten d  fro m  th e  C olum bianus 
Z one u p  to  th e  en d  o f  th e  T riassic , b u t  Cycloceltites, V anda ites (  =  P erip leuri­
te s)  an d  Eopsiloceras a re  a lread y  suggestive  o f th e  R h a e tia n  (E . T. T o z e r , 
1979);

(2 )  a lth o u g h  th e  m a jo rity  o f  b rach io p o d s a re  e q u a lly  tra n s ie n t  form s, 
R haetina  p ir ifo rm is , T ria d ith yris  gregariaeform is, Z ugm ayerella  koessenensis 
a n d  D iplopora  cf. phanerospora  a lso  in d ic a te  a R h a e tia n  age .

B etw een th e  D rn a v a  L im esto n e  a n d  th e  low erm ost L iassic  beds th e re  
is  ce rta in ly  an  ero sio n a l u n co n fo rm ity .

In  th e  m ore  w este rn  p a r ts  o f  th e  m o u n ta in s  o n ly  th e  I l ly r ia n  p o rtio n  
o f  th e  S te inalm  F o rm a tio n  a n d  o n ly  th e  L ad in ian  (an d  m a y b e  th e  Corde- 
vo lian ) one o f  th e  W e tte rs te in  F o rm a tio n  a re  rep laced  b y  b a s in  facies re p re ­
se n te d  by  th e  Schreyeralm  L im estone M em ber w ith  F lexop tych ites flexuosus, 
Gondolella excelsa, G. mombergensis a n d  Gladigondolella te thyd is  an d  b y  th e  
“ R eifling  L im esto n e  F o rm a tio n ”  co n ta in in g  Gondolella po lygna th ifo rm is  an d  
Neocavitella tatrica  in  i ts  u p p e r (chertless) p a r t  (S. K o v á c s , 1979). The U pper 
T riassic , how ever, is d o m in a te d  a lre a d y  in  th e  w est b y  b a s in  fac ies; a t  S ilická 
B rezova , S lovak ia , v illage  b y  th e  fro n tie r , th ese  ap p e a r fro m  th e  to p  o f  th e  
J u l ia n  onw ards. S u ch  a  facies is th e  Tisovec Lim estone  o v e rly in g  th e  W e tte r­
s te in  L im estone, b u t  s till  o f tra n s it io n a l ch a ra c te r  in  lith o lo g ica l sense, w ith  
a  r ic h  A m m onoidea, Brachiopoda  a n d  H alobia  fau n a  o f U p p e r  J u l ia n  to  Low er 
L a c ia n  age; th e  w h ite  a n d  red  L ac ian -S ev a tian  H allsta tt L im estone  F orm a­
tio n  w ith  conodonts a n d  M onotis sa linaria  sa linaria  (K . B a l o g h , 1976) restin g  
on  th e  form er; f in a lly , th e  grey  m arls  w ith  M isike lla  posthernste in i rep resen tin g  
th e  Z lam bach F o rm a tio n . A ccord ing  to  J .  M e l l o  an d  R . M o c k  ( in  J .  M e l l o , 
1975a), th e  Z lam b ach  F o rm a tio n  a t  B ohunovo , S lo v ak ia , is overlain  by  
“ G resten -ty p e”  (? )  L ow er L iassic san d sto n es  an d  san d y  lim e s to n e s  and , th e n  
b y  red  b rach io p o d a l-crin o id a l Ju ra s s ic  lim estones. T h e  e x a c t age  o f  these  an d  
th e ir  re la tion  to  th e  Z lam b ach  M arl, how ever, s till req u ire  f u r th e r  c larification .
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T h u s, fo r  the m om ent, it  is  not known w hether the break in  sed im en ta tion  between 
the R haetian  and  the L ia ssic , well evidenced at D rnava, has ex tended  here, too.

O n th e  c o n tra ry , in  th e  ea s te rn  p a r t  o f  th e  A ggtelek M ts . a d ja c e n t  to  
th e  R u d a b á n y a  M ts., accord ing  to  S. K o v á c s  (1979), red  fac ies o f  th e  Hall- 
statt L im estone F o rm ation  appears as e a r ly  as th e  L ad in ian . T h e  Ste ina lm  
F orm ation  w ith  Physoporella p a u c ifo ra ta  a n d  Neohindeodella aequiram osa  
a t  th e  b o tto m  o f th e  borehole  S ző lősardó -1  on  th e  so u th e rn  m a rg in  o f  the  
ra n g e , is fo llow ed, a f te r  some th in  d o lo m a rls , for th e  m o m e n t n o t  g iven  a 
specia l nam e  ow ing  to  th e ir  tra n s i t io n a l  c h a ra c te r , by  th e  re d - ,  g rey- and  
g reen -m o ttled  N á d a ska  Limestone F o rm a tio n ,  observed also a t  th e  easte rn  
t ip  o f th e  A lsóhegy , a  fo rm ation  t h a t  m a y  be  considered, on  a c c o u n t o f its  
se d im e n ta ry  s tru c tu re s , to  rep re sen t su b m a rin e  slope-deposited  sed im en ts. 
J u d g in g  b y  its  c o n o d o n t fau n a , i t  m a y  e x te n d , from  th e  I l ly r ia n  onw ards, 
a l i t t le  b ey o n d  th e  u p p e r  b o u n d a ry  o f  th e  L ad in ian . A bove i t  fo llow  — in 
a w ay  ra th e r  u n u su a l fo r th e  Silica n a p p e  — th e  C ordevo lian -L ow er T u v a lian  
bed s w ith  in te rb e d d e d  c h e rty  lim esto n e  la y e rs  of the  Szőlősardó M a r l  Form a­
tion  w hich  w ill th e n  grade in to  th e  Putschen Limestone F o rm a tio n  w ith  
H alobia styriaca  a n d  M etapolygnathus nodosus  exposed to  th e  s u rfa c e . A ltho u g h  
th e  tim e  ran g e  o f  th e  Szőlősardó o c c u rre n c e  of th is  la tte r  is n o t  k n o w n  ex­
a c tly , i t  is ta k e n  to  be  iden tica l w ith  t h a t  o f th e  H a lls ta tt  r e d  lim estones. 
I n  th e  e a s te rn  p a r t  o f  th e  m o u n ta in s  — b ecau se  of erosion o f  th e  Mesozoic 
y o u n g er th a n  U p p e r T riassic — th e  T ria ss ic /Ju ra ss ic  b o u n d a ry  c a n n o t be 
s tu d ie d .

D) T H E  M ECSEK—V IL L Á N Y  FACIES AREA

13. The M ecsek M ts . (Table 5). T h e  “ germ anic”  T riassic  o f  th e  Mecsek 
M ts. begins w ith  th e  a lluv ia l to  la c u s tr in e  Jakabhegy Sand sto n e  Form ation  
o v erly in g , a f te r  a n  erosional u n c o n fo rm ity , w ith  coarse b a sa l co n g lo m era tes , 
th e  to p m o s t “ p u rp le  pebble  co n g lo m e ra te s”  o f th e  U pper P e r m ia n  K ővágó­
szőlős S an d sto n e  F o rm a tio n . A lth o u g h  n o  fossil has ever b e e n  fo u n d  in  th e  
b u lk  o f  th e  fo rm a tio n , i t  m ust n e v e rth e le ss  be long  to  th e  L o w e r  T r i a s s i c , as, 
acco rd ing  to  Á . B a r a b á s -S t u h l  (in  A . B a r a b á s  e t al., 1978), i t s  im m ed ia te  
foo tw all co n ta in s , a lo n g  w ith  m an y  ty p ic a l  Z echstein  sp o ro m o rp h s , s till only 
v e ry  few  B u n tsa n d s te in - ty p e  spores o r  p o llen  grains, w hile i t s  to p m o s t  p a r t 
be longs a lre a d y  to  th e  M iddle B u n ts a n d s te in ,  its  h an g in g  w a ll, in  tu rn , 
co n n ec ted  w ith  i t  th ro u g h  sed im ents o f  tra n s i t io n a l  ch a rac te r ( th e  P atacs M em ­
ber o f th e  W erfen F orm ation), ca rrie s  a lr e a d y  U pper B u n ts a n d s te in  palyno- 
m o rp h s. T he conclusion  th a t  th e  J a k a b h e g y  Sandstone F o rm a tio n  corre la tes 
in  tim e  w ith  th e  L ow er to  M iddle B u n ts a n d s te in , as w as p re s u m e d  a lready  
b y  J .  BÖCKH (1876, 1881), has s e t t le d  a n  im p o rta n t s t r a t ig r a p h ic  problem  
d isp u te d  for d ecades. A fter E . V a d á s z  (1912a, b ; 1917, 1935 , 1953, 1960),
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E . N a g y  (1961) an d  E . N a g y  a n d  I .  N a g y  (1976) assigned  th e  Ja k a b h e g y  
S an d sto n e  F o rm a tio n , on th e  basis  o f  litho log ical analogies, s till to  th e  U pper 
P erm ian  a n d  th e y  com m enced th e  T riassic  -with th e  (“ S eisian” ) P a ta c s  M em ber 
g rad u a lly  ev o lv in g  from  it ,  th o u g h  th is  w as c o n tra d ic te d  b y  b o th  its  l ith o ­
logical fe a tu re s  a n d  its  Costatoria costata  co n ten t. H ow ever, th e  Sporom orpha  
stud ies o f  Á . B a r a b á s -S t u h l , w h ich  invo lved  b o th  th e  P a ta c s  M em ber an d  
th e  M agyarürög  M ember overly ing  i t ,  h av e  bo rne  a conv incing  w itn ess  to  th e  
re sp ec tiv e ly  U p p e r  B u n tsa n d s te in  a n d  “ Low er C am pilian”  c h a ra c te r  o f  th ese  
m em bers. T h e  p red o m in a n tly  ca rb o n a te -fac ies  Low er T riassic  sequences over- 
ly ing  th e m , sequences now  called , a f te r  E . N a g y  (in “ H ongrie”  1978), th e  
Hetvehely D olom ite  and  th e  V íganvár Lim estone M em ber, re sp ec tiv e ly , a re  
u n d o u b te d ly  o f  “ U pper C am pilian”  c h a ra c te r . B y  v ir tu e  o f  th e ir  geological 
fea tu res , th e  fo u r  M ecsek L ow er T ria ss ic  m em bers above th e  J a k a b h e g y  S an d ­
stone  F o rm a tio n  are  reg a rd ed  as loca l facies o f “ C am pilian  c h a ra c te r”  of th e  
W erfen F o rm a tio n .

T he M id d le  Triassic  is sp a n n e d  b y  th e  M isin a  F orm ation  in s t i tu te d  by  
p ick ing  o u t  th e  com m on fea tu re s  o f  th e  n ine, p re d o m in a n tly  carbonaceous 
s tra tig ra p h ic  u n its  d istingu ished  b y  E . N a g y  (in '''’H ongrie'" , 1978). I t  w ould 
be needless to  rep ro d u ce  here  th e ir  litho log ica l d escrip tion  (E . N a g y , 1968), 
as th a t  d e sc r ip tio n  has since been  a d d e d  to  only  b y  an  acco u n t o f  a  new  v a rie ty  
(co n ta in in g  a lso  coaly  clay  s treak s)  o f  th e  M ánfa B eds (B . W é b e r , 1978). 
H ow ever, i f  E .  N a g y  (1968) consid ered  th e  w hole M isina F o rm a tio n , to g e th e r 
w ith  th e  T rig odonus  an d  M á n fa  B eds, to  be A nisian , i t  a p p e a rs  now  to  sp an  
beside th e  A n is ian  th e  w hole L a d in ia n  as well. T here  a re  tw o  reasons th a t  
acco u n t fo r th is :

( 1 )  T h e  В ertalanhegy L im estone M em ber, co n ta in in g , beside  “ R ecoaro”  
b rach iopods (D ecurtella decurtata, C oenothyris vulgaris, e tc .) , i.a . Paraceratites 
binodosus a n d  Ptychites evolvens a n d  Gondolella bulgarica, as w ell, c an n o t be 
declared  to  b e  exclusively  P e lso n ian , as i t  (a t le a s t its  u p p e r  p a r t) ,  ex ten d s  
in to  th e  Paraceratites trinodosus Z one (i.e. th e  I lly ria n  S u b stag e) as w ell.

( 2 )  T h e  Trigonodus Beds a t  th e  to p  o f th e  fo rm a tio n  c o rre la te  b e s t w ith  
th e  “ T rig o n o d u s  D o lom ite”  a t  th e  b a se  o f th e  L e tte n k e u p e r  in  th e  G erm anic 
facies. T h e  L e tte n k e u p e r, in  tu rn ,  co rresp o n d s, accord ing  to  H . K o z u r  (1975), 
to  th e  u p p e r  p a r t  o f th e  L o n g o b a rd ian  S ubstage .

T h u s, a lso  th e  age d e te rm in a tio n  o f  th e  tw o  fo rm atio n s above  th e  M á n fa  
B eds  w ill c h a n g e , o f  course:

( 1 )  T h e  tra n s it io n a l M ánfa B eds a re  overla in  b y  120 m  o f U p p e r  T r ia s s ic  
sed im en t ca lled  th e  K antavár F orm ation  c o n s titu te d  b y  m arls  a n d  lim estones 
a t  its  base  a n d  b y  a  succession o f shales a n d  c lay -m arls  an d , f in a lly , san d sto n es, 
h igher u p  th e  p ro file . N o ta  bene , th o u g h  all th a t  w hich  can  be  sa id  a b o u t 
th e  vege ta l re m a in s  o b ta in ed  from  th e  fo rm a tio n  is th a t  th e y  a re  o lder th a n  
th e  R h ae to -L ia ss ic  flo ra , its  m olluscs ( Anodontophora recta, A . lettica, N a ti-
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copsis uh lig i) ,  how ever, in d ic a te , even acco rd in g  to  th e ir  age d a ta  p u b lish ed  
b y  E . N a g y  (1968, p . 85), th e  presence o f  d eep er p a r t  (C o rd ev o lian -Ju lian ) 
o f  th e  C arn ian  S tage.

(2 )  E vo lv ing  w ith  a  tra n s it io n  in  lith o lo g y  from  th e  K a n ta v á r  F orm a- 
t io n , th e  330 to  520 m  o f  sed im en t o f v a ry in g  colour an d  g ra in  size  called 
th e  K arolinavölgy Sandstone  F orm ation  (i.e . “ th e  sand sto n e  w i th o u t  coal- 
seem s”  o f J .  B ö c k h , 1876) c a n  be  d iv ided  in to  a low er (p re d o m in a n tly  lagoona l 
a n d  lacu strin e ), a  m idd le  (p re d o m in a n tly  la c u s tr in e )  an d  an  u p p e r  (f lu v ia tile , 
d e lta ic  a n d  lacu strin e ) p a r t .  As ev idenced  b y  th e  borehole P écs-2 8  chosen 
to  be  a s ta n d a rd  k ey  se c tio n , th e  low er p a r t  (c o n s titu te d  fo r th e  m o s t p a r t  
b y  g reenish-grey  or g rey ish -red  sed im en t o f  100 to  140 m  th ic k n e ss )  co n ta in s , 
in  i ts  low er 1/3, phyllopods, in  its  u p p er 2 /3 , in  tu rn ,  f is h  rem n a n ts  (m ain ly  
S em io n o tu s). T he I saura  m in u ta -  an d  I .  ovato -bearing  “ P h y llo p o d a  g ro u p ”  cor­
re sp o n d s , b y  an d  la rg e , to  th e  “ E s th e r ia  B e d s”  o f  th e  G erm anic T r ia s s ic , and  
th e se  are  declared  b y  H . K o z u r , w ith  c o n v ic tio n , to  be o f J u l i a n  ag e . Con­
se q u e n tly , th e  Sem ioraoins-bearing g roup  w o u ld  be  T u v a lian , a  h y p o th e s is  
c o rro b o ra te d  b y  sporom orph  d e te rm in a tio n s  b y  J .  B o n a  (1972). A b o v e  the  
m id d le  (L acian  —A lau n ian ) p a r t  o f th e  K a ro lin a v ö lg y  S an d s to n e  th e  begin­
n in g  o f  th e  R h a e tia n  is c o u n te d  from  th e  f lu v ia t i le  sed im ents d e p o s ite d  on th e  
f i r s t  surface o f em ersio n ; pa laeo n to lo g ica lly , i t  is reckoned  w i th  fro m  th e  
ap p e a ra n ce  o f R h ae to -L ia ss ic  m acro- a n d  m ic ro flo ra . F u r th e rm o re , th e  recog­
n itio n  o f th e  R h a e tia n  m em b ers  is fa c ilita te d  b y  th e  occurrence o f  t h i n  cham o- 
s ite  a n d  c lay -ironstone  la y e rs  in te rb e d d e d  w ith  th e ir  h igher p a r t .

T he R h ae tian -L ia ss ic  tra n s it io n  is so g ra d u a l th a t  th e  b o u n d a ry  betw een  
th e  tw o  w as u p  to  re c e n t tim es  d raw n w ith  th e  f irs t  coal seam  (E . V a d á s z , 
1935) or th e  f irs t m o o ry  sed im en t. N ev e rth e le ss , Z. N é m e d i  V a r g a  (1971), 
re ly in g  on palyno log ical re su lts  b y  J .  B ó n a , th e  change in  l i th o lo g y  a n d  th e  
occu rrence  o f Isaura  hungarica  above th e  f i r s t  coal seam , (th is fo ss il w as  found  
h e re to fo re  on ly  below  t h a t  seam ), p ro p o sed  to  d raw  th e  T ria s s ic -Ju ra ss ic  
b o u n d a ry  80 to  100 m  ab o v e  th e  f irs t, so -ca lled  A lpha S eam . A cco rd in g  to
J .  B ó n a  (1973, 1979), so m e species o f  th e  ch a rac te ris tic  sp in e -o rn a m e n te d  
g en e ra  of th e  U pper T ria ss ic  ( A p icu la tisp o rites , A nap icu la tisp o rites , A n em iid i-  
tes , A n a p la n isporites)  do  re a lly  su rv ive  — a lo n g  w ith  p re d o m in a n c e  o f th e  
sm o o th -sk in n ed  C yclina  genus — th e  h o riz o n  o f  th e  A lpha S eam , th o u g h  th e  
species Ephedripites tortuosus, know n in  G e rm a n y  only  from  th e  L ia ss ic , also 
a p p e a rs  a lread y , a sso c ia te d  w ith  th e m . C o n seq u en tly , th e  d e f in i t io n  o f th e  
b o u n d a ry  has in v a ria b ly  rem ain ed  a q u e s tio n  o f  v iew poin t.

14. The V illá n y  M ts .  (T able 5 ). T h e  d eep e r p a r t  o f th e  L o w e r  T r ia s s ic  
is filled , here  too , b y  th e  unfossiliferous Jakabhegy San d sto n e  F orm ation  
w h ich , in  absence o f  th e  U p p e r P e rm ian  K ővágószőlős S a n d s to n e  F o rm a tio n  
k n o w n  on ly  from  th e  M ecsek, d irec tly  tra n sg re sse s  on to  th e  M id d le  (? )  P e rm ­
ia n  V okány  Q u a r tz -P o rp h y ry  F o rm a tio n .
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The h ig h e r p a r t  o f  th e  Low er T riassic  is re p re se n te d  b y  local facies o f  th e  
upper p a r t  o f  th e  W erfen  Form ation. D iscovered  n o t  lo n g  ag o  in  th e  n o rth e rn  
foreland o f th e  m o u n ta in s  an d  u n co v e red  in  th e  boreho les T u ro n y -1 , B isse -l, 
V okány-2, P e te rd -1  a n d  R ádfa lva-1 , th e se  sed im en ts, un fossiliferous a t  th e ir  
base, b u t c o n ta in in g , in  add itio n  to  sporom orphs, also  Costatoria costata h igher 
up  th e  pro file , w e re  described  as in d e p e n d e n t “ T u ro n y ”  a n d  “  V okány  F orm a­
tion” , re sp e c tiv e ly , b y  E . N a g y  a n d  I .  N a g y  (1976). T h e  fo rm er begins w ith  
an  a lte rn a tio n  o f  r e d  a n d  green, f in e -g ra in ed  san d sto n es , b u t  passes soon in to  
an  a n h y d rite -g y p su m -b earin g  sequence. T h is consists o f  a n  a lte rn a tio n  o f dolo­
m ites, d o lo m arls , do lo m itic  lim estones, a n h y d rite s  a n d  gy p su m  an d  vario u s 
sorts o f s iltso n e , so  t h a t  th e  ev ap o rite -r ich  beds a re  re p la c e d  b y  sed im en ts 
o f increasing c a rb o n a te  co n ten t h ig h er u p  th e  p ro file . B y  virtue  o f  the above, 
the two “ fo rm a tio n s”  cannot be considered but local members o f  the W erfen F orm a­
tion.

E xcelling  w i th  th e  un iform ly  “ G erm an ic”  c h a ra c te r  o f  i ts  m em bers a n d  
rep resen ting  a n  a l te rn a tio n  o f  p u re ly  c a rb o n a te  sequences (do lom ite  an d  
lim estone), th e  M i d d l e  T r ia s s ic  can  b e  sp lit up  in to  fo rm a tio n s  d istingu ished  
b y  E . N a g y  a n d  I .  N a g y  (1976). A s fa r  as th e  age o f  th e se  fo rm atio n s  is con­
cerned, th e  a u th o r  p roposes m erely  a s lig h t change o f  i t .  I n  ag reem en t w ith
J .  BÓNA (1976), i t  is  o n ly  a p a r t  o f  th e  Brachiopoda  fa u n a , sam p led  not lay e r 
b y  layer, o f th e  Z u h á n y a  Lim estone M em ber  t h a t  can  b e  re g a rd e d  as Pelson- 
ian . A co n sid erab le  p a r t  o f th e  “ R eco aro ”  b rach iopods d id  p e rs is t, as is gener­
a lly  know n, th ro u g h o u t  th e  Illy rian , m oreover, a t  th e  b ase  o f  th e  F assan ian  
as well. T h u s th e  I l ly r ia n  age o f th e  h ig h e r p a r t  o f  th e  Z u h á n y a  L im estone 
M em ber a n d  th e  F a s sa n ia n  age o f th e  C sukm a D olom ite M em ber as a w hole 
seem to  be m ore  p la u s ib le  th a n  th e ir  ea rlie r d a tin g  (P e lso n ian  an d  Illy rian , 
respectively). O f co u rse , th is  im plies t h a t  th e  Tem plom hegy D olom ite M ember, 
considered L ow er L a d in ia n , b y  E . N a g y  an d  I . N a g y  (1976), ough t to  be 
tran sfe rred  to  th e  L o n g o b ard ian .

P o s t-L o n g o b a rd ia n  Triassic fo rm a tio n s  are  a b se n t in  th e  V illán y  M ts. an d  
th e  P lien sb ach ian  tran sg resses  im m e d ia te ly  on th e  T em p lo m h eg y  D olom ite.

•

Beside th e ir  o u tc ro p s  in  th e  m o u n ta in  ranges th e  T riassic  sequences 
discussed in  th e  fo reg o in g  can be tra c e d  in  th e  s u b s tra tu m  o f th e  in te rm o n ta n e  
basins as w ell. T h e  T ra n sd a n u b ia n  C en tra l M o un ta ins T riassic  is know n to  us 
as far as T u ra  to  t h e  e a s t o f B u d ap est a n d  also from  th e  b o tto m  o f th e  Z a la  
B asin. T he s o u th e rn  a n d  so u thw este rn  c o n tin u a tio n  o f  th e  B iik k ian  T riassic 
has been d rilled  in  th e  so u th e rn  fo re lan d  o f  th e  B ü k k  M ts., a t  Já sz b e ré n y  a n d  
Tóalm ás, w hile  so m e  m em bers o f th e  M ecsek T riassic  h a v e  b een  uncovered  
b y  o ther b o reh o les  ev en  in  th e  D a n u b e  —Tisza In te r f lu v e  a rea . H ow ever,
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because  of in su ffic ienc ies in  core recovery  a n d  m a te ria l te s tin g  a n d  th e  g rea t 
d is tan ces  from  th e  su rro u n d in g  m o u n ta in s , i t  is  a t  p resen t im p o ss ib le  to  in ­
co rp o ra te  th e  T ria ss ic  sequences found in  t h e  su b s tra tu m  o f th e  so u th e rn  
G re a t H u n g a rian  P la in  in to  a convenient s t r a t ig ra p h ic  system . T h e re fo re , th e  
a u th o r  has h ad  to  re f ra in  from  in tro d u c in g  th e m , though  a fac io lo g ica l an d  
s tra tig ra p h ic  a n a ly s is  o f  th e se  form ations c o u ld  largely  p ro m o te  t h e  u n d e r­
s ta n d in g  of th e  e v o lu tio n  o f  th e  s u b s tra tu m  o f  th e  H u n g arian  b a s in s , v e ry  
im p o r ta n t as i t  w o u ld  be  fo r assessm ent o f  t h e  developm ent o f th e  C a rp a th ia n  
a rc . T his can n o t be  a c h ie v e d , how ever, b y  s im p ly  lis tin g  th e  T riassic  fo rm a tio n s  
accord ing  to  th e ir  ag e  (Á . S z a l a y —K . S z e n t g y ö r g y i  —A. Sz ő t s , 1978), b u t 
i t  w ould req u ire  a  c o m p a ra tiv e  ap p ro ach  t o  fo rm ations in  d if fe re n t  areas 
a n d  tec ton ic  u n its , re sp e c tiv e ly .

R E F E R E N C E S

F o r b re v ity ’s sa k e  com plete  title s  a re  reco rd ed  in  th e  l is t  b e lo w  only  
b y  th e  m ost im p o r ta n t  co m m unications. F o r  o th e r  artic les th e  a u th o r ’s 
nam e  and  th e  e d i t io n ’s d a ta  are in d ic a te d  o n ly .
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КОРРЕЛЯЦИЯ ТРИАСОВЫХ ОТЛОЖЕНИЙ НА ТЕРРИТОРИИ ВНР
К. БАЛОГ

Р е з ю м е

Не считая триасовых толщ Венгерской низменности и юго-запада Задунайского края, 
известных только по буровым скважинам, а также еще не выясненных толщ триаса в горах 
Рудабанья, триасовые отложения венгерских горных районов относятся к четырем раз­
личным областям развития (Среднегорной, Бюккской, Аггтелек-Силицкой и Мечек-Вил- 
ланьской). Эти фациальные области своей идентичностью обязаны своеобразию и способу 
переплетения литологических единиц платформенной, бассейновой, вулканической или 
речно-озерной фаций, последовавших за пляжевыми, мелководно-морскими или эвапорит- 
ными осадками раннетриасовой Тетисской трансгрессии. Фациальные сдвиги внутри от­
дельных областей развития триасовых отложений особенно бросаются в глаза на террито­
рии Задунайского среднегорья и Аггтелекского карста. Автор настоящей работы попыта­
ется включить эти литостратиграфические единицы в такую геохронологическую схему, 
которую он считает наиболее подходящей из всех вариантов нового международного стан­
дарта, находящегося в стадии становления. Основные положения работы сводятся к 
следующему:

Развитие среднетриасовых отложений на территории среднегорий варьирует в 
большей степени, чем предполагали раньше. Рифогенные, лагунные фации анизийского 
яруса ( в отличие от Балатонского нагорья и гор Баконь) продолжаются и в ладинском 
ярусе в более восточных частях среднегорья. Карнийская по возрасту Веспремская Мер­
гельная Формация прослеживается от г. Кестхей вплоть до Будайских гор и там она зубо­
видно сочленяется с богатой кремнями Шашхедьской Доломитовой формацией. Образова­
ние Главнодоломитовой Формации даже в юго-западной части среднегорья не ограничива­
ется везде норийским ярусом, а дальше на северо-восток оно — с некоторым колебанием — 
начинается в все более древних горизонтах карнийского яруса. Этому «опусканию ниже по 
стратиграфической колонке» Главнодоломитовой Формации следует и начало Дахштейн- 
ской Известняковой Формации. Дело в том, что образование Дахштейнских Инствестня- 
ков, имеющих на юго-западе еще выражение рэтский возраст, дальше на северо-восток 
начинается в алаунском ярусе, а в глыбах левобережья Дуная уже в тувальском ярусе. 
В северной части Северной Бакони и восточнее ее так называемые «Кёссенские слои», вклю­
чающиеся между Дахштейнской и Главнодоломитовой Формациями, полностью выпадают 
и они снова будут появляться только в Фекетехедьской Формации, охватывающей боль­
шую часть норийского яруса в горах Пилиш. В связи с выпадением из толщи «Кёссенских 
слоев» Дахштейнская Известняковая Формация Северной Бакони и Будайских гор об­
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наруживает частичное или полное зубовидное сочленение с Главнодоломитовой Формаци­
ей. Очень важно, что кремнистая Чёварская Известняковая Формация, находящаяся в 
непосредственном соседстве рифогенно-лагунных дахштейнских Известняков глыб лево­
бережья Дуная, не ограничивается карнийским ярусом, как полагали раньше, а здесь она 
замещена Дахштейнской Известняковой Формацией тувальско-севатского возраста.

Возраст литостратиграфических единиц Бюкского района, судя по некоторым на­
ходкам конодонт и фораминифер, оказывается несколько сдвинутым вверх по сравнению с 
принятой раньше точкой зрения автора.

Сложная стратиграфия Аггтелек-Силицкого района изменилась всего лишь столь­
ко, что по данным исследований конодонт Алынохедьские известняки, ранее считавшиеся 
шрейеральмскими (то есть иллирийскими), теперь оказались ладинским, карнийским и 
норийским подразделениями Галлштаттской Известняковой Формации. В скважине Сёлёш- 
ардо-I, пробуренной на южном краю района, под Пётченской Известняковой Формацией- 
тувало-алаунского возраст вскрыли Сёлёшардоскую Мергельную Формацию кордеволо- 
нижнетувальского возраста, до сих пор неизвестную на территории Силицкого покрова, а в 
постели последней была вскрыта Надашкайская Известняковая Формация среднеиллирий- 
ско-лангобардского возраста, представленная фацией континентального склона. Под этой 
ж е формацией, в связи с обусловленным тектоническими причинами отсутствием (?) ни­
жнеиллирийского и пелсонского подъярусов, следует толща кремнистых доломергелей и 
алевролитов, содержащих вулканические туфы, которая, из-за своего битинийского 
возраста (?) заставляет нас отнести — по крайней мере локально и подстилающую ее 
Штейнальмскую Формацию значительно ниже по стратиграфической колонке, чем пред­
полагалось раньше.

Палинологические исследования, проведенные в Мечек-Вилланьской области, дока­
зали нижнетриасовый возраст Якабхедьского Песчаника. Положение известных литологи­
ческих единиц среднего и верхнего триаса несколько изменилось в результате переоценки 
элементов фауны и флоры.

Нижняя граница триасовых толщ Венгрии является в общем литологически четкой, 
но биостратиграфически она не всюду доказывается убедительно. Часть резких границ над 
обломочными толщами перми (Балатонское нагорье, Мечек, и Виллань) подчеркивается 
эрозионным несогласием и наличием базальных конгломератов. Нижний триас южной пе­
редовой зоны гор Вертеш и Аггтелекского карста залегает на эвапоритах верхней перми. 
Нижнетриасовые оолиты гор Бюкк налегают, наоборот, на морские известняки верхней 
перми.

Верхняя граница толщ меняется из одного горного массива на другой. Дахштейн- 
ская Известняковая Формация Балатонского нагорья, Южной и Северной Бакони, а так­
ж е Каролинавёльдская Песчаниковая Формация гор Мечек переходят без перерыва в ана­
логичную фацию геттанжского яруса. Перерыв между триасом и юрой в горах Вертеш, Ге- 
рече и Пилиш, а также в Аггтелек-Силицкой области относительно невелик. Однако, в 
глыбах левобережья Дуная, а также в Будайских горах (где отсутствуют целая юра и ниж­
ний мел) у нас пока нет данных, по которым могли бы судить о том, сколько из этого проб­
лема обусловлено внутримезозойским перерывом в осадконакоплении и сколько третичным 
размывом.
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MICROFLORA OF THE PERMIAN AND LOWER 
TRIASSIC SEDIMENTS OF THE MECSEK MOUNTAINS

(SOUTH HUNGARY)

By

Á . B a r a b á s -S t u h l

MECSEK METAL MINING COMPANY, PÉCS

O n th e  basis of the m icroflora-investigations of the 3.4 km  th ick  Perm ian—Lower 
Triassic sequence of the Mecsek M ountains the K orpád Sandstone Form ation (contain­
ing a Potonieisporites Association) has been assigned to the Lower Perm ian, the B oda 
A leurolite Form ation (including a Lueckisporites Association w ith  the norm  Me of 
Lueckisporites palynodemes), how ever, w ith the underlying Cserdi Conglomerate 
F o rm ation  belonging to the sam e g rea t cycle, b u t being unfossiliferous, to  the M iddle 
Perm ian. In  the course of th is classification the disconform ity which separates the 
Cserdi Conglomerate Form ation from  th e  underlying G yűrűfű Q uartz-porphyry F orm a­
tion , and  th e  Boda Aleurolite F o rm ation  from the overlying Kövágószőlős Form ation, 
respectively , has been also regarded. The Kővágószőlős Sandstone Form ation including 
ano ther Lueckisporites Association w ith  the norms Ab, Ac, В  and  C of Lueckisporites 
palynodem es belongs to the U pper Perm ian. In  the Palynological assemblage 11, 
ob tained  from  the upper p a rt of th is  form ation Lower Triass spores in a q u an tity  of 
25%  also appear indicating the nearness of the Triassic. The Jakabhegy  Sandstone 
F o rm ation  (containing the norm  D  of Lueckisporites palynodem es and Lower Triassic 
spores in  its  upperm ost part) belongs to  the lower p a r t of th e  Lower Triassic. The 
P a tacs M em ber and the M agyarürög A nhydrite Member (w ith  a Triadispora and 
Angusticulcites Association) can be ranged  to  the upper p a r t of the Lower Triassic.

T he Permian/Triassic b o u n d ary  has been draw n betw een the Kővágószőlős 
Sandstone and  the Jakabhegy Sandstone Form ation, a t  th e  diastrophical boundary  
to  be found  40 m higher th an  th e  horizon of the Palynological Assemblage II4.

1. H isto ry  o f  R esearch , Aims

B y  th e  palyno log ical in v e s tig a tio n s  in  th e  rou g h ly  3400 m  th ic k  P e rm ia n  
an d  L ow er T riassic  sequence o f  th e  M ecsek M o un ta ins (F ig . 1) co n sisting  
p rev a ilin g ly  o f  clastic  rocks th e  c h ro n o s tra tig ra p h ic  c lassifica tio n  o f  th e  
d is tin g u ish ed  litho log ical u n its  a n d  w ith in  th is  also th e  q u es tio n  o f  lo c a tio n  
o f th e  P e rm ian /T ria ss ic  b o u n d a ry  d iscussed  for a long tim e  has been  la rg e ly  
p ro m o ted .
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Fig. 1. G eographical position of th e  Mecsek Mountains

A ltho u g h  a deal o f  th e  in v es tig a ted  b ed s  crops o u t in  th e  p e ria n tic lin e  
o f  th e  -western p a r t  o f  th e  m o u n ta in s  th e ir  e n tire  recogn ition  is  th e  resu lt 
o f  th e  drilling  researches c a rr ie d  o u t in  th e  la s t  tw o  decades (F ig . 2). E s tim a ­
t io n  q f  th e  age of th e ir  lith o s tra tig ra p h ic  u n its  b ecau se  o f poo rn ess  o f  th e  red  
se d im e n ts , w hich b u ild  u p  th e  bigger p a r t  o f  th e  sequence, in  fo ssils , w as sub ­
je c te d  to  g rea t changes w ith in  h u n d red  y ea rs  (T ab le  1). F o r th e  m o s t p a r t  
th e  d e b a te s  were gone a b o u t  th e  s tra tig ra p h ic  p o sitio n  o f th e  300 m  th ick  
J a k a b h e g y  S andstone  F o rm a tio n . T his w as p laced  n am ely  e i th e r  in to  the  
U p p e r  P e rm ian  or th e  L o w er T riassic, b u t  i ts  c lassifica tion , fo r la c k  o f  d irect 
b io s tra tig ra p h ic a l ev id en ces, w as based  u p o n  its  sed im en to log ica l ch a ra c te rs  
o r  th e  consideration  o f  i ts  re la tio n  to  th e  u n d e rly in g  beds w h ic h  co n ta in  
a n  U p p e r P erm ian  m a c ro flo ra . S ep ara ted  fro m  th e  u n d erly in g  K ővágósző lős 
S a n d s to n e  F o rm atio n  b y  a  low -angle d isco n fo rm ity  an d  coarse g ra in e d  con­
g lo m e ra te  banks, b u t  c o n tin u e d  in  th e  o v erly in g  P a ta c s  M em b er w ith o u t 
a  b re a k , th e  J a k a b h e g y  S an d s to n e  w as re g a rd e d  a lre a d y  b y  J .  B ö c k h  (1876) 
as L o w er T riassic. O n th e  basis  o f its  p e tro g ra p h ic  ch a rac te rs , h o w e v e r, i t  was 
co n sid e red  b y  o ther s c ie n tis ts  as U pper P e rm ia n  (E . V a d á s z , 1912, 1917, 1935, 
1957; A. B a r a b á s , 1955; A . B a r a b á s — J .  K is s , 1958; A. B a r a b á s — 0 . 
T o z s é r , 1961; Á . B a r a b á s -S t u h l , 1962, 1967, 1975; E . N a g y , 1961, 1968). 
B y  th e  drilling re sea rch  b eg in n in g  in  th e  s ix tie s  i t  w as ev id en ced  th e  tr a n s ­
g ression  o f  th e  J a k a b h e g y  S andstone  h a d  w id e ly  gone b e y o n d  i ts  norm al 
fo o tw a ll. This fac t a n d  n ew er p e tro g rap h ica l, sed im en to log ica l a n d  facial 
in v e s tig a tio n s , b y  w h ich  la t te r s  th e  m arine  c h a ra c te r  o f  th e  fo rm a tio n  was 
m a d e  p robab le  (M. K a s s a i , 1969, 1971, 1976a), le a d  to  connect th e  beg inn ing  
o f  th e  T riassic tra n sg re ss io n  (on d ia s tro p h ica l g round) w ith  th e  b a se  o f the  
J a k a b h e g y  S andstone . T h is  is how  w as th o u g h t  in  th e  la s t 20 y e a rs  b y  th e
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Fig. 2. Geological carte of the western p a rt of the Mecsek Mountains, y  — G ranite (Pre-cam brian); P , =  K orpád Sandstone F or­
m ation (Lower Perm ian); P,A =  Gyűrűfű Q uartzporphyry Form ation (Lower Perm ian); P2 =  Cserdi Conglomerate and Boda Aleu- 
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Table 1

Development o f opinions concerning the age o f  the Permian

Lithostratigr ap hy Böckh, J. 1876 Vadász, E. 
1935,1953

Barabás, A. 
1955

Barabás, A.— 
Kiss, J. 1958

Tőzsér, 0. 1961; 
Kiss, J. 1961
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m a jo r ity  o f  geologists w o rk in g  in  th is  a rea  ( 0 .  T ő z s é r , 1961; J .  K is s ,  1961; 
M. K a s s a i , 1969; К . B a l o g h —A . B a r a b á s , 1972; К . B a l o g h —A . B a r a b á s  — 
G y . M a j o r o s , 1977). A  fu r th e r  co n firm a tio n  o f  th is  w as fo u n d  b y  th e  dis­
co v ery  o f Costatoria costata  o f u n d o u b te d ly  “ C am pilian”  c h a ra c te r  in  the 
u p p e r  p a r t  o f th e  ty p e  sec tio n  o f  P a ta c s  M em ber t h a t  w as fo rm e rly  regarded  
as o f  “ Seisian  age”  (Á . J á m b o r , 1966). M oreover, p a ly n o m o rp h s  re fe rring  
to  T riassic  w ere fo u n d  in  th e  u p p erm o st p a r t  o f  th e  J a k a b h e g y  S an d sto n e  
F o rm a tio n  accom pan ied  b y  m icro flo ra  e lem en ts  b e ing  tra n s ie n t f ro m  U pper 
P e rm ia n  (A. B a r a b á s -S t u h l  in  K . B a l o g h —A . B a r a b á s , 1972; Á . B a r a b á s - 
S t ü h l , 1975). B u t th e  q u e s tio n  if  th e  P e rm ian /T ria ss ic  b o u n d a ry  sh o u ld  be 
d raw n  ivith in  or below th e  Ja k a b h e g y  S an d sto n e  com plex, w as n o t  decided 
b y  th is  as y e t. T his u n c e r ta in i ty  is re flec ted  in  th e  fac t, too , t h a t  M . K a s s a i  
(1976b, 1978) considers th e  Ja k a b h e g y  S an d s to n e  F o rm a tio n  in  scope of 
a d ias tro p h ica l co n cep tio n , on  th e  basis o f co m p ariso n  w ith  th e  r e d  sed im en ts 
o f  th e  su rro u n d in g  a re a s , as  a “ P e rm o sc y th ia n ”  sequence a p p e a r in g  above 
a reg ional u n co n fo rm ity  a n d  going b ey o n d  th e  u n d erly in g  fo rm a tio n s .

T he p re sen t w r ite r  m ak es an  effo rt to  p ro v e  th e  belonging  o f  th e  Ja k a b -  
h eg y  S an d sto n e  F o rm a tio n  to  th e  E a r ly  T riassic  b y  m eans o f  p a ly no log ica l 
m e th o d s. In  o rd er to  a w id e r su p p o rtin g  o f  th e  a rg u m e n ta tio n , h o w ev er, all 
th e  palynological a n d  b io s tra tig ra p h ic a l re su lts  w ill be e n u m e ra te d , w hich 
h a v e  been  o b ta in ed  in  co n n ec tio n  w ith  th e  in v e s tig a tio n  o f th e  w h o le  Lower 
P e rm ia n  —Low er T riassic  sequence o f M ecsek since th e  b eg inn ing  o f  th e  sixties.

2. G eological C o nstitu tion

T h e  o ldest m em b er o f  th e  in v e s tig a te d  sequences is th e  K o rp á d  S and­
sto n e  F o rm a tio n  re s tin g  d iscon fo rm ab ly  on  P re c a m b ria n  g ra n ite s  (F ig . 3). 
T h is is b u ilt  up  b y  c la s tic  rocks o f p re d o m in a n tly  red  colour, b u t  g reen  and 
g rey  sand sto n e  beds, to o , occur f re q u e n tly  in  i t .  I t  belongs to  th e  co n tin en ta l 
flu v ia le  facies (Â. JÁ M B O R , 1964) an d  re p re se n ts  a single g re a t se d im e n ta ry  
cycle. F req u en cy  o f b u rro w in g  organism s (b io tu rb a tio n  b y  w orm s) is a ch arac­
te r is tic  fea tu re  o f th e  re d d ish  brow n, s iltic , f in e  g ra ined  sa n d s to n e s  which 
close th e  cycle.

O n th e  u n ev en  su rface  o f  th e  K o rp á d  S an d sto n e  th e  G y ű rű fű  Q uartz- 
p o rp h y ry  F o rm a tio n  re s ts  w ith  a low  an g le  d isco n fo rm ity  (Á . J á m b o r , 1964). 
T he q u a rtz -p o rp h y ry  is a p red o m in an tly  p u rp le -co lou red  ro ck  p ro d u c e d  by 
a  vo lcan ism  of reg io n a l ex ten sio n  b e long ing  p ro b a b ly  to  th e  S a a lia n  orogenic 
p h ase . A bove it ,  likew ise  d iscon fo rm ab ly  (Á. J á m b o r , 1964), th e  co a rse  grained, 
red , f lu v ia le  san d y  se d im e n ts  o f th e  C serdi C ong lom erate  F o rm a tio n  lie enclos­
in g  fre q u e n t pebb les d e riv ed  from  th e  u n d e rly in g  q u a r tz -p o rp h y ry .

T he h ighest b ed s o f  th e  Cserdi C ong lom era te  are  fo llow ed b y  th e  v ari­
ously  coloured sa n d s to n e s  o f  th e  low er p a r t  o f  th e  B oda A leu ro lite  F o rm atio n
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successed h ig h e r  u p  th e  profile  b y  red d ish -b ro w n  silts to n es  (a leu ro lites). A m ong  
th e  v a ried  s a n d y  beds are  p re se n t s a n d y  lim esto n e  in te rb ed s , to o ; b u t  in  th e  
up p er p a r t  o f  th e  aleu ro litic  series do lom ite  bed s f re q u e n tly  occur. B y  v ir tu e  
o f  its  sed im en to lo g ica l ch a rac te ris tic s  th is  fo rm a tio n  can  be qu a lified  as p ro d ­
u c t o f a  s ta n d in g  w a te r o f  b each  facies (J . S o m o g y i, 1961), b u t  i t  is r a th e r  
o f  la c u s tr in e  th a n  m arine  orig in  (Â . J á m b o r , 1964). T h e  Cserdi C ong lom erate  
an d  th e  B o d a  A leu ro lite  F o rm a tio n  belong  to  a  single g rea t se d im e n ta ry  cycle.

In  th e  so u th  side o f  th e  m o u n ta in s  v a ried , coarse  g ra ined  sa n d y  beds 
occur in  th e  u p p e r  p a r t  o f  th e  B o d a  A leuro lite  F o rm a tio n , passing  o v er to  th e  
c o n c o rd a n tly  la y e re d , v a rieg a ted  c lastica  o f  th e  K ővágószőlős S an d sto n e  
F o rm a tio n  th ro u g h  progressive coarsen ing  o f  g ra in s. T h is la t te r  fo rm a tio n  
begins w ith  cong lom erates.

T h e  seq u en ce  o f th e  K ővágószőlős F o rm a tio n  consists o f  a  rh y th m ic  
a lte rn a tio n  o f  coarser an d  fin e r g ra in ed  beds. I t  re p re se n ts  fo r all t h a t  a  single 
g rea t se d im e n ta ry  cycle b eg inn ing  w ith  cong lom era tes. I t s  m idd le  p a r t  con­
sists o f  r e la t iv e ly  fin e r g ra ined  san d s to n e  beds. H ig h e r up  th e  p ro file  g rains 
becom e co a rse r  ag a in  an d  th e  u p p e rm o s t p a r t  en d s w ith  a pebb led  san d sto n e  
re la tin g  to  reg ression . W ith in  th is  g re a t cycle fo u r m edium -size cycles ( A - B -  
C-D) ,  w ith in  th e  la t te r ,  how ever, e ig h teen  sm all cycles can  be p roved  b y  m eans 
o f s ta tis t ic a l  g ra in  analysis o f  th e  san d sto n e  (Á. Barabás-Stuhl, 1969, 1973).

O n th e  b as is  o f  th e  d o m in a n t co lour o f  th e  beds th e  fo rm atio n  can  be 
d iv ided  in  th re e  h e te rop ica l m em bers: th e  V aried  S an d sto n e , th e  G ra y  S a n d ­
stone a n d  th e  R e d  S an d sto n e  M em ber.

B y  v i r tu e  o f  th e ir  sed im ento log ica l ch a ra c te rs  th e  beds o f th e  K ő v ág ó ­
szőlős F o rm a tio n  a re  considered to  be se ttle d  dow n in  c o n tin en ta l (f lu v ia l an d  
palud inal) fac ies (E . V a d á sz , 1953; A. B a r a b á s , 1964). B u t, w ith  re g a rd  to  
th e  d o lom ite  b e d s  an d  th e  horizons w ith  do lom itic  co n cre tions found  in  c e r ta in  
p a r ts  o f th e  seq u en ce  as well as to  th e  find ings o f  phyllopods  in  th e  G rey  S a n d ­
stone M em ber (K . V á r sz eg i, 1961), M. K a ssa i (1976) believes th a t  th e y  m ay  
belong to  th e  m arin e  facies.

T he J a k a b h e g y  S an d sto n e  F o rm a tio n  overlaps th e  K ővágószőlős F o rm a ­
tio n  w ith  a  low  ang le  d iscon fo rm ity  a n d , going b ey o n d  th is  fa r  aw ay , i t  can  
be found  in  th e  n o r th  fo re land  o f  th e  M ecsek M o u n ta in s  above S ilu rian  (or 
C arbon ife rous?) shales, in  its  so u th  fo re lan d , how ever, on P re c a m b ria n  g ra n ­
ites. I ts  b a sa l p a r t  is b u ilt  up  o f a c h a ra c te ris tic  co n g lo m era te  c o n ta in in g  m a n y  
q u a r tz -p o rp h y ry  an d  q u a rtz  pebb les ( =  Ja k a b h e g y  M ain C ong lom erate). 
H igher u p  th e  p ro file  pu rp le , p eb b led  san d sto n e , th e n  p u rp le  eq u ig ran u la r , 
c ross-bedded  san d sto n e , fin a lly  red d ish  b row n, siltic , fin e  g ra ined  san d s to n e  
beds follow . A b o v e  th e  la tte rs  th e  v a ried  sed im en ts  o f  th e  so called “ tr a n s i­
tional s a n d s to n e ”  are  se ttled  on w h ich  th e  f irs tly  red , th e n  v a rieg a ted , w ell 
bedded , f in e  g ra in ed  sand sto n es, s ilt-  an d  m u d sto n es o f  th e  P a ta c s  M em ber 
re s t co n fo rm ab ly .
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I n  th e  u p p er p a r t  o f  th e  P a ta c s  M em ber chem ical sed im en ts  a p p e a r  in  
fo rm  o f  th in  do lom arl in te rb e d s  ■which b ecom e p re d o m in a n t h ig h e r  u p  th e  
p ro file  (nam ely  in  th e  M a g y a rü rö g  A n h y d rite , th e  H e tv eh e ly  D o lo m ite  and 
th e  V íg an v ár L im esto n e  M em ber follow ing ea c h  o th e r  co n fo rm ab ly ).

T h e  fau n a  b eg in n in g  w ith  th e  P a ta c s  M em ber show s u n am b ig o u sly  
th e  m arin e  facies o f th e  b ed s  inc lud ing  it. C on cern in g  th e  facies o f  th e  Ja k a b -  
hegy  F o rm a tio n , as i t  n o  fa u n a  includes, one  c a n  th ro w  oneself o n ly  o n  sedi­
m e n ta ry  analyses. R e c e n tly  i t  is believed to  b e  o f  m arine  facies (M. K a s s a i , 
1976).

A m ong th e  m e n tio n e d  li th o s tra tig ra p h ic a l u n its  th e  beds o f  th e  Cserdi 
C ong lom erate  F o rm a tio n , th e  H e tv eh e ly  D o lo m ite  an d  th e  V íg a n v á r  L im e­
s to n e  M em bers c o n ta in  n o  m icroflora . T h e  V öröshegy  D o lo m ite  a n d  th e  
B á rá n y te tő  L im estone  re s t in g  upon  th e  V íg a n v á r  L im estone  M em b er to  be 
ra n g e d  on  th e  basis o f  th e i r  fa u n a  a lread y  w ith  th e  A n isian  s tag e  o f  th e  M iddle 
T riassic  (E . N a g y , 1968) p ro v e d  to  be likew ise s te r il  p a ly no log ica lly .

3. M acroflora

T h e poor m ac ro flo ra  co llec ted  from  th e  K o r p á d  Sa n d s t o n e  F o rm atio n  
(F ig . 3, 1) has been  d e te rm in e d  b y  G. A n d r e á n s z k y  (1961) as fo llow s: Voltzia 
heterophylla  B r g t . a n d  Pecopteris sp. T h e  p re sen ce  o f  Voltzia heterophylla  in 
th e se  beds is, how ever, am b ig o u s as th is  species is ch a rac te ris tic  fo r  th e  higher 
b ed s o f  th e  Low er T riass ic .

M acroflora o f g re a te s t  q u a n tity  w as o b ta in e d  from  th e  g rey  b ed s  o f the  
K ővágószőlős Sa n d s t o n e  F orm ation  (F ig . 3, 2). T h is w as d e te rm in e d  firs tly  
b y  O. H e e r  (1877). S u b se q u e n tly  J .  T u z so n  (1911) rev ised  th is  m a te ria l: 
Carpolites gein itzi H e e r , U llm annites rhodeanus G o e p p , U llm ann ites gein itzi 
H e e r , Voltzites hungarica  H e e r , Voltzites boeckhiana  H e e r . Som e s te m s , found 
n o t  long  ago, w ere d e te rm in e d  by  P . Sim o n c sic s  (1956): D adoxy lon  schrolli- 
a n u m  Go e p p ., D adoxylon  transdanubicum  S im o n c sic s . Also B aiera -  a n d  A rau-  
carietites-stem s  w ere d e sc rib ed  from  th is  m a te r ia l  b y  P . Gr e g u s s  (1967). All 
th is  show s U pper P e rm ia n  in  age, m o reo v er, B aiera  an d  A ra u carie tites  can 
in d ic a te  th e  end  o f  th e  U p p e r  P e rm ian , as w ell, because th e y  w ere  m ore 
f re q u e n t only  from  th e  b eg in n in g  o f th e  T ria ss ic .

F ro m  th e  v a r ie d  sa n d s to n e  beds o f  th e  u p p e r  p a r t  o f  th e  J a k a b h e g y  
Sa n d s t o n e  Voltzia heterophylla  B rg t . a n d  E quisetites  sp . w ere  d e te rm in ed  
b y  G. A n d r e á n sz k y  (F ig . 3, 3) (Á. J á m b o r , 1964; К . V á r sz eg i in  M . K a s sa i, 
1976). I n  o th e r p laces th e se  form s a re  to  f in d  in  th e  u p p e r p a r t  o f  th e  Low er 
T riassic .
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Fig. 3. B iostratig raphical classification of lithostratig raphic  un its  of the Perm ian and Lower 
Triassicin Mecsek. 1. Lim estone; 2. dolom ite; 3. anhydrite  and gypsum ; 4. m udstone and aleuro- 
lite (siltstone); 5. finer grained sandstone; 6. coarser sandstone; 7. pebbled sandstone; 8. conglo­
m erate; 9. quartz -po rphy ry ; 10. granite; 11. disconform ity. 12. variegated (red, green, grey) 
sediment; 13. grey sedim ents; 14. red sedim ents; 15. little  cycles; 16. small cycles; 17. finding 

place of m acroflora; 18. second possibility for drawing the  Perm ian/Triassic boundary
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4. Fauna

The phyllopods of the В oda A leurolite F ormation are: Lioestheria tally ensis D e p . et 
Maz. and Limnadia  sp. The phyllopods of the grey sandstone beds of the Kővágószőlős Sand­
stone Form ation are after K . V árszegi (1961): Euestheria dawsoni J ones, Eoleaia leaiformis 
R aymond.

The m ost im portan t fau n a l elem ents of the m em bers overlying the J akabhegy  Sa n d­
stone F ormation are (E . N agy , 1968):

P atacs Mem ber : Isaura albertii (Voltz), Lingula tenuissim a  B ronn, Coslatoria costata
Ze n k .

Magyarürög An h y d r it e  Mem ber : Pseudomonotis sp ., Costatoria sp., Velopecten cf. 
albertii Goldf., Lingula tenuissim a  B ronn.

H etvehely  D olomite Mem b e r : Velopecten cf. albertii G oldf.
V íganvár L im estone Me m b e r : Modiola triquetra Se e b ., Costatoria costata Ze n k . 
B áránytető L im esto n e  Mem b e r : Velopecten reticulatus Schl., Entolium discites Schl., 

Neritaria ci. stanensis P ic h l .

I t  is n o te w o rth y  t h a t  th e  notice of P e t e r s  (1862) th a t  th e  h a n g in g  w all 
o f  th e  Ja k a b h e g y  S a n d s to n e  — th e  P a tacs  M em b er — w ould  con ta ine  “ P osido - 
nom ya  clarae”  ( th a t  is C laraia  clarai) in d ic a tin g  th e  s ta r t  o f th e  T riassic  
ap p e a re d  for som e a u th o rs  as a n  im p o rtan t s tr a t ig ra p h ic a l  evidence fo r  re n d e r ­
in g  th e  J a k a b h e g y  S a n d s to n e  as U pper P e rm ia n . B u t  th is  is v e ry  am b ig u o u s  
b ecau se  nobody  m an ag ed  to  re f in d  th is  form  a s  y e t .  I n  ad d itio n , P e t e r s  spoke 
o f  em b ry o n a ry  spec im ens o f  Posidonom ya clarae  a n d  so i t  is v e ry  rea so n ab le  
to  believe th a t  i t  w as re a lly  a  phyllopod, n a m e ly  a lo t  o f  phyllopods w as fo u n d  
in  th is  m em ber ever sin ce . Costatoria costata, h o w e v e r , to  be found in  th e  o u t­
crop  o f  P a ta c s  (Á. J á m b o r , 1964; E . N a g y , 1968), as well, re la te s  a lre a d y  
to  th e  h igher p a r t  o f th e  L ow er Triassic.

5. Palynological Characteristics of the P erm ian  and Lower Triassic  
Form ations in Europe

In  E u rope , th e  d e tr i t ic  sedim ents o f th e  P e rm ia n  o f c o n tin e n ta l facies 
do  n o t co n ta in  (or o n ly  spo rad ica lly ) an im a l fossils being  ava ilab le  fo r  geo­
log ical da tin g . T h e re fo re  th e ir  s tra tig ra p h ic a l c lassifica tion  w as ta k e n  b y  
v ir tu e  o f a c c e n tu a tio n  o f  th e  lithological d iffe ren ces a n d , occasionally , o n  th e  
b asis  o f th e ir  p o sitio n  c o m p a re d  to  th e  fo ssiliferous beds to  be e v a lu a te d  bio- 
s tra tig ra p h ic a lly . C o n se q u e n tly  th e  P e rm ia n /T ria ss ic  b o u n d ary  w as u su a lly  
p laced  betw een  d iffe re n t litho log ical u n its  (e .g . Z e c h s te in /B u n tsa n d s te in ; 
M agnesian  L im e s to n e /B u n te r , etc .), an d  a  c h ro n o s tra tig ra p h ic  v a lu e  w as 
asc rib ed  to  it. B eg in n in g  o f  th e  palyno log ica l in v e s tig a tio n  o f th e  P e rm ia n  
a n d  T riassic  falls in  th e  f if th ie s . B y th e  q u a n t i ta t iv e  a n d  q u a lita tiv e  an a ly s is  
o f  th e  rich  p a ly n o m o rp h  assem blages d esc rib ed  since  th en , th e  re c o g n itio n  
o f  th e  P e rm ia n —T riassic  f lo ra s  has been la rg e ly  p ro m o te d  an d  th e  co rrec tn ess
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of m ark ing  th e  boun d aries  by  reaso n  o f  m erely  litho log ica l differences h as  been  
m ade q u e s tio n a b le  in  m any places.

T h e  m a in  m icro flo ristical fe a tu re s  o f  th e  in te rv a ls  w ith in  th e  P e rm ia n  
and  E a rly  T ria s s ic , being c u rre n tly  accep tab le , a re  as follows:

T he L o w er P e rm ian  can  b e  ch a ra c te riz e d  b y  Potonieisporites a n d  V itta- 
tina  a ssem b lag es (Doubinger, 1974).

V is s c h e r  (1971, 1974) considers th e  d isacc ite  po llen  Lueckisporites v ir - 
kkiae  as th e  le a d in g  form  o f th e  U p p e r P e rm ia n . In  h is op in ion , o n ly  L ow er 
and  U p p e r P e rm ia n  ex ists in  E u ro p e , b u t  th e  M iddle P e rm ian  is m issing. 
A ccording to  h im , th e  deposits co nsidered  till  now  as M iddle P e rm ian  (“ S axon- 
ian ” , “ u p p e r  R o tlie g e n d ” ) a re  h e te ro to p ic  eq u iv a len ts  o f  th e  Low er P e rm ia n  
(“ A u tu n ia n ” ) o r  else th e  U pper P e rm ia n  (“ T b iirin g ian ” ). H e has recogn ized  
th e  m ic ro e v o lu tio n a ry  m u ta tio n  o f  L ueckisporites v irkk iae , being p roceeded  
in  tim e , d e te rm in e d  th e  Lueckisporites  p a lynodem es a n d  d istingu ished  th e  
older an d  y o u n g e r  p a r ts  o f th e  U p p e r P e rm ia n  b y  th e  help  o f th e  p resence  
o f i t  n o rm s A  ( A a , A b , A c ) ,  В  a n d  C.

Kozur (1977), in  tu rn , h as  d iffe ren t view s as com pared  to  Visscher. 
H e cam e b y  m e a n s  o f lite ra ry  d a ta  to  th e  conclusion  th a t  th e  Lueckisporites  
virkkiae  w as n o t  re s tr ic te d  to  th e  U p p e r P e rm ia n  in  th e  E u ram erican  f lo ra  
province a t  a ll, b u t  i t  was fre q u e n t in  th e  w hole M iddle an d  U pper P e rm ian . 
In  th e  U p p e r P e rm ia n  th e  norm s A b , A c , В  a n d  C o f  Lueckisporites v irkk ia e  
palynodem es, in  th e  M iddle P e rm ian , how ever, th e  no rm  A a  w ere p re d o m in a t­
ing. B eside th e  n o rm  A a  o f L ueckisporites  pa ly n o d em es th e  presence o f  Cori- 
saccites a n d  H em iapollen ites  w as c h a ra c te r is tic  o f  th e  M iddle P e rm ian . C on­
sequen tly , a c c o rd in g  to  Kozur, th e  M iddle P e rm ia n  is also  rep resen ted  in  th e  
P erm ian  seq u en ces  in  E urope. I n  h is op in ion , in  case o f  d iv id ing  th e  P e rm ia n  
in tw o p a r ts ,  th e  M iddle an d  U p p e r P e rm ia n  w ould  be u n ited  in to  U p p e r 
P erm ian .

In  Visscher’s view  (1971, 1974), th e  P e rm ian /T ria ss ic  b o u n d a ry  can  
be traced  b y  th e  su d d en  d isap p earen ce  o f  th e  U p p e r P e rm ian  Pinaceae  to  be 
ch arac terized  b y  d isaccite  pollens ( U llm ann ia  bronni =  Lueckisporites  p a ly - 
nodem e; U llm a n n ites  frum en ta ria  — Jugasporites  p a lynodem e; Pseudovoltzia  
liebana =  K la u sipo llen ites schaubergeri) a n d  b y  th e  p revalence  o f Sporophyta . 
In  th e  low er p a r t  o f  th e  Low er T riassic  th e se  Sporophyta  are  p red o m in a tin g , 
b u t — beside  th e m  —  th e  P teridosperm opsida  to  be ch a rac te rized  w ith  m u lti-  
ta e n ia te  p o llen s  p la y  a g rea t ro le , as w ell. T h e ir re m n a n ts  are  rep re se n te d  
by  th e  P leurom eia  (L ycopsida)  b e ing  re la tiv e ly  fre q u e n t in  th e  m acro flo ra  
and  by  th e  r a r e  Glossopteridium ( P teridosperm opsida)  found  till now  o n ly  
in P o land .

T he q u ic k  d isappearence  o f  th e  U p p e r P e rm ia n  Pinaceae  an d  th e  co n ­
tem p o ra ry  u p sw in g  o f th e  Sporophyta  in d ica te  an  im p o r ta n t change in  th e  
floral ev o lu tio n  t h a t  can  be e x p la n a te d  on ly  b y  a g re a t, reg ional change
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in  th e  developm ent o f  th e  E a r th .  This is v e ry  w e ll re flec ted  in  th e  co m p o sitio n  
o f  th e  m icroflora, to o , a n d  lends itse lf  p a r t ic u la r ly  well for tra c in g  th e  
b o u n d a ry  betw een  P e rm ia n  a n d  Triassic.

A ccording to  V is s c h e r  th e  L ow erm ost T ria ss ic  can be c h a ra c te r iz e d  
b y  th e  sign ifican t q u a n t i ty  o f th e  cavate  ly c o p h y tic  m icrospore, L u n d b la d i-  
spora nejburgii, an d  b y  th e  norm  D  of L ueck isp o rite s  palynodem es ( Stella- 
pollen ites  sp.).

In  th e  up p er p a r t  o f  th e  Lower T riassic  th e  Pinaceae  p rosper a g a in ; new  
gen era  hav ing  d isacc ite  po llens (V o ltzia  heterophylla  =  Triadispora , Y u cc i-  
tes vogesiacus =  A n g u s tisu lc ite s )  appear. T h e se  po llens are v e ry  im p o r ta n t  
e lem en ts  of th e  p a ly n o lo g ica l assem blages o f  th e  u p p e r p a r t  o f  th e  L ow er 
T riassic  and  of th e  M id d le  T riassic.

K laus (1977) d ist in g u ish ed  the fo llo w in g  m icroflora  a sso c ia tio n s  b e in g  
v e r y  sim ilar to  th e  a b o v e  m en tion ed  ones:

D: Triadispora A ssociation (upper Bunter)
C: Association w ith  lycophytic spores (middle p a r t  o f th e  Lower Triassic)
B: Taeniaesporites A ssociation (Lowermost T riassic)
A : Lueckisporites A ssociation (Upper Perm ian)

S u m m a r i z e d :

— th e  Lower Perm ian is characterized by Potonieisporites and  Vittatina associations,
— the Middle and U pper P erm ian  by the Lueckisporites association; w ithin th is th e  Middle 

Perm ian by the norm  A a  o f Lueckisporites palynodem es, the Upper Perm ian , how ever, 
by  the norms (A a ) , АЬ, A c , В  and C,

— th e  lower p art of th e  L ow er Triassic by the increased  frequency of the spores (m ainly 
by  th a t of Lundbladispora nejburgii)  as well as th e  m ultitaeniate pollens and b y  th e  presence 
of the norm D of Lueckisporites palynodemes ( Stellapollenites sp.),

— finally  the upper p a r t  o f th e  Lower Triassic b y  th e  Triadispora and Angustisulcites as­
sociation.

6. The Permian and Lower Triassic M icroflora o f  the Mecsek M ountains

T h e source o f  th e  m icro flo ra  bearing  s a m p le  groups is in d ic a te d  in  th e  
F ig s  3 an d  4 b y  th e  le t te r s  a —p . The sa m p le  “ 6”  w as ob ta in ed  fro m  a tr ia l  
tre n c h , all th e  o th e rs  d e riv e  from  boreho les. T h e ir  ex ac t p o s itio n  a n d  th e  
sym bo ls o f th e  in d iv id u a l  sam ples are l is te d  in  T a b le  2. The sam p les  o f  th e  
K ővágószőlős F o rm a tio n  o b ta in ed  o f sev e ra l b o reho les are d raw n  to g e th e r  
on  th e  basis o f th e ir  s tra tig ra p h ic a l positio n  w ith in  th e  sm all cycles.

One p a r t  o f  th e  palynological in v e s tig a tio n s  (regard ing  th e  sam p le s  c, 
d, e, f ,  g, h, i, j ,  к  a n d  m )  w as fin ished  a lr e a d y  in  1962/63; th e i r  re su lts  
w ere  pub lished  in  Ä . B a r a b a s -St u h l , 1975. T h e  rem ain ing  sam p le s  w ere 
in v e s tig a te d  on ly  in  th e  la s t  years. B y v i r tu e  o f  a  p a rtic u la r  q u a l i ta t iv e  an d  
q u a n ti ta t iv e  analysis  o f  th e  spore and  p o llen  b e a r in g  sam ples, sev e ra l p a ly n o ­
log ica l assem blages w e re  d istingu ished  (F ig . 3). I f  th e  fo u n d a tio n  o f  assem -
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Table 2

List o f  the fossiliferous samples

Relative
Symbol of 
Samples Borehole Depth,

m Lithostratigraphical Unite Cycle
Position of 

Sample«
in Fig. 3

Po 1692 
Po 1347

M-13 
M- 4

941.0
647.0 j Magyarürög Anhydrite Member p

p

Po 1687 M- 4 705.0 О
Po 1688 M- 4 730.0 О
Po 328 M-14 292.0 Patacs Member О
Po 1691 M- 4 798.0 п
Po 1697 M-13 1065.0 п

Po 1362 M- 4 833.0 т
Po 1491 
Po 161

M-12
M -ll

1013.0
451.0 Jakabhegy Sandstone Form a­

tion

т
т

Po 218 M- 3 240.0 т
Po 726 M-10 610.0 т

Po 1599 M- 9 1108.0 D/C 18/17 1
Po 1805 M- 8 1071.0 D/C 18/17 1
Po 1810 M- 8 1122.0 C 16 к
Po 33 M- 6 697.0 C 16 к
Po 21 M- 6 719.0 C 16 к
Po 319 M- 7 950.0 C 16 к
Po 11 M- 6 727.0 C 15 j
Po 6 M- 6 732.0 C 15 j
Po 2 M- 6 743.0 c 15 j
Po 233 M- 3 713.0 c 14 i
Po 235 M- 3 718.0 c 14 i
Po 1648 M- 5 1458.0 Kővágószőlős Sandstone c 14 i
Po 1364 M- 4 1472.0 Form ation c 13 h
Po 1368 M- 4 1514.0 в 12 s
Po 1369 M- 4 1526.0 в 11 /

Po 1372 M- 4 1551.0 в 11 /
Po 245 M- 3 765.0 в 11 /
Po 255 M- 3 800.0 в 10 e
Po 257 M- 3 802.0 в 10 e
Po 259 M- 3 804.0 в 10 e
Po 1374 M- 4 1595.0 в 10 e
Po 1633 M- 4 1647.0 в 7 d
Po 295 M- 3 948.0 А 4 c
Po 300 M- 3 961.0 А 4 c

Po 1859 M- 2 trial 1 b
Po 1860 M- 2 trench } Boda Aleurolite Form ation b
Po 1861 M- 2 1 b

Po 306 
Po 1216

M- 1 
M- 1

86.0
87.0 j Korpád Sandstone Form ation a

a
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Table 3

Percentual Distribution o f the M a in  Palynomorph Groups in  the Permian and Lower Triassic
o f Mecsek

Palynological Assemblages

* 1 И, 1 И, H. H. Ill IV
Main groups Samples

a b с—g h—к 1 m n—p
о//о

Triadispora+ Angustisulcites _ _ _ _ _ 3 43
Norm D  of Lueckisporites — — — — — 8 6

Norm C of Lueckisporites — — — — 6 — —

Norm В  o f Lueckisporites — — — 6 12 — —
Monocolpate alete pollens — — — ~b 7 2 2

Norm A  of Lueckiporistes — 51 30 24 7 — —
Gigantosporites - 9 + + - — —
Klausipollenites schaubergeri - 2 5 13 4 — —
Multitaeniate disaccite pollens - 7 7 15 17 12 6
Jugasporites 3 10 34 24 3 — —
Potonieisporites 53 - — — - — —
Monosaccite pollens 18 3 5 3 10 — —
Disaccite pollens 23 17 25 17 17 28 41
SP O R IT E S 2 + 1 2 25 47 2
Vittatina 1 1 — — - — —

Й
.2
"■н

ОРч а <U
Й 'П  g

Й
о

о
O
m

4 3

4 3  x

1*1
L ithostratigraphical units «б

4 3
й
сб

с л

■м

" о
н
Й

Kovágószőlős band­
stone Form ation

Й
ce

f r s

«ej S

K
or

pá
d

m
at

io
n i
се

43
о

И

A  2 
A  H ce
A  о  ce Рч
*—Э

l à

g  a

b lag esw as  based  on in v e s tig a tio n  of a n u m b e r o f  sam ples, those w ere  c h a ra c ­
te rized  w ith  th e  av e rag e  fre q u e n c y  of th e  fo u n d  fo rm s. T he m icro flo ras o f  th e  
d is tin g u ish ed  assem blages w ere  divided in to  g ro u p s  accord ing  to  th e  u su a l 
p o in ts  o f  view  o f th e  paly n o lo g ica l s tra t ig ra p h y  (T ab le  3). On th e  ta b le  th e  
species, genera or g roups p ro v e d  to  be of s tr a t ig ra p h ic a l  im p o rtan ce  a c c o rd ­
in g  to  o u r ow n in v e s tig a tio n s , w ere also e m p h asized .
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6.1 . Palynological Assemblage I  (K o rp á d  S an d sto n e  F o rm a tio n ; sam ple  group
“ a ” . P la te  I)

T he m icro flo ra  o f  th e  o ld es t bed s o f  th e  P e rm ia n  of M ecsek is very  poor 
a n d  b ed ly  p rese rv ed . I t  is d o m in a te d  b y  th e  follow ing monosaccite pollens : 
C ordaitina  sp ., Potonieisporites novicus  B h a r a d w a j  1954, Potonieisporites 
bhardw aji R e m y  e t R e m y  1961, a n d  cf. Vesicaspora w ilsoni S ch em el  1951. 
T hese fo rm s to g e th e r  com e to  7 1 % ; th e  q u o ta  o f  th e  genus Potonieisporites 
is 53% . T h e  q u a n ti ty  o f  th e  disaccite pollens  is also  o f im p o rta n c e : Pityo- 
sporites sp ., Falcisporites sp ., Jugasporites om ai H e l b y  1966 a n d  o ther in d e ­
te rm in ab le  d isacc ite  form s re p re se n t to g e th e r  2 6 % . T h e  spores a re  rep resen ted  
b y  Leiotriletes sp . in  a  q u a n t i ty  n o t  m ore  th a n  2 %  (Table 3).

The Palynological assemblage I is m ostly com parable w ith the assemblages described 
from  the upper p a r t  of the A utun ian  deposits of France and from the Lower Rotliegend 
of Germany on th e  basis of the significant qu an tity  of Potonieisporites and th e  relatively high 
procent of the disaccite pollens (H elb y  1966, D oubinger 1974). In  opinion of D oubinger 
these assemblages are very similar to the microflora of th e  A rtinskian—Lower K ungurian 
beds of the m arine Perm ian in  Soviet U nion. On the o ther hand, the polyplicate pollen, Vit- 
tatina, appearing frequently  in  the com parable assemblages, is very ra re ly  to  find in  the 
trea ted  assemblage of Mecsek. This fa c t can be possibly in terp re ted  by a local facies change.

6.2. Palynological Assemblage I I 1 (B oda A leuro lite  F o rm a tio n ; sam ple  group
“ 6” . P la te  I I ,  I I I ,  IV

T he v e ry  w ell p reserved  a n d  rich  m icro flo ra  o f  th e  sam ples gained from  
th e  th in , g reen ish  grey, f in e  g ra in ed  san d sto n s in te rc a la te d  to  th e  red  beds 
o f  th e  low er p a r t  of th e  B oda A leu ro lite  F o rm a tio n  follows in  a g rea t s tra ti-  
g rap h ica l d is tan ce  above th e  P a ly n o lo g ica l assem blage  I  (F igs 3 a n d  4).

I t  is d o m in a ted  b y  disaccite po llens  (Table 3). T he gra ins o f  Lueckispori- 
tes v irkkiae  P o t o n ié  e t K l a u s  1954 fo u n d  in  a s ig n ifican t q u a n t i ty  p revaing ly  
belong  to  th e  no rm  A a  o f L ueckisporites  pa lynodem es, a l i t t le  q u a n tity  o f  
th e m , how ever, to  th e  no rm  A b . T h e  genus Jugasporites  is re p re se n te d  b y  J u g a ­
sporites om ai b e ing  tra n s ie n t fro m  th e  Low er P e rm ia n , as w ell as b y  J u g a ­
sporites delasaucei (P o t . e t K l a u s ) L e sc h ik  1956 a n d  Jugasporites persp icuus  
L e sc h ik  1956 in  a q u a n tity  o f  1 0 % ; th e  le tte rs  b e ing  genera lly  ch a rac te ris tic  
o f  V is sc h e r ’s “ U p p er P e rm ia n ” . T h e  q u a n ti ty  o f  Gigantosporites hallstattensis 
K l aus  1963 (9 % ) is also re m a rk a b le . T h e  en tire  q u a n ti ty  o f  th e  m ultitaeniate  
disaccite po llens  (Taeniasporites labdacus K l aus  1963 an d  S tria tites  sp.) com es 
to  7% .

A d d itio n a l disaccite po llens  a re : L im itisp o rites  leschiki K l a u s  1963, 
Platysaccus p a p ilio n is  P o t . e t K l a u s  1954, Gardenasporites heisseli K l a u s  
1963, Falcisporites zapfei (P o t . e t  K l a u s ) L e s c h ik  1956, Paravesicaspora  
splendens (L e s c h ik ) K l a u s  1963, K lausipollen ites schaubergeri ( P o t . e t  K l a u s)
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J a n s o n iu s  1962, Sulcatisporites  sp. T h e ir  p ro p o rtio n  ta k e n  as a w h o le  comes 
to  1 9 % .

T h e  monosaccite po llens  (3% ) a re  re p re se n te d  b y  Stria tim onosaccites  sp. 
b e in g  ch a ra c te ris tic  o f  th e  Low er P e rm ia n  a n d  N uskoisporites k la u s i  G r e b e  
1957 to  be re fe rred  to  th e  h ig h er p a r t  o f  th e  P e rm ian .

A  re p re se n ta tiv e  o f  th e  polyplicate p o llen s  is V itta tina  costabilis  W ilso n  
1962. T h e  spores are  rep re se n te d  b y  Converrucosisporites sp . B o th  o f  them  
w ere fo u n d  on ly  sp o rad ica lly .

T he m icroflora of the  Palynological assem blage I I ,  — particularly  because of the rela­
tively  rem arkable q u an tity  of Gigantosporites hallstattensis — can be very well co rre la ted  w ith 
th e  m icroflora of the Middle Perm ian Gröden Sandstone of the Southern A lps, w hich was 
described by  Klaus, 1963. I t  is in a good agreem ent w ith  the microflora d e te rm ined  by Vis- 
SCHER e t al. (1974) from th e  beds of the “ Faciès de L éouve” (Dom de B arrö t, F rance), as well. 
Form erly  these ulterior beds were held, on the basis o f the ir lithological asp ec t and  position 
w ith in  the  sequence, to  be as old as Middle P erm ian  (Saxonian) and only th e  above-nam ed 
au thors ranged them  — because of the presence o f th e  norm  Aa  of Lueckisporites — into 
th e  low er p a rt of the U pper Perm ian.

6.3. Palynological Assem blage I I 2 an d  I I 3 (d eep er p a r t  o f th e  K ővágósző lős 
S an d sto n e  F o rm a tio n ; I I 2 =  sam ples “ c —g ” ; I I 3 =  sam p les  “ A —A” .

" P la te  У  a n d  V I)

T h e  m icroflora  c o n ta in in g  sam ples o f  th e  K ővágószőlős F o rm a tio n  were 
fo u n d  in  a g rea t s tra tig ra p h ic a l d is tan ce  a b o v e  th e  P a ly n o lo g ica l assem blage

H f
F ro m  am ong th e  th re e  pa ly n o lo g ica l assem blages o f  th is  F o rm a tio n  

(F ig . 3) tw o  ones — n a m e ly  th e  P a ly n o lo g ica l assem blage I I 2 a n d  I I 3, discussed 
h ere  — h av e  a v e ry  s im ila r com position  (T a b le  3). T h e  m ain d iffe re n c e  betw een  
th e m  lies in  th a t  th e  n o rm  В  of L ueckisporites  palynodem es w as  t o  f in d  only 
in  th e  yo u n g er assem blage  ( I I 3) in  a q u a n t i ty  o f  6 % . F u r th e r  d iffe re n c e  is th a t  
th e  q u a n t i ty  o f th e  m ultitaen ia te  disaccite p o llen s  is m uch g re a te r  (1 5 % ) th a n  
in  th e  o lder assem blage  ( I I 2) w here th e y  com e to  7%  only. S im ila r  d ifference 
ex is ts  in  th e  q u a n ti ty  o f  th e  d isaccite  p o llen  K lausipollen ites schaubergeri : th is  
com es in  th e  assem blage  I I 2 only  to  5 % , in  th e  I I 3, in  tu rn , to  1 3 % ).

A  com m on c h a ra c te r is tic  of b o th  assem b lag es is th e  g re a t  q u a n t i ty  of 
th e  n o rm  A  of th e  L ueckisporites  p a ly n o d em es an d  th e  sam e o f th e  Jugasporites  
genus (34 an d  2 4 % , resp ec tiv e ly ). T h e  l a t t e r  is rep resen ted  b y  Jugasporites  
delasaucei ap p earin g  in  th e  P alyn o lo g ica l a ssem b lag e  I I j ,  as w ell, a n d  b y  Ju g a ­
sporites schaubergeroides K l a u s  1963 to  b e  fo u n d  on ly  in  th e s e  assem blages.

W ith in  th e  P a ly n o lo g ica l a ssem blage  I I 2 an d  I I 3 th e  e x a c t  q u a lita tiv e  
a n d  q u a n ti ta t iv e  d is tr ib u tio n  of form s in s id e  th e  norm  A  o f  L ueckisporites  
p a ly n o d em es could n o t  b een  w ith  e n tire  o b je c tiv ity  s ta te d  a s  p re se rv a tio n  
o f  th e  po llen  grains is r a th e r  b ad . B y  v ir tu e  o f in v estig a tio n  o f  m a n y  sam ples, 
h o w ev er, th e  su b jec tiv e  s ta te m e n t cou ld  b e  w inned  th a t  th e  n o rm s  A b  and
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E x c lu s iv e ly  in  th is  assem blage th e  alete pollen , P ilasporites p lurigens  
B alme e t H e n n . 1955, w as fo u n d  in  a  q u a n t i ty  o f 6 % . T h e  monocolpate 
pollen, C ycadopites coxii is p resen t in  1% .

The pollen form s of this assemblage are known from  several U pper Perm ian Form ations 
(Bellerophon Lim estone, Zechstein, etc.). The decided decrease of q u an tity  of the norm  A  
of Lueckisporites palynodem es, parallel w ith the increase o f quan tity  of the norm  В  and the 
appearence of th e  norm  C (Table 3) indicate the end of th e  Perm ian, the spores occurring 
simultaneously, how ever, refer to  the beginning or nearness of the Triassic. The spores of this 
assemblage (w ithou t Lueckisporites)  are significant to  th e  Lower and Middle B untsandstein 
in Poland (I)ybova — L aszko, 1978); they  are comm on in  the Middle B untsandstein  in Ger­
m any (Schulz, 1964, 1966; R einhardt e t Schön, 1967). The species of Lundbladispora and 
the cf. microspore o f Pleuromeia are frequent in  th e  Lower Triassic beds of the “ New Red 
Sandstone” of Ire lan d  (V isscher , 1971). In  H ungary , th e  microflora of th e  upperm ost beds 
of the Upper Perm ian  in  the T ransdanubian Central M ountains (the so called T abajd Form a­
tion) found in  40 m distance below the Lower Triassic beds containing Claraia clarai is also 
very similar to  th e  Palynological assemblage I I4 as i t  is characterized w ith the coexistence 
of Upper Perm ian pollens (among which also Lueckisporites occurs) and Lower Triassic spores 
(B arabás-Stu h l , 1979).

6.5. Palvnological Assem blage I I I  (J a k a b h e g y  S an d sto n e  F o rm a tio n ; sam ple
group “ m ” . P la te  X I I  - X I V )

The m ic ro flo ra  o f  th e  sam ple  g roup  “ m ”  w as o b ta in ed  in  a d istance  of 
ab o u t 300 m  a b o v e  th e  sam ples “ Z”  o f  th e  P alyn o lo g ica l assem blage  I I 4. T he 
q u a n tity  o f  sp o res  is in  i t  s till g re a te r  (47% ) as co m p ared  w ith  th e  assem blage 
I I 4. C onsidering th e  q u a lita tiv e  a n d  q u a n t i ta t iv e  com position  o f  th e  m icro ­
flo ras, th e re  a re  som e sim ilarities, b u t  d ifferences, to o , b e tw een  th e  tw o  
assem blages. T h e  m ean  difference consists  in  t h a t  th e  n o rm s A , В  and  C o f 
Lueckisporites p a ly o d em es w ere n o t fo u n d  in  th is  assem blage , th e  no rm  D  
( =  Stellapollenites sp .), in  tu rn ,  o ccu rred  in  a  q u a n t i ty  o f  8 % .

Transien t spores on th e  P a ly n o lo g ica l assem blage  I I 4 are  as follow s: 
A zonotriletes: Calam ospora  sp ., P uncta tisporites triassicus, Leschikisporites  
aduncus, B acu la tisporites mesozoicus. Z o n o trile te s : Lundbladispora  nejburgii 
as well as th e  cf. m icrospore  o f P leurom eia . N ew  spores o f th is  assem blage are 
th e  azo n o trile te  A picu la tisporites p lica tu s  V is s c h e r  1966, G uttatisporites gutta- 
tu s  V issc h e r  1966 a n d  G uttatisporites m icroechinatus  V is sc h e r  1966. F ro m  
am ong th e  sp o res  th e  genus G uttatisporites  is o f  conspicous q u a n ti ty  (29% ); 
th e  q u a n tity  o f  th e  o th e r spore-form s ran g es fro m  1 to  4 % .

F ro m  am o n g  th e  disaccite po llens L im itisp o rite s  m oersensis (2% ) an d  cf. 
Alisporites ovatus  (8 % ) w ere a lre a d y  p re se n t in  th e  P aly n o lo g ica l assem blage 
I I 4, as well. N ew  disaccite form s a re : Voltziaceaesporites heleromorpha K l a u s  
1964 (14% ), Paravesicaspora planderovae  V is s c h e r  1966 (4 % ) a n d  Triadispora  
stap lin i (J a n s o n iu s ) K l aus  1964 (on ly  in  tra c e s ) . New re p re se n ta tiv e s  o f  th e  
m ultitaeniate disaccite  po llens are : Taeniaepollenites noviaulensis L esc h ik  1966 
(12% ), an d  A ngusticu lc ites k la u sii  (F r e u d e n t h a l ) V issc h e r  1966 (3% ). T he 
monocolpate p o llen  g ra in , Cycadopites coxii (2 % ), w as a lre a d y  p resen t in  th e  
U pper P e rm ia n  assem blages, too .
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T he spores o f  th e  Palynological a sse m b la g e  I I I  are k n o w n  fro m  th e  
low er, m iddle  a n d  u p p e r  B u n tsan d ste in  o f  th e  G erm anic facies ( R e in h a r d t , 
1964; S ch ulz , 1964, 1966; R e in h a r d t — S c h m it z , 1965; Y is s c h e r , 1966, 1971; 
R e in h a r d t —S c h ö n , 1967; D y b o v a —L a s z k o , 1978).

Voltziaceaesporiles heteromorpha is know n from  the  lower B un tsandste in  u p  to  the 
M uschelkalk (Dybova —Laszko , 1978); i t  was lis ted  b y  K laus (1964) from u p p e r  W erfenian 
beds, too. Angustisulcites klausii and Triadispora stap lin i is significant for th e  u pper part 
of the Lower Triassic (Vissch er , 1966, 1971; DYbova  — Laszko, 1978; A n t o n esc u , 1976). 
Taeniaepollenites noviaulensis was obtained from  U p p er Perm ian beds. Paravesicaspora plan- 
derovae was described by  Y isscher  (1966) from  th e  u p p er Bunter beds. Stellapollenites sp. 
( =  Nuskoisporites muelleri, Triadispora muelleri) is know n upwards from th e  m idd le  Bunt- 
sandstein (B einh ardt , 1964; R e m h a r d t—Schm itz , 1965; Schulz, 1965, 1966; V isscher , 
1966, 1971; Antonescu , 1976; Dybova—Laszko, 1978).

6.6. Palynological A ssem blage I V  (P a tac s  M em b er an d  M agyariirög  A n h y d rite  
M em ber; sam p le  groups “ n —o”  a n d  “ p ” . P la te  X Y —X I X )

Sam ples “ n ”  o f  th is  assem blage w e re  o b ta in e d  40 m h ig h e r  th a n  th e  
sam ples “ m ”  o f th e  assem blage  I I I .  H e re  a  sign ifican t change in  th e  com ­
p o sitio n  of m ic ro flo ra  can  be ex p erien ced . T h is m anifests i ts e lf  m o s tly  in 
decrease o f q u a n t i ty  o f  spores and  in  in c re a se  o f  q u a n tity  o f p o lle n s . A m ong 
th e  spores an d  p o llen s  m a n y  new form s o c c u r.

F rom  th e  spores Calamospora  sp., L esch ik isporites aduncus, G utta tispori- 
tes gutta tus  an d  L undb lad ispora  nejburgii w e re  a lre a d y  p resen t in  th e  P a ly n o ­
log ical assem blage I I 4, to o . In  th is  a sse m b la g e  Saturn isporites p raev ius  
V is sc h e r  1966, Cyclotriletes sp., R etitriletes je n e n s is  (R e in h a r d t  — S chm itz) 
S ch ulz  1965, C oncentricisporites p lu r ia n n u la tu s  A nt o n e sc u  1969 f i r s t  occur. 
T h e ir  q u a n tity  is v e ry  low : th a t  of th e  in d iv id u a l  form s ran g es f ro m  traces
up to  4%.

T he d o m in a n t disaccite  pollen-form  o f  th is  assem blage is th e  g e n u s  T ria d i­
spora  (33% ); th is  is rep re se n te d  by  T ria d isp o ra  crassa K laus  1964 , T ria d i­
spora fa lca ta  K l a u s  1964 a n d  th e  v e ry  r a r e  Triad ispora  epigona K l a u s  1964. 
A m ong th em  T riad isp o ra  crassa is o f th e  g re a te s t  q u a n tity . Voltziaceaesporites  
heteromorpha  h av in g  b een  p resen t in  th e  fo rm e r  assem blages, as w e ll as A li-  
sporites grauvogeli K l a u s  1964 th e  f i r s t  a p p e a re n c e  of w hich  fa lls  to  th is 
assem blage, occur in  a  m a jo r q u a n tity  (1 2 %  o n e  b y  one).

T he m ultitaen ia te  disaccite pollens a re  re p re se n te d  by  new  fo rm s  occu r­
r in g  f irs tly  here ( Taeniaepollenites jo n k e r i  V is s c h e r  1966, T ubantiapo llen ites  
balm ei (K l a u s ) V is s c h e r  1966, Stria tobietites a y tu g ii V issch er  1966, A n g u s ti­
sulcites gorpii V is s c h e r  1966) as well as b y  Taeniaepollenites n o v ia u len s is  and  
A ngustisu lc ites k la u s ii  b e in g  p resen t also  in  th e  P alynological a sse m b la g e  I I I .  
T h e ir  to ta l  q u a n t i ty  com es to  16% ; w ith in  th is  th e  genus A n g u stisu lc ite s  
re p re se n ts  th e  g re a te s t  b u lk  (10% ).

T he rem ain ing  disaccite pollens (L im itisp o r ite s  moersensis, cf. A lisp o rite s  
ovatus an d  Paravesicaspora planderovae)  k n o w n  also from  th e  fo rm e r  assem ­
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blage, as w ell as  A lispo rites  m icroreticulatus R e in h a r d t  1964, Colpectopollis 
ellipsoideus V is s c h e r  1966 an d  Chordasporites sp . (w hich  la tte rs  f ir s t  ap p ea r 
in  th is  assem blage) p a r tic ip a te  in  th e  co m position  o f  th e  m icroflora  one by  
one w ith  a q u a n t i ty  from  1 to  8 % . T h e  q u a n ti ty  o f  Stellapollenites sp . ( =  norm  
D  of L ueckisporites  palynodem es) com es to  6 % .

This m icroflora is very well to  correlate w ith the one of the upper p art of the Alpine 
Werfen beds, the  u p p er B untsandstein, upper B unter and R o t of the Germanic facies, the 
“ Lower Anisian”  of R oum ania, the “M uschelkalk”  of S outheastern  France and the “ K euper” 
of England (K laus, 1964; Mädler , 1964, 1968; Schulz, 1965, 1966; V isscher, 1966, 1971; 
W arrincton, 1974; T augourdeau—Lantz, 1974; An ton escu , 1976; Dybova—Laszko, 
1978).

The spore species Concentricisporites nevesi and Concentricisporites pluriannulatiis being 
present in the Palynological assemblage IV were found only in  the Triassic of R oum ania until 
now. This fac t can re la te  to the presum able paleogeographical connections between the Mecsek 
Mountains and some R oum anian areas.

7. S tra tig rap h ica l C onclusions

The ch ron o lo g ica l change o f  th e  P e rm ian  —L ow er T riassic m icrofloras 
o f Mecsek e n tire ly  f i ts  in  w ith  th e  ideas p ic tu re d  o n  th e  page 61 w hich  w ere 
estab lished  b y  th e  m odern  palyno log ical s tr a t ig ra p h y  considering th e  classif­
ica tion  o f  th e  coeva l sequences o f M iddle a n d  W este rn  E u rope . T h is fac t 
enables us to  s ta te  th e  age o f th e  lith o s tra tig ra p h ic a l u n its  of th e  P e rm ian  — 
Low er T riassic  o f  M ecsek as follow s (F ig . 4):

(TJ T h e  K o rp á d  S an d sto n e  F o rm a tio n  sh o u ld  be assigned, b y  v ir tu e  
o f th e  P otonieisporites  association  d o m in a tin g  in  th e  m icroflora  o f th e  P a ly n o ­
logical a ssem b lag e  I  an d  o f th e  g rea t q u a n ti ty  o f  d isaccite  pollens, in  sp ite  
o f th e  v e ry  p o o r  re p re se n ta tio n  o f V itta tin a , to  th e  Low er P e rm ian .

(2 )  T h e  B o d a  A leuro lite  F o rm a tio n  shou ld  be  considered M iddle P e rm ­
ian  by  reaso n  o f  th e  d o m in a tin g  o f  th e  norm  A a  o f  Lueckisporites in  th e  Paly-? 
nological a ssem b lag e  I I j  as well as o f  th e  p resen ce  o f  a few L ow er P e rm ian  
form s (S tria tim onosaccites, Jugasporites ornai).

I t  sh o u ld  b e  m en tio n ed  again  th a t  — acco rd in g  to  V i s s c h e r  — th e  
Lueckisporites a sso c ia tio n  w ould  be  sign ifican t o n ly  for th e  U p p er P e rm ian  
an d  w ith in  th is  a sso c ia tio n  th e  no rm  A a  o f L ueckisporites  w ould in d ica te  th e  
low erm ost p a r t  o f  th e  U pper P e rm ian . C onsidering  th e  d iscon fo rm ity  being 
generally  p re se n t be tw een  th e  L ow er P e rm ian  a n d  th e  P erm ian  beds overly ing  
i t  V is s c h e r  su p p o ses  th e  M iddle P e rm ian  d ep o sits  to  be ab sen t in  th e  con­
tin e n ta l a reas  o f  E u ro p e . A d isco n fo rm ity  a p p e a rs  in  th e  M ecsek M ts., too , 
a t  th e  low er a n d  u p p e r  b o u n d a ry  o f  th e  G y ű rű fű  Q u a rtz -p o rp h y ry  F o rm a tio n . 
Though th e  d im en sio n s o f th is  b re a k  a re  u n k n o w n , th e  d iv isib ility  o f  th e  very  
th ick  clastic  seq u en ce , se ttled  dow n a fte r  th is  g ap , in to  th ree  g rea t cycles, 
m akes p ro b ab le  a lso  th e  presence o f  th e  M iddle P e rm ia n  in th e  M ecsek beside 
th e  U pper P e rm ia n .
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A c  are m ore  fre q u e n t, while th e  n o rm  A a  o f Lueckisporites  pa lynodem es is 
very  ra re  in  th e s e  assem blages. I n  th e  P a ly n o lo g ica l assem blage I I 2 th e  no rm  
A b , in  th e  P a ly n o lo g ica l assem blage  I I 3, how ever, th e  norm  A c  ap p ears  m ore 
frequen tly .

T h e  m ultitaen ia te  disaccite po llens  a re  re p re se n te d  b y  Taeniaesporites 
ortosei K l a u s  1963 an d  Taeniaesporites labdacus K l a u s  1963 as w ell as S tria ti- 
tes jacobii J a n s o n iu s  1962. B u t th is  l a t te r  is v e ry  ra re  in  b o th  assem blages.

Others disaccite pollen gra ins  o f  th e  P a ly n o lo g ica l assem blage I I 2 an d  I I 3 
are  L im itisp o rite s  leschiki, P latysaccus p a p ilio n is , Gardenasporites heisseli a n d  
Falcisporites za p fe i  t h a t  w ere a lre a d y  p re se n t in  th e  P alyno log ica l assem blage 
I I j , too . T h e  q u a n t i ty  o f  th e  d iffe ren t species v a rie s  betw een  1 a n d  10% . T he 
form  cf. A lisp o r ite s  ovatus J a n s o n iu s  1962 a p p e a rs  in  th e  u p p e rm o st sam ple 
of th e  P a ly n o lo g ica l assem blage I I 3 in  q u a n t i ty  o f  1 % .

T he m onosaccite pollens a re  re p re se n te d  b y  N usko isporites d u lh u n ty i P o t . 
e t K l aus  1954 (3 —5 % ), th e  spores to  be  found  v e ry  ra re ly , in  tu rn ,  b y  Con- 
verrucosisporites eggeri K l aus  1963 a n d  C alam ospora  sp . In  th e  u p p erm o st 
sam ple o f  th e  P a lyno log ica l assem blage  I I 3 occurs th e  monocolpate pollen  g rain , 
Cycadopites cox ii V issc h e r  1966. T h e  q u a n ti ty  o f  b o th  th e  spores an d  th e  
m onoco lpate  p o llen  grains is v e ry  sm all (ab o u t 1 % ).

The com position of the Palynological assemblages I I 2 and I I3 is in a good accordance 
w ith th a t of th e  m icroflora of the U pper Perm ian Form ations of the Alpine and Germanic 
facies in E urope (Bellerophon Limestone, M agnesian Lim estone, K ingscourt G ypsum  Form a­
tion, Zechstein). In  general, the whole E uram erican flora realm , well known in palynological 
respects, is characterized  by similar assemblages. In  H ungary , the Upper Perm ian beds of 
the T ransdanubian  Central M ountains (the  B alaton Red Sandstone and the T abajd  Form a­
tion, respectively) con tain  similar m icrofloras, as well (K laus, 1953, 1954, 1963; P otonié 
e t K laus, 1954; L esc h ik , 1956; Gr e b e , 1957; Schw eitzer , 1960; Corna—I lavska, 1962; 
Stuhl, 1962; Cla r k e , 1965; K alibova, 1967; V issch er , 1968, 1971, 1974; P landerova, 
1973; Dybova, 1974; Clem ent, 1974; D ybova — Laszko, 1978).

6.4. Palynological Assemblage I J 4 (K ővágószőlős S an d s to n e  F o rm a tio n ; sam ple
group “ Г .  P la te  V II  to  X I )

T he sam p le s  “ 1”  derived  from  beds ly in g  in  a  d is tan ce  of 50 —60 m  above 
the  u p p e rm o st sam p le  o f th e  P alyn o lo g ica l assem blage  I I 3 show  a  sud d en  an d  
s trong  ch an g e  o f  th e  m icroflora . T h o u g h  th e  d isacc ite  pollens o f th e  o lder 
assem blages b e in g  ch a rac te ris tic  o f th e  U p p e r P e rm ia n  (and  am ong  these  th e  
norm  A  a n d  В  o f Lueckisporites  p a ly n o d em es, as w ell) ap p ea r s till in  th em , 
b u t, beside th e  la t te r s ,  m an y  new  fo rm s (am ong  th e m  Low er T riassic  spores, 
too) occur a n d  becom e q u a n tita tiv e ly  s ig n ifican t. W h ils t th e  a m o u n t o f spores 
ranged  on ly  fro m  1 to  2%  in  th e  m icro flo ra  o f  th e  o lder assem blages, th e ir  
q u a n tity  in c rea se s  in  th is  assem blage as fa r  as 2 5 % .

T he im p o r ta n t  change o ccu rrin g  in  th e  m ic ro flo ra  of th e  Palyno log ica l 
assem blage I I 4 c a n  be jo ined  w ith  a geological ch an g e , to o . N am ely  th e  sam ples
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“ Z”  co n ta in in g  th is  p a ly n o lo g ica l assem blage  a re  d eriv ed  from  th e  h ig h est, 
f in e -g ra in ed  beds o f  th e  m ed ium -size  cycle “ C ” , a n d  th e  coarse-g ra ined , peb b ly  
san d s to n e  beds o f  th e  n ew er m edium -size cycle “ B ”  re s t ab o v e  th e m  as 
reg ressive  closing m em b ers  o f  th e  K ővágószőlős S an d sto n e  F o rm a tio n  (F ig . 3).

A m ong th e  disaccite pollens  of th e  P a ly n o lo g ica l assem blage I I 4 being  
c h a ra c te ris tic  to  th e  U p p e r  P e rm ian , th e  q u a n t i ty  o f th e  no rm  A  o f  L uecki- 
sporites  palynodem es com es to  7 % ; th is  is fa r  less as com pared  w ith  th e  o lder 
assem blages; th e  sam e  o f  th e  no rm  B , in  tu r n ,  is in creased  to  1 2 % . T h e  no rm  
A  is rep resen ted  b y  fo rm s  belonging  to  th e  n o rm s A b  a n d  A c ;  b e tw e e n  these  
th e  n o rm  A c  d o m in a tes . T h e  presence o f G uttu lapollen ites  sp . is a lso  v e ry  im ­
p o r ta n t  in  th is  a ssem b lag e . T h is form  is id e n tic a l w ith  th e  n o rm  C o f  L uecki-  
sporites palynodem es t h a t  in d ica tes , in  V is s c h e r ’s (1971, 1974) o p in io n , th e  
L a te s t  P e rm ian . I t s  q u a n t i ty  is 6% .

T h e  to ta l  q u a n t i ty  o f  th e  m ultitaeniate disaccite pollens  (17% ) deserves 
a t te n tio n . Taeniaesporites ortosei, Taeniaesporites labdacus, S tria tites jacobii 
to  b e  fo u n d  also h e re  w ere  p re sen t a lread y  in  th e  o lder assem blages, to o ; b u t  
Strotersporites sp . a p p e a rs  o n ly  in  th is  assem blage .

F u r th e r  disaccite p o llens  o f th e  assem b lag e  a re : Jugasporites schauber- 
geroides, Gardenasporites heisseli, P latysaccus p a p ilio n is , F alcisporites zapfei, 
K lausipo llen ites schaubergeri, cf. A lisporites ovatus  know n also  fro m  th e  
assem blages I I 4, I I 2 a n d  I I 3. T h e  q u a n ti ty  o f th e  in d iv id u a l fo rm s com es, 
h o w ev er, to  n o t m ore  th a n  1 to  4% .

B eside th e  “ U p p e r  P e rm ian ”  monosaccite po llen  N u sko isporites dul- 
h u n ty i  — w hich is p re s e n t , how ever, also in  th e  assem blage I I 2 a n d  I I 3 — 
th re e  new  monosaccite fo rm s (E ndosporites  sp ., M onosaccites I  a n d  M ono- 
saccites I I )  ap p ea r. T h e  la t te r s  bear a re sem b lan ce  m o stly  to  c e r ta in  G oud- 
w ana-fo rm s. T he to ta l  q u a n t i ty  of th e  m o n o sacc ite  form s (1 0 % ) is m uch 
g re a te r  th a n  th e  sam e in  th e  earlier assem blages ( I I 4, I I 2, I I 3).

I n  th e  P a ly n o lo g ica l assem blage I I 4 th e  q u a n t i ty  o f spores increases 
a b ru p t ly  as co m p ared  to  th e  earlier assem blages. B eside  Calam ospora  sp . an d  
Converrucosisporites sp . k n o w n  also from  th e  o ld e r assem blages m a n y  new 
spo re  genera an d  species occur. The fo llow ings ca n  be  lis ted : A zon o trile tes : 
Punctatisporites tr ia ssicus  S ch ulz  1965, P uncta tisporites velatus L e s c h ik  1955, 
Leschikisporites aduncus  (L e sc h ik ) P o to n ié  1958, Leiotriletes sp ., Leiotriletes 
adrienneform a  N il s s o n  1958, C onosm undasporites  sp ., Laevigatisporites  sp ., 
Baculatisporites m esozoicus S chulz  1964, V errucosisporites morulae K l a u s  1960, 
Verrucosisporites sp . Z o n o trile te s : L undblad ispora  nejburgii S c h u lz  1964, 
Lundbladispora  echinata  R e in h a r d t  e t S c h ö n  1967. M onoletes: Laevigato- 
sporites  sp ., cf. m icro sp o re  o f  Pleurom eia. B u t  n e ith e r  fo rm  p lay s a  s ig n ifican t 
ro le ; th e  q u a n tity  o f  th e  in d iv id u a l ones ra n g e s  fro m  tra c e  to  4 % . T h e  signif­
ic a n t  m icrospore o f  th e  low er p a r t  of th e  L o w er T riassic , L undb lad ispora  nej­
burgii p a rtic ip a te s  in  th e  assem blage o n ly  w ith  1 % .
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As th e  p resence  of th e  M iddle  P e rm ia n  w as to  be confirm ed  b io s tra ti-  
g rap h ica lly  o n ly  in  a th in  bed  o f  th e  low er p a r t  o f th e  B oda A leuro lite , one 
m u st le an  a t  t ra c in g  its  low er a n d  u p p e r  b o u n d a ry  on d ias tro p h ica l d a ta .

As th e  C serdi C onglom erate, ly in g  ab o v e  th e  d iscon fo rm ity  co n n ec ted  
w ith  th e  G y ű rű fű  Q u a rtz -p o rp h y ry , rep re sen ts  w ith  th e  B oda A leu ro lite  
F o rm a tio n  to g e th e r  a single g re a t se d im e n ta ry  cycle, b o th  fo rm atio n s shou ld  
be  assigned  to  th e  M iddle P e rm ian . T h e  belonging  o f th e  Cserdi C ong lom erate  
to  th e  M iddle P e rm ia n  is su p p o rted  b y  th e  fa c t th a t  Lueckisporites  is p re se n t 
in  a g re a t s t r e n g th  in  th e  P a ly n o lo g ica l assem blage I I X (51% ); co n seq u en tly  
i ts  v iren cy  m a y  be  s ta r te d  a lread y  in  tim e  o f sed im en ta tio n  o f th e  beds u n d e r­
ly in g  it.

( 3 )  T h e  K ővágószőlős S a n d s to n e  F o rm a tio n  belongs b y  v ir tu e  o f  th e  
n o rm s A b , A c , В  an d  C of L ueckisporites  being  d o m in a n t in  th e  P a lyno log ica l 
assem blage  I I 2, I I 3 an d  I I 4 to  th e  U p p e r  P e rm ian .

T h e  sp o re  —pollen spec trum  o f  th e  P alyno log ica l assem blage I I 4 o b ta in e d  
from  th e  u p p e r  p a r t  o f th e  fo rm a tio n  in d ic a te s  th e  end  or th e  nearness o f  th e  
T riassic  on th e  basis  o f appearence  o f  G uttulapollenites  sp . ( =  norm  C o f L u e c k i­
sporites) as w ell as  th e  g rea t q u a n t i ty  o f  L ow er T riassic  spores (am ong  th e m  
L undblad ispora  nejburgii, as well) a n d  m u ltita e n ia te  pollens.

( 4 )  B y  la c k  o f  th e  norm s А ,  В ,  C  o f Lueckisporites, b y  presence o f th e  
no rm  D  a n d  b y  th e  v e ry  high a m o u n t o f  spores, th e  belonging  o f th e  u p p e r­
m ost p a r t  o f  th e  Ja k a b h e g y  S a n d s to n e  F o rm a tio n  to  th e  low er p a r t  o f  th e  
L ow er T riassic  h a s  been p roved . T h e  sm a ll q u a n t i ty  o f Triadispora  a n d  A n g u -  
stisulcites, h o w ev er, ind icates th e  n e a rn e ss  o f th e  u p p e r p a r t  o f th e  L ow er 
T riassic . T h is  im p lies  th a t  on th e  to p  o f  th e  J a k a b h e g y  S an d sto n e  F o rm a tio n  
yo u n g er bed s o f  th e  lower p a r t  o f  th e  Low er T riassic  a re  a lread y  p re se n t. 
T he sam e re su lts  from  th e  fa c t, t h a t  Lundbladispora  nejburgii, d o m in a tin g  
— in  acco rd an ce  w ith  lite ra ry  d a ta  — d u rin g  th e  early  L ow er T riassic , ap p e a rs  
in  th e  P a ly n o lo g ica l assem blage I I I  o n ly  in  a v e ry  sm all q u a n ti ty . C o n seq u en t­
ly  th e  v ire n c y  o f  th is  lyco p h y tic  m icro sp o re , observed  in  th e  early  L ow er 
T riassic  o f  o th e r  a reas, falls in  th e  M ecsek  M o un ta ins o n to  th e  tim e-sp an  th a t  
w as filled  b e tw e e n  th e  crea tion  o f  th e  P a lyno log ica l assem blage I I 4 a n d  I I I  
b y  th e  p a ly n o lo g ica lly  sterile  d ep o s itio n  o f  th e  40 m th ic k , p u rp le -p eb b led  
co n g lo m era te  belong ing  to  th e  cycle “ _D”  o f th e  K ővágószőlős F o rm a tio n  a n d  
o f  th e  300 m  th ic k  Ja k a b h e g y  S a n d s to n e .

( 5 )  T h e  P a ta c s  an d  th e  M ag y rü rö g  A n h y d rite  M em bers belong b y  th e ir  
Triadispora  a n d  Angustisu lcites  a sso c ia tio n s  o f  th e  m icroflora  of th e  P a ly n o ­
logical a ssem b lag e  IV  unam bigously  to  th e  u p p e r p a r t  o f  th e  Low er T riassic . 
T his c la ss ifica tio n  is affirm ed also  b y  th e  ap p earen ce  o f  Costatoria costata 
in  th e se  m em b ers .

( 6 )  A cco rd in g  to  th e  above th e  P erm ian /T riassic  b o u n d a ry  m a y  be 
p laced  either on  to  th e  base o f th e  co a rse  in itia l (“ m ain  co ng lom era te” ) bed s
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o f  th e  Ja k a b h e g y  S a n d s to n e  F o rm a tio n  or o n to  th e  sole of th e  “ p u rp le -p e b b le d  
co n g lo m era te”  filling  th e  cycle “ D ”  o f th e  K ővágószőlős S a n d s to n e  F o rm a ­
tio n . N am ely , a d ia s tro p h ic a l change being  su ita b le  — also for la c k  o f  fossils — 
fo r sep a ra tio n  of tw o  geochrono log ical p e riods ap p ears  only  a t  th e s e  horizons 
w ith in  th e  whole seq u en ce . T h e  tra c in g  su ch  a b o u n d a ry  b y  v ir tu e  o f  d iastro - 
p h ism  is su p p o rted  b y  a s e d im e n ta tio n ’s b re a k  know n  th ro u g h  w id e  areas 
o f  th e  T e th y s rea lm  a n d  a t ta c h e d  in  all p laces to  th e  P e rm ia n /T ria ss ic  b o u n d ­
a ry . N o do u b t th a t  th e  g re a te r  change is in d ic a te d  b y  th e  “ m a in  c o n g lo m e ra te ” 
o f  th e  Ja k a b h e g y  S a n d s to n e ; th e re fo re  th e  base  o f i t  is h e re  p ro p o se d  for 
f ix in g  th e  P erm ian /T riassic  b o u n d a ry .

O n th e  basis o f  co m p o sitio n  of th e  P a ly n o lo g ica l assem blages I I 4 a n d  I I I ,  
th e  possib ility  of an  U p p e r  P e rm ia n  age o f  th e  Ja k a b h e g y  S a n d s to n e  is  en tire ly  
e lim in a te d , and  fu r th e r  d iscussions m ay  be  em erged , i f  on ly , in  re s p e c t  o f  th e  
c la ssifica tion  of th e  cycle  “ jD”  o f th e  K ővágósző lős S an d sto n e  F o rm a tio n .

( 7 )  The b o u n d a ry  b e tw een  th e  L ow er an d  M iddle T riassic  c a n  n o t be 
p alyno log ica lly  m ark ed  b ecau se  no  m ic ro flo ra  w as found  in  th e  b e d s  above 
th e  Palynological a ssem b lag e  IV  as y e t. I n  F igs 3 an d  4, th e  L ow er/M iddle  
T riassic  b o u n d ary  h a s  b een  d raw n  b y  v ir tu e  o f  fau n is tica l d a ta ,  in  perfec t 
h a rm o n y  w ith  E . N a g y  (1968).
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МИКРОФЛОРА ВЕРХНЕПЕРМСКИХ И НИЖНЕТРИАСОВЫХ ОТЛОЖЕНИЙ ГОР
МЕЧЕК (ЮЖНАЯ ВЕНГРИЯ)

А. БАРАБАШ-ШТУЛ

Р е з ю м е

На основании изучения микрофлоры пермско-нижнетриасовых отложений мощ­
ности 3,4 км в горах Мечек Корпадская Песчаниковая Формация (ассоциация с Potonie- 
isporites) автором относится к нижней перми, Бодайская Алевролитовая Формация (ас­
социация С Lueckisporites, Lueckisporites palynodem e norm a A u )  вместе С подстилающей ее 
Чердской Конгломератовой формацией, относящейся к тому же самому мегациклу, но не 
содержащей ископаемых органических остатков — к средней перми. При этом она приняла 
во внимание и несогласие, отделяющее Чердскую Конгломератовую Формацию от нижеле­
жащей Дюрюфюской Кварцево-порфировой Формации и Бодайскую Алевролитовую Форма­
цию от покрывающей ее Кёвагосёллёшской Песчаниковой Формации. Кёвагосёлёшская 
Песчаниковая Формация (ассоциация С Lueckisporites, Lueckisporites palynodem e norm a Ab, 
А с, В  и С) относится к верхней перми. В палинологической ассоциации 114, происходящей 
из верхней части формации, наряду с верхнепермскими пыльцевыми зернами появляются — 
25%-овом количестве — уже и нижнетриасовые споры, указывая на близость триаса. 
Якабхедьская Формация ( Lueckisporites palynodem e norm a D  и нижнетриасовые споры) 
относится к нижней части нижнего триаса. Патачское Подразделение и Мадьярюгёдское 
Ангидритовое. Подразделение (ассоциации с Triadispora и Angustisuldtes)  могут быть 
отнесены к верхней части нижнего триаса.

Граница между перью и триасом автор проводит на диастрофической границе, 
прослеживаемой в 40 м над сообществом П4, то есть между Кёвагосёлёшской Песчанико­
вой и Якабхедьской Песчаниковой Формациями.
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Plate I

Palynological assem blage I

Fig. 1 - 2 .  
Fig. 3. 
Fig. 4 — 5. 
Fig. 6. 
Fig. 7. 
Fig. 8. 
Fig. 9. 
Fig. 10. 
Fig. 11.

Cordaitina sp.
Potonieisporites novicus Bharadwaj, 1954 
Potonieisporites bhardwaji Remy et Remy, 1961 
cf. Vesicaspora ivilsoni Schemel, 1951 
Jugasporites omai Helby, 1966 
Pityosporites sp.
Falcisporites sp.
Disaccites indet.
Leiotriletes sp.

Plate II

Palynological assemblage II ,
Fig. 1. Converrucosisporites sp.
Fig. 2. Nuskoisporites klausi Grebe, 1957
Fig. 3. Striatimonosaccites sp.
Fig. 4. Jugasporites omai Helby, 1966
Fig. 5. Jugasporites delasaucei (Рот. et Klaus) Leschik, 1956
Fig. 6. Jugasporites perspicuus Leschik, 1956
Fig. 7. Lim itisporites leschiki Klaus, 1963

Plate III

Palynological assemblage II ,
Fig. 1. 
Fig. 2. 
Fig. 3. 
Fig. 4 — 8.

Fig. 9 -1 0 .

Platysaccus papilionis Рот. et Klaus, 1954 
Gigantosporites hallstatlensis Klaus, 1963 
Gardenasporites heisseli Klaus, 1963 
Lueckisporiles virkkiae Pot. et Klaus, 1954 
(Lueckisporites palynodeme norm a A, Visscher, 1971) 
Taeniaesporites labdacus Klaus, 1963

Plate IV

Palynological assemblage II ,
Fig. 1. 
Figs 2 — 3. 
Fig. 4. 
Fig. 5. 
Figs 6 — 7. 
Fig. 8. 
Fig. 9.

Striatites sp.
Paravesicaspora splendens (Leschik) Klaus, 1963 
Sulcatisporites sp.
Klausipollenites schaubergeri (Pot. et Klaus) J ansonius, 1962 
Falcisporites zapfei (Pot. e t Klaus) Leschik, 1956 
Vittatina costabilis Wilson, 1962 
Ephedripites prim us  Klaus, 1963

Plate V

Palynological assemblage I I2 — I I3
Fig. 1.
Figs 2 — 3. 
Fig. 4.
Fig. 5.
Fig. 6.
Fig. 7.
Fig. 8.
Figs 9—11.

Converrucosisporites eggeri Klaus, 1963 
Nuskoisporites dulhunlyi Pot. et Klaus, 1954 
Jugasporites delasaucei (Pot. et Klaus) Leschik, 1956 
Jugasporites schaubergeroides Klaus, 1963 
Lim itisporites leschiki Klaus, 1963 
Platysaccus papilionis Pot. et Klaus, 1954 
Gardenasporites heisseli Klaus, 1963
Lueckisporites virkkiae Pot. et Klaus, 1954 (Lueckisporiles palynodeme norm a A)
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Plate VI
Palynological assemblage I I 2 — I I3
Figs 1 — 3. 
Fig. 4.
Fig. 5.
Fig. 6. 
Fig. 7. 
Fig. 8. 
Fig. 9.
Fig. 10. 
Fig. 11.

Lueckisporiles virkkiae Pot. et Klaus, 1954 (Lueckisporites palynodem e norma A )
Lueckisporites virkkiae Pot. et Klaus, 1954 (Lueckisporites palynodem e norma B )
Taeniaesporites labdacus Klaus, 1963
Taeniaesporites ortosei Klaus, 1963
Striatites jacobii Jansonius, 1962
Falcisporites zapfei (Pot. et Klaus) Leschik, 1956
Klausipollenites schaubergeri (Pot. et Klaus) Jansonius, 1962
cf. Alisporites ovatus Jansonius, 1962
Cycadopites coxii Visscher, 1966

Plate VII
Palynological assemblage I I4

Fig. 1. 
Fig. 2. 
Fig. 3. 
Fig. 4. 
Fig. 5. 
Fig. 6. 
Fig. 7. 
Fig. 8. 
Fig. 9. 
Fig. 10.

Calamospora sp.
Leiotriletes adrienneforma Nilsson, 1958 
Leiotriletes sp.
Punctatisporites triassicus Schulz, 1965 
Punctatisporites velatus Leschik, 1955 
Converrucosisporites sp. 
Conosmundasporites sp.
Laevigatisporites sp.
Verrucosisporites morulae Klaus, 1960 
Baculatisporites mesozoicus Schulz, 1964

Plate VIII
Palynological assemblage I I 4

Fig. 1.
Fig. 2.
Fig. 3.
Figs 4 — 5. 
Fig. 6.
Fig. 7.
Fig. 8.
Figs 9 —10.

Verrucosisporites sp.
Leschikisporiles aduncus (Leschik) P otonié, 1958
Lundbladispora echinata Reinhardt u n d  Schön, 1967
Lundbladispora nejburgii Schulz, 1964
Laevigatosporites sp.
cf. microspora of Pleuromeia
Endosporites sp.
Nuskoisporites dulhunlyi P ot. e t Klaus, 1954

Plate IX
Palynological assemblage I I 4

Fig. 1. 
Fig. 2. 
Fig. 3. 
Fig. 4. 
Fig. 5. 
Fig. 6. 
Fig. 7. 
Figs 8 — 9.

MONOSACCITES I.
MONOSACCITES II.
Endosporites sp.
Jugasporites schaubergeroides Klaus, 1963 
Lim itisporites moersensis (Grebe) Klaus, 1963 
Platysaccus papilionis  Pot. et Klaus, 1954 
Gardenasporites heisseli Klaus, 1963
Lueckisporites virkkiae Pot. et Klaus, 1954 (Lueckisporites palynodeme norma A )

Plate X
Palynological assemblage I I4
Figs 1—3. 
Figs 4 — 6. 
Figs 7 — 9. 
Fig. 10. 
Fig. 11. 
Fig. 12. 
Fig. 13.

Lueckisporites virkkiae Pot. et Klaus, 1954 (Lueckisporites palynodeme norma A )  
Lueckisporites virkkiae Pot. et Klaus, 1954 (Lueckisporites palynodeme norma B )  
Guttulapollenites sp. (Lueckisporites palynodem e norma C)
Taeniaesporites ortosei Klaus, 1963 
Taeniaesporites labdacus Klaus, 1963 
Strotersporites sp.
Striatites sp.
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Plate XI
Palynological assem blage II4

Fig. 1. 
Fig. 2.
Fig. 3. 
Fig. 4.
Fig. 5.
Fig. 6.
Fig. 7. 
Figs 8 — 9.

Strialites jacobii Jansonius, 1962 
Sulcatisporites sp.
cf. Alisporites ovatus Jansonius, 1962
Falcisporites zapfei (Pot. et Klaus) Leschik, 1956
Klausipollenitcs schaubergeri (Pot. et Klaus) Jansonius, 1962
Pilasporites plurigens Balme et Henn, 1955
Cycadopites coxii Visscher, 1966
Tracheide

Plate XII
Palynological assem blage I I I
Fig. 1.
Fig. 2.
Fig. 3.
Fig. 4.
Fig. 5. 
Figs 6 — 7.

Calamospora sp.
Punctatisporites triassicus Schulz, 1965 
Punctatisporites sp.
Apiculalisporiles plicatus VlSSCHEH, 1966 
Baculatisporites mesozoicus Schulz, 1964 
Guttatisporites guttatus Visscher, 1966

Plate XIII
Palynological assem blage I I I
Figs 1—2. 
Fig. 3. 
Fig. 4.
Fig. 5.
Fig. 6.
Fig. 7.
Fig. 8.

Guttatisporites microechinatus Visscher, 1 9 6 6  
Punctalisporites sp.
Leschikisporis aduncus (Leschik) Potonie, 195 8  
Lundhladispora nejburgii Schulz, 19 6 4  
Triadispora staplini Klaus, 1 9 6 4  
Lim itisporites moersensis (Grebe) Klaus, 1963 
Slellapolleniles sp. (Lueckisporites palynodeme norma D )

Plate XIV
Palynological assem blage I I I
Fig. 1. Taeniaepollenites noviaulensis Leschik, 1966
Fig. 2. Angustisulcites klausii (Freudenthal) Visscher, 1966
Fig. 3. Paravesicaspora planderovae Visscher, 1966
Fig. 4. Voltziaceaesporites heteromorpha Klaus, 1964
Fig. 5. cf. Alisporites ovatus Jansonius, 1962
Fig. 6. Cycadopites coxii Visscher, 1966

Plate XV
Palynological assem blage IV
Fig. 1. 
Fig. 2. 
Fig. 3. 
Fig. 4. 
Fig. 5. 
Fig. 6.

Calamospora sp.
Cyclotriletes
Guttatisporites guttatus Visscher, 1966  
Retitriletes jenensis (Reinh. e t  Schmitz) Schulz, 1 9 6 5  
Concentricisporites pluriannulalus Antonescu, 1 9 6 9  
Concentricisporites nevesi Antonescu, 1 9 7 0

Plate XVI
Palynological assem blage IV
F ig . 1. Lundhladispora nejburgii Schulz, 19 6 4
F ig . 2. Saturnisporites praevius Visscher, 1966
F ig . 3 . Leschikisporiles aduncus (Leschik) Potonié, 19 5 8
F ig . 4 . Triadispora staplini K l a u s ,  1 9 6 4
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Figs 5 — 8. 
Fig. 9. 
Fig. 10. 
Fig. 11.

Triadispora crassa Klaus, 1964 
Triadispora fa lca ta  Klaus, 1964 
Triadispora epigona Klaus, 1964 
Triadispora tetrad

Plate ХУП

Palynological assemblage IV
Figs 1—3. Stellapollenites sp. (Lueckisporites palynodem e norma D)
Fig. 4. 
Figs 5 — 6.

Taeniaepollenites noviaulensis Leschik, 1966 
Taeniaepollenites jonkeri Visscher, 1966

Plate XVIII

Palynological assemblage IV
Fig. 1. Angustisulcites k lausii (Fheudenthal) Visscher, 1966
Figs 2— 3. 
Fig. 4. 
Fig. 5. 
Fig. 6. 
Fig. 7.

Angustisulcites gorpii Visscher, 1966 
Striatoabietites aytugii Visscher, 1966 
Tubantiapollenites balmei (Klaus) Visscher, 1966 
cf. Alisporites ovatus J ansonius, 1962 
Alisporites grauvogeli Klaus, 1964

Plate XIX

Palynological assemblage IV
Fig. 1. Alisporites grauvogeli Klaus, 1964
Fig. 2. 
Figs 3 — 4. 
Figs 5 —6. 
Fig. 7. 
Fig. 8.

Alisporites microechinatus Reihhardt, 1964 
Voltziaceaesporites heteromorpha Keaus, 1964 
Colpectopollis ellipsoideus Visscher, 1966 
Chordasporites sp.
Cycadopites coxii Visscher, 1966
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Plate I I
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Piute III
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Plate IV
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Plate X
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Plate X II

Acta Geologien Academiae Scientiarum  Hungaricae 24, 1981



MICROFLORA OF MECSEK MOUNTAINS 91

0 A,° f x

P la te  X II I

A d a  Geologica Academiae Scientiarum Hungaricae 24, 1981



92 B A R A B Á S -S T U H L , Л.

0 40 U
1 -1-----1----- 1___I /

Plate X IV

-<4cia Geologien Academiae Scientiarum  Hungaricae 24, 1981



MICROFLORA OF MECSEK MOUNTAINS 93

P la te  XV

A d a  Geologica Academiae Scienliarum Hungaricae 24, 1981



Plate XVI

A cta  Geologica Acadcmiae Scientiarum  Hungaricae 24, 1981



MICROFLORA OF MECSEK MOUNTAINS 95

0 ДО П1 __ I___ I___ I___l /

P late  X V II

A d a  Geologien Academiae Scientiarum Hungaricae 24, 1981



96 BARABÂS-STUHL, Á.

Plate X V III
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BIOSTRATIGRAPHIC AND SEDIMENTOLOGIC 
CHARACTERISTICS OF UPPER PERMIAN AND 

LOWER TRIASSIC SEDIMENTS IN THE GUCEYO 
MT. AREA, YUGOSLAVIA

By

S. PANTlé-PRODANOVlé— В. ItADOÜÍEVlé

GEOZAVOD, BELGRADE, YUGOSLAVIA

A uthors p resent the investigations of U pper Perm ian and Lower Triassic micro- 
fossil association and the sedim entary environm ent w ithin th e  tim e in terval from 
U pperm ost Paleozoic to  Lowermost Mesozoic on the sou theastern  slopes of Gufevo 
M ountain (northw estern  Serbia) a t  localities along the Vrelo Potok  (Fig. 1) and K rivi 
Potok (Fig. 2) stream s.

Introduction

M icrofossil a sso c ia tio n  o f U p p e r P e rm ia n  in  n o rth w e s te rn  Serb ia  w as 
described f i r s t  t im e  b y  L oczy ju n . (1919). L a te r , S r a ié ,  w hose geological 
in v estig a tio n s o f  L a te  P alaeozoic a n d  T riassic  in  w este rn  S e rb ia  h ad  th e  g re a te s t 
significance, m e n tio n e d  in  his p ap e rs  U p p e r P e rm ia n  A lgae  a n d  ra re  F oram in i-  
fe rs  (1933 a n d  1938).

In  th is  p a r t  o f  S erb ia  th e  fossil b iocoenosis o f U p p e r P e rm ian  w as a n a ­
lyzed  w ith  n o te w o r th y  resu lts : PANTid (1959), K o c h a n s k y -D e v id é  — H e r a k  
(1960) an d  P a n t iő  (1969).

T he T riassic  m icrofossil a sso c ia tio n  in  th e  a re a  o f  G ucevo M t. w as 
described b y  P a n t i<5 — M ojsiLO V id (1968) a f te r  th e  in v e s tig a tio n s  o f facial 
ch a rac te ris tic s  o f  P o d rin je  an d  V aljevo  a reas.

P re se n tin g  in  th is  p ap e r tw o  sh o r t  geological sec tio n s from  th e  V relo 
P o to k  (F ig . 1) a n d  K riv i P o to k  (F ig . 2) lo calities, th e  a u th o rs  in te n d e d  to  
show som e in te re s tin g  resu lts  o f  d e ta iled  w ork  w ith in  th e  in te rv a l U p p erm o st 
P e rm ia n —L o w erm o st T riassic , b e long ing  to  th e  p a r t  o f  J a d a r  a rea  c h a ra c ­
te rized  b y  n u m e ro u s  o u tc rops, espec ia lly  o f  th e  P alaeo zo ic  rocks.

7* A cta  Geologica Academiae Scientiarum  Hungaricae 24, 1981



1 0 0 PANTld-PRODANOViO, S.— B. RADOâEVlC

сп
СГ)
<

СП

ш
£
о

сг
ш
Q-

СП
ш
Q_
CL

Earlandia sp., Ostracods, Crinoids 

Ostracods
Earlandiatintinniformis,RectocornuspiraP. Ostracods, Echinoderm and Mollusc fragments

Ostracods, Crinoids

Frondicularia sp., Nodosaria sp., Cydogyra?

Frondicularia woodwardi, Nodosaria sp.. Ammodiscus sp.

Echinoderm and Mollusc fragments

Echinoderm and Mollusc fragments 

Mollusc fragments

Frondicularia sp., Ostracods, Echinoderms

Permocalculus fragilis, Gymnocodium bellerophontis, Vermiporella nipponica, Pachyphloia robusta, 
Glomospira gordialis, Globivalvulina sp., Geinitzina sp.

Permocalculus fragilis, Tubiphytes obscurus, Nankinella sp., Globivalvulina graeca, Globivalvulina 
cyprica, Earlandia dunningtoni, Tuberitina maljavcini, Glomospira sp„ Crinoids, Mollusc fragments

Gymnocodium bellerophontis, Reicheiina cribroseptata, Reichelina cf. media, Codonofusiella sp.. 
Globivalvulina cyprica

Gymnocodium bellerophontis, Vermiporella nipponica. Reichelina sp., Schubertella sp., Robuloides 
lens, Hemigordius harltoni

Gymnocodiaceae, Tubiphytes obscurus, Vermiporella nipponica, V. nipponica longipora, Reichelina 
cribroseptata, Dagmarita chenakchensis, Hemigordius harltoni, Hemigordius xhlumbergen, 
Climacammina эр.

Permocalculus fragilis, Gymnocodium bellerophontis, Tubiphytes obscurus, Nankinella sp., Globi­
valvulina kantharensis, Pachyphloia robusta, Hemigordius sp., Tuberitina sp., Crinoids, Mollusc 
fragments

'iffES biomicri te

2 S intrabiomicrite

3 ^ dolomicrite

dolobiomicrite

5 ^ ^ biosparite

6 ^ ^ dolosparite

dolobiosparite

dolobiopelsparite

9 Щ pseudoodolobiosparite

Fig. 1. Geological section of th e  Vrelo creek. 1. B iom icrite ; 2. Intrabiom icrite; 3. D olom icrite 
4. Dolobiomicrite; 5. B iosparite ; 6. Dolosparite; 7. Dolobiosparite; 8. D olobiopelsparite

9. Pseudodolobiosparite

Acta Geologica Academiae Scientiarum  Hungaricae 24, 1981



CHARACTERISTICS OF TRIASSIC IN GUCEVO 101

A nalyzed  d a ta  show ed very  c learly  th e  dev e lo p m en ts  in  th e  sed im en ta ry  
hasin c o n ta in in g  v a r ia b le  biocoenosis a n d  its  ev o lu tion  in  th e  tim e  in te rv a l 
from  the  end  o f  P e rm ia n  to  th e  b eg in n in g  o f  T riassic.

M icropaleontologic and Sedim entologic Characteristics o f Geological
Sections

1. Geological Section  at Potok Vrelo S tream  ( F ig . 1 )

In  th e  e x p o se d  geological sec tion  a t  V relo  P o to k  (F ig . 1), th e  U p p e r  
P erm ian  seq u en ce  b eg ins w ith  cca 20 m e te rs  o f  bedded , d a rk  g rey , b itu m in ­
ous in tra b io m ic r ite  (specim en No 9438) w ith  A lgae: Perm ocalculus fra g ilis  
(P ia), G ym nocodium  bellerophontis (R o t h pl e t z ), Tubiphytes obscurus Ma sl o v ; 
th en  F oram s: N a n k in e lla  sp., Pachyphloia  robusta  K . M. Ma c l a y , Globivalvu- 
lina kantharensis  R e ic h e l , H em igordius  sp ., associa ted  w ith  Crinoids an d  
Echinoderm s.

O verlay ing  a re  th ick -bedded , b lack  b io sp a rite  (specim en N o 9435) con­
tain ing  besides G ym nocod ium s an d  T u b ip h y te s : V erm iporella  n ipponica
E ndo , V erm iporella  n ipponica  longipora  P r a t u r l o n ; an d  F o ra m s : Reichelina  
cribroseptata E r k , D agm arita  chanakchensis R e it l in g e r , H em igordius harltoni 
(Cushman  e t W a t e r s ), Frondicularia tu m id a  K . M. Ma c l a y , C lim acam m ina  sp.

A t th e  b e g in n in g  o f th e  exposed  sec tio n  th e  sed im en ts  in d ica te  th e  
env ironm ent o f  som ehow  increased  en e rg y  o f th e  m ed ia , co m p ara tiv e ly  
shallow, w ith  th e  ten d en c ie s  to  pass in to  s lig h tly  deeper lag o o n a l en v iro n m en t.

U pw ards d a r k  grey , b ed d ed /th ick -b ed d ed  b iom icrites (9434, 9440 an d  
9439) follow c o n ta in in g  the  sam e A lgae (G ym nocodium s, Permocalculuses 
and  T ub iphytes) ,  a n d  sligh tly  m ore v a r ia b le  F o ram s: G lobivalvulina graeca 
R eich el , G lobiva lvu lina  cyprica R e ic h e l , R eichelina  cf. m edia  K . M. Ma c l a y , 
Earlandia d u n n in g to n i  (E lliott), T u b eritin a  m a lja vk in i M ik h a il o v . T his, th e  
th ickest in te rv a l  w ith in  th e  U pper P e rm ia n  sequence is re p re se n te d  b y  sed i­
m ents d ep o sited  in  a co m p ara tiv e ly  deep  lagoon .

The f in a l p a r t  o f  U pper P e rm ian  sequence  consists o f d a rk  grey  to  b lack  
dolobiosparite  (sp ec im en  No 9437), c o n ta in in g  genera lly  th e  sam e biocoenosis, 
only sligh tly  e n r ic h e d  b y  several genera  a n d  species o f F o ram in ife rs : Glomo- 
spira gordialis ( J o n e s  e t  P a r k e r ), P achyph lo ia  robusta K . M. Ma c l a y , Geini- 
tzina  sp., G lobiva lvu lina  sp., E arland ia  dunn in g to n i (E l l io t t ). Sedim ents 
belonging to  th e  f in a l  p a r t  o f U p p er P e rm ia n  sequence a t  th e  V relo P o to k  
locality , show  g ra d u a l  shallow ing a n d  c losure  o f  th e  lag o o n a l en v iro n m en t, 
followed b y  g ra d u a l  increase in  th e  en e rg y  o f  th e  m edia.

L o w er  T r ia s s ic  begins w ith  cca  4 0  m eters o f  b ed d ed , th ic k  b edded  and  
m assive d o lo b io -o o sp a r ite  to  p seu d o-ood o lob iosp ar ite , c o n ta in in g  fragm en ts
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o f m acrofauna, o f te n  ro u n d e d  by ro lling  a c t io n  o f certa in  a g e n ts . E x am p les  
o f  tru e  oolites o v e rn u m b e r  the  p seu d o -o o lite s . T he above s e d im e n ts  were 
deposited  in  an  a r e a  u n d e r  the  in flu en ce  o f  subm arine  or su rfa c e  m arine  
cu rren ts . In  th is  c a se , i t  could  be in te rp re te d , fo r  exam ple, as th e  co n seq u en ce  
o f  th e  ex istence o f  h ig h  energy su b m a rin e  c h a n n e l linking th e  la g o o n  w ith  
th e  open sea. M icro fossils are  rare: o n ly  c o u p le  o f F rondicu laria  sp ., som e 
Ostracods an d  d e t r i tu s  o f  Echinoderms (sp e c im e n s  Nos 9432—9428).

The in te rv a l o f  h ig h  energy c irc u la tio n s  w as su b s titu te d  b y  th e  p ro ­
longed  period o f  c o m p a ra tiv e ly  quiet la g o o n a l sed im en ta tio n , u s u a l ly  ch a rac ­
te ris tic  of th is  p a r t  o f  L ow er Triassic (sp e c im e n s  Nos 9427 —9 4 23). I n  such 
env iro n m en t, in te rc h a n g e s  o f grey to  l ig h t  g re y , bedded  to  th ic k  b e d d e d  dolo- 
b iom icrite  an d  d o lo b io sp a rite  could b e  q u i te  ap p ro p ria te . T h e  sed im en ts  
co n ta in : F ro n d icu la ria  woodwardi H o w c h ., E arlandia  Mi §ík  ( E llio t t ), 
N odosaria  sp ., A m m o d isc u s  sp., Cyclogyra ?, Rectocornuspira ?, O stracods  an d  
C rinoids. T he s e d im e n ts  as a whole a re  th e  p ro d u c t of d e p o s itio n  in  th e  
en v ironm en t o f  r a p id  changes in the  e n e rg y , w ith  th e  m arked  p e r io d s  o f  sea 
level oscillation , in d ic a tin g , in  a w ay, th e  d ec rea se  o f th e  lagoon’s size.

2 . Geological Section at K r iv i  Potok Stream  ( F ig .  2 )

A t th e  K riv i P o to k  (Fig. 2) lo c a lity , th e  th ickness o f e x p o se d  U pper 
P e rm ia n  sed im en ts  is  ap p ro x im ate ly  30 m s ., a n d  th e  th ick n ess  o f  L ow er 
T riassic  sed im en ts re p re s e n ts  only lo w erm o st p a r ts  o f th e  Seisian s u b s ta g e .

The U p p e r  P e r m ia n  sequence b eg in s  w ith  b lack  b itu m in o u s  b io m ic rite  
(specim en N o. 9476) co n ta in in g  Algae: G ym nocod ium  bellerophontis (R o th - 
pl e t z ), V erm iporella  n ipponica  E n d o , V erm iporella  n ippon ica  longipora  
P r a t u r lo n , to g e th e r  w ith  Foram s: C odonofusiella  sp., H em igord ius schlum - 
bergeri (H ow .), F lem igord ius harltoni (C u s h m a n  e t  W a t e r s), G lobiva lvu lina  
graeca R e ic h e l , G ein itz in a  ovata La n g e , E a rla n d ia  dunningtoni ( E l l io t t ).

O verlaying is  th e  th ic k  bedded, b la c k , in tra b io p e lsp a rite  w ith  n u m e ro u s  
ca lc ite  veins (sp ec im en  N o . 9475) w ith  a b u n d a n t  m icrofossils a n d  p e lle ts . The 
fossil biocoenosis c o n s is ts  o f  Tubiphytes obscurus  Maslov , f ra g m e n ts  o f  Gym- 
nocodiaceae, N a n k in e lla  sp ., Geinitzina c u n e ifo rm is  (J o nes), N o d o sa ria  pa tu la
К . M. Maclay  a n d  P achyph lo ia  sp.

The n e x t m e m b e r  is th e  c o m p a ra tiv e ly  th ic k  in te rv a l o f b la c k , b ed d ed  
b iom icrite  (specim en  N o . 9474) conta in ing  t h e  sam e  algal asso c ia tio n . F oram i-  
n ifers, besides l is te d  a b o v e , a re  also: A g a th a m m in a  pusilla  (Ge i n i t z ) , H e m i­
gordius grozdilovae I g o n i n , Geinitzina c h a p m a n i  Cu s h m a n —W a t e r s , N odosa­
ria  sum atrensis L a n g e , Clim acam ina  sp.

T he co lum n c o n tin u e s  w ith  b ed d ed , b la c k  b iosparite  (sp e c im e n s  No. 
9473 an d  9472) w ith  n u m ero u s  m icrofossils, e x tre m e ly  a b u n d a n t o rg an o g en ic  
frag m en ts , l i t t le  p y r i te  a n d  few small n e s ts  o f  o rgan ic  (carbonaceous) m a tte r
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Earlandiasp., Spirorbis phlyctaena, Gastropod fragments, Echinoderms 

Spirorbis sp„ Ostracods

Ostracods. Echinoderms

Spirorbis phlyctaena. Ostracods. Echinoderms

Spirorbis sp.. Ostracods

Earlandia sp.. Ostracods. Echinoderms
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Rectocornuspira kalhori.Cyclogyra? maha/eri,Earlandia tintinniformis, Ostracods, Crinoids

Gymnocodiaceae. Glomospira gordialis. Hemigordius schlumbergen

Permocalculus fragilis, Gymnocodium bellerophontis. Hemigordius hárítom. Pachyploia exilis. 
Nodosaria mirabilis. Geinitzina sp.

Gymnocodium bellerophontis, Vermiporella sp . Robuloides gibbus, Nodosaria permiana, 
Nodosaria linae, Glomospira ex gr. gordialis

Vermiporella mpponica. Gymnocodium bellerophontis. Pachyphloia pediculus tegenica 
Pachyphloia soiida. Geinitzina tscherdinzevi, Hemigordius sp.. Crinoids

Gymnocodiaceae. Reichelina sp., Dagmarita chanakchensis, Frondicularia tumida. Robuloides 
gourisiensis. Hemigordius schlumbergeri

Gymnocodium bellerophontis, Vermiporella mpponica. Robuloides lens, Dagmarita chanakchensis. 
Hemigordius harltoni, Globivalvulina sp.

Vermiporella mpponica. Gymnocodium bellerophontis. Geinitzina chapmam, Nodosaria sumatren- 
sis. Pachyphloia sp., Chmacammina sp., Agathammina pusilla. Hemigordius schlumbergeri. Hemi­
gordius grozdilovae. Globivalvulina sp.. Ostracods. Crinoids

Tubiphytes obscurus. Gymnocodiaceae, Nankinella sp., Geinitzina cuneiformis. Nodosaria spatula. 
Pachyphloia sp.

Gymnocodium bellerophontis, Vermiporella nipponica, Vermiporella nipponica longipora, 
Codonofusiella sp.. Hemigordius schlumbergeri. Hemigordius harltoni, Globivalvulina graeca, 
Geinitzina ovata
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Fig. 2. Geological section of the K riv i creek (Yugoslavia). 1. M icrite; 2. B iom icrite; 3. Dolo 
m icrite; 4. Dolobiomicrite; 5. B iosparite ; 6 . Dolobiosparite; 7. In trab iope lsparite
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in  th e  sp a rry  calcitic  c e m en tin g  m a tte r . T h in  ca lcitic  veins a re  n u m ero u s . 
F ora m s  a re  v e ry  fre q u e n t, re p re se n te d  b y  fo llow ing  genera a n d  sp ec ie s : Robu- 
loides lens R e ic h e l , Robuloides gourisiensis  R e ic h e l , D agm arita  chanakchen- 
s is  R e it l in g e r , F rondicu laria  tu m id a  К . M. Mac l a y  an d  R eichelina  sp . Algae  
a re  re p re se n te d  b y  G ym nocodium s  a n d  Verm iporellae.

S ed im en ts  described  a b o v e  a n d  w hose th ick n ess  am o u n ts  to  cca  20 m e­
te rs  in  th e  geological sec tio n  (specim ens N os 9476 and  9472) in d ic a te  lagoonal 
d e p o s itio n a l env iro n m en t w ith  in f re q u e n t changes in  th e  en erg y  o f  th e  m edia.

T h e  la s t  in te rv a l b e lo n g in g  to  th e  U p p e r P e rm ian  a t  K riv i P o to k  s tream  
(F ig . 2) is rep resen ted  b y  in te rc h a n g e  o f  b io m ic rite  (specim ens N o s 9471 and 
9470) a n d  b io sp arite  (specim ens N os 9469 & 9468) con ta in in g  A lg a e  id en tica l 
to  th o se  in  th e  low er p a r ts  o f  th e  sequence  w ith  a d d itio n  o f n u m e ro u s  Permo- 
calculus fra g ilis  (P ia ). A sso c ia tio n  is jo in e d  b y  Lagenids: P a ch yp h lo ia  pedi- 
cu lus tegenica  K . M. Ma c l a y , P achyph lo ia  ex ilis  L u p e t o , N odosaria  p erm ia n a  
(S p a n d e l ), Nodosaria lin a i K . M. Ma c l a y , N odosaria m irabilis  L i p i n a , Gei- 
n itz in a  tscherdinzevi K . M. Ma c l a y , acco m p an ied  b y : G lom ospira gordialis  
( J o n e s  e t  P a r k e r ), Robuloides gibbus  R e ic h e l , H em igordius um bilica tus  
K ir e e v a .

A ccord ing  to  th e  sed im en to lo g ica l c h a ra c te ris tic s , th e  se d im e n ts  be long­
in g  to  th e  fin a l p a r t  o f U p p e r P e rm ia n  (specim ens Nos 9471— 9468) in d ica te  
th e  s ta g n a tio n  of lagoonal p h a se , p o ssib ly  w ith  th e  increased  e n e rg y  o f  th e  
e n v iro n m e n t. G enerally  sp eak in g , in  th e  in v e s tig a te d  lo ca lity  th e  sed im en ts  
o f  U p p e r  P e rm ian  age a re  th e  p ro d u c t o f  (m o st likely) lag o o n a l d ep o sitio n , 
w h e re  sev era l changes in  th e  en e rg y  o f  th e  m ed ia , as well as g ra d u a l  changes 
fro m  b as ica lly  deeper lag o o n a l e n v iro n m e n t to  th e  v e ry  sha llo w  o n e  could 
be  o b se rv ed .

I n  th e  geological sec tio n  o f  K riv i P o to k  (F ig . 2), th e  L o w e r  T r ia ssic  
b eg in s  w ith  b lack , b ed d ed  b io m ic rite  a n d  b io sp a rite  (specim ens N os 9467 an d  
9466), in  th e  norm al succession  over th e  P e rm ia n  sed im ents. A f te r  th e  in te r ­
v a l o f  h ig h  energy e n v iro n m e n t in  th e  U p p e r P e rm ian , s e d im e n ta tio n  a t  th e  
b e g in n in g  o f Low er T riassic  to o k  p lace  in  a s tab le  lagoonal e n v iro n m e n t, 
v e ry  lik e ly  iso lated , as th e  fa u n a l a sso c ia tio n  ap p ears  to  be  v e r y  sparce . 
M icrofossils are ra re , re p re se n te d  b y  F oram in ifers: Rectocornuspira  kalhori 
B r ö n n . —Za n in  —B o zo rg n ., Cyclogyra ? m ahajeri B r ö n n . —Za n i n . — B ozorg ., 
E a rla n d ia  tin tin n ifo rm is  (M is ík ) in  th e  a sso c ia tio n  w ith  Ostracods a n d  C rinoids.

T h e  lagoonal e n v iro n m e n t w as th e  p lace  o f sed im en ta tio n  o f  th e  n e x t 
su ccessive  in te rv a l of L ow er T riassic  sed im en ts  (specim ens 9 4 6 5 —9448). F o r 
th e  d ifference, th is  in te rv a l is re p re se n te d  b y  th e  in te rb ed d in g s  o f  m ic rite , 
d o lo m ic rite , dolobiom icrite  a n d  d o lo b io sp arite , in d ica tin g  th e  p ro lo n g e d  e x is t­
ence  o f  th e  lagoon, b u t  th is  t im e  w ith in  th e  h ig h er energy  zo n e , w ith  th e  
f r e q u e n t  oscillation  o f th e  w a te r  d e p th  a n d  p ro m in e n t in flu en ce  o f  c lim atic  
a n d  o th e r  exogenetic ag en ts . T h e  fa u n a  is m ore  num erous as c o m p a re d  to  th e
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p reced ing  in te rv a l , being  rep re sen ted  b y  F oram s. F rondicu laria  woodwardi 
H o w c h .,  Rectocornuspira  kalhori B r ö n n . — Z a n i n . — B o z o r g ., E arland ia  tin -  
tin n ifo rm is  (M i Sí k ) in  th e  associa tion  w ith  Spirorbis ph lyctaena  B r ö n n . — 
Z a n i n ., Ostracods a n d  Crinoids.

U p w ard s in  th e  iso la ted  lagoon , q u ie t, sh o rt-la s tin g  episode o f  sed i­
m e n ta tio n  is re p re se n te d  b y  ty p ic a l m ic rite  (specim ens N os 9447 —9443) w ith  
th e  m in im al b iogen ic  co n te n t — S p iro rb is  a n d  O stracods.

B y  th e  e n d  o f  th e  exposed a n d  in v e s tig a te d  section , g rey , b ed d ed  dolo- 
sp a r ite  (sam ples N os 9442 9441) p re v a il again  w ith  Spirorb is ph lyctaena
B r ö n n . — Z a n i n . ,  E arland ia  sp ., E c h in o d e rm s  an d  G astro p o d s. L ago o n al 
e n v iro n m en t b ecom es shallow er a n d  en e rg y  o f th e  m edia  increases.

C onclusion

In  th e  in v e s tig a te d  a rea  of n o r th w e s te rn  S erb ia , in  b o th  localities: V relo  
P o to k  (F ig . 1) a n d  K riv i P o to k  (F ig . 2) creeks, Low er T riassic  sed im en ts  o v e r­
la y  U pper P e rm ia n  sequence, h av in g  n o rm a l c o n ta c t d ifficu lt to  observe  w ith ­
o u t help  o f  d e ta il  b io lithofacia l in v e s tig a tio n s .
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T he Upper P erm ia n  sed im en ts a t  V r e l o  Р оток  (Fig. 1) lo c a l i ty  a re  rep re­
sen ted  by : a) dark  grey, in trabiom icrite  w ith  A lgae — P erm oca lcu lus frag ilis  
(P ia ), G ym nocodium  bellerophontis (R o t h p l e t z ), Tubiphytes obscurus  Maslo v ; 
F o ram s — N a n k in e lla  sp ., G lobivalvulina kantharensis  R e ic h e l , Pachyphloia  
robusta  К . M. Ma c l a y , H em igordius  sp ., Tuberitina  sp., C rin o id s  a n d  Echi- 
no d erm s; black b iosparite  co n ta in in g  A lgae  — Verm iporella n ip p o n ic a  E n d o , 
Vermiporella n ip p o n ica  longipora  P r a t u r l o n  an d  o thers l is te d  ab o v e , then  
F o ram s: Reichelina cribroseptata  E r k , D agm arita  chanakchensis  R e it l in g e r , 
H em igordius liarltoni (Cu sh m a n  e t  W a t e r s ), H em igordius schlumbergeri 
(H o w ch .), F rond icu laria  tum ida  K . M. M a c l a y , C lim acam m ina  sp ., an d  c) 
black biomicrite c o n ta in in g  th e  sam e A lgae a n d  F o ram s en rich ed  b y  following 
genera  an d  species: Schubertella  sp ., C odonofusiella  sp ., G lob iva lvu lina  graeca 
R e ic h e l , G lobivalvulina cyprica  R e ic h e l , Robuloides lens R e i c h e l , E arlandia  
dunn ing ton i (E l l io t t ), Tuberitina  m a lja v k in i  M ik h a il o v , f in a lly  d) u p p erm o st 
p a r t  o f th e  sequence  rep re sen ted  b y  black, bedden dolobiosparite  con ta in in g  
a lm o st th e  sam e fossil biocoenosis.

A t K r iv i Р о т о к  (F ig . 2) creek, U p p er P erm ian  seq u en ce  co n sis ts  of:
a) black biomicrite c o n ta in in g  A lgae: G ym nocodium  bellerophontis  (R oth­
p l e t z ), Verm iporella n ippon ica  E n d o , Verm iporella n ip p o n ic a  longipora 
P ratu r lo n  an d  F o ra m in ife rs : C odonofusiella  sp ., H em igordius schlumbergeri 
(H o w ch .), H em igordius harltoni (Cu s h m a n  e t  W a t e r s), G lob iva lvu lina  graeca 
R e ic h e l , G einitzina  ovata  L a n g e , E a rla n d ia  dunningtoni (E l l io t t ), th e n  b) 
a lso  black intrabiopelsparite  w ith : T u b ip h y te s  obscurus Ma s l o v , N an kin e lla  
sp ., G einitzina cu ne ifo rm is  (J o n e s), N odosaria  pa tu la  К . M . M a c l a y  and  
Pachyphloia  sp. O v e rlay in g  are  c) black b iom icrite  con ta in ing  th e  sa m e  species 
o f  Gym nocodium s a n d  Verm iporellae, a s  a t  th e  beginning  o f  U p p e r  P erm ian  
exposed  sequence, a n d  F o ram s: G ein itzina  chapm ani Cu s h m a n  e t  W a t e r s , 
N odosaria  sum atrensis  L a n g e , A g a th a m m in a  p u silla  (Ge in it z ), H em igordius  
grozdilovae I g o n in , to g e th e r  w ith  a lre a d y  lis ted  H em igordiuses  f ro m  th e  p re­
ced ing  in te rv a ls . T h e  U p p e r P e rm ian  seq u en ce  ends w ith  d) in terbedded  bio­
sparite  and biom icrite, c o n ta in in g  th e  sa m e  association  o f A lg ae , a n d  v a rie ty  
o f  F o ram s: Robuloides lens  R e ic h e l , Robuloides gourisiensis R e i c h e l , Robu­
loides gibbus R e ic h e l , D agm arita  chanakchensis  R e it l in g e r , G lom osp ira  gor- 
d ia lis  (J o n e s —P a r k e r ), G einitzina tscherdincevi К . M. Ma c l a y , P achyphloia  
exilis  L u pe t o , P achyph lo ia  solida К . M. M a c l a y , Pachyploia  p e d ic u lu s  tege- 
nica  К . M. Ma c l a y , N odosaria  m irabilis  L i p in a , Nodosaria p e r m ia n a  S p a n - 
d e l , N odosaria linae  К . M. Ma c l a y , R eichelina  sp.

All th e  m e n tio n e d  sed im en ts to g e th e r  w ith  th e ir  b iocoenosis w ere  depo­
s ite d  in  a la rge , d eep  lagoon  w ith  f re q u e n t changes in  th e  e n e rg y  o f  the 
en v iro n m en t, in d ic a tin g  m ost p ro b a b ly  in te rch an g es in  sh a llo w in g  and 
deepen ing  episodes in  th e  d ev e lopm en t a n d  life of th e  lagoon .

The Triassic  se d im en ts  a t th e  V r e l o  Р оток  (Fig. 1) lo c a l i t y  h a v e  the
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no rm al low er c o n ta c t  w ith  th e  u n d e r la y in g  P erm ian  sed im en ts . T h e  Triassic 
sequence b eg in s  w ith  do lobio-oosparite  a n d  pseudo-oodo lob iosparite  c o n ta in ­
ing  n u m ero u s  m acrofossils and  th e ir  f ra g m e n ts  rounded  b y  th e  ro llin g  ac tio n ; 
th e n  scarce  F rond icu laria  sp., N odosaria  sp ., Ostracods a n d  E chinoderm s.

A t K r iv i  Р оток  (Fig. 2) s tre a m , s lig h tly  d ifferen t, lith o lo g ica lly  v a riab le  
sed im en ts a re  th e  equ ivalen ts o f  o o litic  a n d  pseudo-oolitic  sed im en ts , also 
co n fo rm ab ly  o v e rlay in g  th e  U pper P e rm ia n  sed im ents. In  th e  f i r s t  p lace , these  
are  b lack  b io m ic rite  and  b io sp arite  w ith  F o ram s: Rectocornuspira kalhori 
B r ö n n . —B o z o r g n ., Cyclogyra m aha jeri B r ö n n . —Za n in . —B o zo r g n ., E ar- 
landia  tin tin n ifo rm is  (Mi§ík ) in  a sso c ia tio n  w ith  Ostracods a n d  C rinoids. U p ­
w ard s fo llow s th e  p a r t  of th e  sequence  re p re se n te d  by  th e  in te rc h a n g e s  o f  th in -  
b ed d ed  d o lo m ic rite , do lobiom icrite , m ic r ite  an d  do lo b io sp arite  co n ta in in g  
genera lly  th e  sam e  m icrofossil a sso c ia tio n , a n d  fina lly , m ic rite  w ith  Spirorbis  
phlyctaena  B r ö n n . —Za n in ., E a rla n d ia  sp ., Ostracods, E chinoderm s  an d  
Gastropods.

I n  th e  b o th  in v estig a ted  lo ca litie s , th e  sed im ents a t  th e  b a se  o f  L ow er 
T riassic  se q u en ce  ind ica te  th e  c o n tin u o u s  ex istence o f th e  P e rm ia n  lagoon. 
A t th e  b e g in n in g  o f  Triassic, th e  la g o o n  h a s  been s tab ilized , w ith  v e ry  l i t t le  
ev idence on  th e  changes in  se d im e n ta ry  cond itions. A t t h a t  tim e  th e  lagoon 
has been  e i th e r  affec ted  b y  s tro n g  c u r re n ts , or connected  w ith  th e  o th e r 
p a rt(s )  o f  th e  shallow  sea b y  c h an n e ls . I n  e ith e r  case th e  re s u lt  is th e  p re ­
sence o f o o litic  a n d  pseudo-oolitic  se d im e n ts .

In  th e  geological sections o f K r iv i  P o to k  (F ig. 2) an d  V relo  P o to k  (F ig . 1) 
th e  f in a l p a r t  o f  th e  Low er T riassic  seq u en ce  is rep resen ted  b y  dolom icrite  
an d  d o lo sp a rite  con ta in ing  E arla n d ia e , Srirorbidae, Ostracods, Echinoderm s  
an d  fra g m e n ts  o f  M olluscs. T hese se d im e n ts  are  th e  p ro d u c t o f  deposition  
in  so m ew h at re s tr ic te d  lagoon, a n d  m o s t lik e ly  in d ica te  th e  e x p iry  o f th e  
T riassic  lag o o n , g iv ing  th e  place to  th e  d ev e lopm en t o f  M iddle T riassic  reef.

T h o u g h  w ith in  th e  in v e s tig a te d  in te rv a l:  U pper P e r m ia n —L ow er T r i­
assic th e  s e d im e n ta ry  en v iro n m en t w a s  lag o o n a l, as th e  ex is ten ce  o f  th e  m ore 
or less c o n tin u o u s  lagoon has b een  p ro v e d  b y  th e  ch a ra c te ris tic s  o f  th e  bio- 
coenosis a n d  litho log ica l co m position  o f  th e  sed im ents, i t  sh o u ld  be n o te d  
th a t  g re a t c h a n g e s  including  ecological o nes occured on th e  b o u n d a ry  b e tw een  
U p p er P e rm ia n  a n d  Low er T riassic , c h a n g in g  th e  organic w o rld . T h e  rich  a n d  
v a riab le  m ic ro fa u n a l an d  m icro flo ra l b iocoenosis of th e  U p p e r P e rm ia n  a lm o st 
co m p le te ly  e x p ire d . O nly sparce L a g en id s  an d  Crinoids p assed  in to  T riassic , 
follow ed b y  th e  occurence of so m e tim es  fre q u e n t Ostracods a n d  Spirorbises•
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БИОСТРАТИГРАФИЧЕСКИЕ И СЕДИМЕНТОЛОГИЧЕСКИЕ ХАРАКТЕРИСТИКИ 
ВЕРХНЕПЕРМСКИХ И НИЖНЕТРИАСОВЫХ ОТЛОЖЕНИЙ В РАЙОНЕ ГОР

ГУЧЕВО В ЮГОСЛАВИИ
С. ПАНТИЧ-В. РАДОШЕВИЧ

Р е з ю м е

Авторы сообщают об исследованиях верхнепермских и нижнетриасовых ассоциа­
циях ископаемых микроорганизмов и осадочной среды промежутка времени от самых 
верхов палеозоя до самого раннего мезозоя на юго-восточных склонах гор Гучево (СЗ 
Сербия), в речках Врело Поток (виг. I) и Криви Поток (фиг. 2).
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Plate I

Vrelo Creek, Yugoslavia 
Upper Perm ian

Fig. 1. Geinitzina caucasica К . M. Maclay, th in  section 9437, X 90
Fig. 2. Robuloides lens Reichel, th in  section 9434, x  90
Fig. 3. Reichelina cribroseptata E rk, th in  section 9440, X 90
Figs 4 — 5. Globivalvulina graeca Reichel, th in  section 9439, X70
Figs 6 —7. Hemigordius harltoni (Cushman et Waters), th in  section 9435, X70

Plate II

Vrelo Greek, Y ugoslavia 
Lower Triassic

Figs 1 — 3. D olobio-oosparite w ith  Echinoderm and  M ollusc fragm ents, an d  pellets,
th in  section 9429, X 30

Plate III

K riv i Creek, Yugoslavia 
Upper Perm ian

Fig. 1. Vermiporella nipponica  E ndo, th in  section 9476, x22
Fig. 2. Gymnocodium bellerophontis (Rothpletz), th in  section 9470, X30
Fig. 3. Glomospira gordialis (J ones e t Parker), th in  section 9468, X70
Fig. 4. Nodosaria linae К. M. Maclay, thin section 9470, X70
Fig. 5. Hemigordius schlumbergeri (Howch.), th in  section 9473, X70
Fig. 6. Reichelina sp., th in  section  9476, X85
Fig. 7. Geinitzina ovata Lange, th in  section 9471, x 8 5
Fig. 8. Frondicularia tum ida  К. M. Maclay, thin section 9472, X 85
Fig. 9. Robuloides gibbus Reichel, th in  section 9470, X 85

Plate IV

K rivi Creek, Yugoslavia 
Lower Triassic

Figs 1—2. Earlandia tin tinn iform is  (Misík), th in  section 9463, X 85 
Fig. 3. Earlandia sp., th in  section  9460, X85
Figs 4 — 6. Reclocornuspira kalhori Brön. — Zanin. — B ozorg., th in  section 9467 (4) and 9460 

(5 and 6), X 85
Fig. 7. Cyclogyra? mahajeri B rön. — Zanin. —Bozorg., th in  section 9467, X85
Figs 8 — 9. Nodosaria sp., th in  section 9463, X85
Fig. 10. Spirorbis phlyctaena B rön. — Zanin., th in  section 9463, x22

Plate V

K riv i Creek, Yugoslavia 
Lower Triassic

Fig. 1. Dolobio-oosparite w ith  pellets, th in  section 9454, X 30
Figs 2—3. Dolobio-oosparite w ith  Gastropods and Echinoderms, th in  section 9441, X 30
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P late  I
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Plate II
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P late  111
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P late  IV
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P la te  V
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MARINE LOWER AND MIDDLE PERMIAN 
IN THE OIL EXPLORATORY WELL ÚJFALU-I 

(SW-HUNGARY)
By

A. B é r c z i -M a k k  V . K o c h a n s k y - D e v i d é

HUNGARIAN HYDROCARBON INSTITUTE GEOLOGICAL-PALEONTOLOGICAL DEPARTMENT,
BUDAPEST, HUNGARY FACULTY OF MATHEMATICS AND NATURAL

SCIENCES, ZAGREB, YUGOSLAVIA

An ap p aren tly  1130 m thick P erm ian  sequence has been intersected by the 
borehole Ú jfa lu -I. The lower 788 m th ick  p a r t  of this sequence dom inantly  consists 
of fine-grained clastic rocks and contains fossiliferous dolomitic limestone beds and  
brecciated lenses of reefaceous character only  in  a subordinate proportion. On the basis 
of these, th is  sequence can be easily correlated  w ith  the clastic Kosna-facies of th e  
“ Trogkofel stage” in  Yugoslavia and can be assigned to  the upper p a rt of the Lower 
Perm ian. T he 342 m thick dolomitic sequence overlying i t  m ay he the coun terpart 
of the calcareous facies replacing the M iddle Perm ian Gröden beds in  the Velebit Mts. 
(Croatia). T his new occurrence of the m arine Lower and Middle Perm ian in  H ungary  
corroborates th e  ideas form ulated earlier concerning the continuation of the L a te  
Palaeozoic sedim ents of Dinaric type  in  H ungary  on the basis of occurrences of m arine 
U pperm ost Carboniferous layers a t  K arád  and m arine U pper Perm ian beds from  
Central T ransdanub ia  to the B ükk Mts.

T h e  oil e x p lo ra to ry  well Ü jfa lu -I  sp u d d ed -in  so u th  o f  L ovászi v illage 
(Fig. 1) in te rs e c te d  a  P e rm ian  sequence w ith  a n  a p p a re n t th ick n ess  o f 1130 m  
w hich is o v e r la in  b y  M iddle M iocene b e d s  o f  tran sg ressiv e  n a tu re . T h e  low er 
788 m  m o s tly  co n sis t of fine-g ra ined  c lastic  rocks (pale-grey  fin e -g ra in ed  
quartzose  sa n d s to n e , s ilty  shale, d a rk -g re y  to  b lack  arg illaceous silts tone) a n d  
co n ta in  d a rk -g re y  do lom itic  lim estone  b ed s  o r b recc ia ted  lenses o f reefaceous 
ch a rac te r o n ly  in  su b o rd in a te  p ro p o rtio n . O n th e  c o n tra ry , th e  u p p e r 342 m  
p a r t  is a ca lca reo u s  sequence, w hich  is com posed  o f  d ark -g rey  p u re  o r a rg illace ­
ous do lom ite  a n d  dolom itic  lim estone .

In d e x  fossils h a v e  been recovered  o n ly  from  th e  lim estone  in te rb ed d in g s  
in  ab o u t th e  m id d le  p a r t  of th e  clastic  seq u en ce  (F ig . 2). N am ely , th e  b recc ia ted  
lim estone w ith  d a rk -g re y  shale an d  f in e -g ra in e d  san d sto n e  in te rb ed d in g s  o f  
th e  core N o. 5 ta k e n  from  th is  p a r t  (3 8 8 0 .0 —3886.5 m) co n ta in s  a re la tiv e ly  
populous m icro fo ssil assem blage w hich  can  be assigned  to  th e  u p p e r p a r t  o f  
th e  L ow er P e rm ia n  (F ig . 3):

Acta Geologica Academiae Scientiarum Hungaricae 24, 1981



118 BÉRCZI-M A K K, A__V. K OCH A N SK Y -D EV ID É
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Fig. 2. Lithology of th e  Lower and Middle Perm ian  beds in  Újfalu. 1 — 3. L ow er Perm ian 
Trogkofel beds: 1. pale-grey fine-grained sandstone; 2. dark-grey shale; 3. dark -g rey  breeciated 
limestone w ith Fusulinae. 4 —6. Middle Perm ian beds (Gröden equivalents): 4. finely-crystal- 

line dolomite; 5. pale-grey dolomitic lim estone; 6. grey argillaceous dolom ite
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Fig. 3. The SP and  resistiv ity  logs of the m arine Lower Perm ian in Ú jfalu between 3840.0 — 
3960,0 m. 1. position , num ber and depth of the cores; 2. dark-grey shale; 3. fine-grained sand­
stone; 4. b recciatcd  lim estone

Algae

Tubiphytes obscurus Maslov

M izzia cornuta  K ochansky-Dev id é  e t H erak
Epimastopora sp.
Macroporella sp.
Gyroporella nipponica  E ndo e t H ashimoto

Fusulinidae

Nankinella  sp.
Pseudoreichelina slovenica (Kochansky-Devidé) 
Schubertella australis Thompson e t Miller 
Schubertella k ing i Dunbar et Skinner 
Schubertella cf. paramelonica Sulejmanov 
Schubertella sp.
Biwaella europaea K ochansky-D ev id é  e t Milanovié 
Biwaella ? sp.
Paratriticites ? sp.
Darvasites contractus (Schellw ien)
Darvasites sp.
Rugosochusenella sp.
Pseudofusulina ? sp.
Pseudoschwager ina  sp.
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Microforaminifera

Ammovertella inversa (Schellw ien)
Neotuberitina reitlingerae (M ik l .-Makl.) 
Neotuberitina m aljavkin i (M ihajlov)
Neotuberitina sp.
Apterinella sp.
Climacammina elegáns (M oeller)
Climacammina cf. rugósa Morozova 
Climacammina sp.
Deckerella sp.
Tetrataxis nana Morozova 
Tetrataxis sp.
Globivalvulina p a rv a  Chernuseva  
Globivalvulina sp.
Glyphostomella cf. triloculina  (Cushman et W a t e r s) 
Lasiodiscus minor R eic h e l  
Lasiodiscus irregularis M ik l .-Makl.
Endothyridae gen. e t  sp. indet.

Accessorial elements 

Bryozoa
Gastropoda em briónál te s t 
Echinoid fragm ents 
Crinoid fragments 
Baccinella sp.

T he m ateria l o f  th e  co re  No. 5 can b e  w ell co rre la ted  b o th  lith o lo g ica lly  
a n d  paleon to log ica lly  w ith  th e  D arvasites H o r iz o n  o f  th e  “ T ro g k o fe l s ta g e ”  
in  th e  C arnian  A lps, K a ra v a n k e  M ts., in  S lo v e n ia , C roatia an d  M o n ten eg ro  
(A . R amovs  and  V. K o c h a n s k y -D e v i d é , 1965 ; E . F l ü g e l , 1966; W . H o m a n n , 
1972; V. K o c h a n s k y - D e v i d é , 1969a, b , 1970 , 1972; Y. K o c h a n s k y - D e v i d é  
e t a l., 1973). On th is  b a s is  th e  clastic se q u e n c e  can  be co rre la ted  w ith  th e  
c la s tic  K osna facies o f  th e  “ Trogkofel s ta g e ”  in  th e  Lower P e rm ia n  o f  th e  
D in arid es , a lth o u g h  in  th e  shale  and  sa n d s to n e  la y e rs  o f th e  core N o . 6, ly ing  
in  a  deeper position  (3946.5  —3649.0 m ), w a s  n o t  fo u n d  any  fossil.

C on trarily , o n  i t s  s p a tia l  position a n d  lith o lo g ica l s im ila rity , i t  is v e ry  
p ro b ab le , th a t  th e  c a lc a re o u s  sequence in te r s e c te d  b y  th e  b o reh o le  TJjfalu-I 
can  be regarded  as  th e  c o u n te rp a r t of th e  M idd le  P erm ian  d o lo m ite  series 
o f  th e V e le b it M ts. (C ro a tia ) , if  i t  is n o t te c to n ic a lly  ad jo ined  w ith  i t s  foo tw all. 
F o r  th e  tim e  being , h o w e v e r , th e  va lid ity  o f  th is  supposition  can  n o t  b e  pa le ­
o n to log ica lly  ev id en ced  o w ing  to  th e  la ck  o f  N eoschwagerina-f in d s  c h a ra c te ­
r is tic  o f  th e  Y eleb it seq u en ce . In  spite  o f  th is  f a c t  th is  d o lom itic  sequence  
m a y  rep resen t a  c a lc a re o u s  facies re p la c in g  th e  G roden sa n d s to n e  o f  th e  
G roden  stage in  th e  M id d le  Perm ian.

In  H u n g ary , L o w e r a n d  Middle P e rm ia n  fo rm atio n s o f m a r in e  orig in  
h a v e  n o t been k n o w n  u n t i l  recen tly . This f i r s t  H u n g a r ia n  occurrence asso c ia ted  
to  localities w ith  s e d im e n ts  o f  sim ilar age in  S lo v en ia  an d  C ro a tia  (F ig . 1), 
how ever, co rro b o ra tes  th e  ideas abou t th e  c o n t in u a tio n  of th e  L a te  P a laeo zo ic
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sed im en ts  o f D in a ric  ty p e  in  H u n g a ry . T hese ideas fo rm u la te d  earlie r based  on 
a n  occurrence o f  th e  m arin e  u p p e rm o s t C arboniferous a t  K a rá d , an d  on th e  
occurrences o f th e  m arin e  U p p e r P e rm ian  from  C en tra l T ra n sd a n u b ia  v ia  
S á ri village up  to  th e  B ü k k  M ts. (N o rth  H u n g ary ).

F o r a le n g h ty  p erio d , th e  te rm  “ T rogkofel lim esto n e”  w as app lied  to  th e  
p a le  grey an d  p in k  re e f  fo rm a tio n s  o f th e  C arn ian  A lps a n d  W este rn  K arav an - 
k e  M ts. D urin g  th e  la s t 16 y e a r  period , how ever — s ta r t in g  from  th e  in itia ­
t iv e  of R a m o vS (1963) — i t  has becom e ev id en t (A. R a m o v §— Y. K o c h a n s k y - 
D e v i d é , 1965; V. K o c h a n s k y - D e v i d é , 1973; A. R a m o v §. 1974) th a t  in  th e  
Y eleb it M ts., a n d  in  th e  a re a  fro m  th e  K a ra v a n k e  M ts. v ia  V ita n je , K o n jiska  
G ora, B oc, 2 e ta le  to  R a v n a  G ora1, th is  ree f fo rm atio n  is in  connection  w ith  
a cong lom erate  —san d s to n e  series h av in g  debris o f  o lder (U p p e r C arbon ifer­
ous —Low er P e rm ia n ) fo rm a tio n s  w ith  fossils c h a ra c te r is tic  o f  th e  ages in ­
vo lved . T he u p p e r  p a r t  o f  th is  series, how ever, h as  d a rk -g re y  to  b lack , o r­
ganic lim estone  bed s a n d  b recc ia ted  lenses o f reefaceous o rig in , in  form  o f 
in te rc a la tio n s . T h e  m ic ro fau n a  a n d  m icro flo ra  o f th e se  in te rc a la tio n s  are  of 
th e  sam e age as t h a t  o f  th e  T rogkofel re e f  lim estones. T h e  D a rv a s ite s  bearing  
c lastic  P e rm ian  sequence  o f  th e  bo reho le  U jfa lu -I be longs to  th e  group o f 
occurrences o f  th is  ty p e .
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МОРСКИЕ НИЖНЕ- И СРЕДНЕПЕРМСКИЕ ОТЛОЖЕНИЯ В НЕФТЕПОИСКОВОЙ 
СКВАЖИНЕ УЙФАЛУ-1 (ЮВ ВЕНГРИЯ)
А. БЕРЦИ-МАКК-В. КОХАНСКИ-ДЕВИДЕ

Р е з ю м е

При бурении скважины Уйфалу-I пройдена пермская толща мощности ИЗО м. 
Нижняя 788-метровая часть толщи сложена преимущественно тонкозернистыми обломоч­
ными породами и она содержит доломитовые известняки с ископаемыми органическими 
остатками, а также рифогенные брекчиированные линзы только лишь в подчиненных про­
порциях. На этом основании данная толща легко коррелируется с обломочной фацией Ко- 
шна «трогкофельского яруса» в Югославии и её можно отнести к верхней части нижней 
перми. Вышележащая доломитовая толща мощностью 342 м является, по-видимому, экви­
валентом известковистой фации, замещающей среднепермские грёденские слои в Велебитах 
(Хорватия). Эта новая находка морской нижней и средней перми в Венгрии подтверждает 
высказанные раньше идеи о позднепалеозойском продолжении на территории Венгрии, вы­
двинутые исходя из присутствия морских отложений верхов каменноугольной систему у с. 
Карад и морских верхнепермских отложений в зоне, тянущейся от центральной части 
Задунайского края вплоть до гор Бюкк на северо-востоке страны.
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Plate I

1. Ammovertella inversa (Schellwien) X70
2. Neotuberitina sp. X 60
3. Neotuberitina m aljavkini (Mihajlov) X 50
4. a) Neotuberitina  cf. maljavkini (Miha jlov); b ) Aplerinella sp. — a-b: x9 5
5. Neotuberitina reitlingerae (Mikl.-Makl.) X 110
6. Globivalvulina parva  Chernuseva X 100
7. Climacammina  cf. rugósa Morozova x 70
8. Deckerelia sp. X 54
9. Globivalvulina ? sp. X 100

10. Climacammina elegáns (Moeller) X60

P late  II

1. Lasiodiscus irregularis Mikl.-Makl. X 140
2. Lasiodiscus m inor  R eichel X 100
3. Tubiphytes obscurus Maslov x45
4. a) Tetrataxis ? sp.; b) Neotuberitina m aljavkini (M ihajlov); c) Aplerinella sp .— a-b-c: X45
5. Aplerinella sp. x 4 5
6. Tetrataxis cf. nana  Morozova X 100
7. Apterinella sp. X 60

P late  I I I

1. Pseudoreichelina slovenica (Kochansky-Devidé) X 53
2. Schubertelia sp. X 100
3. Endothyridae gen. et sp. indet. X 150
4. a) Schubertella k in g i Dunbar et Skinner; b) Schubertella sp.; c) Apterinella sp. — a-b-c: 

X 45
5. Nankinella  sp. X 60
6. a) Schubertella k in g i Dunbar et Skinner; b) Schubertella australis Thompson et Miller; 

c) Globivalvulina sp.
7. Gyroporella n ipponica  Endo et Hashimoto X 25
8. a) Schubertella australis Thompson et Miller; b) Apterinella sp. — a-b: X 100

P late  IV

1. Darvasites contractus (Schellwien) XlO
2. Darvasites ? sp. X 40
3. a) Darvasites sp.; b) Schubertella sp. a-b: X 40
4. Schubertella cf. paramelonica Sulejmanov X 45

P late  V

1. Biwaella europaea Kochansky-Devidé et Milanovic X 50
2. Biwaella europaea Kochansky-Devidé et Milanovió X 45
3. Glyphostomella cf. triloculina (Cushman et Waters) X 55
4. Rugosochusenella sp. X 43
5. Paratriticites ? sp. X 40
6. Rugosochusenella sp. X35
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ZUR ANWENDUNG LITHO- UND 
BIOSTRATIGRAPHISCHER GLIEDERUNGEN 

IM ROTLIEGENDEN

V o n

H. K ozur

HUNGARIAN GEOLOGICAL INSTITUTE, BUDAPEST

D ie  A n w e n d u n g  l i th o -  u n d  b i o s t r a t i g r a p h i s c h e r  M e th o d e n  i m  m i t t e l e u r o p ä i s c h e n  
R o t l i e g e n d e n  w i r d  d i s k u t i e r t .  F ü r  d e n  T h ü r i n g e r  W a ld  w i r d  d ie  f o lg e n d e  l i t h o s t r a t i ­
g r a p h i s c h e  A b f o lg e  v o r g e s c h la g e n :

Abteilung Gruppe Formation F о rma ti onsgl ied Bank, Lage

O b e r ro t l ie ­
g e n d e s

T a m b a c h e r

R o t l ie g e n d e »

U n t e r r o t ­
l ie g e n d e s

R o t t e r ö d e r

O b e r h ö fe r

G o ld l a u t e r e r

M a n e b a c h e r Z . B . f lö z fü h r e n d e  
»Z one«

z. B.
1 . F lö z

G e h r e n e r

B i s h e r  w u r d e n  e in ig e  l i t h o s t r a t i g r a p h i s c h e  E in h e i t e n  v o n  m a n c h e n  A u t o r e n  a l s  b i o -  
s t r a t i g r a p h i s c h e  E in h e i t e n  a n g e s e h e n .  D a r a u s  r e s u l t i e r t e n  s c h w e r w ie g e n d e  F e h l e r  b e i  
d e r  K o r r e l a t i o n  d e s  R o t l i e g e n d e n  m i t  A b f o lg e n  i n  d e n  S ü d a lp e n  u n d  d e n  U .S .A . B io ­
s t r a t i g r a p h i s c h e  D a t i e r u n g e n  l i t h o s t r a t i g r a p h i s c h e r  E in h e i t e n  b e r ü h r e n  n i c h t  d i e  l i t h o ­
s t r a t i g r a p h i s c h  f i x i e r t e n  G r e n z e n  u n d  v e r ä n d e r n  n i c h t  d e n  l i t h o s t r a t i g r a p h i s c h e n  
C h a r a k t e r  d i e s e r  E in h e i t e n  in  e in e n  b i o s t r a t i g r a p h i s c h e n .  M a n c h e  A u t o r e n  b e t r a c h t e n  
d ie  A b t e i l u n g  R o t l i e g e n d e s  a ls  e in e  b i o s t r a t i g r a p h i s c h e  E in h e i t ,  w e il  e in ig e  b i o s t r a t i ­
g r a p h i s c h e  D a t i e r u n g e n  i n  d ie s e r  l i t h o s t r a t i g r a p h i s c h e n  E in h e i t  d u r c h g e f ü h r t  w u r d e n .  
D ie s e  A u t o r e n  v e r ä n d e r t e n  a u c h  i n  e in ig e n  F ä l l e n  d ie  G re n z e  z w is c h e n  d e m  U n t e r -  u n d  
O b e r r o t l i e g e n d e n  w e g e n  v a g e r  b i o s t r a t i g r a p h i s c h e r  D a t e n  ( T e t i a p o d e n f ä h r t e n ) .  A b e r  
d a s  R o t l i e g e n d e  b l e ib t  s e l b s t v e r s t ä n d l i c h  t r o t z  i r g e n d w e lc h e r  b i o s t r a t i g r a p h i s c h e r  
D a t i e r u n g e n  e in e  l i t h o s t r a t i g r a p h i s c h e  E i n h e i t .  D ie  B e g r if fe  A u t u n i a n  u n d  S a x o n ia n  
s o l l t e n  a u ß e r h a l b  F r a n k r e ic h s  n i c h t  v e r w e n d e t  w e r d e n .  A u t u n i a n  u n d  S a x o n ia n  s t i m ­
m e n  n i c h t  m i t  d e m  U n te r p e r m  b z w . M i t t e l p e r m  ü b e r e in .  E in  g r o ß e r  T e i l  d e s  A u t u n i a n  
g e h ö r t  z u m  K a r b o n ,  u n a b h ä n g ig  v o n  d e n  z a h l r e i c h e n  v e r s c h i e d e n e n  D e f i n i t io n e n  d e s  
A u t u n i a n .
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D ie G liederung  u n d  v o r  allem  die K o rre la tio n  des k o n tin e n ta le n  Perm o- 
k a rb o n  (R otliegenden) v o n  M itte leu ropa  g e h ö rt auch  h e u te  n o c h  zu  den 
schw ierigsten  P ro b le m e n  d e r S tra tig rap h ie  des P h an ero zo ik u m  in  E u ro p a . 
D a rü b e r  können  a u c h  n ic h t  scheinbar p e rfe k te , o f t  m it großer S e lb s ts ich e rh e it 
vo rg e trag en e  g ro ß räu m ig e  K o rre la tio n en  h in w eg täu sch en , zu m al d iese  z. T. 
m it  faziell ähn lichen  S e d im e n te n  N o rd am erik as  vo rgenom m en w u rd e n , deren 
b io s tra tig rap h isch e  D a tie ru n g  vielfach eb en fa lls  unsicher is t. B eso n d e rs  die 
litho fazie ll (e in sch ließ lich  ih re r  b iofaziellen A u sb ildung) sehr u n b e s tä n d ig e n  
u n te rro tlieg en d en  S e d im e n te  m it ih rem  ra sc h e n  u n d  s ta rk en  h o r iz o n ta le n  und  
v e r tik a le n  F aziesw echsel la ssen  sich se lb s t in n e rh a lb  eines g ro ß räu m ig en  
A blagerungsgeb ietes o f tm a ls  n u r  schw er k o rre lie re n . F ü r  die b ish e r  vo rliegen ­
d en  K o rre la tio n en  fe h le n  o ftm a ls  die faz ie su n ab h än g ig en  B e z u g sp u n k te , m it 
d en en  m an  bew eisen k a n n , ob  eine als iso ch ro n  angesehene l i th o s tra t ig ra p h i­
sche  G renze auch  w irk lic h  isochron  is t o d e r n u r  eine d iach rone F az iesg renze  
m a rk ie r t. Als w ich tig e  lith o s tra tig ra p h isc h e  M ark en  w erden  fe in k la s tisch e  
d u n k le  S ch ich tg lieder, au sg ed eh n te re  K o h le n b ild u n g e n  (z. B . in  d e r  oberen 
M anebacher F o rm a tio n ) , H o rn ste in lag en , W ech se l von  g ra u e n  u n d  ro ten  
F a rb tö n e n , K o n g lo m e ra tla g e n , V ulkan ite  u n d  T u ffh o rizo n te  a n g eseh en . Vor 
a llem  der W echsel g ra u e r  u n d  ro te r F a rb tö n e  u n d  die K o n g lo m era tlag en  sind 
ü b e r größere E n tfe rn u n g e n  deu tlich  d iach ro n e  M arken . D ie a ls  B ezu g sh o ri­
z o n te  v erw endeten  V u lk a n ite  sind  z. T . in tru s iv  (vg l. K u n é r t , 1978) u n d  d ann  
a ls  lith o s tra tig ra p h isc h e  B ezugshorizon te  u n g e e ig n e t. T u ffh o rizo n te  b ie te n  in 
d e r oberen  G o ld lau te re r u n d  O berhöfer F o rm a tio n  des T h ü rin g er W a ld e s  gute 
M ark ierungen  fü r  d ie  lith o s tra tig ra p h isc h e  G liederung  (vgl. A n d r e a s  in 
A n d r e a s  — H a u b o l d , 1975). A llerdings s e tz t  d ie  genaue A n sp ra c h e  d er im 
G elände z. T . schw er a u ff in d b a re n  T u ffh o rizo n te  deta illie rte  p e tro g ra p h isc h e  
U n te rsu ch u n g en  v o ra u s . D ie  regionale R e ich w e ite  d er T u ffk o rre lie ru n g e n  ist 
vergleichsw eise gering , w o b ei in  den R a n d g e b ie te n  d er V e rb re itu n g  d e r  b e tre f­
fen d en  T uffho rizon te  d ie  U nsich erh e iten  be i d e r  r ic h tig e n  A n sp rach e  d e r H o ri­
zo n te  w achsen.

Die b io s tra tig ra p h isc h e n  G ru n d lag cn u n te rsu ch u n g en  s te h e n  e rs t  im  
A n fan gsstad ium . D ie M eh rzah l der F o ss ilg ru p p en  is t p a läo n to lo g isch  noch 
n ic h t  oder n u r u n z u re ic h e n d  u n te rsu c h t w o rd en . N och  se ltener lie g e n  exak te  
b io s tra tig rap h isch e  A u ssa g e n  vo r, die n ic h t n u r  tax o n o m isch e  B e a rb e itu n g e n  
u n d  R evisionen, s o n d e rn  au c h  die K e n n tn is  d e r E v o lu tio n  d e r b e tre ffen d en  
F ossilg ruppen  v o ra u sse tz e n , die eine u n a b d in g b a re , ab er b ish e r m e is t n ich t 
b e a c h te te  G rundlage d e r  b io s tra tig ra p h isc h e n  G lied eru n g  des R o tlie g e n d e n  ist. 
D ie  Floren  fast a lle r w ich tig en  R o tlieg en d v o rk o m m en  E u ro p as  b e d ü rfe n  der 
tax o n o m isch en  R e v is io n  (vg l. z. B . B a r t h e l , 1976). E rs t  d a n n  k ö n n e n  fü r 
v ie le  A rten  genaue R e ic h w e ite n  angegeben  w erd en . D ie b io s tra tig ra p h isc h  
w ich tig en  Sporom orphen  w erd en  k ü n ftig  n ic h t  n u r  die G liederung  g ro ß e r Teile 
des R otliegenden , so n d e rn  z. T . auch K o rre la tio n e n  m it der m a r in e n  Gliede-
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ru n g  e rlau b en . So k o n n te  m it S p o ro m o rp h en  nachgew iesen  w erden , daß  das 
R otliegende n ic h t n u r  dem  U n te rp e rm  e n tsp r ic h t, so n d e rn  im  O berkarbon  
beginnt (vgl. D o u b in g e r , 1974) u n d  b is  ins M itte lp e rm  re ic h t (vgl. K o zur , 
1978b). D a  d e r m itte ip e rm isch e  A n te il des obersten  R o tlieg en d en  im m er ober­
halb  der p fä lz isch en  B ew egungen lie g t, sind  die b ish er m it d er saalischen 
P hase  in  Z u sa m m e n h a n g  g eb rach ten  U m ste llu n g en  d e r P a läogeograph ie  in  
W irk lichkeit a u f  p fä lz isch e  B ew egungen  zu rü ck zu fü h ren  (z. B . die B ew egun­
gen vor der A b la g e ru n g  der m itte ip e rm isch en  V al G ard en a -F o rm a tio n ). D ie 
pfälzische P h a se  lie g t also n ich t zw ischen  P e rm  u n d  U n te r tr ia s , sondern  
zwischen dem  U n te r -  u n d  M itte lp erm . A uch  die A lte rss te llu n g  d er M elaphyr- 
G ruppe d er C hoc-D ecke (W e stk a rp a ten ) k o n n te  d u rch  n eu e re  palynologische 
U n tersu ch u n g en  g e k lä r t  w erden  (P l a n d e r o v a  in  V ozarovX—VozÁR— B a ja n ík  
e t al., 1979 u n d  p e rsö n lich e  M itte ilung ). U n m itte lb a r  u n te rh a lb  der basischen 
E ru p tiv a  d e r e rs te n  E ru p tio n sp h ase  t r i t t  eine w ohl asselische »Autun«-Asso- 
z iation  (o b erstes  K a rb o n )  auf. Z w ischen  der e rs te n  u n d  zw eiten  E ru p tio n s­
phase k o m m t e ine  e in d eu tig  u n te rp e rm isch e  A ssoziation  m it re ich lich  Cordai- 
lina  vor u n d  in  d en  p o stv u lk an isch en  perm ischen  S c h ic h te n  oberhalb  der 
zw eiten E ru p tio n sp h a se  fin d en  sich  m itte l-  oder o b erperm ische  S porom orphen . 
D er bisher als o b erp e rm isch  angesehene basische V u lk an ism u s d e r Choc-Decke 
beg inn t so m it n a h e  d er K arb o n /P erm -G ren ze  u n d  e n d e t in n e rh a lb  des U n te r­
perm . E r  b e s itz t  d a m it  das gleiche A lte r  wie die m ax im ale  vu lkan isch e  A k ti­
v i tä t  in  a llen  a n d e re n  tek to n isch en  E in h e ite n  d er W e s tk a rp a te n  sowie in  den  
varistischen  M olassebecken  M itte l- u n d  W esteu ro p as. A u ch  die V ulkan  - 
ite  des M ecsek-G ebirges (G y ű rű fű -Q u a rzp o rp h y r-F o rm a tio n ) w eisen nach  
S porom orphen  dieses A lte r a u f  (persön liche  M itte ilu n g  v o n  F ra u  B a r a b á s- 
Stu h l ). B e trä c h tlic h e  s tra tig ra p h isc h e  B ed eu tu n g  fü r  d ie  G liederung 
des k o n tin e n ta le n  P erm o k a rb o n  h a b e n  auch  die Blattodén  (In sec ta ) e rlang t 
(vgl. Mü l l e r , 1975, S c h n e id e r , 1978a, b ). B esondere s tra tig ra p h isc h e  B edeu­
tu n g  w ird  k ü n f t ig  au c h  den  Conchostraken  zukom m en, b e i d en en  w enig u n te r ­
halb  der K a rb o n /P e rm -G re n ze  in  a llen  R o tlieg en d v o rk o m m en  E u ro p as ein­
schneidende Ä n d e ru n g e n  des A rte n sp e k tru m s  zu  b e o b a c h te n  s in d . D abei w ird  
die karbon ische  A sso z ia tio n  m it Pseudestheria lim bata /L . la llyensis  (im  oberen 
Teil vor a llem  P seudestheria  ? au tunensis)  d u rch  eine A sso z ia tio n  m it dom inie­
rend  Liostheria  n . sp . u n d  an d eren  L im nadoidea  abgelöst. B e i d en  M uscheln  u n d  
Ostracoden ( q u a n t i ta t iv  häu fig stes , ab e r b ish er k a u m  b e a c h te te s  F aunene lem en t) 
als w eitere b io s tra tig ra p h isc h  b e d e u tsa m e  In v e r te b ra te n  des k o n tin e n ta le n  P e r­
m okarbon  s te h e n  tax o n o m isch e  G ru n d lag en u n te rsu ch u n g en  n o ch  aus. M it A us­
nahm e der d u rc h  B o y  (1972, 1976, 1978) ausgezeichnet b e a rb e ite te n  A m p h i­
bien gilt das a u c h  fü r  die V e rte b ra ten , in sbesondere  fü r  d ie  h ä u fig e n  u n d  sicher 
b io stra tig rap h isch  v e rw e rtb a ren  Fische. D ie Tetrapodenfährten  e rlan g ten  u . a. 
du rch  die A rb e ite n  v o n  M üller  (1954, 1959, 1970), S c h m id t  (1959), H a u b o l d  
(1971a, b , 1973, 1974) und  F ic h t e r  (1976) im  R o tlieg en d en  s tra tig rap h isch e
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B ed eu tu n g . S ehr b e d e n k lic h  is t ab er d ie  V erw endung  h y p o th e tis c h e r  A us­
sagen  ü b er die m ög liche  Z uordnung  d er T e tra p o d e n fä h r te n  zum  osteo log ischen  
S ystem  fü r b io s tra tig ra p h isc h e  A ussagen. H a u b o l d  (1973) le h n t  d ie  Z uord ­
n u n g  eines Teils d e r  C ornberger T e tra p o d e n fä h r te n  zu den T h e ra p s id a  durch  
S ch m id t  (1959) m it  d em  H inw eis a u f  e in  u n te rp e rm isch es  A lte r  d e s  obersten  
O berro tliegenden  a b  u n d  H a u b o l d — K a t z u n g  (1975) schließen d a n n  au s dem 
F eh len  von  T h e ra p s id e n fä h r te n  im  C o rn b e rg e r S an d ste in  a u f  se in  u n te rp e rm i­
sches A lter u n d  ü b e rh a u p t  a u f  ein u n te rp e rm isc h e s  A lter des o b e rs te n  R o t­
liegenden  — ein  p e r fe k te r  K reissch luß . D ie  D a tie ru n g  der F ä h r te n fa u n e n  des 
C ornberger S a n d s te in s  (oberstes O b erro tlieg en d es) durch  S c h m id t  (1959) als 
u n te re s  O berperm  (== M itte lperm ) h a t  s ic h  a ls  rich tig  erw iesen (v g l. K ozur , 
1978b und  in  D ru c k  a , b , c). E in e  n u r a u f  F ä h r te n fa u n e n  b e ru h e n d e  ü b erreg io ­
na le  K o rre la tio n  d e r  R o tlieg en d sed im en te  m it  A bfolgen a u ß e rh a lb  M ittel- 
E u ro p a s  m u ß te  zw an g släu fig  zu F eh le rn  fü h re n , die überall d o r t  k la r  s ich tb a r 
w erd en , wo die k o rre lie r te n  S ch ich ten fo lgen  a u c h  andere F o ss ilien  e n th a lte n  
(S üda lpen , U .S .A .). So w u rd e  die zuvor s te t s  m it dem  O b e rro tlieg en d en  ko rre ­
lie r te  Val G ard en a  F o rm a tio n  der S ü d a lp e n  b e i H aubo ld  —K a t z u n g  (1975) 
in  das »Autun« u m g e s tu f t ,  also m it dem  U n te rro tlie g e n d en  k o r re l ie r t ,  obwohl 
in  d e r m ittle ren  G rö d e n e r F o rm atio n  z a h lre ic h e  N autilo idea  sow ie vere in ze lte  
A m m oniten  a u f t r e te n , d ie  eine E in s tu fu n g  in  d as  höhere M itte lp e rm  anzeigen. 
D ie Sporom orphen-A sso z ia tio n , die au s  d e m  gleichen s tra t ig ra p h is c h e n  B e­
re ich  s ta m m t w ie d ie  T e tra p o d e n fä h rte n , e n th ä l t  reichlich L u eck isp o rite s  virk- 
k iae  u n d  ze ig t d a m it  a n , d aß  sie w e se n tlic h  jü n g e r  als selbst d a s  s e h r  s ta rk  
n a c h  oben a u sg e d e h n te  »A utun« im  S inne v o n  H a u b o l d  —K a t z u n g  (1972) ist. 
D ie  U m stu fu n g  d ie se r  S ch ich ten  in  d as  » A u tun«  is t  um so u n v e rs tä n d lic h e r , 
als die g ru n d leg en d en  S p o ro m o rp h en -U n te rsu ch u n g en  du rch  K l a u s  (1963) 
in  diesem  s tra tig ra p h is c h e n  B ereich e in e  d e r  G ru n d la g e n a rb e ite n  fü r  die 
S p o ro m o rp h en -T ax o n o m ie  u n d  S tra tig ra p h ie  des O berperm  (e in sch ließ lich  des 
Z echsteins) d a rs te ll t .  W ä h re n d  die u n te re  V a l G a rd e n a -F o rm a tio n  m it  dem 
o b eren  O b erro tlieg en d en  ko rre lie rt w e rd e n  k a n n , is t die m it t le re  u n d  obere 
V al G a rd e n a -F o rm a tio n  e tw as jü n g er a ls  s e lb s t  das oberste R o tlie g e n d e  und 
d ab e i zu m in d est z u m  g rö ß te n  Teil e tw as  ä l te r  a ls  der Z echste in  (v g l. K ozur, 
1977, 1978b, in  D ru c k  a , b , c). B io s tra tig ra p h isc h  bed eu tsam  k ö n n te n  a u c h  noch 
die A rthropodenfährten  des R o tliegenden  w e rd e n . D ie bisher au s  v e rsch ied en en  
H o rizo n ten  des R o tlie g e n d e n  vo rliegenden  F u n d e  (vgl. B o y , 1976 , W a l t e r , 
1978) w eichen d e u tlic h  vone in an d er ab . E s  m u ß  g ek lä rt w erd en , o b  h ie r  öko­
logische F a k to re n  e in e  R o lle  spielen o d er o b  es sich um  a lte rs b e d in g te  U n te r­
sch iede h a n d e lt. Im  le tz te re n  Falle h ä t te n  d ie  A r th ro p o d e n fä h rte n  in  Z u k u n ft 
e ine b e träch tlich e  b io s tra tig rap h isch e  B e d e u tu n g . Viele a n d e re  h ie r  n ich t 
g en an n te  F o ss ilg ru p p en , w ie C h a ro p h y ten , H y d ro m ed u sen  u n d  R e p t i l ie n  kön ­
n e n  zw ar w egen ih re r  S e lten h e it sicher n ic h t  die G rundlage fü r  b io s tra t ig ra ­
ph ische  G liederungen  im  R otliegenden  b ild e n , fü r  einzelne s tra tig ra p h isc h e
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B ereiche u n d  v o r  allem  fü r die ü b erreg io n a le  K o rre la tio n  des R o tliegenden  
a b e r  d u rch au s b ed e u tsa m  sein bzw . w erd en .

E x a k te  b io s tra tig rap h isch e  D a tie ru n g e n  der v ersch ied en en  li th o s tra t i­
g rap h isch en  E in h e ite n  des R o tlieg en d en  w erden  e rs t d an n  in  g roßem  U m fang 
m öglich  sein , w en n  d er gesamte F ossilin h a lt des R o tliegenden  e in er g rund legen­
d en  pa läo n to lo g isch en  B ea rb e itu n g  u n te rzo g en  w ird  u n d  a u f  d ieser G rund lage  
die s tra tig ra p h isc h e  (n ich t die faz ie ll b ed in g te ) R eichw eite  d er w ich tig sten  
F ossilien  au fgeze ig t w erden  k a n n .

A uch  die A u sw ertu n g  p a lä o m ag n e tisch er D a te n  k ö n n te  v o r  allem  im  
O berro tlieg en d en  u n d  im  k o n tin e n ta le n  Z echstein  w ich tige  A ngaben  fü r  
c h ro n o s tra tig ra p h isc h e  K o rre la tio n e n  lie fe rn  (vgl. D a c h r o t h , 1976). Z u n eh ­
m ende B e d e u tu n g  w erden  au ch  ra d io m e trisc h e  A lte rsb es tim m u n g en  an  den  
V u lk a n ite n  des R o tlieg en d en  e rlan g en .

W egen des M angels an  v e rw e r tb a re n  b io s tra tig rap h isch en  D a te n  k a n n  
m a n  in  le tz te r  Z e it v e rs tä rk t die T en d en z  b eo b ach ten , d aß  b iofazielle  D a te n  
d e r L ith o s tra tig ra p h ie  wie b io s tra tig ra p h isc h e  D a te n  zu  K o rre la tio n e n  v e r­
w en d e t w erd en . D ies fü h rte  zu  F e h lk o rre la tio n e n . B esonders d e u tlic h  is t diese 
T endenz in  d en  A rb e iten  von  H a u b o l d  u n d  H a u b o l d —K a t z u n g  ausg ep räg t. 
H a u b o l d  (1977, S. 131, 132) sa g te  n äm lich : »Die litho lo g isch en  Serien  u n d  
T eilserien  des T h ü rin g e r W aldes s in d  h in re ichend  g esicherte  c h ro n o s tra ti­
g raph ische  E in h e ite n  . . . b io s tra tig ra p h isc h e  A b sch n itte  u n d  besonders ih re  
G renzen  k ö n n en  n u r  in  den  k a r t ie rb a re n  ch ro n o stra tig rap h isch en  E in h e iten  
u n d  deren  k o n k re te n  litho log ischen  A usb ildungen  au fgeze ig t w erden . D ie 
L ü c k e n h a ftig k e it u n d  F az ie sb in d u n g  d e r  Fossilien  v e r la n g t au s  p rak tisch en  
G rü n d en  eine „V erm engung”  v o n  lith o s tra tig ra p h isc h e n  u n d  b io s tra tig ra p h i­
schen  G liederungen .«  — L ith o s tra tig ra p h ie  w ird  h ier p ra k tis c h  m it Chrono- 
s tra tig ra p h ie  g le ichgesetz t. D as i s t  th e o re tisc h  falsch  u n d  f ü h r t  p rak tisch es  in  
den  p e rm o k arb o n isch en  R o tlieg en d ab lag e ru n g en  m it ih rem  s ta rk e n  la te ra le n  
u n d  v e r tik a le n  Faziesw echsel zu  zah lre ich en  F eh le rn . Als B eisp ie l seien die 
D a tie ru n g en  d e r  Schich tenfo lge in  d en  L o k a litä te n  C rock u n d  B re iten b ach  
(T hüringer W ald ) g en an n t. D ie f lö z fü h re n d e n  S ch ich ten  v o n  C rock  w erden  bei 
H a u b o l d  (1977) au s  lith o s tra tig ra p h isc h e n  E rw äg u n g en  in  die G o ld lau te re r 
S ch ich ten  (F o rm a tio n ) e in g es tu ft. S ie sin d  ab er n a c h  b io s tra tig ra p h isc h e n  
K rite r ie n  e in d e u tig  ein  zeitliches Ä q u iv a le n t der oberen  M an eb ach er F o rm a ­
tio n  v o n  M an eb ach  u n d  an d eren  L o k a litä te n . D ie S ch ich ten fo lge  v o n  B re ite n ­
b ach  s tu f te  H a u b o l d  (1977) dag eg en  in  die M anebacher S ch ich ten  (F o rm a­
tio n ) ein . N ach  b io s tra tig ra p h isc h e n  K rite r ie n  sind diese S ch ich ten  ab er n ich t 
ä lte r , so n d ern  jü n g e r  als die f lö z fü h re n d e n  S ch ich ten  v o n  C rock, d . h . jü n g e r  
als die obere  M an eb ach er F o rm a tio n  b e i M anebach . D a  die l i th o s tra tig ra p h isc h  
k o rre lie rten  E in h e ite n  als ch ro n o s tra tig ra p h isc h e  E in h e ite n  angesehen  w er­
den , b e d e u te t d ies, d aß  n u n  in  d e r  u n te re n  G o ld lau te re r F o rm a tio n  (als »chro­
n o stra tig rap h isch e«  E in h e it) au c h  d ie  Fossilien  aus der L o k a litä t  Crock a u f­
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g e fü h rt w erden u n d  in  d er oberen  M a n e b a c h e r F o rm ation  (e b e n fa lls  a ls v er­
m ein tlich e  »ch ronostra tig raph ische«  E in h e i t )  au c h  die Fossilien  d e r  L o k a litä t  
B re ite n b a c h . D a d u rc h  e n ts te h t  n u n  fü r  d ie  obere  M anebacher u n d  d ie  u n te re  
b is m ittle re  G o ld lau te re r F o rm a tio n  e in e  »b iostra tig raph ische«  E in h e i t ,  obw ohl 
zw ei fau n is tisch -flo ris tisch e  E in h e ite n  e n th a l te n  sind  und  D o u b i n g e r  (1956) 
d ie  G renze zw ischen  ih r  A u tu n ien  in fé r ie u r  u n d  A utun ien  s u p é r ie u r  gerade 
zw ischen  diese b e id en  b io s tra tig ra p h isc h e n  E in h e ite n  gelegt h a t ,  so  d a ß  hier 
so g ar eine b ed eu tsam e  b io s tra tig ra p h isc h e  G renze  innerhalb  d es  R o tlie g e n d e n  
v o rlieg t. D a die lith o s tra tig ra p h isc h e n  E in h e ite n  p rak tisch  a ls  c h ro n o s tra t i ­
g rap h isch e  E in h e ite n  angesehen  w erd en  u n d  d ie b io s tra tig ra p h isc h e n  E in h e i­
te n  n ic h t nach  den  Ä n d eru n g en  des f lo r is tisc h e n  oder fa u n is tis c h e n  In h a lts , 
so n d e rn  n ach  der B eg ren zu n g  eben d ie se r l i th o s tra tig ra p h isc h e n  E in h e ite n  
ab g eg ren z t w erden , k a n n  m an  n ich t n a ch w e isen , ob die B eg ren zu n g en  d e r  au s­
g e h a lten en  lith o s tra tig ra p h isc h e n  E in h e ite n  im  gesam ten A b lag e ru n g sg eb ie t 
ze itlich  syn ch ro n  o d er d iach ro n  sind  u n d  F eh lk o rre la tio n en , w ie  im  F a lle  von 
C rock u n d  B re ite n b a c h  k ö n n en  n ic h t e r k a n n t  w erden. W en n  d ie  G renzen  
» b io stra tig raph ischer«  E in h e ite n  m it d e n  G ren zen  derjenigen l i th o s t r a t ig r a p h i­
sch en  E in h e iten  d e fin ie rt w erden , in  d e n e n  sie e n th a lte n  sind , w ie  d a s  in  den 
A rb e ite n  von  H a u b o l d  u n d  H a u b o l d  —K a t z u n g  s te ts  p r a k t iz ie r t  w ird  und  
w ie d as  bei H a u b o l d  (1977) a u sd rü ck lich  g e fo rd e r t w ird, d a n n  h a n d e l t  es sich 
d a b e i n ich t um  b io s tra tig ra p h isc h e  E in h e ite n , sondern  es w e rd e n  b es ten fa lls  
b iofazielle  E in h e ite n  ausgeschieden  u n d  v e rfo lg t. D as is t k e in e  A b w e rtu n g  
d e r M ethode oder d e r B ed eu tu n g  so lch er U n te rsu ch u n g en . B io fa z ie lle  P a ra ­
m e te r  sind  w ich tige D a te n  fü r  die C h a ra k te ris ie ru n g  l i th o s tra tig ra p h is c h e r  
E in h e ite n . D agegen  fe h lt so lchen » b iostra tig raph ischen«  E in h e i te n ,  deren  
U n te r-  u n d  O bergrenze  m it den  G renzen  d e r  zu v o r au sgesch iedenen  o d e r  aus­
k a r t ie r te n  lith o s tra tig ra p h isc h e n  E in h e ite n  d e fin ie rt w erden , j e d e  biostrati- 
graphische  D efin itio n  ih re r  G renzen u n d  sie  s in d  d am it als b io s tra tig ra p h isc h e  
E in h e ite n  ohne E x is ten zb e rech tig u n g . Sie k ö n n e n  daher nicht f ü r  ü b e rre g io ­
n a le  K o rre la tio n en  v e rw en d e t w erden . G rundlage f ü r  die B io s tra tig ra p h ie  sind  
n ich t die F ossilien  an sich, sondern d ie  E v o lu tio n  der Fossilien, e in  G ru n d sa tz , 
d e r  n ic h t o ft genug b e to n t  w erden  k a n n .

B ei der A ufeinanderfo lge  l i th o s tra tig ra p h isc h e r  E in h e iten  i s t  d e r  ze it­
lich e  U m fang  ev en tu e ll a u f tre te n d e r  L ü c k e n  zw ischen solchen E in h e i te n  fü r 
d e re n  lith o s tra tig ra p h isc h e  D efin itio n  b e la n g lo s  u n d  er k an n  a u c h  m i t  litho - 
s tra tig ra p h isc h e n  M eth o d en  n ic h t g e k lä r t  w erd en . D efin iert m a n  a b e r  die 
G ren zen  »b iostra tig raph ischer«  E in h e ite n  m i t  den  G renzen d e r je n ig e n  lith o ­
s tra tig ra p h isc h e n  E in h e ite n , in  denen  sie e n th a lte n  sind, so l ie g t  g e ra d e  im 
V o rh an d en se in  e iner g ro ß en  ze itlichen  L ü c k e  zw ischen zwei l i th o s t r a t ig r a p h i­
sch en  E in h e iten  eine große p o ten tie lle  F e h le rq u e lle  fü r die K o r re la t io n e n , die 
m it  H ilfe  solcher v e rm e in tlich en  b io s tra tig ra p h isc h e n  E in h e iten  v o rg e n o m m e n  
w erd en . In  einem  so lchen  F a lle  folgen n ic h t  n u r  die l i th o s tra tig ra p h is c h e n  E in ­
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h eiten , s o n d e rn  a u c h  die »b io stra tig rap h isch en «  E in h e iten  u n m itte lb a r  au f­
e inander, w ie d a s  au ch  ganz a llg em ein  tab e lla risch  u n d  in  den  A u sfüh rungen  
zu diesen G lied e ru n g en  d a rgeste llt w u rd e . H ier h ilft au ch  n ic h t w e ite r, w enn 
bei k la r  e rk e n n b a re n  Lücken (z. B . b e i e in e r  schw ach d isk o rd a n t au flag e rn d en  
lith o s tra tig ra p h isc h e n  E inheit) eine m in im a le  L ücke zw ischen zw ei »b iostra ti­
g raphischen«  E in h e ite n  angegeben w ird , deren  zeitlicher U m fan g  n ach  dem  
E rm essen  des jew eiligen  A utors a n g e s e tz t  w ird , da  m it l ith o s tra tig ra p h isc h e n  
M ethoden  n u r  d a s  V orhandensein  e in e r  L ü ck e , n ich t ab e r ih re  re la tiv e  oder 
ab so lu te  Z e itd a u e r  b estim m t w erd en  k a n n . Schon allein  d esha lb  k ö n n en  die 
lith o s tra tig ra p h isc h e n  E in h e iten  des T h ü rin g e r W aldes k eine  »h inreichend 
gesicherten  c h ro n o s tra tig rap h isch en  E in h e iten «  sein, w ie H a u b o l d  (1977) 
a n n im m t. A u c h  h ie rfü r ein k o n k re tes  B eisp ie l. Zwischen d en  jü n g s te n  S ch ich t­
g liedern  des U n te rro tlieg en d en  u n d  d e r  E isen ach er F o rm a tio n  des T h ü rin g er 
W aldes lieg t e in e  große zeitliche L ü c k e , d ie  das obere S a k m a ria n , das gesam te 
A rtin sk ia n  u n d  d as  u n te re  L e o n a rd ia n  (u n te res  K u n g u rian ) u m fa ß t. In  d ie­
sem  lan g en  Z e itra u m  haben  je  n a c h  F o ssilg ruppe  eine b is  m eh re re  w eitere  
w irk liche b io s tra tig ra p h isc h e  E in h e ite n  P la tz  u n d  selbst in  d en  k o n tin e n ta le n  
R o tlieg en d sed im en ten  m it ih rem  M an g e l an  kurzleb igen  F ossilien  b e fin d e t 
sich h ie r m in d e s te n s  noch eine w e ite re  b io stra tig rap h isch e  E in h e it  ( Supa ia -  
F lo ra  des »S axon ien  inférieur«, T e tra p o d e n fäh rte n -A sso z ia tio n  m it N a n ip es, 
D evipes, D iversip es  e tc . aus der »zone d e  transition«  u n d  dem  »Saxonien infé­
rieur« des L o d ève-B eckens). F ü r  d iese  g roße  b io s tra tig rap h isch e  E in h e it w ar 
ab e r zw ischen  d e n  O berhöfer S c h ic h te n  s. 1. (einschließlich d e r R o tte rö d e r 
F o rm a tio n ) u n d  d e r E isenacher F o rm a tio n  kein  P la tz  m eh r u n d  so paralelli- 
sierte  H a u b o l d  (1973) die F au n en  u n d  F lo re n  der »zone de tra n s itio n «  u n d  des 
»Saxonien in fé rieu r«  des L odèv e-B eck en s m it dem  B ereich  v o n  d er u n te ren  
G o ld lau te re r F o rm a tio n  bis zu d en  o b e re n  O berhöfer S ch ich ten  s. 1., w ährend  
H a u b o l d  — K a t z u n g  (1975) u n te r  A n n a h m e  einer ze itlich  geringfügigen  
L ücke zw isch en  d e r R o tte rö d er u n d  T a m b a c h e r  F o rm a tio n  die »zone de tr a n s i­
tion« in  d ie  o b e re  G old lau terer b is u n te r e  O berhöfer u n d  das »S axonien  in fé ­
rieur« g rö ß te n te ils  in  die obere O b e rh ö fe r  u n d  R o tte rö d e r F o rm a tio n  u n d  zu 
einem  g erin g en  T eil in  die L ücke zw isch en  der R o tte rö d e r u n d  T a m b ach e r 
F o rm a tio n  e in s tu f te n . Als K o n seq u en z  d ieser K orre lie rung  w u rd e n  b e i H a u ­
b o l d  —K a t z u n g  (1975) a u f  T abelle  12 die lith o s tra tig ra p h isc h e n  E in h e ite n  
des T h ü rin g e r W ald es als »Zeitskala« (!) b e n u tz t und  N a n ip es  fü r  den  B ereich  
d er o b eren  G o ld la u te re r  bis zu r R o tte rö d e r  F o rm atio n  sow ie D evipes  u n d  
D iversipes  fü r  d en  B ereich der o b e re n  G o ld lau te re r bis zu r b a sa le n  O berhöfer 
F o rm a tio n  a n g eg eb en , wo sie g ar n ic h t  V orkom m en. E in e  F o lge  d av o n  w ie­
derum  is t  d ie  K o rre la tio n  der H e rm it S h a le  von  A rizona m it d e r oberen  G old­
la u te re r  u n d  b a sa le n  O berhöfer F o rm a tio n , obwohl d e r H e rm it Shale v iel 
jü n g e r  is t.

D u rch  d ie  falsche A nw endung  b io faz ie ller E in h e iten  als » b io s tra tig ra ­
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phische« E in h e iten  k ö n n te  d e r E in d ru c k  e n ts te h e n , daß  die B io s tra tig ra p h ie  
e in  un taug liches M itte l fü r  die K o rre la tio n  d er k o n tin e n ta le n  p e rm o k a rb o - 
n isch en  A blagerungen  M itte leu ro p as  sei, d a  diese angeblich  b io s tra t ig ra p h i­
sch en  K orre la tionen  in  d e n  m eisten  F ä llen  fe h le rh a fte r  sind  als d ie  b isherigen  
V orste llu n g en  zur A lte rs s te llu n g  der b e tre ffe n d en  S ch ich ten . I n  W irk lich k e it 
b e ru h e n  solche F e h le r  in  d en  angeblich  b io s tra tig ra p h isc h e n  ü b e rreg io n a len  
K o rre la tio n en  ab er g e ra d e  a u f  der V ern ach lässig u n g  w ich tig e r b io s tra tig ra -  
p h isc h e r G rund lagen  u n d  d e r  V erw endung  li th o s tra t ig ra p h is c h e r  (b io faz ie ller, 
ir r tü m lic h  als » b io stra tig rap h isch «  an gesehener) E in h e iten  fü r  ü b e rreg io n a le  
K o rre la tio n en , w as s c h o n  la u t  D efin itio n  d e r L ith o s tra tig ra p h ie  n ic h t  m ög­
lic h  is t.

U m  die n o m e n k la to risc h e  V erw irru n g  b e i d er Z u o rd n u n g  s t r a t ig r a p h i­
sc h e r E in h e iten  im  R o tlie g e n d e n  ab zu b a u e n  u n d  k ü n ftig  jen e  F e h lk o r re la tio ­
n e n , die n u r a u f  d er N ic h tb e a c h tu n g  s tra tig ra p h isc h e r  G ru n d re g e ln  b eru h en , 
z u  verm eiden  (der g eg en w ärtig e  K e n n tn is s ta n d  lä ß t  ohneh in  s e lb s t  b e i  genauer 
B ea c h tu n g  der s tra tig ra p h is c h e n  R ic h tlin ie n  n o ch  v iel R a u m  f ü r  F e h lk o rre ­
la tio n e n ) , w urde v o n  K o z u r  (A pril 1978a, A n h a n g  zu  1978d, in  D ru c k  a, c) 
e in e  s tric te  n o m e n k la to risc h e  T ren n u n g  v o n  lith o s tra tig ra p h isc h e n  u n d  bio­
s tra tig ra p h isc h e n  E in h e ite n  d u rch g e fü h rt. F ü r  den  T h ü rin g e r W a ld  w urde 
e ine  E in te ilu n g  in  G e h re n e r, M anebacher, G o ld la u te re r , O b erh ö fe r, R o tte rö d e r  
u n d  T am bacher F o rm a tio n  sow ie der E ise n a c h e r F o rm a tio n  f ü r  d a s  g e tre n n te  
S ed im en ta tio n sg eb ie t des E isen ach er R o tlieg en d en  v o rg en o m m en , w obei die 
v o n  B ack h aus  u . a . (1977) gegebene E m p fe h lu n g , be i den  F o rm a tio n sb e z e ic h ­
n u n g e n  an  a l tb e w ä h r te n  N am en  fe s tz u h a lte n , b e rü c k s ic h tig t w u rd e . Als 
F o rm atio n sg lied er (v ie lle ic h t so llte  m an  h ie r  die kürzere  en g lisc h e  B ezeich­
n u n g  member v e rw en d en ) k ö n n te n  z. B . in  d e r M anebacher F o rm a tio n  das 
G run d k o n g lo m era t, d ie  u n te re  Sandstein-»Z one«, die f lö z fü h ren d e  »Zone« und  
d ie  obere Sandstein-»Z one« fung ieren , als B a n k , L age z. B . die e in z e ln e n  Flöze 
o d e r  Z w ischenm itte l d e r  F löz  m em ber (f lö z fü h ren d e  »Zone«). G e h re n e r  bis 
R o tte rö d e r  F o rm a tio n  g eh ö ren  zur U n te rro tlieg en d -G ru p p e  d e r  R o tlieg en d - 
A b te ilu n g . N ach d er b io s tra tig ra p h isc h e n  D a tie ru n g  gehört z. B . d ie  G old­
la u te re r  F o rm ation  z u m  K arb o n -S y stem  (O b erkarbon-S erie , A sse lian -S tu fe ) 
u n d  die R o tte rö d e r F o rm a tio n  zum  P e rm -S y s te m  (U n te rp e rm -S e rie , Sak- 
m arian -S tu fe ). H a u b o l d  —K atzung  (O k to b e r 1978) leg ten  e b e n fa lls  einen 
V orsch lag  zur A n w en d u n g  s tra tig ra p h isc h e r  R ich tlin ien  im  R o tlie g e n d e n  vor. 
L e id e r sind den A u to re n  d a b e i eine ganze R e ih e  v o n  F eh le rn  u n te r la u fe n , die 
sch o n  in  ih ren  v o ran g eg an g en  A rbe iten  zu  b e o b a c h te n  w aren . U n te r  B eru fung  
a u f  B ack h aus  u . a . (1977), schreiben  H a u b o l d —K atzung  (1 9 7 8 , S. 439): 
»D ie Zone u m faß t d e m n a c h  keinesw egs d ie  L eb en sd au er e iner A rt.«  D as ist 
in  d ieser abso lu ten  F a s su n g  falsch  u n d  w u rd e  be i B ack h a u s  u . a . (1977) auch 
n ic h t  in  dieser F o rm  p u b liz ie r t. E in e  range-Zone  — u n d  die e x a k te s te n  b io­
s tra tig rap h isch en  Z o n en  s in d  range-Z onen  — u m fa ß t sehr w o h l d ie  Lebens-
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dauer e iner A r t ,  n u r  is t  es in  E rm an g e lu n g  k u rz leb ig er, w e it v e rb re ite te r  L e it­
form en n ic h t im m e r  m öglich, m it ran g e-Z o n en  zu  a rb e ite n . Sie können  d a n n  
z. B. d u rch  concurrent range-Zonen  e rse tz t w erd en , w o die Zone n ich t d u rch  
den L eb en sb ere ich  einer A rt, so n d ern  d u rc h  den  B ere ich  des gem einsam en 
V orkom m ens zw eie r oder m ehrere r A rte n  d e fin ie rt w ird . D as Beispiel, d aß  
H au bo ld  —K a t z u n g  (1978, S. 439 —400) gegen die D e fin itio n  einer Zone m it 
der L eb en sd au e r e in e r  A rt an fü h ren , is t  a lle rd in g s seh r le ich tfe rtig : »Bei d ieser 
m itu n te r  d is k u tie r te n  P ra k tik  w äre  das R o tlieg en d e  — w enig  sinnvoll! — als 
Callipteris conferta-Z one zu bezeichnen.« V on e iner C allipteris conferta-Z one, 
die das g e sam te  R o tliegende  u m fa ß t, k ö n n te  au c h  bei e in er C. conferta ran g e- 
Zone n iem als d ie  R ed e  sein, da C. conferta  ab  der T a m b ach e r F o rm atio n  des 
T hüringer W a ld es  n ic h t m ehr v o rk o m m t.

Als F o rm a tio n e n  sehen H a u b o l d —K a t z u n g  (1978) z. B. die u n te re n  
M anebacher, d ie  o b eren  M anebacher, die u n te re n  O berhö fer und  die o b eren  
O berhöfer S c h ic h te n  an . D as h a t  u . a . den  N ach te il, d aß  z. B . eine obere O b er­
höfer F o rm a tio n  so zw eideutig  is t (oberer T eil d er O berhö fer F o rm atio n  oder, 
wie im  S inne v o n  H a u b o l d  —K a t z u n g , 1978 — eine F o rm a tio n , die die o b e­
ren  O berhöfer S ch ich ten  u m faß t), d a ß  fü r  alle  diese F o rm a tio n en  neue N am en  
geschaffen w e rd e n  m ü ß ten . Diese F lu t  v o n  n euen  N am en  w ürde keines der 
ohnehin  za h lre ic h en  P rob lem e d er R o tlie g e n d s tra tig ra p h ie  lösen, d a fü r a b e r 
zahlreiche n eu e  P ro b lem e  au fw erfen ; sie w ü rd e  zu r In s ta b i l i tä t  der e in g eb ü r­
gerten  lith o s tra tig ra p h isc h e n  G liederung  fü h re n . D ie als A bte ilung  von  
H a u b o l d — K a t z u n g  (1978) vo rgesehenen  B egriffe G raum olasse, B u n t­
m olasse u n d  R o tm o la sse  sind  m eh r oder w en iger genetische  B ezeichnungen  
und  d ah e r z u r  B eze ichnung  lith o s tra tig ra p h isc h e r  E in h e ite n  ungeeignet. Sie 
sind au ch  ü b e rf lü ss ig , da m it dem  R o tlieg en d en  bzw . dem  U nter- u n d  O b er­
ro tliegenden  b e re its  ü b ergeo rdne te  l i th o s tra tig ra p h isc h e  Begriffe ex is tie ren . 
Diese B egriffe a b e r  fin d en  sich bei H a u b o l d  —K a t z u n g  (1978) u n te r  d er 
R u b rik  »B iostra tig rap h ie« . W äh ren d  es sich  bei d en  lith o s tra tig ra p h isc h e n  
E in h e iten  im  S in n e  v o n  H a u b o l d  — K a t z u n g  (1978) m it A usnahm e der u n g e ­
eigneten  B eze ich n u n g en  G rau-, B u n t-  u n d  R o tm o lasse  u m  F rag en  der R a n g ­
höhe schon b e s te h e n d e r  lith o s tra tig ra p h isc h e r  E in h e ite n  h an d e lt, u n te rlie fen  
H a u b o l d  —K a t z u n g  (1978) bei d en  b io s tra tig ra p h isc h e n  E in h e iten  g ru n d ­
sätzliche F e h le r . E in  S ubsystem  R o tlieg en d es k a n n  doch  w ohl kein  e rn s t zu 
nehm ender B e itra g  zu r geow issenschaftlichen  F o rsch u n g  sein, allein  schon  
deshalb , w eil d ieses S ubsystem  des P e rm  das höhere  O b erk arb o n  bis M itte l­
perm  u m fa ß t u n d  au s der E in fü h ru n g  eines S u b sy stem s konsequen terw eise  
die E in fü h ru n g  eines zweiten  S u b sy stem s re su ltie r t , fü r  das n u r der Z e itrau m  
des O berperm  s. s tr .  (also einer Serie) u n d  die B eze ichnung  Z echstein  ü b rig  
bliebe. D av o n  g an z  abgesehen is t  d as  R o tlieg en d e  se it seiner O rig inaldefin i­
tio n  (von V e l t h e im , 1823 —1829, v g l. K o zu r , 1978d) eine lith o s tra tig rap h isch e  
E inhe it. D a ra n  ä n d e r t  auch  n ich ts  die T a tsa c h e , d aß  sich  viele F o rscher m it
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d e r F rag e  der D a tie ru n g  des R otliegenden  u m fassen . K eine l i th o s tra t ig ra p h i­
sche E in h e it h a t  e in en  un b eg ren z ten  ch ro n o s tra tig ra p h isc h en  U m fan g . D och 
k e in e  b io s tra tig ra p h isc h e  D a tie ru n g  m a c h t a u s  e iner lith o s tra tig ra p h isc h e n  
E in h e it eine b io s tra tig ra p h isc h e  E inhe it. A ls B eispiel seien d ie  R eiflinger 
K a lk e  der a lp inen  T ria s  g en an n t. Sie s te llen  als lith o s tra tig ra p h isc h e  E in h e it 
e in en  bestim m ten  F a z ie s ty p  d a r (B eckenfazies), a u f  den hier n ic h t e ingegangen  
w erd en  soll. Ih re  b io s tra tig ra p h isc h e  D a tie ru n g  is t  u . a. m it H ilfe  v o n  Cono- 
donten  bei V orliegen en tsp rech en d er U n te rsu c h u n g e n  bis ins D e ta il m öglich. 
A us dem  V orliegen d e r  lith o s tra tig ra p h isc h e n  E in h e it R eiflinger K a lk  bzw. 
au s  dem  la te ra len  u n d  v e r tik a le n  W echsel m it  a n d e re n  lith o s tra tig ra p h isc h e n  
E in h e ite n , wie z. B . d e m  W ette rs te in k a lk , la s se n  sich w ichtige R ü ck sch lü sse  
a u f  die p a läo tek to n isch e  P o sitio n  eines b e s t im m te n  G ebietes, B eck en k o n fig u ­
ra t io n  etc . ziehen. I n  d en  versch iedenen  G e b ie te n  k a n n  der R e iflin g e r K alk  
je  n ach  der p a lä o te k to n isc h e n  Position  des u n te rsu c h te n  G eb ie tes d u rch au s  
versch iedene s tra tig ra p h is c h e  R eichw eiten  h a b e n . E r  k an n  n u r  d a s  U n ter- 
la d in  um fassen, e r k a n n  a b e r auch  bis zu m  U n te rk a rn  reichen . D ag eg en  gib t 
es keine oberk arn isch e  o d e r jü n g ere  bzw. m itte la n is isc h e  oder ä lte re  R eiflinger 
K a lk e . D er R e iflinger K a lk  h a t  also einen v ie l en g eren  ch ro n o stra tig rap h isch en  
U m fan g  als das R o tlie g e n d e  u n d  er k a n n  m it  e iner G enau ig k e it b io s tra t i­
g rap h isch  d a tie r t  w e rd e n , w ie das im  R o tlie g e n d e n  w ohl in  a b se h b a re r  Z eit 
n ic h t  m öglich sein  w ird . D o ch  n iem and  w ird  a u f  die Idee k o m m en , die R eif­
lin g e r K alke als b io s tra tig ra p h isc h e  E in h e it ,  e tw a  als S tufe zu  b ezeichnen , 
obw ohl sie m ax im al k a u m  einen größeren  Z e itra u m  rep rä se n tie re n  als eine 
triassische  S tufe. D ie  g leiche P ro b lem atik  l ie g t  b e im  R o tliegenden  v o r . W enn  
H a u b o l d —K a t z u n g  (1978, S. 440) sc h re ib e n : »Bei der B e n e n n u n g  dieser 
A b te ilu n g en  is t z u n ä c h s t zu berü ck sich tig en , d a ß  das R o tliegende zu m in d est 
se it dem  2. H eerlen e r K arb o n k o n g reß  b io s tra tig ra p h isc h  d e fin ie rt is t  (J o ng ­
m a n s  —Go th a n , 1937), die B ezeichnungen  U n te rro tlieg en d es  u n d  O b e rro t­
liegendes fü r die. m it t le re  u n d  obere A b te ilu n g  also  n ich t v e rw e n d e t w erden  
können«, d ann  e n ts p r ic h t  das n ich t den T a ts a c h e n . Bei J o n g m a n s  —G o th an  
(1937) w ird  in  e inem  zusam m enfassenden  D isk u ssio n sb e itrag  u . a . a u c h  das 
P ro b lem  der P e rm b a s is  im  k o n tin en ta len  P e rm o k a rb o n  d isk u tie r t. E in le ite n d  
zu  dieser P ro b le m a tik  schreiben  J o n g m a n s — G o th an  (1937, S. 24, 25): 
»Go th a n  le ite t d iese D isk u ssio n  m it den  fo lg en d en  B em erk u n g en  e in : A uch 
v o n  der Grenze S te p h a n -P e rm  ist b e re its  b e im  vorigen K o n g reß  d ie  R ede 
gew esen. Die S ch w ie rig k e iten  fü r die P a ra le llis ie ru n g  des P e rm s  im  ganzen  
liegen  zum  großen  T e il — au ch  die B eg ren zu n g  des P erm s n ach  o b e n  — d arin  
b e g rü n d e t, daß  die C h a rak te ris ie ru n g  d iese r F o rm a tio n  ih ren  A u sg an g  von 
M itte leu ro p a  g en o m m en  h a t ,  wo w ir die faz ie lle  Z w eiteilung  in  e in en  u n te re n  
T eil, das R o tlieg en d e , u n d  in  einen ganz a n d e rs  en tw icke lten , o b e ren  Teil 
h a b e n , den  Z echste in  . . . M an k ann  da n o c h  g a r keine a llgem einen  R eg u la ­
tio n e n  geben, u n d  je d e r  w ird  von  F all zu  F a l l  n a c h  bestem  W illen  u n d  Gewis-
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sen  und  u n te r  A u sn u tzu n g  d er e rre ic h b are n  T a tsach en  sein  U rte il fä llen  m üs­
sen.« V on einer b io s tra tig ra p h isc h e n  D efin ition  des R o tlieg en d en  k a n n  also 
g ar keine R ede sein , n ic h t e inm al e ine e x a k te  b io s tra tig ra p h isc h e  D a tie ru n g  
des R o tliegenden  w u rd e  v o rg en o m m en , die auch  n ic h ts  am  C h a rak te r  des 
R o tlieg en d en  als l i th o s tra tig ra p h isc h e  E in h e it g eän d ert h ä t te .  E s  w ird  von 
e in e r faziellen Z w eite ilung  des P e rm s  in  M itte leu ropa gesprochen , das R o t­
liegende also au sd rü ck lich  als fa zie lle  u n d  d am it — wie schon  zu v o r u n d  d a ­
n a c h  üb lich  — als l i th o s tra tig ra p h isc h e  E in h e it angesehen . J e d e  allgem eine 
F estleg u n g  zur D a tie ru n g  u n d  K o rre la tio n  des R o tlieg en d en  u n d  Z echstein  
-wird en tsp rech en d  dem  d am alig en  K e n n tn is s ta n d  b ew u ß t v erm ied en . S pä te re  
V ersuche einer b io s tra tig ra p h isc h e n  D a tie ru n g  des R o tlieg en d en  oder von 
T eilen  desselben än d e rn  n ic h ts  a n  d e r A bgrenzung  des R o tlieg en d en  und  schon 
g a r n ich t am  C h a ra k te r  als lith o s tra tig ra p h isc h e  E in h e it. S o n st k ö n n te  es im  
P h an ero zo ik u m  b a ld  keine l ith o s tra tig ra p h isc h e n  E in h e ite n  mehl- geben, weil 
diese eines T ages u . a. m it b io s tra tig ra p h isc h e n  M ethoden  d a tie r t  w urden  
o d e r w erden , ohne d aß  sie d esha lb  zu  b io s tra tig rap h isch en  E in h e iten  w erden. 
D ie k o n ven tione lle  lith o s tra tig ra p h isc h e  A bgrenzung des R o tlieg en d en  bzw. 
des U n ter- und  O b erro tlieg en d en , die in  ihrem  b isherigen  U m fang  in  den 
m eisten  G eb ie ten  b e re its  se it lan g em  a u sk a rtie r t s ind , w ird  von  b io s tra ti­
g rap h isch en  D a tie ru n g en  n ic h t b e rü h r t .  D ah er is t z. B . jed e  U m stu fu n g  tr a d i­
tio n e ll als O berro tliegendes ang eseh en er S ch ich ten  ins U n te rro tlieg en d e  wegen 
v e rm e in tlich e r o d er w irk licher A lte rsg le ichhe it m it dem  U n te rro tlieg en d en  
in  einem  an d eren  A b lag eru n g sg eb ie t abzu lehnen , da  je d e  D efin itio n  lith o - 
s tra tig ra p h isc h e r  E in h e ite n  von  ih re m  A lte r u n ab h än g ig  is t. U m  w ieder bei 
dem  oben e rw ä h n te n  B eispiel au s  d e r a lp inen  T rias zu  b le ib en : E s w äre w ider­
s inn ig  u n d  der a n g e s tre b te n  geologischen A ussage völlig  a b trä g lic h , w enn m an  
e inen  oberlad in ischen  W e tte rs te in k a lk  als R eiflinger K a lk  bezeichnen  w ollte , 
n u r  weil an  a n d e ren  S tellen  die R e iflin g e r K alke  auch  das O b erlad in  um fassen . 
E ben so  falsch  u n d  der geologischen A u sw ertung  a b trä g lic h  w äre  es, die t r a d i­
tio n e ll als O b erro tliegendes an gesehene H o rn b u rg er F o rm a tio n  (w ich tig ste r 
T eil des S ax o n ian  in  d er u rsp rü n g lich en  D efin itio n  des S ax o n ian  in  dessen 
T ypusreg ion  bei d e  L a p p a r e n t , 1893, vgl. K o z u r , 1978d) in  das U n te rro t­
liegende (»A utun«) u m zu stu fen , w ie das H a u b o l d  (1973) a u f  G rund  von  
F ä h rte n fa u n e n  vorsch lug . D ie als v o ro b erro tlieg en d c  P h ase  d e fin ie rte  saalische 
P h ase  w urde  v o n  S t i l l e  e in d e u tig  a n  die Basis der zum  O berro tliegenden  
gezäh lten  H o rn b u rg e r F o rm a tio n  g es te llt (vgl. K u n é r t , 1970). E in e  U m stu ­
fu n g  der H o ru b u rg e r F o rm a tio n  in  das »Autun« (U n te rro tlieg en d e) w ürde  die 
saalische P hase  in  ih re r  T y p u sreg io n  en tw ed er in  eine in n er-u n te rro tlieg en d e  
P h ase  u m fu n k tio n ie ren  oder sie m ü ß te  en tgegen  d en  V o rste llungen  von  
S t i l l e  in  ih re r T y p u sreg io n  in  e in  höheres N iveau  v erleg t w erden . G anz u n a b ­
h än g ig  d avon , w as m an  von  der saa lischen  P hase  h ä lt (vg l. K o z u r , in D ru ck  
a , c) k an n  m an  solche le ich tfe rtig en  Ä nderu n g en  der G renzen  l i th o s tra tig ra ­
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p h isc h e r E in h e ite n  w egen  b io s tra tig ra p h isc h e n  D atie rungen  n ic h t  v o rn eh m en  
u n d  schon  gar n ic h t d o rt, wo diese l i th o s tra tig ra p h isc h e n  E in h e i te n  G ru n d ­
lage  fü r  die D e fin itio n  e iner te k to n isc h e n  P h a se  sind. G enauso fa ls c h  w äre  es 
zu  fo rd e rn , die O berhöfer u n d  R o tte rö d e r  F o rm a tio n  ins O b e rro tlie g e n d e  zu 
s te lle n , n u r  w eil a lte rsg le ich e  S ch ich ten  im  Saar-N ahe-G eb ie t s c h o n  in s  O ber­
ro tlieg en d e  e in g es tu ft w urden , a ls im  T h ü r in g e r  W ald  noch  g a r  k e in e  R o t­
liegen d g lied eru n g  v o rlag . D esgleichen k a n n  m an  n ich t die s e it  v ie le n  J a h r ­
z e h n te n  a u sk a r tie r te  u n d  fü r  das S a a r-N a h e -G e b ie t p ra k tik a b le  U n te r -  /O ber- 
ro tlieg en d -G ren ze  so verlegen , d aß  sie m i t  derjen igen  des T h ü r in g e r  W aldes 
ze itlich  ü b e re in s tim m t, w as ohneh in  n ie e x a k t  zu realisieren w ä re , d a  zw ischen 
d em  U n te r-  u n d  O berro tliegenden  im  T h ü rin g e r  W ald eine g ro ß e  zeitliche 
L ü ck e  k la fft.

Als b io s tra tig ra p h isc h e  Serien sc h la g e n  H a u b o l d —K a t z ü n g  (1978) das 
»A utun« (U n te rro tlieg en d es) u n d  »Saxon« (O berro tliegendes) v o r . U n te r -  und  
O b erro tlieg en d es als l i th o s tra tig ra p h isc h e  G ru p p en  können, w ie  o b e n  ausge­
fü h r t ,  n iem als b io s tra tig rap h isch e  S erien  sein. A uch »A utun« u n d  »Saxon 
s in d  als b io s tra tig ra p h isc h e  S erien b eze ich n u n g en  völlig u n g e e ig n e t. E s  k an n  
u n d  w ird  im  P erm  n u r  die Serien U n te rp e rm , M itte lperm  u n d  O b e rp e rm  bzw. 
b e i Z u sam m en fassu n g  des M ittel- u n d  O b e rp e rm  eine Z w eig liederung  in  U n te r­
p e rm  u n d  O berperm  s. 1. gehen. A u tu n ia n  u n d  S axonian  sind u n k la r  defin ie rte  
E in h e ite n , die u rsp rü n g lich  als l i th o s tra tig ra p h isc h e  E in h e iten  au sg esch ied en , 
s p ä te r  ab e r te ils  in  einem  seh r vagen  b io s tra tig ra p h isc h e n  S inne , te ils  im  lith o ­
s tra tig ra p h isc h e n  S inne  als Ä q u iv a le n te  d e s  U n te r- und  O b e rro tlie g e n d en  v er­
w en d e t w u rd en , w obei die G renze zw isch en  A u tu n ian  und  S a x o n ia n  häu fig  
a n  eine als »saalisch« bezeichnete  D isk o rd a n z  oder deu tliche  S ch ich tlü ck e  
g e leg t oder m it dem  E inse tzen  d u rc h w e g  ro te r  Sedim ente fe s tg e le g t w urde. 
W  ie bei K ozuR  (1978d u n d  in  D ru ck  c) a u sg e fü h rt w urde, e x is tie re n  je  nach 
A u to r  re c h t un te rsch ied lich e  F assu n g en  v o n  A u tu n ian  und  S a x o n ia n , auch  
b e i d en  gleichen A u to r k ö nnen  seh r g ro ß e  U n tersch iede  in  d er F a s s u n g  dieser 
E in h e ite n  a u f tre te n . So lieg t z. R . n a c h  H a u b o l d —K a t z u n g  (1975) d ie O ber­
g renze  des »A utun« in  den  S üda lpen  a n  d e r  O bergrenze  der Val G a rd e n a  F o rm a ­
tio n  u n d  d a m it o b erh a lb  des »Saxon« v o n  M itte leu ropa  obw ohl d ie  »Autun«- 
O berg renze  in  beiden  G ebieten  n a c h  d en  g leichen  K riterien  (T e tra p o d e n fä h r-  
te n )  b e s tim m t w u rd e . D ie G renze zw isch en  den  lith o s tra tig ra p h isc h e n  E in ­
h e ite n  A u tu n ien  u n d  S axon ien , die d e  L a p p a r e n t  (1893) hei se in e r  u rsp rü n g ­
lich en  D efin itio n  des Saxon ien  an g ab , la g  zu fä llig  in  den m e is te n  P ro file n  an  
e in e r  b io s tra tig ra p h isc h e n  G renze. D iese  A u tu n ien /S ax o n ien -G ren ze  is t  die 
e inzige b ish e r vorgesch lagene G renze zw isch en  diesen beiden  E in h e i te n , die 
in  v e rsch ied en en  G eb ie ten  b io s tra tig ra p h isc h  e rk en n b ar und  d a m it  b io ch ro n o ­
log isch  k o rre lie rb a r is t . Sie w urde be i A n d r e a s  —H a u b o l d  (1975) in  U n k e n n t­
n is d er A rb e it von  d e  L a p p a r e n t  (1893) a ls G renze zw ischen u n te r e n  und  
o b e ren  »A utun« angesehen , also a u c h  v o n  d iesen  A utoren  als b io s tra tig ra p h i-
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sehe G renze a n e rk a n n t .  D agegen is t d ie v o n  H a u b o l d  —K a t z u n g  (1972) fe s t­
gelegte »b iostra tig raph ische«  A u tu n /S ax o n -G ren ze  m it einem  »Typusprofil«  im  
T hüringer W a ld  k eine  b io s tra tig rap h isc li e rk en n b are  G renze. Sie b e ru h t a u f  
dem  N eu e in se tzen  v o n  Tam bachichnium  schm id li und  P alm ichnus tam bachensis 
in  der L o k a li tä t  B rom acker bei T a m b a c h . Aus der riesigen F ä h rte n fü lle  der 
L o k a litä t B ro m a c k e r  liegen n u r in sg e sa m t 4 (? 3) F ä h r te n p la t te n  d ieser bei­
den A rten  v o r. O h n e  Zweifel w ären  sie w o h l kaum  je  gefunden  w orden , w enn 
die L o k a litä t  B ro m a c k e r n ich t ü b e r J a h rz e h n te  hinw eg solche g roßen  M engen 
w o h le rh a lten e r F ä h r te n  geliefert h ä t te .  A lle jen e  häufigen  F ä h r te n  aus der 
T am b ach er F o rm a tio n  kom m en ab er sch o n  im  »Autun« im  S inne von  H a u ­
b o l d —K a t z u n g  v o r. Beim  F eh len  d e r  ü b erau s se ltenen , m öglicherw eise 
lokalen  F o rm e n  T . schm idti und  P . tam bachensis  m ü ß ten  alle g le ichaltrigen  
F au n en  ab e r in s  »A utun« e ingestu ft w e rd e n . So au ß ero rd en tlich  se ltene  A rten , 
die n u r a u f  e in e  einzige L o k a litä t b e s c h rä n k t sind  und  se lb st d o r t  zu aller­
se ltensten  Z u fa lls fu n d en  gehören, e rfü llen  n a tü r lic h  in  k e iner W eise die A nfor­
derungen  a n  e in  Leitfossil, denn so n st k ö n n te  m an  auch A rchaeopteryx litho- 
graphica  als L e itfo rm  fü r M alm  zeta an seh en . Solange die v o n  H a u b o l d  — 
K a t z u n g  als L e itfo rm e n  ausgew ählten  A r te n  n u r aus e iner L o k a litä t  b e k a n n t 
sind , k ö n n en  sie n ic h t zur D efin itio n  d e r  »Saxon«-Basis im  S inne von  H a u ­
b o l d  —K a t z u n g  (1972) w endet w e rd e n ; es k ö n n te  sich th e o re tisc h  sogar um  
au ß e ro rd e n tlich  se lten e  endem ische F o rm e n  h ande ln . W ie die m e is ten  an d eren  
A u tu n ian /S ax o n ian -A b g ren zu n g en , h a t  a u c h  jene  nach  H a u b o l d  —K a t z u n g  
(1972) k e in e rle i b io stra tig rap h isch e  A b sich eru n g , n u r w u rd e  dies von  den  
anderen  A u to re n  im  U ntersch ied  zu H a u b o l d  —K a t z u n g  (1972 u n d  folgende 
A rbeiten ) a u c h  n ic h t  b eh au p te t. S e lb st w e n n  m an  die einzige b io s tra tig ra p h isc h  
k o rre lie rb are  A u tu n ian /S ax o n ian -G ren ze , d . h . die u rsp rü n g lich e , bei d e  
L a p p a r e n t  (1893) defin ierte  G renze, b e i der D a tie ru n g  v o n  A u tu n ia n  u n d  
S axon ian  z u g ru n d e  leg t, w ären A u tu n ia n  u n d  S axonian  n ic h t a ls b io s tra ti­
g raph ische S erienbezeichnungen  g ee ig n e t, w eil sie w eder in  d ieser noch in  
irgendeiner a n d e re n  pub liz ierten  F a s su n g  m it dem  U n ter- bzw . M itte lp erm  
ü b e re in s tim m en . In  seiner T y p u sreg io n  (A utun-B ecken , F ra n k re ic h ) gehört 
das A u tu n ia n  zu m  höhereu G zhelian  u n d  A sselian u n d  d a m it ausch ließ lich  
oder te ilw eise  (je  n ach  der Z u o rd n u n g  des A sselian zum  O b erk arb o n  oder 
U n te rp e rm ) zu m  O berkarbon . In  d er F a ssu n g  bei H a u b o l d —K a t z u n g  se tz t 
es im  M ittle ren  G zhelian , also eben fa lls  w e it innerhalb  des O b e rk a rb o n , ein. 
D as A u tu n ia n  h a t  lediglich in  F ra n k re ic h  als L okalbezeichnung  eine B erech­
tig u n g  (vgl. a u c h  B o u r o z , 1978, S. 496). A u ß erh a lb  F ran k re ich s  so llte  es eben ­
so w enig v e rw e n d e t w erden, wie die B eze ich n u n g  S axon ian , schon  allein  des­
halb , weil b e id e  Begriffe so hoffnungslos »verdefiniert«  sind , d aß  m an  s te ts  
A u to r, P u b lik a tio n sd a tu m  und  A b lag eru n g sg eb ie t angeben  m u ß , w enn m an  
w issen w ill, w elch e  der zahlreichen u n te rsch ied lich en  F assu n g en  des A u tu n ia n  
und  S ax o n ian  g em e in t is t, da der U m fa n g  des A u tu n ian  u n d  S ax o n ian  je  n ach
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A u to r u n tersch ied lich  d e fin ie rt w ird  u n d  au c h  bei den g le ichen  A u to ren  in 
versch iedenen  P u b lik a tio n e n  u n d  vo r a llem  in  versch iedenen  A b lag eru n g s­
g eb ie ten  u n te rsch ied lich e  F assu n g en  des A u tu n ia n  u n d  S a x o n ia n  v erw endet 
w erden . A ußerdem  k ö n n e n  diese Begriffe k e in en  P la tz  in  d er b io s tra t ig ra p h i­
sch en  H ierarchie b e a n sp ru c h e n , da es sich  w eder um  p erm isch e  S erien  noch 
u m  S tufen  h an d e lt. W e n n  H a u b o l d  — K a t z u n g  (1978) ih r  »T ypusp ro fil«  der 
»A utun«/»Saxon«-G renze (im  Sinne von  H a u b o l d —K a t z u n g , 1972) im  T hü­
rin g e r W ald  in  ein  R e fe ren zp ro fil u m fu n k tio n ie ren , so m uß m a n  d a z u  sagen, 
d a ß  es w eder die A n sp rü c h e  an  ein T y p u sp ro fil (die T y p u sreg io n en  des A u tu ­
n ia n  und  Saxonian  s in d  b e k a n n t u n d  liegen  in  an d eren  G eb ie ten ), n o c h  an  ein 
R eferenzprofil e rfü llt. E in  b io s tra tig rap h isch es  R eferenzp ro fil so ll d ie  G renzen 
b io s tra tig rap h isch e r E in h e ite n  m ark ie ren . D as  is t ab e r n u r m ö g lich , w enn in 
e inem  m öglichst v o lls tä n d ig e n  P ro fil die b io s tra tig ra p h isc h e n  E in h e ite n  u n ­
m itte lb a r  au fe in an d er fo lgen . Selbst w en n  m an  bei k o n tin e n ta le n  A bfolgen 
h insich tlich  der V o lls tä n d ig k e it der P ro file  o f t einige A bstriche  m a c h e n  m uß, 
k a n n  m an fests te llen , d a ß  im  T h ü rin g er W a ld  gerade im  k r i t is c h e n  Bereich 
zw ischen dem  U n te rro tlie g e n d en  (»A utun«) u n d  O b e rro tlieg en d en  (»Saxon«) 
e ine große S ch ich tlü ck e  e x is tie r t, die m eh r als eine perm ische S tu fe  u m faß t. 
D a rü b e r  h inaus w äre  d a s  im  Sinne von  H a u b o l d —K a t z u n g  (1972) b io s tra ti­
g rap h isch  faß b are  »Saxon« n u r  im  S te in b ru c h  B rom acker d u rc h  saxonische 
Indexfossilien  c h a ra k te r is ie r t . D o rt ab er is t  die n ä c h s t ä lte re  b io s tra t ig ra p h i­
sch e  E in h e it, die a b g e g re n z t w erden  soll, n ic h t aufgeschlossen. S e lb s t in  einem 
k o m p le tten  G ren zp ro fil, das sow ohl re iche F ossilfunde im  o b e rs te n  U n te rro t­
liegenden  als auch  im  tie fe re n  O b erro tlieg en d en  (einsch ließ lich  d e r  v o n  H a u ­
b o l d  —K a t z u n g  a u sg e w ä h lte n  »L eitform en« fü r  das u n te re  S a x o n ia n , siehe 
oben ) en th ie lte  u n d  d as  im  T h ü rin g er W ald  n irg en d s ex is tie r t, w ä re  d e r  oberste 
F ossilhorizon t des U n te rro tlieg en d en  n o ch  d u rch  eine m ä c h tig e  fossilfreie 
Schichtenfolge des u n te re n  O berro tlieg en d en  vom  ers ten  F o ss ilh o riz o n t des 
O berro tliegenden  g e tre n n t  (zusätzlich  zu d e r großen  S ch ich tlü ck e  u n te rh a lb  
d e r  T am bacher F o rm a tio n ) . Selbst ein  solches ideales, im  T h ü r in g e r  W ald 
n ic h t  existierendes P ro f il  w äre  als R eferen zp ro fil a u f  G rund  d e r  geologischen 
S itu a tio n  gänzlich u n g ee ig n e t. E in  aus l i th o s tra tig ra p h isc h  k o r re l ie r te n  Teil­
p ro filen  zusam m en g ese tz tes  G esam tp ro fil, d a s  im  k ritisch en  B e re ic h  nirgends 
in  fossilführender A bfo lge  zu sam m en h än g en d  aufgeschlossen i s t  u n d  dessen 
lith o s tra tig ra p h isc h e  K o rre la tio n e n  z. T . n o ch  u m s tr it te n  sind , k a n n  n a tü rlich  
e rs t  rech t kein b io s tra tig ra p h isc h e s  R efe ren zp ro fil sein, n ic h t e in m a l dann, 
w en n  die S ch ich ten  fossilre ich  w ären  u n d  die obere »b iostra tig rap h isch e«  
E in h e it  (also das b a sa le  »Saxon« n ach  H a u b o l d —K a t z u n g , 1972 m it T. 
schm id ti und  P . tam bachensis)  auch a u ß e rh a lb  des S te in b ru c h s  B rom acker 
n a c h  b io s tra tig ra p h isc h e n  K rite rien  zu e rk e n n e n  w äre. Aus d ie sem  D ilem m a 
g ib t es auch keinen  A usw eg, indem  m a n  — w ie bei H a u b o l d  — K a t zu n g  
(1978) — das »A utun« u n d  »Saxon« als b io s tra tig ra p h isc h e  S e rie n  des Perm
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dek la rie rt u n d  a u f  diese W eise d as  »A utun« u n d  »Saxon« von  ih ren  T y p u s ­
regionen lö s t. D ies  geschah wohl in  A n b e tra c h t d er T a tsach e , daß  bei der 
Festlegung d e r n eu en  »A utun«/»Saxon«-G renze du rch  H a u b o l d —K a t z u n g  
(1972) der U m fa n g  dieser E in h e iten  in  ih ren  T y p u sreg io n en  n ich t b e rücksich ­
tig t w urde, w eil d en  A utoren  n ich t e inm al die A rb e it von  d e  L a p p a r e n t  (1893) 
b ek an n t w ar, w o das Saxonian  au fg es te llt u n d  die A u tu n ian /S ax o n ian -G ren ze  
defin iert w u rd e . D as geht, auch aus der U m stu fu n g  der H o rn b u rg e r F o rm a tio n  
von S axon ian  in  das A u tun ian  d u rch  H a u b o l d  (1973) h ervo r, da die H o rn ­
burger F o rm a tio n  den  größten  T eil des S ax o n ian  in  dessen T ypusreg ion  re p rä ­
sen tie rt (vgl. K ozU R , 1978d). In  d iesem  S inne sind  auch  die fo lgenden A ngaben  
bei H a u b o l d  — K a t z u n g  (1978, S. 441) zu  w erten : »Als Serien sind A u tu n  
und  S axon n ic h t  s tra to ty p isc h  b e la s te t — das g ilt im  ü b rigen  auch fü r  das 
Perm  (!) — so n d e rn  b io stra tig rap h isch  d e fin ie rt m it d en  b ek an n ten  Belegen 
in den R eferenzp ro filen .«  W as von  dem  »R eferenzprofil«  d er »Autun«/»Saxon«- 
Grenze zu h a l te n  is t ,  w urde oben d a rge leg t. W o sich  w eite re  solche R eferenz­
profile, die n ic h t  eine b io stra tig rap h isch e  Serie, so n d ern  deren gegenseitige 
A bgrenzung m a rk ie re n  können , liegen sollen, is t  u n k la r . D a die »Leitform en« 
fü r das u n te re  S ax o n , T . schm idti u n d  P . tam bachensis, n u r  in  der L o k a litä t 
B rom acker a ls  g rö ß te  S eltenheiten  V orkom m en, k ö n n te  auch  n u r d o rt ein  
R eferenzprofil lieg en , obwohl es se lb st d o rt n ich t e x is tie r t (siehe oben). W ie 
wenig die a n g e b lic h  b io s tra tig rap h isch en  Serien  »A utun« und  »Saxon« m it 
w irklicher B io s tra tig ra p h ie  zu tu n  h ab en , soll an  fo lgendem  Z ita t bei H a u ­
b o l d —K a t z u n g  (1978, S. 441) e r lä u te r t  w erd en : »Dieses U n terp erm  zerfä llt 
zw eckm äßig a u c h  in  U nter- u n d  M itte lp e rm , die en tsp rech en d en  Serien sind  
U nteres u n d  O b eres  R otliegendes. Sie s tim m en  m it den  b io s tra tig rap h isch en  
»A bteilungen« A u tu n  und  Saxon ü b ere in , d e fin ie rt von  H a u b o l d  & K a t z u n g .« 
N achdem  n u n  a u c h  H a u b o l d  —K a t z u n g  (1978) von  ih re r  b isherigen falschen  
M einung ab  w e ich en , daß  das R o tliegende n u r  bis zu r O bergrenze des U n te r­
perm  re ich t (d ie  U n h a ltb a rk e it d ieser A uffassungen  w u rd e  bei K ozuR , 1977, 
1978d e in d e u tig  nachgew iesen), b eh an d e ln  sie die w irk lichen  b io s tra tig ra p h i­
schen S erien b eg riffe  U nter- und  M itte lp e rm  in  einer W eise, die m it B io s tra ti­
graphie n ic h ts  zu  tu n  h a t. D aß  U n te r-  u n d  O berro tliegendes e indeu tige l i th o ­
s tra tig ra p h isc h e  B egriffe sind u n d  d ah e r ke ine  b io s tra tig rap h isch en  S erien ­
bezeichnungen  se in  können , w urde  schon  au sfü h rlich  dargeleg t, ebenso, daß  
sich dazu  »A utun«  u n d  »Saxon« im  S inne v o n  H a u b o l d —KATZUNG (1972) wie 
auch in  je d e r  a n d e re n  Fassung  n ich t im  gerin g sten  e ignen . D ie G leichsetzung  
dieser B egriffe  m it dem  U nter- u n d  M itte lp e rm  is t eine L e ich tfe rtig k eit, die 
die K o rre la tio n  des R o tliegenden  genauso  b e la s te t, wie die bisherige le ic h t­
fertige G le ich se tzu n g  des R o tliegenden  m it dem  U n te rp e rm  bzw. die G le ich­
setzung d er O b erg ren ze  des U n te rro tlieg en d en  m it der O bergrenze des U n te r ­
perm  d u rch  d ie  gleichen A utoren . E rs te n s  ze rfä llt, wie schon  lange b e k a n n t is t 
und bei K o z u r  (1977) noch einm al au sd rü ck lich  hervo rgehoben  w urde, das
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O berperm  s. 1. in  M itte lp e rm  u n d  O berperm  s. s t r .  u n d  n ich t das U n te rp e rm  
in  U n te rp e rm  s. s t r .  u n d  M itte lperm , w ie H a u b o l d  —K a t z u n g  an geben . 
Z w eitens u m faß t d a s  »A utun«  im  Sinne v o n  H a u b o l d  —K a t z u n g  (1972) in  
seinem  M in im alum fang  (B eg inn  m it dem  E in s e tz e n  von  C allip teris, O b er­
grenze von R egion  zu  R eg ion  versch ieden , l a u t  D efin ition  E in se tz e n  von  
Tam bachichnium  sch m id ti u n d  P alm ichnus tam bachensis)  den B e re ich  vom  
M ittle ren  G zhelian b is  zum  A rtin sk ian  (h ö h e re s  O berkarbon  b is  B eg inn  
des m ittle ren  U n te rp e rm , vgl. K o z u r , 1977 u n d  in  D ruck  a , c). Die 
u n te rs te  perm ische S erie  w ü rd e  also, ganz g le ich , ob in  der en d g ü ltig en  D efi­
n itio n  der K a rb o n /P e rm -G ren ze  das A sselian  zu m  K arb o n  (fau n is tiscb e  be­
g rü n d e t) oder zum  P e rm  (faunistisch  k a u m  zu  beg ründen) g este llt w ird , zu 
einem  b e träch tlich en  T e il zum  K arbon  gehören . D r it te n s  gehört die T a m b a c h e r  
F o rm a tio n  des T h ü r in g e r  W aldes zum  U n te rp e rm , so daß die G le ich se tzu n g  
von  »Saxon« im  S inne v o n  H a u b o l d —K a t z u n g  (1972) und  M itte lp e rm  falsch  
is t. Z um  (tieferen  u n d  m ittle re n ) M itte lperm  g e h ö r t n u r das o b erste  O b e rro t­
liegende (z. B. C o rn b e rg e r S andstein , G ren zk o n g lo m era t, E is leb en er F o rm a ­
tio n ) sowie von H a u b o l d  —K a tzu n g  (1975) zu m  »A utun« gezählte  S ch ich ten  
au ß e rh a lb  M itte leu ro p as  (n u r  die Yal G a rd e n a -F o rm a tio n  der S ü d a lp e n , die 
dem  gesam ten  M itte lp e rm  en tsp rich t).

B ei den b io s tra tig ra p h isc h e n  »Stufen« (bei H a u b o l d  —K a t z u n g , 1978 w urde  
die b io s tra tig rap h isch e  S tu fe  At aufgeführt) h a n d e l t  es sich um  eine E in te ilu n g  
n a c h  H a u b o l d  (1977). D iese »Stufen« im  S in n e  H a u b o l d s  sind  a b e r  keine 
b io s tra tig rap h isch en , so n d e rn  lith o s tra tig ra p h isc h e  E inheiten . Ih re  G renzen  
w erden  im  a llgem einen  m it den G renzen lith o s tra tig ra p h isc h e r  E in h e ite n  
d e fin ie rt, und  zw ar m it  d en  F o rm atio n sg ren zen  im  Sinne von  H a u b o l d  — 
K a t z u n g  (1978). Ih re  »b iostratig raph ische«  C h a rak te ris ie ru n g  b e s te h t  in  der 
A ufzäh lung  des F o ss ilin h a lts  b estim m ter lith o s tra tig ra p h isc h e r  E in h e ite n . 
E s h a n d e lt sich also u m  biofazielle E in h e ite n , d e re n  G renzen an  l i th o s t r a t i ­
g raph ischen  G renzen  lieg en . D ie E in fü h ru n g  v o n  b io s tra tig ra p h isc h e n  S tu fen  
im  R otliegenden  M itte le u ro p a s  m uß v e rw u n d e rn , da  im  P erm  b e re its  b io ­
s tra tig rap h isch e  S tu fe n  ex is tie ren  (S ak m arian , A rtin sk ia n  etc.), so d a ß  es bei 
d er K o rre la tio n  des R o tlieg en d en  n ich t d a ra u f  a n k o m m t, w eitere S tu fe n  neu  
zu  benennen , so n d ern  d a s  R otliegende m uß  so d a t ie r t  w erden, d aß  es m it der 
besteh en d en  S tu fe n g lie d e ru n g  korre liert w e rd e n  k a n n . Die S tu fe  A t n ach  
H a u b o l d  (1977) u m fa ß t  l a u t  D efin ition  die o b e re  G ehrener und  u n te re  M ane- 
b ach e r F o rm atio n , d ie  n a c h  K o zu r  (1978c, in  D ru c k  a , c) in  das h ö h e re  G zhe­
lia n  e ingestu ft w erd en  k ö n n e n . Selbst bei e in e r  Z u o rd n u n g  des A sse lian  zum  
P e rm , die der A u to r n ic h t  fü r  richtig  h ä lt  (v g l. K o z u r , 1977, 1978b, c, in  
'D ru ck  b , c) w ürde d ie  »perm ische Stufe« A t a u f  je d e n  F all zum  O b e rk a rb o n  
gehören .
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К ВОПРОСУ ПРИМЕНЕНИЯ ЛИТО- И БИОСТРАТИГРАФИЧЕСКИХ СХЕМ 
РАСЧЛЕНЕНИЯ КРАСНОГО ЛЕЖНЯ (РОТЛИГЕНД)

Г. КОЗУР

Р е з ю м е

Рассматривается применение литостратиграфических и биостратиграфиских мето­
дов в отложениях красного лежня (ротлигенд) на территории Средней Европы. Автор 
предлагает следующую последовательность красного лежня на территории Тюрингии:

н адгрупп а гр у п п а ф орм ац ия подразделение п ласт

Верхний
красный
лежень

Тамбах

Роттероде
Красный Нижний Обергоф

лежень Красный Гольдлаутер
лежень Манебах угленосное

подр.
угольный пл. I

Герен

До сих пор некоторые литостратиграфические единицы некоторыми авторами рас­
сматривались как биостратиграфические. В связи с этим возникли серьезные ошибки в 
корреляции толщ красного лежня с различными толщами в Южных Альпах и США. Био­
стратиграфические возрастные определения не влияют на границы, проведенные по лито­
стратиграфическим признакам и не изменяют характер этих единиц, не превращая их в 
биостратиграфические. Некоторые авторы рассматривали надгруппу «красный лежень» как 
биостратиграфическую единицу, так как в этой литостратиграфической единице делались 
некоторые биостратиграфические возрастные определения. Эти авторы в некоторых случа 
ях также изменили литостритиграфическую границу между группами нижнего и верхне­
го красного лежня, исходя из совсем ненадежных и неточных биостратиграфических дан­
ных (отпечатки ног тетраподов). Однако, при всех этих биостратиграфических возрастных 
определениях красный лежень все же остается определенно литостратиграфической едини­
цей. Термины отэнский и саксонский ярусы не рекомендуется применять за пределами 
Франции. Большая часть отэнского яруса принадлежит к каменоугольной системе, незави­
симо от многочисленных определен!! отэнского яруса.

10* A d a  Geologien Aeademioo Scienliarum Hungaricae 24, 1981
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57Fe MÖSSBAUER ANALYSIS OF 
CHRYSOTILE ASBESTOS FROM 

VARIOUS MINING REGIONS
By

I .  N a g y -C z a k ó---A. VÉRTES
INST. OF PHYSICAL CHEMISTRY AND RADIOLOGY, 

EÖTVÖS LÓRÁNT) UNIV., BUDAPEST, HUNGARY

S. M usic, O. H a d z ija
RUDJER BOSk OVIC INST. ZAGREB, 

YUGOSLAVIA

Z. D r a v é e v ic O. L a h o d n y -S ar c
TECHNOLOGICAL DEPT. UNIV. OF ZAGREB, 

YUGOSLAVIA
MINING, GEOLOGY AND PETROLEUM ENG. 

DEPT. UNIV. OF ZAGREB, YUGOSLAVIA

57F e  Mössbauer spectroscopy has been used  for studying th e  oxidation- and  
coord ination  sta te  of iron in chrysotile asbestos from  various mining regions in Canada, 
R hodesia , U SSR and Yugoslavia. I t  has been found  th a t both the F e2 + and Fe3+ ions 
occupy only  the octahedral positions in  th e  chryso tile  crystal s tru c tu re  and th a t th e  
F e2+/F e 3 + ra tio  depends strongly on the m ining region.

M össbauer spectra have shown th a t  th e  sam ples contain also m agnetite.

In tro d u c tio n

A sb esto s  is th e  general te rm  used  to  d e sc rib e  a num ber o f  m inera ls  w hich  
can be s e p a ra te d  in to  long silky  f ib e rs . T hese  m in era ls  are fo u n d  m ain ly  in  th e  
se rp en tin e  (sh e e t silicate) and  th e  a m p h ib o le  (chain silica te) groups. T h e  
p rin c ip a l v a r ie tie s  of asbestos w hich  h av e  in d u s tr ia l usefu lness are show n 
in  Fig. 1. T h e  chem ical com position  o f a sb e s tifo rm  m inerals v a r ie s  som ew hat 
accord ing  to  th e  deposit localities. A sb estifo rm  m inerals are  u su a lly  ch a rac ­
te rized  b y  a  close association  w ith  o th e r  m in e ra ls . Also, th e y  c a n  in co rp o ra te  
sm all c o n c e n tra tio n s  of o th e r e lem en ts in  th e  m in era l c rysta l la tt ic e .

S e rp e n tin e  m inerals are d iv id ed  in to  th r e e  m ain groups —  chryso tiles, 
liza rd ite s  a n d  an tig o rite s . All h av e  th e  ch em ica l com position  of M g3(Si20 5)(0 H )4, 
b u t v a ry in g  a d ju s tm e n ts  of th e  m is f it  b e tw een  th e  te tra h e d ra l a n d  o c tah ed ra l 
sheets. C h ry so tile  has a tu b u la r  s tru c tu re , a n d  th e  tube-like  f ib e rs  are th e  
resu lt o f  a  c u rv a tu re  of th e  001 c ry s ta l  p la n e  p a ra lle l to  th e  a a n d  b C rystallo­
graphic a x es . T h is  asbestiform  m in e ra l p la y s  a n  im p o rtan t ro le  in  in d u s try . 
M inerals w h ich  are  freq u en tly  asso c ia ted  w ith  ch ryso tile  a sb esto s  are  m ag n e­
t i te ,  c h ro m ite , b ru c ite , calcite , d o lo m ite  an d  aw aru ite . N ickel a n d  iron  ions 
can rep lace  m agnesium  ions b y  iso m o rp h ic  su b s titu tio n .

T h e  a p p lic a tio n  of M össbauer sp e c tro sc o p y  to  iron  c o n ta in in g  s ilica te  
m inerals h a s  b een  well estab lished  [1, 2, 3 ]. I n  th e  firs t p lace, th e  M össbauer 
p a ra m e te rs , su ch  as isom er or c e n te r  sh if t a n d  quadrupole  sp lit t in g , can  be 
co rre la ted  w ith  th e  ox idation  s ta te  an d  th e  co o rd in a tio n  e n v iro n m e n t of iron  
in silica tes . In  som e cases, i t  is possib le  to  d istin g u ish  F e 2+ in  s tru c tu ra lly

1 Acta Geologica Academiae Scientiarum Hungaricae 24, 1981
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Fig. 1. Principal varieties of asbestos of industrial im portance
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d ifferen t p o s itio n s  as h av .ng  th e  sam e c o o rd in a tio n  env iro n m en t [4]. T he ra tio  
o f th e  in te n s itie s  o f  th e  ap p ro p ria te  M össbauer lines can be used to  d e te rm in e  
th e  F e3+/F e 2+ ra t io .  M össbauer sp ec tro sco p y  h as  an  ap p lica tio n  in  geological 
stud ies co n cern in g  th e  conditions o f c ry s ta ll iz a tio n  and  th e  su b seq u en t th e rm a l 
h is to ry  o f n a tu ra l  c ry s ta ls  and ro ck -fo rm in g  m in era ls  [5, 6].

In  th is  p a p e r , th e  resu lts  o f th e  M össbauer analysis  o f ch ry so tile  a sbesto s 
from  several m in in g  regions will be d iscussed .

E x p erim en ta l

S pecim ens o f  chryso tile  asbesto s w ere ta k e n  from  several m ining local­
ities in  C an ad a , R hodesia , U SSR  an d  Y u g o slav ia . P rio r to  th e  M össbauer 
exp erim en ts , th e  sam ples were s tu d ie d  u sin g  X -ra y  d iffrac tion , IR  sp ec tro s­
copy an d  D T A . I t  w as estab lished  t h a t  all th e  ch ryso tile  a sbesto s co n ta in ed  
a sm all q u a n t i ty  o f  liz a rd ite a s  an  asso c ia ted  se rp en tin e  m inera l. Q u a n tita tiv e  
chem ical a n a ly s is  w as perform ed by  s ta n d a rd  an a ly tica l m eth o d s. M össbauer 
sp ec tra  w ere reco rd ed  in abso rp tion  g e o m e try  a t  room  te m p e ra tu re . A 57C o(Pd) 
source w as u sed .

T he e v a lu a tio n  o f th e  sp ec tra  w as p e rfo rm ed  by  th e  least sq u are  f i t t in g  
co m p u ter p ro g ra m . T he values of iso m er sh if t (d) are given re la tiv e  to  iron .

R esults a n d  D iscussion

G en era lly , asbestifo rm  m inera ls  c o n ta in  iro n  im p u ritie s . Iro n  can  be 
p resen t in  th e  fo rm  o f iron oxides o r in c o rp o ra te d  in  th e  m in era l c ry s ta l la ttic e . 
In  th is  w ork , c o m p a ra tiv e  57F e M össbauer an a ly s is  of ch ry so tile  asbestos w ere 
perfo rm ed  in  o rd e r  to  determ ine  th e  fo llow ing : a) th e  in d e p e n d e n t iron  con­
ta in in g  m in e ra l com ponen ts, an d  b) th e  o x id a tio n  s ta te s  an d  co o rd in a tio n  
num bers o f th e  iro n  ions in co rp o ra ted  in  th e  ch ry so tile  c ry s ta l s tru c tu re . T he 
chem ical co m p o sitio n  (% ) of th e  sam ples is show n in T ab le  1. T he iron  con­
te n ts  v a ry  fro m  5 .21%  to  8 .24% , as F e20 3 expressed . A c h a ra c te r is tic  57Fe 
M össbauer sp e c tru m  o f ch ryso tile  a sb es to s  is show n in F ig . 2 (sam ple 8A). 
M össbauer p a ra m e te rs  ob ta ined  b y  th e  co m p u te rized  ev a lu a tio n  o f th e  sp ec tra  
are  show n in  T a b le  2.

T he sam p le s  con ta in  m ag n e tite , since  on  th e  sp ec tra  tw o  se x te ts  c h a ra c ­
te ris tic  fo r F e 30 4 ap p ear. On th e  b asis  o f  th e  c e n tra l p a r t o f  th e  sp ec tra , in fo r­
m ation  can  b e  o b ta in ed  on iron  ions in c o rp o ra te d  in to  th e  ch ry so tile  la ttic e . 
The low v e lo c ity  range  of th e  sp e c tra  can  be  reso lved  very  w ell if  th e  sam ple 
does n o t c o n ta in  m ag n e tite  (th e  in n e r  lin es  o f  m ag n e tite  d is tu rb  th e  e v a lu a tio n  
of th e  p a ra m a g n e tic  com ponents). S am p le  5A (S trag a ri, Y ugoslav ia) is o f  th is

1* Acta Geologica Acadcmiae Scientiarum Hungaricae 24, 1981
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T a b le  1

Chemical composition (% ) o f chrysotile asbestos

Sample Mois­
ture

Ignition 
loss at
1000 °C

SiO, Fe,0, MgO CaO AifO. Co Ni К

4D-Lake
7A-Canada

0.73 14.31 39.11 5.41 39.90 0.62 1.80 0.26 0.16 0.36

BC-110-4D
8A-Canada

0.84 14.50 38.89 6.61 44.84 0.20 1.50 0.29 0.15 0.35

98
9A-Rhodesia

1.13 15.57 36.71 6.01 40.29 0.22 1.59 0.35 0.19 0.46

4450
10A-Rhodesia

0.79 16.01 36.31 8.24 39.42 1.20 - 0.30 0.22 3.14

P-3-60
11A-USSR

0.95 14.70 39.82 6.65 40.43 0.24 0.37 0.23 0.37

P-3-70
12A-USSR

0.83 15.53 38.32 7.14 37.96 1.33 2.06 0.31 0.22 0.36

Stragari
5A-Yugoslavia

2.14 16.33 39.24 5.74 39.23 0.29 1.47 0.39 0.15 0.57

Petrovo S.
6 А-Y ugoslavia

0.90 14.89 39.48 5.21 39.04 0.20 1.62 0.38 0.19 0.50

Fig. 2. Room tem p era tu re  57Fe Mössbauer spectrum  of chrysotile (sam ple 8A)

A cta  Geologien Academiae Scientiarum  Hungaricae 24, 1981
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Table 2
17 Fe Mössbauer parameters o f chrysotile asbestos at room temperature

Sample Lines
Isomer
ehift
<5*

mm b~ 1

Quadrupole
splitting

AE*  
mm e~1

Line
width

Г
mm s— 1

Inner magnetic field
a  ?„

A m~1 (kOe)

Area 
of the 
lines, 
A**
%

Fe(II)/
Fe(III)

4D-Lake M, 0.310 0.004 0.312 3 .9 3x10 ’ (493.4) 57
7A-Canada M, 0.719 0.000 0.396 3 .6 8 x 1 0 ’ (462.2)

Q . 1.169 2.749 0.297 — 26 1.53

q 2 0.413 0.592 0.530 - 17

BC-110-4D m 1 0.304 0.004 0.296 3.94XlO7 (495.5) 50
8A-Canada M, 0.731 0.001 0.353 3.70XlO7 (464.7)

Q . 1.137 2.885 0.358 — 32 1.78

Q , 0.339 0.698 0.501 - 18

98 M, 0.286 0.009 0.457 3.92XlO7 (492.5) 42
9A-Rhodesia Mo 0.742 0.027 0.478 3.72XlO7 (466.9)

Q . 1.184 2.696 0.409 — 14 0.32

Q 2 0.458 0.562 0.556 - 44

4450 M i 0.305 0.005 0.131 3.93X lO7 (492.4) 15
10A-Rhodesia M2 0.721 0 .010 0.365 3.69X lO7 (464.0)

Q 2 0.348 0.556 0.579 - 85 0.00

P-3-60 Ml 0.349 0.004 0.289 3 .9 4x10 ’ (495.5) 36
11A-USSR M2 0.727 0.009 0.456 3 .7 0x10 ’ (464.7)

Q i 1.191 2.683 0.361 — 35 1.19

q 2 0.480 0.476 0.610 ' 29

P-3-70 M i 0.290 0.016 0.379 3 .9 4 x 1 0 ’ (495.5) 42
12A-USSR M, 0.741 0.006 0.458 3 .7 0x10 ’ (464.7)

Q i 1.185 2.714 0.365 — 29 1.00

q 2 0.381 0.540 0.560 - 29

Stragari Q i 1.165 2.709 0.310 — 72 2.57
5 А-Y ugoslavia q 2 0.330 0.494 0.580 - 28

Petrovo S. m , 0.270 0.014 0.460 3.94XlO7 (495.5) 34
6 А-Y ugoslavia m 3 0.706 0.067 0.353 3 .6 9 x 1 0 ’ (464.0)

Q i 1.186 2.684 0.388 — 49 2.88

q 2 0.450 0.560 0.591 - 17

‘ The uncertainty is in á =  ±0 .005  mm s“ \  ЛЕ  =  ±0.005 mm s~l and Н5/„ =  ±  
± 6 .4  X l0 4 A n r 1 (0.8 kOe).

“  A is the area of a line expressed as a percentage of the whole area calculated on the basis 
of spectrum  a t room tem perature.

Acta Gcologica Academiac Scientiarum Hungaricae 24, 1981
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k in d . T h e  in n e r p a r t  o f th e  sp e c tra  can  he reso lv ed  fo r tw o  q u a d ru p o le  d o u b le ts . 
T h e  d o u b le t w ith  th e  v a lu es  Ô =  1 .13— 1.19 m in s _1 and  ZlE == 2 .6 — 2.9  mm 
s _1 re p re se n ts  iro n (II)  in  o c ta h e d ra l p o s itio n s . T h e  values o f ô a n d  ZlE for 
i ro n ( I I )  in  te tra h e d ra l p o s itio n s  are  less [2]. S ince F e 2+ and  M g2+ ions are 
iso m o rp h o u s, i t  is obvious t h a t  M g2+ is s u b s ti tu te d  b y  F e 2+ in  th e  b ru c ite  
la y e r  o f  th e  ch ry so tile . T h e  second  d o u b le t w ith  th e  values o f  ô =  0 .33—
0.48 m m  s -1  an d  zlE =  0 .45— 0.70 m m  s -1  co rresp o n d s to  i r o n ( I I I ) .  T h e  line 
w id th  Г  v a ries be tw een  0.50 m m  s _1 an d  0.60 m m  s -1 . T h is l in e  w id th  is 
r a th e r  b ro ad  an d  th e  p o ss ib ility  o f  th e  p resence  o f tw o or m o re  d o u b le ts  
(su p erp o sitio n ) w ith  s im ila r p a ra m e te rs  c a n n o t be excluded . I n  c la y  m in era ls  
(also  la y e r  silicates), F e 3 + -ions in  te tr a h e d ra l  p o s itio n  have  M ö ssb au er p a ra m ­
e te rs  of ő/zlE =  0.22/0.33 [7]. T h e  su b s titu tio n  o f S i4+ in  th e  te t r a h e d ra l  
p o s itio n  b y  F e 3+ can  also be  supposed  in  th e  case o f ch ry so tile  asb esto s . 
I f  M g2+ is su b s titu te d  b y  F e 3+ ions, an  excess o f charge ( 1 + )  ap p ears  
a n d  th e  S i4+ should  be s u b s ti tu te d  w ith  M e3 + -ions (generally  i t  c a n  be  th e  
F e 3 + ) ow ing to  th e  c o m p en sa tio n  o f th e  charges. In  th e  case of th e  s u b s t i tu t io n  
o f  S i4+ b y  F e 3+, th e  M össbauer sp ec tru m  sh o u ld  be ch a rac te rized  b y  F e ( I I I )  
b e in g  in  te tra h e d ra l p o s itio n .

M a l y s h e v a  e t al. [8 ] h a v e  also supposed  th e  F e 3+ to  be in  te t r a h e d ra l  
p o s itio n  in  th e  course o f  a  M össbauer in v e s tig a tio n  o f some U ra l se rp e n tin e s . 
T h e y  o b ta in e d  <5/zlE =  0.31/0.31 m m  s _1 v a lu es . D u rin g  th e  p re p a ra t io n  o f  th is  
p u b lic a tio n , tw o  p ap ers  on  M össbauer sp ec tro sco p y  of se rp e n tin e  m inera ls  
h a v e  ap p eared . B l a a u w  e t al. [9] p u b lish ed  th e  re su lts  o f th e  M össbauer 
a n a ly s is  o f som e C anad ian  ch ry so tile s  from  sev era l m ining a re a s . T h e y  con­
c lu d ed  th a t  F e 2+ occupies on ly  th e  o c ta h e d ra l (Mg) position  in  ch ry so tile , 
w h e reas  F e 3+ is d is tr ib u te d  b e tw een  th e  o c ta h e d ra l and  th e  te t r a h e d r a l  (Si) 
p o s itio n s . F o r th e  isom er sh if t (re la tiv e  to  m e ta llic  iron) and  th e  q u a d ru p o le  
s p lit t in g  o f F e 2 + , th e y  m easu red  <5//lE =  1.12/2.65 m m  s _1, fo r th e  F e 3+ th e  
co rresp o n d in g  values a re : d/zlE  =  0.34/0.45 m m  s—1 in  th e  o c ta h e d ra l p o sition  
a n d  <5/zlE =  0.20/0.34 m m  s _1 in  th e  te t r a h e d ra l  positio n . R o z e n s o n  e t  al. [10] 
h a v e  show n th a t  in  a n tig o rite s  on ly  one ty p e  o f o c tah ed ra l s ite  is occup ied  
b y  F e 2+ or F e 3+ ions. T h e  M össbauer sp e c tra  o f  a n tig o rite s , l iz a rd ite s  and  
ch ry so tile s  all show ed one F e 2+ d o u b le t a t  room  te m p e ra tu re  w ith  v a lu e s  of 
ô =  1.12— 1.15 m m  s _1 an d  ZlE =  2.70— 2.79 m m  s -1 . In  th e  c h ry so tile s  
ex am in ed  b y  us, i t  seem s t h a t  F e 3+ ions o ccu p y  tw o  o c tah ed ra l p o s it io n s . I n te r ­
p re ta t io n  o f th e  F e3+ lines w as d ifficu lt, ow ing  to  th e  large  l in e w id th  o f  th e  
d o u b le ts  an d  th e  possib le p resence  o f  F e 3+ w ith  te tra h e d ra l  c o o rd in a tio n .

In  th is  w ork, th e  re so lu tio n  o f th e  c e n tra l  p a r t  o f th e  s p e c tra  fo r  th ree  
d o u b le ts  F e ^ J , F e ^  an d  Fe*^ has also been  a t te m p te d . H o w ev er, %2 values 
w ere  n o t  low er in  co m p ariso n  w ith  th e  f i t t in g  fo r tw o  doub le ts  a n d  th e  M öss­
b a u e r  p a ra m e te rs  o b ta in ed  fo r  F e 111 in  te t r a h e d ra l  position  w ere n o n re a lis tic , 
i f  th e y  are  com pared  w ith  know n  va lu es  in  th e  l i te ra tu re  fo r F e ^ .  O n th e
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basis o f th e se  re su lts , i t  c an n o t be  con c lu d ed  w ith  c e r ta in ty  th a t  F e IU sub ­
s t i tu te s  fo r  S ilv  in  th e  ch ry so tile  sam p les . The b ro ad en in g  of th e  iro n (I I I )  
lines can  be  ex p la in ed  by  th e  v a r ia t io n  in  th e  iro n ( I I I )  chem ical e n v iro n m e n t, 
and  th is  re f le c ts  a h igher defect c o n c e n tra tio n  a ro u n d  th e  F eIH ions.

O n th e  basis  o f th e  line a re a s , d is tr ib u tio n  o f iro n  betw een  th e  F e (II)  
and  th e  F e ( I I I )  s ta te  has been ach iev ed . I t  can be show n from  T a b le  2 th a t  
th e  F e ( I I ) /F e ( I I I )  ra tio  in ch ry so tile  a sb esto s  depends s trong ly  on th e  m ining 
a rea . T h e  F e ( I I ) /F e ( I I I )  ra tio  in  m in e ra ls  reveals im p o r ta n t  in fo rm a tio n  on th e  
p a r tia l  p re ssu re  of oxygen d u rin g  c ry s ta lliz a tio n , w h ich  is a p a ra m e te r  o f geo­
logical s ig n ifican ce  [5]. The c o m p a ra tiv e ly  high iro n (I I ) / iro n (I I I)  ra tio s , e.g. 
in  th e  case o f  th e  Y ugoslav  ch ry so tile  asbesto s, re fe r to  th e  fo rm a tio n  o f these  
m in era ls  u n d e r  h igh pressure. T h e  low  iro n (II)  c o n te n t  of th e  sam p le  from  
R h o d esia  ( th e  10A sam ple does n o t  c o n ta in  an y  F e ( I I I ) )  p e rm its  th e  con­
clusion t h a t  th e se  m inerals a re  fo rm e d  u n d er re la tiv e ly  low p re ssu re s  and  
h ig h ly  o x id a tiv e  conditions.
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ОПРЕДЕЛЕНИЕ 47Fe ХРИЗОТИЛОВОГО АСБЕСТА ИЗ РАЗЛИЧНЫХ 
ГОРНОПРОМЫЩЛЕННЫХ РАЙОНОВ АНАЛИЗОМ МЕССБАУЕРА

И. Н А Д Ь - Ц А К О - С .  М У С И Ч -  А. В Е Р Т Е Ш - О .  Х А Д Ж И Я - 3 .  Д Р А Г Ч Е В И Ч  — 
Л А Х О Д Н И - Ш А Р Ц

Р е з ю м е

Спектроскопический метод 57Fe Мёссбауера применялся для изучения состояния 
оксиления и координационного числа железа в хризотиловом асбеста из различных райо­
нов Канады, Родезии, СССР и Югославии. При этом установили, что как ионы Fe2+, так и 
ионы Fe+ занимают только лишь октаэдрические позиции в кристаллической структуре 
хризотила, а также, что соотношение Fe2+/Fe3+ сильно зависит от горнопромышленного 
района. Спектры Мёссбауера показали, что образцы также содержат магнетит.
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MECHANISM OF DISTRIBUTION OF 
Fe2+/Fe3+ IN NATURE 

MAGNETITE MINERAL
By

R . N . P . S in h a  Y . R oy
DEPT. OF CHEMISTRY, RANCHI UNIV. DEPT. OF CHEMISTRY J. N. COLLEGE,

RANCHI, INDIA H.E.C. RANCHI, INDIA

The n a tu ra l m agnetite m inerals, Fe30 4 of various places have been analysed and 
the d is trib u tio n  of Fe2+ and F e3+ in te rp re ted  in  term s of C rystal Field S tabilization 
Energy1 (C FSE ) and isomorphous replacem ent.2 The CFSE fac to r appears to hold good.

In tro d u c tio n

In  m a g m a tic  segregation  d ep o sits  o f iro n  oxides or su lph ides, th e  ty p ic a l 
m inerals a re  m a g n e tite  (F e30 4) in s te a d  o f w ils tite  (F eO ), and  P y r rh o tite  
(F ei_xS) in s te a d  o f tro ilite  (F eS ). M ag n e tite , F e 30 4 is fe rro u s  ferric  m in era l.

E x p erim en ta l R esu lts

F o r th e  p u rp o se  of an a ly sis , v o lu m e tric , g rav im etric  an d  co lo rim etric  
m ethods h a v e  b e e n  ad o p ted . T he a n a ly tic a l re su lts  are  p re se n te d  in  th e  T ab le  1.

Table 1

Cations A В c D Average, %

+fa 24.40 24.37 24.43 24.41 24.40
F e3 + 41.12 41.09 41.15 41.14 41.12
T i4 + 1.59 1.57 1.61 1.60 1.59
Mn2 + 0.77 0.74 0.80 0.77 0.77
уз+ 0.72 0.70 0.74 0.73 0.72
Cr3+ 0.27 0.25 0.29 0.27 0.27
N i2 + 0.078 0.076 0.080 0.077 0.078

(A, B, C and  D represent different samples of the same mineral.)
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D iscussion

C ry sta l fie ld  s ta b iliz a tio n  energy (C F S E ) h a v e  been ca lcu la ted  h e re  to  
c h a rac te rize  m a g n e tite  sp in e l as:

M agnetite  —  F e 30 4
F e 2+ F e3+ F e 3 +
(T et) (O ct) (O c t)

Norm al sp in e l

F e 2+— d e sy stem , F e 2+ (d6) te tra h e d ra l
C FSE  =  6 D q

=  6 x 4 / 9  D q  
=  8/3  D q  
=  2 .66  D q

F e 3+— de sy s tem , F e 3+ (d 5) o c tah ed ra l 
C FSE  =  0 D q
T o ta l C FSE =  2 .6 6  D q  —(— 0 —|— 0

=  2 .6 6  D q
F e 3+ F e 2+
(te t)  (oct)

Inverse sp in e l

F e 3+— d 5 sy s tem , F e 3+ (d 5) o c tah ed ra l 
C FSE  =  0 D q

F e 2+— de sy stem , F e 2+ (de) o c tah ed ra l 
C FSE  =  4 D q

F e 3+— d 5 sy s tem , F e 3+ (d 5) te tra h e d ra l 
C FSE  =  0 D q
T o ta l C FSE = 0  +  4 D q  +  0

=  4 D q

Since th e  C FSE  o f  F e 2+ is higher in  c a se  o f  o c tahed ra l an d  th e re fo re , 
i t  p re fe rs o c tah ed ra l s ite  an d  th e  s tru c tu re  o f  m a g n e tite  is an in v e rse  sp in e l. 
As th e  C FSE  for F e 3+ is zero  and th a t  o f  t h e  F e 2+ in  o c tah ed ra l s i te  is  —  
4 D q , i t  is qu ite  e x p e c te d  th a t  th e  d is tr ib u tio n  o f  F e 2+ in th e  m in e ra l  w ill 
he m ore  th a n  F e3 + . T h e  chem ical analyses ta b u la te d  in  the  T a b le  1 show s 
th a t  th e  average  p e rc e n ta g e  of F e 2+ is 2 4 .4 %  a n d  F e 3+ is 41 .12% .

T h u s  it  ap p ears  t h a t  th e  d is trib u tio n  d o es  n o t  obey the C FSE  a p p ro a c h . 
H ow ever, if  it  is co n sid e red  th a t  th e  p e rc e n ta g e  o f  F e 3+ is due to  d is t r ib u t io n  
in  tw o  d iffe ren t s ite s , th e  a to m  to  a to m  r a t io  F e 2+/F e 3+ =  24.4 : 20 .5  i.e ., 
th e  p e rcen tag e  o f F e 2+ is g rea te r  th a n  th e  p e rc e n ta g e  of F e3 + . T h e  C F S E

F e 3 + 
(o c t)
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for Ni (cl8) is —  12 D q in  o c tah ed ra l, and  —  6 D q in  te tra h e d ra l.  T he size o f  
N i2+ (ionic ra d iu s  0.68 Â) is d o s e r  to  F e 2+ (0.76 Â) an d  th e re  is m ore C FSE  
for N i2+ in  o c ta h e d ra l, i t  su b s ti tu te s  for F e 2+ in  th e  a m o u n t of N i2+ w hen 
m ade e q u iv a le n t, F e 2+ tu rn s  o u t to  be 0 .0 7 % . D ue to  size closer to  F e 2 + 
(0.76 Â) M n2+ (0.80 A) su b s titu te s  F e 2 + an d  th e  am o u n t o f M n2+ w hen m ade 
e q u iv a le n t to  F e 2+ tu rn s  o u t to  be 0.8. T h u s  th e  to ta l  F e 2+ is ab o u t (24.4 -)- 
4- 0.07 -(- 0.8) =  2 5 .2 7 % . V 3+ is a d 2-sy stem  and  since it  has an  o c tah ed ra l 
rad iu s  (0.61 A) a lm o st id en tica l w ith  th a t  o f  F e3 + , i t  te n d s  to  follow iron  in  
m in era l fo rm a tio n . T he C FSE  fo r V 3+ is —  6 D q  in  o c ta h e d ra l and  5.3 D q in  
te t r a h e d ra l  an d  o f  i t  su b s titu te s  F e 3+ in  o c ta h e d ra l site .

S im ila rly  C r3+ (d 3) has C FSE  =  — 12 D q in o c ta h e d ra l and  5.3 D q in 
te tra h e d ra l an d  so su b s titu te s  F e 3+ in o c ta h e d ra l site . T h e  F e3+ eq u iv a len t 
o f Cr3+ an d  V 3+ tu rn s  o u t to  be (0.45 +  0.84) =  1 .29% . T h u s th e  to ta l  F e3 + 
tu rn s  o u t to  be  2 1 .8 % . T he su b s titu tio n  fo r F e 3+ (by Cr3 + , V 3+) is m ore th a n  
th e  s u b s ti tu t io n  fo r F e 2+ (by  M n2+ and  N i2+). E ven  i f  T i4+ is ta k e n  to  su b ­
s ti tu te  F e 3 + , th e  F e3+ tu rn s  o u t to  he (21.8 !~ 1.9) =  2 3 .7 % ; and  th e  a m o u n t 
of F e 2+ is th u s  la rg e r  due  to  C FSE  o f F e 2+ re la tiv e  to  F e 3 + . T he p ercen tag e  
o f T i4 + is la rg e r  an d  it  in d ica te s  th a t  T i4+ m ay  be p re sen t as ilm en ite . 
F e 2+ T i4 + 0 3 w here  F e 2+ as well as T i4+ h a v e  been s u b s titu te d  by  F e 3+ in  
equal a m o u n ts . I f  th is  is ta k e n  th e n  th e  a to m  to  a to m  percen tag e  of F e 2 + 
will be m ore  in  m a g n e tite  re la tiv e  to  F e 3 + . T he above discussions c lea rly  
d e m o n s tra te  th e  a p p licab ility  o f C FSE  in n a tu re .
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О МЕХАНИЗМЕ РАСПРЕДЕЛЕНИЯ Fe2+/Fe3+ В ЕСТЕСТВЕННЫХ МИНЕРАЛАХ
МАГНЕТИТА

P. Н . П . Ш И Н А - И .  РО Й  

Р е з ю м е

Анализировались естественные минералы магнетита — Fe30 4 — и распределение 
Fe2+ и Fe3+ интерпретировался как энергия стабилизации поля кристаллизации и изо­
морфное замещение. Коэффициент энергии стабилизации поля кристаллизации является, 
по-видимому, оправданным.
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DOLOMITIZATION, DE-DOLOMITIZATION, 
RE-CALCITIZATION IN HYDROTHERMAL 

CONDITIONS (50°—300° C)

By

J .  K is s
DEPT. OF MINERALOGY, EÖTVÖS LORÂND UNIVERSITY, BUDAPEST

A n extended literature is devoted to  the m etasom atic processes of calcareous 
rocks. L abo ra to ry  model experim ents in recen t decades have shed light on a num ber 
of episodes of transform ation ( th a t of a calcite la ttice  in to  a dolom ite one-, M gC 03-, 
M nC 03-, F eC 0 3—ZnC03-, CdC03-, CoC03-, etc.). Some contradictory  facts, requiring  
fu rth e r investigation , can he m et w ith  in connection w ith the b irth  of a dolom ite la ttice  
(“ do lom itization"). A t this m om ent an a priori “ prim ary  syngenetic”  form ation of 
dolom ite u nder “ norm al" sedimentological conditions still rem ains problem atic. The 
dolom ites of “ shabka” areas also represen t a post-calcite epigenic form ation, and  no t 
even th e  dolom ite detectable in m odern chalk deposits in  th e  G reat H ungarian  P lain  
is contem poraneous with the calc ite . L aboratory  model experim ents by the au th o r 
have approached  the question form ulated  in the title  via studies of the “ solid phase: 
so lu tion  system “ =  CaC03(s) : MgCl2(aq). The chemical and crystal chemical charac­
teristics o f phase changes are evaluated , of the  physico-chem ical param eters o f the 
process i t  is prim arily the influence and role of tem pera tu re  th a t are analyzed. The 
m odel experim ents were perform ed in  a confined (closed) system  — an autoclave. The 
chem ical changes, crystal chemical and  X -ray diffraction d a ta  of the resulting c ry s ta l 
phases are  sum m arized in tables. The relative changes of the 6q and isotopes of phases 
genera ted  a t  different tem peratures are w orthy of a tten tion .

T he following binary system s have been exam ined:
a) C aC 03(calcite): MgCl2(aq);
b )  CaMg(C03)» — pulverulent dolom ite: MgCl..(aq)

T° =  50, 75, 100, 125, 150, 200
225, 250, 300, 350 °C.

T he m agnesium  concentration of the solutions has been chosen so th a t the ra tio s 
as to  the  calcium  in the solid phase should be: Ca : Mg =  70 : 30; 50 : 50; 30 : 70.

T he form ation of dolomite (protodolom ite), m agnesite-barringtonite (“ dolom itiza- 
tio n " , “ m agnezitization") in the b inary  system s ju s t outlined is described.

A lm ost the entire Ca2+ position in the calcite la ttice  m ay be exchanged. The 
phases w ere nonstoichiometric, for the m ost p a r t deficient in  anions. In  the C aC03(s) : 
: MgCl2(aq) system  the optimum tem peratu re  of dolom ite genesis was 175 °C, above th is 
figure m ain ly  M gC03 (magnesite la ttice) was formed. Most in tensive exchange of Ca2 + 
positions in  (pulverulent) dolomite is enhanced by low concentrations of Mg in solution, 
while M g-rich solutions exert an opposite influence, so th a t a m axim um  of 30% of the 
dolom ite w ill, a t  the most, be converted into magnesite. The transform ation of dolom ite 
in to  m agnesite  is the process reflecting the  essence of the “ dedolom itization”  m echanism .

c) M gC 03(s)-magnesite : CaCl2(aq);
d) CaM g(C03)2-pulverulent dolom ite : CaCl.,(aq).
T em peratu re  and solution concentrations were sim ilar to  the case of b inary  

system s. T he M gC03(s) : CaCl2(aq) system  consisted of calcite, aragonite, vaterite , dolo­
m ite and  triclinic barringtonite. The qu an tita tiv e  participation  of these and the s ta ck ­
ing of c ry s ta l phases are dependent on tem pera tu re  (“ recalcitization"?).

W hile examining the CaMg(C03)2 system  i t  was sought to  follow w ith a tten tio n  
the “ dedolom itization-recalcitization" process and its la ttice  structure  m echanism . 
A res tric ted  ra te  of formation of calcite, aragonite, va terite  ( ?) and MgC03 • 2 H 20  
and M gC 03 dependent on tem perature  and the Ca2+ concentration  of the solution was 
observed, b u t these mineral phases were formed by mechanism s o ther than  the restack-
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ing of the dolom ite la t tic e  (e.g. by replacem ent o f m agnesium  by calcium), as they  
precipitated from th e  solu tion  and settled on th e  surface of in tac t dolom ite rhom bo- 
hedra.

Restacking of dolom ite under natural circum stances — a t low tem p era tu re  — 
into  calcite ( =  “ dedolom itization” ) can hardly ta k e  place, a t  higher tem pera tu res th e  
possibility for this is reduced  even owing to c ry s ta l chem ical causes.

In troduction

A large n u m b er o f  p a p e rs  have d iscussed  th e  m etaso m atic  p ro cesses  
o f  C a-rich  rocks. E x p e r im e n ta l w orks have p ro v id e d  re liab le  e x p la n a tio n s  fo r 
m a n y  d ifferen t aspec ts  o f  th is  phenom enon (i.e . th e  a lte ra tio n  o f th e  ca lc ite  
s tru c tu re  to  M gC 03, M n C 0 3, F eC 0 3, Z n C 0 3, C d C 0 3, C oC 03 e tc .). S ev e ra l 
ex p e rim en ta l — th o u g h  o ccasiona lly  c o n tra d ic tio n a l —  d a ta  are a v a ila b le  for 
th e  fo rm atio n  of d o lo m ite  (do lom itiza tion). A t p re se n t th e re  is no re a so n a b le  
e x p la n a tio n  for th e  p r im a ry  syngenetic  d ep o sitio n  o f  dolom ite —  in  n o rm a l 
se d im e n ta ry  en v iro n m e n ts . T h e  problem  p re se n te d  in  th e  t itle  o f  th is  p a p e r  
is now  approached  b y  th e  ev a lu a tio n  of so lid -p h ase -so lu tio n  sy s te m s , like  
C a C 0 3(S)— MgCl2(aq), e tc . I t  ev a lu a ted  th e  ch em ica l- and  c ry s ta l-ch em ica l 
a sp e c ts  o f th e  phase a l te ra t io n s . A m ongst th e  p hysicochem ica l c h a ra c te r is tic s  
o f  th e  processes the p a p e r  is focussed m ain ly  o n  th e  effect and  role o f  te m p e ra ­
tu r e  v a ria tio n s. T he e x p e r im e n ts  have been c a rr ie d  o u t in  closed S ystem , in  
au to c lav e . The resu lts  o f  ap p ro x im a te ly  230 e x p e rim e n ts , th e  d a ta  o f  ch em ica l 
a lte ra tio n s , X -ray  d if f ra c tio n  analyses are p re s e n te d  in  sep ara te  p lo ts  in  o rd e r 
to  avo id  th e  v o lu m in o u s  lis tin g  of all d a ta ,  w h ich  otherw ise m ig h t h av e  
d o u b led  th e  leng th  o f  th e  p a p e r .

A m ong these  d a ta  th e  v a ria tio n s  in  th e  do an d  dc re la tiv e  iso to p ic  ra tio s  
o f  th e  resu lted  phases in  d iffe re n t te m p e ra tu re  lev e ls  are  also p re se n te d .

T he following b in a ry  system s have b een  in v e s tig a te d :
a) C aC 03 (calcite) : M gCl2(aq)
b) CaM g(C03)2 (p o w d e ry  dolom ite) : M gCl2(aq)
T =  50, 75, 100, 125, 150, 175, 200, 225 , 250, 300, (350) °C.
The co n cen tra tio n  o f  Mg in the  so lu tio n  is chosen  to  p rov ide  C a/M g =  

=  1 : 1,60; 70 : 30; 50 : 50 ; an d  30 : 70 ra t io s  w h en  com pared  to  th e  a m o u n t 
o f  Ca con ta ined  in  th e  so lid  phase.

The system s a b o v e  s im u la te  th e  fo rm a tio n  o f  dolom ite (C a-d o lo m ite , 
p ro to -do lom ite ) an d  m a g n e s ite -b a rrin g to n ite  (“ d o lo m itiza tio n ” , m ag n esitiz a - 
tio n ) .

A lm ost all o f th e  C a2+ positions in  th e  c a lc ite  la ttic e  m ig h t b e  rep laced  
in  th e se  system s. T h e  re su lte d  phases w ere n o n -s to ich io m e tric , m o s tly  an ion - 
d ep le ted . The o p tim a l te m p e ra tu re  for th e  d o lo m ite  fo rm a tio n  in  th e  
C aC 0 3(S) : MgCl2(aq) s y s te m  w as 175 °C. A b o v e  th is  te m p e ra tu re  m a in ly  
M g C 0 3 (m agnesite  s t ru c tu re )  has been fo rm e d . M ore in tensive  re p la c e m e n t 
o f  th e  Ca2+ po sitio n s o f  do lom ite  (pow dery ) h a s  been  ach ieved  b y  d ilu te
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M g-con ta in ing  so lu tions, w hile M g-rich so lu tio n s ad v erse ly  a ffec ted  th is  
process, s in ce  o n ly  30 p er cen t o f  th e  d o lo m ite  could  h av e  been co n v e rted  
to  m a g n e s ite .

T h e  a l te ra t io n  of th e  do lo m ite  s tru c tu re  to  m ag n esite  is in fac t a ty p ic a l 
case o f  “ d e -d o lo m itiz a tio n ” , th o u g h  th is  te rm  as is show n la te r , is g en era lly  
— an d  u n c o rre c tly  —  regarded  as sy n o n y m o u s w ith  “ re -ca lc itiz a tio n ” .

c) M g C 0 3(s) (m agnesite) : CaCl2(aq)
d) C aM g (C 0 3)2 (pow dery do lom ite) : CaCl2(aq)
In  th e s e  ex p erim en ts  th e  te m p e ra tu re  ranges w ere th e  sam e as w ere 

applied  in  a a n d  b te s ts , th e  co n c e n tra tio n s  o f  th e  so lu tions w ere chosen  
betw een  1.0— 2.5 M, w ith  2 : 1, 1 : 1 and  1 : 2 ca tio n  ra tio s .

e) “ C a lca reo u s do lom ite” : 2.5 M CaCl2(aq)
T h e  M g C 0 3(s) : CaCl2(aq) sy stem  has b een  com posed  o f calcite , a ra g o n ite , 

v a te r ite , d o lo m ite  and  tric lin ic  M gC 03. 2 H 20  phases. T h e  p ro p ortions o f th e  
d ifferen t c ry s ta ll in e  phases as well as th e  o rd e red  o r d iso rd ered  c h a ra c te r  o f 
th e ir  s t ru c tu re s  is largely  te m p e ra tu re  d e p e n d e n t (“ re -ca lc itiz a tio n ” ?).

T h e  C aM g (C 0 3)2 : CaCl2(aq) sy s tem  w as in v e s tig a te d  in  o rder to  s t im u ­
la te  th e  “ d e -d o lo m itiza tio n ”  process in  th e  w ay  described  in  th e  l i te ra tu re , 
and to  re v e a l its  ch a rac te ris tic s . In  th e se  e x p e rim e n ts  calcite , a rag o n ite , 
v a te r ite  (? ) M g C 0 3 and  M gC 03 • 2 H 20  h av e  been  fo rm ed  in  am o u n ts  m a in ly  
in fluenced  b y  th e  te m p e ra tu re  an d  th e  ra tio  o f  ca tio n s  in  th e  solid-liq tiid  
system . L a rg e r  scale developm ent o f  th e  d e -d o lo m itiza tio n  process in  n a tu ra l  
cond itions is h a rd ly  p robab le  ow ing to  th e  ad v erse  e ffec t o f  increasing  te m ­
p e ra tu re . T h e  processes of re -ca lc itiz a tio n  an d  de-d o lo m itiza tio n  are  m a in ly  
functions o f  th e  s tru c tu ra l o rd erin g  o f  th e  in itia l c ry s ta llin e  phase, an d  m ay  
he also r e la te d  to  th e  fac ts , th a t  th e  m ag n esite  has la rg e r  s tru c tu ra l en erg y  
and sm alle r u n i t  cell p a ram ete rs  th a n  th e  ca lc ite , an d  th e  en th a lp y  changes 
occur a t  sm a lle r  te m p e ra tu re s  th a n  in  ca lc ite .

T h e  c ry s ta ll in e  phases o f th e  in v e s tig a te d  system s a re  th e  m ost f re q u e n t­
ly  s tud ied  m in e ra ls  o f b o th  th e  c a rb o n a te  sed im en ts  an d  th e  rock a l te ra tio n  
associated  b y  th e  h y d ro th e rm al ore d ep o sitio n  (“ d o lo m itiza tio n ” , “ m agne- 
s itiz a tio n ” ). T h e re  are  m any  co n tro v ers ia l p o in ts  in  th e  in te rp re ta tio n  o f th e ir  
genesis an d  th e i r  fo rm atio n  d u rin g  chem ical s e d im e n ta tio n  is one o f th e  m ost 
critical p ro b le m  o f th e  sed im en ta ry  p e tro lo g y . T he m ain  difference be tw een  
th e  s tru c tu re s  o f  do lom ite-m agnesite  and  th e  m ore  fre q u e n t calcite  is in  th e  
m ore со-v a le n t c h a ra c te r  o f th e  M g—О b o nds an d  th e  30— 50%  ion ic-covalen t 
ch a ra c te r  o f  th e  C a—0  bonds. T he p o ss ib ility  o f  th e  rep lacem en t of th e  M g2 + 
in  th e  d o lo m ite  b y  F e 2 + , M n2 + , P b 2 + , C o2 + , C a2+ an d  Z n 2+ ions is v e ry  
re s tr ic ted  (Z n -d o lo m ite , P b -d o lo m ite ), th e  rep lacem en t o f  C a2+ b y  M g2 + , 
F e2+, M n2+ io n s  m ig h t resu lted  in  in ten se  chan g es o f th e  u n it  cell vo lum e.

D . L . G r a f ,— J . R . G o l d s c h m it h  (1955) sy n th e tiz e d  M g-calcite a t  room  
te m p e ra tu re  a n d  found  it  to  he u n s ta b le . A t a b o u t 600 °C th e  calcite  s tru c tu re
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m a y  co n ta in  9%  M g C 0 3 ( J .  R . G o l d s c h m it h , 1955), or 2%  as su g g e s te d  
b y  o th e r  au tho rs.

T he so lub ility  o f  M g2+ in  (Ca,M g)0 is la rg e r  th a n  th a t  o f th e  C a2 + 
in  (M g,C a)0 , th e re fo re  C a ,M g (C 0 3)4 (hun tite ) is m o re  stab le  th a n  Ca3M g (C 0 3)4. 
T h e  k o n ite , Ca3M g(C 03)4 ( R e t z iu s , 1975) is in  f a c t  an  in te rm e d ia te  p h a se , 
w h ich  occurs as a m ix tu re  o f dolom ite and  m a g n e s ite  in  n a tu ra l c o n d itio n s , 
a n d  th e  leesberg ite  C aM g2(C 0 3)3 is also a so lid  so lu tio n , no t an  in d iv id u a l 
p h ase .

M e d l in , W . L . (1959) described th e  p re se n c e  o f th e  fo llow ing p h ases  
in  th e  MgCl2— CaCl3+ u r e a + C 0 2 system :

120°—150 °C aragon ite
120°—200 °C =  5 M g0(C 02)4 • 5 H20
200° =  m ain ly  dolomite
200°—250°C =  calcite , dolomite, m agnesite an d  basic Mg-carbonate

In  th e  presence o f  sm all am o u n t of N aC l th e  fo rm ation  of d o lo m ite  has 
sh ifted  to  210— 230 °C. W ith  6— 7%  N aCl t h e  te m p e ra tu re  ran g es  o f  th e  
c ry s ta llin e  phases h a v e  b een  found as fo llow s:

150 °C =  aragonite, basic M g-carbonate
150°—210 °C =  dolom ite, small a m o u n t o f basic Mg-carbonate
230°—350 °C =  calcite, dolomite, m agnesite

T he to ta l  w ork  h a s  in c lu d ed  abou t 230 e x p e rim e n ts  in  sy s tem s  h a v in g  
Ca : Mg =  1; 1.60, a n d  70 : 30, 50 : 50, 30 : 70 ra tio s , in th e  25°— 300°—  
(350°) C te m p e ra tu re  ra n g e .

I. The Problem  o f “ D olom itization— M agnesitization”
1/1. CaC03(s) — Calcite -f- MgCl., —  H 20  System

(The d o lo m itiz a tio n  and m a g n e s itiz a tio n  o f the  calcite)
I / l - a  CaCom  : M g 2 + =  1 : 1.60

A ccording to  th e  c rysta l-chem ical e v a lu a tio n s  th e  in tro d u c tio n  o f  Mg 
in to  th e  calcite s t ru c tu re  is a  function  o f t h e  co n cen tra tio n  o f th e  so lu tio n , 
a n d  show ed an  in c re a se  fro m  175°—200 °C, w ith  a  sim ultaneous d e c re a se  of 
th e  am o u n t of CaO in  th e  c rysta lline  phase . T h e  m ost re levan t c h a n g e  in  th e  
Mg : Ca 1 : 1.60 sy s te m  beg ins from  150 °C , w h e n  th e  ra te  o f re p la c e m e n t 
o f  th e  calcium  b ecom es a lm o s t equal w ith  t h e  r a te  o f fixa tion  o f  m ag n esiu m  
in  th e  s tru c tu re , a n d  th is  p rocess is re lec ted  b y  th e  fo rm ation  o f a n e w  c ry s ta l­
lin e  phase.

A ccording to  th e  chem ical, m icroscopic  a n d  X -ray  d a ta , t h e  f ix a tio n  
o f  m agnesium  in th e  c a lc ite  s tru c tu re  up to  100° C does no t d e s tro y  th e  in itia l 
s tru c tu re . B etw een 50° a n d  175° C C a-do lom ite , M g C 0 3 • 2H 20  a n d  h u n t i te  (?)
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ap p eared  in  th e  system  as in te rm e d ia te  phases. T he d e s tru c tio n  o f  th e  ca lc ite  
s t ru c tu re  ta k e s  p lace  betw een  175° a n d  200° C, w hen M g C 0 3 a n d  C aM g(C 03)2 
beg in  to  d ev e lo p , w ith  associa ted  ch an g es  in  th e  g rain-size  d is tr ib u tio n  o f th e  
in itia l m a te r ia l  (ca lc ite).

S to ic h io m e tric  eva lua tions o f  th e  analyses show  th e  d o m in an ce  o f ca l­
cium . T h is  does n o t  m ean, h o w ev e r, th e  exclusive ex is ten ce  o f  m ono-phase 
c ry s ta llin e  s tru c tu re s . T he tre n d  o f  th e  solid stage  c a tio n  ex ch an g e  can  be  
tra c e d  as fo llow s:

25° C =  -  — =
50° C =  Ca0.987Mg0.011CO8 -
75° C =  Ca0.987Mg0.021CO3 “  

100° C =  Ca0t962Mg0>03eCO8 ==

125° C — Ca0-947Mg0t038CO8 =

150° C - Ca0e42Mg0.419CO8 =
175° C - Ca0 253Mg0-885CO8 =
200° C — Са0.13?^1ё1.017^Юз =  
250° C =  Ca0 309Mg0 787 C 0 8 =
300° C =  Ca0-21eMg0>M7CO3 =

C aC03, CaMg8(C 08)4 ?, 
C aC03, CaMg3(C 08)4 ?, 
CaC03, CaMg3(C 08)4 ?, 
CaCOs, CaMg3(C 03)4, 
CaMg(C08)2, MgC03,
C aC03, CaMg(C03)2,
M gC08,
C aC03, MgC08, CaMg(COs)2, 
C aC03, MgCO,, CaMg(C03)2, 
C aC03, MgC08, CaMg(C03)2, 
MgCOs, CaMgiCOh,
M gC03, CaMg(CO)2.

In  th e  s ta b le  iso tope  co m p o sitio n s o f  th e  c ry sta llin e  p h a se s  th e  v a r ia tio n  
o f  th e  do v a lu e s  is a p p a re n tly  s im ila r  to  th a t  o f th e  ôc, w h ich , o n  th e  o th e r  
h an d , can  be  re la te d  to  th e  v a r ia tio n s  o f  th e  (C aC 03)— C a2 + a n d  Ca2+/M g2 + 
com positional v a r ia tio n s  o f th e  “ m o th e r-p h a se ” . T h ere  is  no  accep tab le  
ex p lan a tio n  fo r  th e  large s ta n d a rd  d e v ia tio n  of th e  do a n d  dc va lu es  in  th e  
n a tu ra l d o lo m ite  a n d  M gC 03 —  th is  c a n  n o t  be a t t r ib u te d  to  iso to p e  d ilu tio n  
o r f ra c tio n a tio n  d u rin g  dissolving. I n  th o se  phases developed  in  th e  50— 300 °C 
range th e  do— dc va lues are d ec reas in g  w ith  te m p e ra tu re . T h e ir  re la tio n sh ip

— r — - 7- " T ~ T — г ----- —I---- ----- ----- 1----- ------1------ ------!------
50 °C 1 75°C 1 100°C 125°C I 150°C I 175°C 200°C 250°C 300°C

Fig. 1. The plot of Ôq and  Ôq varia tion  versus tem pera tu re
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w ith  th e  C a2+, M g2+ a n d  Ca/M g values a re  p lo t te d  in  Fig. 1. T h e  s im ila r i ty  
o f  iso to p ic  v a r ia b ility  d u r in g  th e  ex p e rim en ts  p o in ts  to  th e  n e c e s s ity  o f  th e  
in v e s tig a tio n  o f iso top ic-geochem ic  ap p ro ach , as w ell as fu rth e r in v e s tig a tio n s .

I / l - b  CaCOm — M g 2+ =  70 : 30

The chemical analyses and  evaluations of the re su lted  phases are sum m arized in  F ig . 2 
an d  Fig. 3.

b-1. The Chemical A nalysis Data ( Figs 2 —3)
50—100 °C =  very slight changes in  CaO—MgO%.

125 °C =  —1.20% C aO +O .13%  MgO com pared to  th e  initial composition.
150 °C =  3.35% CaO decrease, 2.97% MgO increase,
175 °C =  ab rup t CaO loss, and similar increase in  MgO. —35.39% CaO an d  + 1 6 .9 9 %  

MgO com pared to  th e  initial com position,
200 — 225 °C =  overall 47.25%  CaO decrease and + 2 3 .1 3 %  MgO increase,

250 °C =  -5 5 .0 4 %  CaO, + 2 5 .1 6 %  MgO,
275 °C =  -4 9 .8 2 %  CaO, + 2 3 .4 1 %  MgO,
300 °C =  theoretically  to  to ta l am ount of calc ium  has been replaced, th e  so lid  phase 

contains only 1.23%  CaO. The crystalline phase is virtually pu re  MgCOa, w ith 
47.87% MgO. (MgCOj • 2 H20 ;  MgO co n ten t in  literature: 45 .43%  MgO.)

b-2. Crystalline Phases
50 —150 °C =  CaC03 (calcite) is dom inant, M gC 03 • 2 H 20  (barringtonite) is in  traces, 

CaMg3(C 03)4 (h u n tite ) is indicated up  to  125 °C.
175 °C — CaC03 (calcite) and  dolomite in  equal am ounts, MgC03 and MgCOs are  acces­

sories,
200 °C =  the dolom ite shows the highest degree of ordering, its am oun t is la rg e r than  

MgC03, the M gC 03 • 2 H20  is subo rd inate , calcite has not been observed .
225 — 250 °C =  the M gC03 is predom inant, its am oun t is 3 — 5%  greater th an  th a t  o f dolom ite.

MgC03 • 2 H 20  is persistent accessory, th e  presence of CaMg3(C 0 3)4 — hun­
tite  — is questionable.

175—300 °C =  mostly M gC 03, w ith  1.23% CaO im purities, the particles are en c ru s ted  by 
MgC03-2 H 20 .

T h e basic M g -ca rb o n a te  (M gC03 • 2 H 20 )  w as p resen t in  e a c h  sam ples 
in  sm all q u an titie s , a n d  acco rd ing  to  th e  scan n in g -E M  im ages, i t  h a s  fo rm ed  
ep ig en e tica lly  a fte r  th e  com ple tion  o f th e  ex p e rim en ts , th u s  i t  c a n  n o t  be 
co n sid ered  as in te rm e d ia te  p h ase  betw een  th e  d o lo m ite  and M gC 03 (m a g n e s ite ) .

J/i-c CctCOm — M g2+ =  50 : 50

c-1. The Chemical Analysis Data (F igs 2 —3)
50— 75 °C =  no significant change in  the CaO—MgO percentage d istribution,

100 —125 °C =  1.91 — 2.10%  decrease in  CaO, + 0 .2 5 —0.61 increase in MgO,
150 °C =  —9.60%  CaO decrease, + 8 .4 2 %  MgO increase, marked s t ru c tu ra l change 

begins, w ith  ra te  becoming exponen tia l a t  175 °C, similarly to  th e  70 : 30 
system  (Fig. 3),

175 °C =  37.73% decrease in  CaO, + 32 .31%  increase in  MgO,
200 — 225 °C =  39.35—44.50%  decrease in CaO, 34.00 — 36.56%  increase in  MgO,

250 °C =  the rep lacem ent of Ca2+by Mg2+ c o n tin u e s (—53.34% CaO a n d + 4 5 .47% M gO), 
275 — 300 °C =  the process is slowed down. W ith  increasing  am ount of Ca2+ in  M g C 0 3 (7.67 — 

29.80%) dolom ite is started  to  form  aga in  (300 °C) in am ounts o f  8 — 10% .
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CaC03(s)-M9fciq) 
(Summary of chemical data)

In  th e  Ca : Mg =  50 : 50 system  th e  r a te  o f  th e  M g2+ f ix a tio n  increases 
w ith  te m p e ra tu re , s im ila r ly  to  th a t  o f 70 : 30 sy s te m . I t  is o p tim u m  values 
h a v e  been found a t  250° C, w hile in  th e  Ca : M g =  70 : 30 i t  w as a t  300 °C. 
T h e  — 46.86%  CaO lo ss  a n d  22.48%  MgO in c re a se  w h ich  h av e  b een  m easu red  
a t  300 °C has y e t to  b e  checked .

c-2. Crystalline Phases
50 °C =  exclusively C aC 03 (calcite),
75 °C =  CaC03 (calcite), M gC 03 • 2 H20  (barring ton ite),

100 — 150 °C =  calcite >  MgCOs (magnesite) >  M gC 03 • 2 H 20 . The form ation of th e  magne­
site s ta rts  a t  100° C compared to  th e  175 °C tem pera tu re  level in  th e  70 : 30 
system,

175 °C =  CaMg(C03)2 >  M gC 03 >  MgC03 • 2 H 20  >  calcite.
N ote: In  the 70 : 30 system  the dolomite was in  equilibrium  w ith calcite , while here it  

is equal to  MgC03 +  C aC 03.
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225° C =  MgCOs >  calcite >  MgCOs • 2 H 20 . Dolomite com pletely disappears, 
250—275° С =  th is  tem pera tu re  range has been shown to  be op tim al for the  form ation of 

M gC 08 along w ith epigenic M gC08 • 2 H20 ,  w ithou t any  dolom ite or calcite, 
300° C =  M gC 08, CaMg(C08)2 +  M gC08 • 2 H20 ,
The new stage of form ation of dolom ite indicates th e  h igher stab ility  o f its  form ation 

|n  the 175—300° C tem pera tu re  range in  closed systems.

I / l - d  C aC 03(s)— M g 2 + =  30 : 70

d-1. The Chemical A na lysis Data (F igs 2 —3)
50—100 °C =  CaO loss and  MgO gain appeared to be sim ilar to  th e  previously described 

system s (0.06—0.15%),
125 °C =  th e  f i rs t stronger change: 12.70% CaO loss and  + 6 .2 6 %  MgO increase,
150 °C =  40.80%  decrease and + 1 9 .6 1 %  increase in  th e  CaO and MgO contents, re­

spectively,
175 °C =  th e  com position of the crystalline phase: MgO =  44.08% , CaO =  4.87% . 

The form ation of MgCOs approaches to  optim al ra te .
225—275 °C =  A verage values for the crystalline phase: MgO =  45.77% , CaO =  1.49%,

300 °C =  M gC 08 +  M gC08 ■ 2 H20  +  CaMg3(C 08)4 has form ed, w ith  a composition of:

CaO =  0.71%
MgO =  48.09%

C02 =  50.00%

T he o p tim u m  te m p e ra tu re  fo r th e  fo rm a tio u  h as  been  fo u n d  to  he 300 °C 
in  th e  m o st d ilu te  sy s tem  (70 : 30) o f  C a € 0 3(S)— M gC^aq) co m p ared  to  250 °C 
in  th e  50 : 50 a n d  175— 300 °C in  th e  30 : 70 sy stem s.

d-2. Crystalline Phases
5 0 -1 0 0  °C =  C aC 03 (calcite), MgC08 • 2 H 20 ,

125—150 °C =  C aC 08 (calcite), M gC03, M gC08 ■ 2 H20 ,
175 °C =  M gC 08, dolom ite, MgCOs • 2 H 20 ,
200 °C =  M gC 03, M gC08 • 2 H20  +  dolom ite (?),

225 — 275 °C =  M gC 08 +  MgCOs • 2 H 20 ,  calcite traces a t  225 °C,
300 °C =  M gC 08 +  (M gC08 • 2 H 20  +  Ca, Mg(COs)4 ?) .

B a b b a n , J .  (1977) has described  th e  low er lim it o f  th e  m agnesite  fo rm a­
tio n  be tw een  30— 50 °C, of th e  do lom ite  a t  <<30 °C in  n a tu ra l  cond itions. 
In  our te s ts  w ith  th e  ca lc ite  : M g2+ system s we d id  n o t  observe th ese  t r a n s i­
tions above 100 °C. T h e  a lte ra tio n  o f do lom ite  to  m ag n esite  m ig h t, how ever, 
s ta r t  as e a rly  as 50 °C. T he ca lc ite— dolom ite , m ag n esite  u n it  cell p a ra m e te rs  
have been  c o m p u te d  from  X R D  d a ta . F o r X R D  an a ly s is  N aC l in n e r s ta n d a rd  
have been  u sed . T h e  co m p u ted  cell p a ra m e te rs  h a v e  show n ran d o m  v a ria tio n  
in  com parison  w ith  d a ta  found  in  th e  li te ra tu re . W e to o k  G o l d s c h m it h , J .  R . 
and  G r a f , D . L ., H e a r d , H .  G . d a ta  (1961) fo r co m p ariso n :

a0 c0 o0/a.

calcite 4.990 Â 17.061 A 3.419 A
m agnesite 4.633 A 15.016 A 3.241 A
dolomite (defective lattice) 4.8050 A 16.045 A 3.3392 A
dolomite (cation ordered) 4.8079 A 16.010 A 3.3299 A
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T he ca lc ite  c ry s ta ls  o f  th e  C aC 03(S)— M g2+(aq) =  70 : 30 s y s te m  have 
u n it  cells w ith  e lo n g a te d  c 0 p a ram e te rs  —  th e s e  d a ta  are s ig n if ican tly  la rg e r 
th a n  th a t  o f G o l d s c h m it h  e t al. (1961). T h e  la rg e s t increase in  th e  u n i t  cell 
vo lum e has been  o b se rv ed  in  th e  100— 125 °C  te m p e ra tu re  range ( =  370 .607— 
371.904), w hile m a rk e d  decrease  occurred  in  th e  h ig h er te m p e ra tu re  ra n g e .

T he la ttic e -d e fe c tiv e  dolom ite, w hich  h a s  b een  form ed from  175 °C, has 
u n it  cells o f e lo n g a ted  a 0 pa ram ete rs  a n d  d e fo rm ed  along c 0. A t in c reased  
te m p e ra tu re s  th e  co -ex is tin g  M gC 03 has a 0 a n d  c 0 and  a„/c0 v a lu e s  in d ic a tiv e  
to  deform ed cells.

T he ca lc ites fro m  th e  C aC 03(Sj— M g2 + (aq) =  50 : 50 system  h a v e  la rg e r 
a 0 an d  c 0 u n it  cell p a ra m e te rs  th a n  th o se  re fe r re d  in  th e  l i te ra tu re . T h e  dolo­
m ite , w hich has b e e n  fo rm ed  as th e  m o st a b u n d a n t  phase a t  175 °C , shows 
on ly  s ligh t d ifferences from  th e  ca tio n -o rd e red  cells (A — — 0.0009 Á ), w ith  
sm all e long a tio n  acco rd in g  to  th e  a 0 a n d  c 0 d irec tio n s. The M gC O a, w hich  
fo rm ed  a t  100 °C, is m a rk e d ly  sim ilar to  l i te r a tu r e  d a ta , th e  g re a te s t d e v ia tio n s  
h av e  been  observed  in  th e  m agnesites fo rm e d  a t  125— 150 °C a n d  175 °C 
(c0/ a 0 =  - f 0.26 Â a n d  — 0.079, — 0.058 Â ). W ith  increasing te m p e ra tu re  
th e  c 0/ a 0 p a ra m e te rs  o f  th e  m agnesite  sh o w  increasin g  s im ila rities w ith  th e  
defo rm ed  cell ty p e s .

T he u n it  cell d e fo rm a tio n  of th e  c a lc ite  p h ases  becom e la rg e r  in  th e  
C aC 0 3(S)— M g2+ =  30 : 70 sy stem , w ith  la rg e s t d ev ia tio n s  in th e  a 0— c 0 p a ra m ­
e te rs  (m ain ly  d u e  to  c 0 e longation) of th e  c ry s ta ls  form ed a t  150 °C.

A few  d /A  d a ta  a re  availab le , a sm a ll n u m b e r , w hich does n o t  p e rm it 
th e  p ro p er e v a lu a tio n  o f th e  dolom ite c ry s ta ls  fo rm ed  a t 175 °C (C a : Mg =  
=  30 : 70 sy stem ). T h e  a 0 leng ths of th e  M g C 0 3 u n it cell a re  s h o r te r  th a n  
o f  th o se  re fe rred  in  th e  lite ra tu re , and  th e s e  a re  m ain ly  d is to r te d , sh o rte n e d  
in  a ll ty p es , acco rd in g  to  th e ir  c0/a 0 v a lu es .

T he CaO losses a n d  MgO gains in  th e  p e rc e n ta g e  of th e  in i t ia l  a m o u n t 
o f  C aC 0 3 in  th e  sy s tem s  Ca : Mg =  70 : 30, 50 : 50 and  30 : 70 are  su m m a riz e d  
in  T ab le  1. In  o rd e r to  m ak e  these d a ta  m o re  re le v a n t we p lo t te d  th e m  in 
F ig . 3 along w ith  th e  re sp ec tiv e  c ry s ta llin e  p h ases .

T he re su lts  o f  ex p e rim en ts  in  th e  C a : M g =  1 : 1.6 a n d  C a : Mg =  
=  70 : 30, 50 : 50, 30 : 70 system s show ed co in c id en ce  w ith  o th e r e x p e rim e n ta l 
re su lts  (M e d l i n , W . J .  1959) and  p ro v id ed  f u r th e r  evidences fo r  t h a t  h y p o ­
th esis  w hich  q u es tio n s  th e  possib ility  o f  d e p o s itio n  of syngene tic  d o lom ites 
a long  w ith  lim esto n es  (a t  room  te m p e ra tu re s ) .

A t room  te m p e ra tu re  th e  possib ility  o f  a d a p ta t io n  of th e  M g io n s  in  th e  
ca lc ite  la ttic e  is h ig h ly  re s tr ic te d , th e re fo re  a t  depositional te m p e ra tu re s  th e  
Mg im p u ritie s  o f  th e  lim e s to n e  m ight ex is t in  fo rm  o f u n stab le  —  in te rm e d ia ry  
h u n ti te ,  o r “ p ro to -d o lo m ite ” . C o nsequen tly , a t  h ig h e r te m p e ra tu re s  th e  lim e­
s to n e  m ay  a lte r  d ia g e n e tic a lly  to  d o lo m ite . A bo v e  100 °C, b y  th e  e ffec t of 
M g2+ co n ta in in g  b rin e s , so lu tions (d ep en d in g  on th e  ionic c o n c e n tra tio n  o f  th e
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T a b le  1

Ca* + /Mg* + 70:30 50:50 30:70

C° C.0% m«o% c«o% MgO% C.0% MgO%

50° - 0 . Û +  0.34 + 0 .46 +0.14 -0 .3 9 +0 .14
75° -0 .8 0 +0.30 + 0 .3 0 +0.03 -0 .0 7 +0 .06

100° -1 .2 3 + 0 .2 1 -1 .9 1 +  0.025 -1 .5 7 +0.15
125° -3 .5 5 +0.15 - 2 . 1 0 +0.61 -1 2 .8 2 +6 .26
150° - 6 . 1 2 +2.97 -1 7 .3 6 +8.42 -4 0 .8 9 +  19.61
175° -3 5 .4 9 +  16.99 -6 7 .4 2 +  32.31 -9 1 .3 2 +44.08
200° -4 6 .2 9 +23.23 —70.39 +  34.00 -9 8 .3 1 +48.12
225° — 48.38 +23.12 -7 5 .6 6 +  36.57 —96.65 +45.83
250° -5 5 .1 0 +  25.16 -9 7 .2 5 +45.47 -9 7 .2 9 +45.24
275° -4 9 .9 0 +23.41 -8 6 .3 5 +42.24 —98.09 +46.25
300° -9 7 .8 1 +47.87 (46.86) (+22.48) -9 8 .7 3 +48.09

Mg) th e  lim esto n e  can a lte r  to  d o lo m ite  or m agnesite  b y  th e  “ co m p ac tio n ”  
o f  th e  ca lc ite  la t t ic e . Such geological an d  geochem ical co n d itio n s  m igh t h a v e  
ex is ted  in  th e  p resence  o f su b m arin e  ex h a la tio n s  of M g2+-rich  b rin es  o f re la ­
tiv e ly  c o n s ta n t te m p e ra tu re s .

T he rh y th m ic  a lte rn a tio n  o f  d o lo m ite  and  lim estone  beds m ay  be a t t r i ­
b u te d  to  th e  fo llow ing  fac to rs :

a) th e  “ d o lo m ite -b ed s”  w ere o rig in a lly  M g-rich lim esto n es w ith  d is ­
o rdered  Ca/M g ca lc ites (“ p ro to -d o lo m ite s” ) and  th e se  rocks h a v e  su b se q u e n tly  
rec ry s ta llized  to  do lom ite;

b) th e  fin e -g ra in ed  and  la tt ic e  d efec tive  calcite  p a rtic le s  in  th e  lim estone  
beds h av e  h a d  fav o u ra b le  c ry s ta l su rfaces (1014) to  a d a p t th e  m agnesium , 
w ith  su b se q u e n t o rd e rin g  to  d o lo m ite .

L iv ing  o rgan ism s (like ca lcareous algae) m ay  co n ta in  25— 29%  M gC 03 
in  form  o f b asic  M g-carbona te  (C h a v e , K . E ., 1952). I t  is p ro b ab le  th a t  th e  
u n s ta b le  v a rie tie s  o f  th is  basic  M g -ca rb o n a te  m ay  a lte r  to  d o lo m ite  d iagenetic- 
a lly  or by  ca tio n  exchange in lim e-rich  en v iro n m en t, like C a-rich  beds, colo­
n ies of algae, lim esto n e  and  basic  M gC 03 layers form ed from  b rin es  (like th e  
ep igenetic  d o lom ites a fte r  ca lc ite  a t  S h ab k h a , th e  d o lom ite  en c ru s ta tio n s  
a ro u n d  san d  g ra in s  in  flu v ia l san d s a t  th e  D a n u b e -T isz a  M id-region.

1/2. Pow dery D olom ite - f  MgCl2 — H 20  System

The experiments have been carried out on powdery dolomite samples, obtained from 
Pilisvörösvár. The chemical analysis of this material is as follows:
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S i02 0.18%
A1A 0.22%
FejOa 0.08%
CaO 30.16%
MgO 21.60%
Na20 1.55%
IC.Ö 0.04%
- H 2o 0.05%
co2 46.41%

100.29%

A fter subtracting  the  S i0 2, A120 3, Na20 ,  K 20  and  —H 20  values (—2.12%  to ta l) , its 
com position:

CaO 30.72%
MgO 22.00%
C02 47.28%

100.00%

giving a composition of Ca0j6177Mg0jMMClj0713Oa, w hich  is in  fact a cation-depleted  dolomite* 
The cation-defective (m ainly depleted in  Mg2+) m other-phase has had “ ca tion -d iso rdered" 
dolom ite lattice.

A fte r com p ariso n  w ith  l i te ra tu re  d a ta  i t  can  be suggested , t h a t :  
m agnesite  =  a) i f  co n ta in s  m a in ly  F e 2+ C a2+ M n2+ im p u r it ie s , th e n  in  

5 0%  ca tio n  d ep le ted ;
b) i f  co n ta in s  C a2 + F e2+ M n2 + , th e n  in  50%  anion d e p le te d , 
d o lom ite : a) 7 5 %  o f  th e  sam ples sh o w  ca tio n  excess (a n io n  lo ss) w ith  

tra c e s  o f  F e 2+ an d  F e 2 + ; F e2+ — M n2+ t r a c e  com ponen ts;
b ) 25%  o f th e  sam p les  show  an ion  ex cess , w ith  F e 2+ +  M n 2+ im p u ritie s . 

I t  seem s th a t  “ p u re ”  d o lom ite  is m a in ly  d e p le te d  in  cations.
T h e  ex p e rim en ts  h av e  been  ca rried  o u t  in  th e  follow ing s y s te m s :

a) C aM g(C 03)2(s) +  MgCl2(aq); C a : Mg =  70 : 30
b) C aM g(C 03)2(s) +  MgCl2(aq); Ca : Mg =  50: 50
c) C aM g(C 03)2(s) +  MgCl2(aq); Ca : Mg =  30 : 70

T =  50°, 75°, 100°, 125°, 150°, 175°, 200°, 250°, 300 °C

J/2-o . Pow dery Dolomite : M g 2+ =  70 : 30 ( Figs 4— 5 )

а- l .  The Chemical A nalysis Data
50—150 °C =  deviations less th an  2% , 0.79 CaO-loss and  0.70% MgO gain average  values, 

175 °C =  optim um  tem peratu re  of th e  do lom ite  form ation, fundam enta l change in the 
MgCl2 +  C aC 03 system , w ith  17.95%  CaO loss (58.43% o f th e  to ta l) , and 
16.13% MgO increase (73.32% of th e  to ta l),

200 °C =  th e  cation  exchange has slowed dow n, w ith  6.27% CaO loss a n d  6 .25%  MgO 
gain values,

225 — 300 °C =  on th e  average 29.94% CaO has b een  exsolved (—97.46%) a n d  25.25%  MgO 
has been fixa ted  in  the s truc tu re  o f th e  powdery dolomite. A t 300° C alm ost 
th e  to ta l CaO conten t has been rep laced  ( =  99.15%) b y  M gO, w hich has 
increased from  22.0% to 48.61% .
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a-2. Crystalline Phases
50—100 °C =  dolom ite is dom inant, w ith  1—2%  of M gC03 and  M gC03 • 2 H 20 ,

175 °C =  th e  am ount of MgCOs is approxim ately equal to  th a t  o f th e  dolomite +  
+  M gC03 • 2 H 20 . In  th e  CaC03 +  MgCl2 =  70 : 30 system  the  tem perature 
level for the form ation o f dolom ite was the low est am ong all observed,

200 °C =  dom inance of CaMg(COs)2, the am ount of th e  M gC03 • 2 H 20  is subordinate 
com pared to M gC03,

225—300 °C =  th e  M gC03 is the prevailing crystalline phase, th e  dolom ite and  the MgCOs • 
• 2 H20  are only accessorial.

I/2 -b . Powdery D olom ite  : M g2 + =  50 : 50 ( F igs 4 — 5 )

b-1. The Chemical A nalysis Data
50—150 °C =  0.56%  CaO decrease, 0.45%  MgO increase are the  m ean values,

175 °C =  com pared to  the 70 : 30 system , the am ount of th e  cation  exchange is only 
one-third. CaO decreased w ith  5.90%, MgO increased w ith  6.52% ,

200 °C =  CaO =  15.86% (51.63%  decrease) and MgO 14.45% (65.68% ) increase. R eac­
tion  velocity increases rap id ly  from 200 °C, b u t its  values betw een 200° and 
250 °C do no t reach those of the 70 : 30 system ,

225 °C =  21.09%  of CaO loss and  19.22%  of MgO gain has been observed in  the resulted 
p roduct ( =  68.35%  CaO decrease and 87.36% MgO increase compared to th e  
in itia l composition),

250 °C =  th e  to ta l compositional change comprises 70.15%  CaO decrease and 86.82% 
MgO increase com pared to  the initial m aterial (pow dery dolom ite),

275 — 300 °C =  th e  cation exchange is alm ost complete; 275 °C: CaO =  0.91%  ( =  —97.04% 
CaO, MgO =  40.59%  (+ 8 4 .5 0 % ); 300 °C: CaO =  0.25%  (-9 9 .1 9 % ); MgO =  
=  47.66% (+ 116 .36% ).

6-2. Crystalline Phases
50—150 °C =  dolom ite is dom inant, M gC 03 and M gC03 • 2 H 20  are accessories. Calcite has 

form ed only a t 125 °C,
175 °C =  dolom ite is p redom inant, M gC03—MgC03 • 2 H20  +  aragonite  are accessories, 

200—225 °C =  MgCOs +  dolomite + M g C 0 3 • 2 H20  (a t 200 °C) +  M gC03 • 3 H 20  — nesque- 
honite (225 °C) +  aragonite  (225 °C),

250 °C =  M gC03 +  dolom ite; the calcite, aragonite and M gC03 • 2 H20  are subordinate, 
275 °C =  M gC03 +  1 — 2%  dolom ite +  M gC03 • 2 H20 ,
300 °C =  9 5 -9 6 %  M gC03 +  4 - 5 %  MgC03 • 2 H ,0  +  M gC03 • 3 H 20  +  CaMg(C03)2 

im purities.

I/2 -c . Powdery D olom ite : M g 2+ =  30 : 70 ( F igs 4 — 5 )

T h e v a r ia tio n s  in  CaO an d  MgO co n ten ts  can  be  c lassified  in to  five  an d  
fo u r g roups re sp e c tiv e ly .1

c-1. The Chemical Analysis Data
Average values of changes in  CaO content: 

50— 75 °C (1) =  the am ount of CaO replaced
100 — 125 °C (2) =  the am ount of CaO replaced
150—175 °C (3) =  the am ount of CaO replaced
200—225 °C (4/a) =  the am ount of CaO replaced

and
250 °C (5) =  the am ount of CaO replaced

275—300 °C (4/b) =  the am ount of CaO replaced
and

0.97% ( =  3.15% ) 
0.52% ( =  1.69%) 
1.77% ( =  5.76% ) 
9.65% ( =  31.41% ) 

10.75% ( =  34.99%) 
6.18% ( =  20.12% ) 
9.92% ( =  32.27%) 

10.29% ( =  33.59% )

1 Average values has been calculated  from  the chemical analysis d a ta  for approxim ately 
similar tem pera tu re  levels and these values have been accepted as rep resen tatives for the given 
tem perature ranges.

Acta Geologica Academiae Scientiarum  H ungáriáié 24, 1981



A
cta 

G
eologica 

A
cadem

iae 
Scientiarum

 
H

ungaricae 
24, 

1981

CaMg(C03l2(s) + Mg|Qq|

60-

50-

40-

O  30
О

О

20-

10-

♦ Î t

//>

л

<*-1

1

! |

-------------------I-------

50° СЛ
 -

 
о 100° 125° 150°

----1---175° 200°
T . ..  ,

225° I 250° 275°
f = f ----

300°
, ___ DOLOMITE __ „

(magnesite]
„ ___ MAGNESITE __ „

(dolomite)

-60

-50

40
оотs

Изо 6a о  
s5

•20

10

%CaO - MgO

-----  70 : 30 1
-----  50 :50 ? Ca:Mg
.......  30:70 J
D = dolomite
Caj = calcite
Co2 = aragonite'
Мдт = magnesite 
Mg2 = MgC03 • 2 H20 
Mg3 = MgC03 -3H20

F i g .  4 . The CaO—MgO distributions and crystalline phases of the dolomite -j-Mg2+(aq) systems

K
ISS,



D O L O M IT IZ A T IO N , D E -D O L O M IT IZ A T IO N 175

A verage values of changes in  MgO conten ts:
50 —175 °C (1) =  the am ount of MgO fix a ted  

200 °C (2/a) =  the am ount of MgO fix a ted  
225 °C (3) =  the am ount of MgO fix a ted
250 °C (4) =  the am ount of MgO fix a ted

275 —300 °C (2/b) =  the am ount of MgO fixa ted

0.74% ( +  3.37%) 
8.22% ( +  37.36%) 

10.94% ( +  49.72%) 
4.51% ( +  20.50%) 
8.29% ( +  37.68%)

S u rp ris in g ly , th e  high M g2+ co n cen tra tio n  (30 : 70 =  C a2 + : M g2 + ) 
ad v erse ly  a ffec ts  th e  rep lacem en ts  o f  C a2+ in  th e  d o lo m ite , a n  o b se rv a tio n  
sim ilar to  t h a t  o f  th e  50 : 50 =  C a 2+ : M g2+ system .

T h e  geochem ical— cry sta l-ch em ica l significance o f  th e  d o lo m ite— Mg 2 + 
system  is in  th e  observation  w h ich  in d ica ted  th a t  d ilu te  M g2+ — so lu tions
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(M g2 + : C a2+ =  30 : 70) a re  fav o u rab le  fo r th e  to ta l  rep lacem en t o f  t h e  C a a+ 
io n s  in  th e  dolom ite, an d  th e  process can  b eco m e com plete  from  225 °C th e o ­
re tic a lly .

c-2. Crystalline Phases
50 — 175 °C =  dolomite is dom inan t, MgC03 has form ed a t  50 — 175 °C, calcite a t  75 — 125 °C, 

MgC03 • 2 H 20  a t  7 5 -1 7 5  °C,
200 — 250 °C =  the am ount of M gC 03 does not reach 50%  of the to ta l dolomite. M gCOa • 2 HjO 

has formed a t  200°, 225° and 250 °C, aragonite  a t  250 °C.
175 — 300 °C =  dolomite p redom inance w ith associated 15 —18% MgC03. M gC 03 -2  H 20  has 

formed a t 275 — 300 °C, MgC03 • 3 H20  a t  275 °C.

T h e resu lts o f th e  e x p e rim e n ts  w ith  th e  do lo m ite— MgCl2 s y s te m  h a v e  
b ro u g h t  in te restin g  con c lu sio n s:

a) th e  m ost d ilu te d  so lu tio n s (Ca : Mg =  70 : 30) are th e  m o s t  f a v o u r ­
a b le  fo r  th e  C a2+—>-Mg2+ ex ch an g e , w here a t

225 °C =  0 .75%  CaO 
250 °C =  1 .25%  CaO 
275 °C =  0 .75%  CaO 
300 °C =  0 .36%  CaO

h as  b een  found to  be a sso c ia te d  w ith  th e  M g C 0 3 (th e  CaO im p u r i ty  o f  th e  
n a tu r a l  M gC 03 n o rm a lly  fa lls  betw een  0.33— 1.66% ).

b) In  th e  Ca : Mg =  50 : 50 system  (p o w d ery  dolom ite) t h e  o p tim a l 
c a tio n  exchange re a c tio n  r a te  has fa llen  in  th e  ran g e  of 275— 300 °C , w ith  
M g C 0 3 0.91%  and  CaO 0 .2 5 %  p a rtic ip a tio n .

c) T he rep lacem en t o f  C a*+ is h in d e re d  b y  h igh  M g2+ c o n c e n tra t io n s  
in  th e  so lu tion , and  o n ly  o n e -th ird  o f th e  C a 2+ c o n te n t of th e  p o w d e ry  d o lo ­
m ite  can  be rep laced . D o lo m ite  rem ains th e  d o m in a n t phase, w h ile  M g C 0 3, 
M g C 0 3 • 2H aO, M gC 03 • 3 H 20 ,  calcite  an d  a ra g o n ite  are  su b o rd in a te .

1/3. The G enetic Interpretation o f th e  Calcite — Mg2+ and  
the D olom ite — Mg2+ Solution Systems

a) M g2+ rich  h y d ro th e rm a l so lu tion  p ro m o te s  th e  a lte ra tio n  o f  l im e s to n e  
to  m ag n esite .

b ) The Ca2+ ex ch an g e  o f  do lom ite  (p o w d ery  dolom ite) m a y  b e  ta k e n  
p la c e  b y  ex trem ely  d ilu te  M g2+ c o n ta in in g  h y d ro th e rm a l so lu tio n s . T he 
so u rce  o f  M g2+ can  b e  th e  release of M g2+ d u rin g  th e  s e rp e n tin iz a tio n  of 
b a s ic , u ltrab as ic  rocks, o r  th e  m ig ra tion  o f  h y p ersa lin e  b rin es , M g 2+ rich  
ev ap o ra te -fo rm ed  so lu tio n s th e  deeper zones.

c) The “ d e -d o lo m itiza tio n ” , as a p rocess o f ca tio n  exchange in  a  solid 
p h a s e  : so lu tion  sy s tem  c a n  b e  en co u n te red  o n ly  w ith  resp ec t to  t h e  do lo ­
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m ite  : M g2+ sy s te m . R eversed  process can  n o t be  u n d erg o n e , o r  its  p o ss ib ility  
is v e ry  sm a ll (do lo m itiza tio n  o f m ag n esite  —  discussed la te r ) .  T he process is 
s im ila rly  ir re v e rs ib le  as th e  w ell-know n ca lc ite  : M g2 + sy s tem s.

Table 2

Ca*+/Mg» + 70 30 50 : 50 30: 70

T C5 CaO% MgO% CaO% MgO% CaO% MgO%

50° —2.08 +  1.95 -3 .5 5 +  3.55 — 3.15 +2.77
75° -5 .6 3 +5.68 — 2.05 +  1.64 -3 .1 3 +  2 .8 6

100° — 0 .2 0 +  1.14 -0 .9 4 +  1.14 -1 .0 5 +0.36
125° —2.64 -0 .5 5 —0.55 +  1.14 — 2.34 +  2.50
150° —2.24 +4.50 — 1.73 +2.73 -2 .5 4 +3.41
175° —58.43 +  73.32 — 19.21 +20.55 —8.98 +8.32
200° -2 0 .4 1 +28.41 -5 1 .6 2 +  66.14 -31 .41 +37.36
225° — 97.56 +  120.82 -6 8 .6 5 +  87.36 — 34.99 +49.73
250° -9 5 .9 3 +  100.73 -7 0 .4 5 +91.36 - 2 0 . 1 2 +  20.50
275° -9 7 .5 6 +  116.50 — 97.04 +  84.50 —32.29 +  36.32
300° -9 8 .8 3 +  121.05 -9 9 .1 9 +  116.63 — 33.59 +  39.00

In  T a b le  2 we sum m arized  to  CaO losses an d  MgO increases in  th e  
c ry s ta llin e  p h a se  fo rm ed  in  th e  d o lo m ite  -|- M g2+ sy stem s, an d  co m p ared  
to  th e  CaO a n d  MgO values o f th e  p o w d ery  do lom ite  (30.72 and  22 .00%  
resp ec tiv e ly ). T h e  v a ria tio n s  o f d a ta , a long  w ith  th e  in d ic a tio n  o f c ry s ta llin e  
phases p ro d u c e d , a re  p lo tte d  in  F ig . 5.

II. “ D e-dolom itization” , “ R e-calcitization”
I I / l .  MgC03 (M agnesite) - f  CaCl2 — H 20  System

(the re-calcitization of the magnesite)

We used w h ite  crystalline m agnesite from  St. K athrein  (B ruck an der M ur — A ustria) in  
order to  ascerta in  th e  proper identification of th e  chemical changes in  th e  models; chemical 
and X -ray analyses have been completed on th e  stan d ard  samples (analysed b y  Mrs. Nenes L. 
and Guzy K .):

S i0 2 =  0.81%
А Ш 3 =  0.42%
F e A  =  0.99%
MgO =  47.02%
CaO =  0.64%

N a20  =  0.11%
K.20  =  0.04%
COa =  49.96%
H..0 =  0.04%

T otal =  100.03%
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The theoretical com position of th e  magnesite a fter sub trac ting  the S i02, Al20 3, Fe20 3, 
N ^ O , K 2O contents (2.41% ):

MgO =  48.17%
CaO =  0.65%
C02 =  51.18%

Total =  100.00%

T his gives a  s to ic h io m e tric  com position  o f  M gx 195C a0 011Сх 1630 3, in d ic a t­
in g  a  ca tio n -d ep le ted  s t ru c tu re .

T h e  ex perim en ts h a v e  b een  carried  ou t b y  1.0 a n d  2.5 M CaCl2 so lu tio n s , 
in  w hich  M g2+ : C a2+ =  2 : 1; 1 : 1 an d  1 : 2 c a tio n  ra tio s  have  b een  chosen .

I I /1 - a .  MgCOs(s) : Ca2+ — 2 : 1  
(1 .0  M  solution)

о- l .  The Chemical Analysis D ata (F ig . 6)

W ith  respect to  CaO th e  new  crystalline phases can be grouped to  d istinct com positional 
ranges:

1. 5 0 -1 0 0  °C =  0.86 — 3.21%  CaO
2. 1 2 5 -1 7 5  °C =  4.47—4.60%  CaO
3. 200 — 225 °C =  5 .3 9 -5 .3 8 %  CaO
4. 2 5 0 -3 0 0  °C =  7 .5 4 -7 .7 3 %  CaO

Comparing the average values to  the m agnesite stan d ard :

1. 50 — 100 °C =  +  2.31%  CaO
2. 125 —175 °C =  +  4.02%  CaO
3. 200—225 °C =  +  4.74%  CaO
4. 250 — 300 °C =  +  7.00%  CaO

increase has been recorded. These values can ra ther be a tt r ib u te d  to different C aC 03 varieties 
overgrown on magnesite crystals th a n  Ca fixation in th e  positions of the m agnesite la ttice .

B y comparing the MgO co n ten t to  CaC03 by non-equipartia l averages, a negative correla­
tion  has been observed:

1. 50 —100 °C =  46.45% =  1.72%  MgO deficiency
2. 125 — 175 °C =  43.68% =  4.49%  MgO deficiency
3. 200 — 225 °C =  41.15% =  7.02%  MgO deficiency
4. 250 — 300 °C =  38.69% =  9.48%  MgO deficiency

T he analyses in d ic a te  t h a t  m ore M g2+ is  ex so lv ed  from  th e  m ag n esite  
th a n  th e  am o u n t o f Ca in  in d ep en d en t p h ases  (С а2, Ca2, Ca3, D ) p ro d u ced  
fro m  th e  “ m o th e r-so lu tio n ” .

T h e  C 0 2 c o n te n t o f  th e  c rysta lline  p h ases  m o d e ra te ly  decreases w ith  
th e  increase  o f  te m p e ra tu re  (an ion-defic iency). A  sh a rp  decrease w as o b serv ed  
a t  200 °C ( =  4 .42%  C 0 2), w ith  co n tem p o ran eo u s in c rease  o f th e  H 20  a n d  Cl 
c o n te n t. T his is p a r t ly  d u e  to  th e  fo rm atio n  o f  b a s ic  M gC 03 • 2 H 20 .  T h e  Cl is 
p ro b a b ly  behaves as s u b s t i tu t in g  an ion , since  d e sp ite  o f its  good so lu b ility , 
w ash in g  tre a tm e n ts  o f  se v e ra l weeks d u ra tio n  co u ld  n o t  rem ove i t  fro m  th e  
sy s tem .
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MgC03(s):C a (aq] =1.0 M solution

%CaO-MgO

- 2:11
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---- 1:2 J
D = dolomite 
Cat = calcite 
Ca2 = aragonite 
Ca3= vaterite 
Mg, = magnesite 
Mg2=MgC03-2H20

Fig. 6. CaO—MgO distributions in the crystalline phases (m agnesite -fC a2+ =  1.0 M solution,
Mg : Ca =  2 :1 ,  1 : 1, 1 : 2)
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I I / l -Ь. M gC 03(S) : C a2+ — 1 : 1  
(1.0 M so lu tio n )

b-1. The Chemical A n a ly s is  D ata ( F ig . 6 )

I f  we consider th e  ca tio n  ra tio  o f th e  so lid  phase and th e  s o lu tio n , in  
th e o ry  th e  to ta l  a m o u n t o f  m agnesium  can  b e  rep laced  b y  calc ium . C o m p ared  
to  th e  2 : 1 sy s tem  s ig n if ic a n t changes h a v e  b een  observed in  th e  chem ica l 
com positions of th e  c ry s ta llin e  phases:

a) F ir s t ,  in  th e  50 — 75 °C in te rv a l 0 .8 9  an d  3.38%  CaO s u rp lu s  h av e  
b een  m easu red  a t  50 °C an d  75 °C re sp e c tiv e ly . In  th e  100— 300 °C range  
th e  a m o u n t of CaO in c reases  w ith  one p e r c e n t  fo r  every  25 °C te m p e r a tu r e  rise.

b) A t 50 °C th e  loss o f  MgO is la rg e r t h a n  in  th e  Mg : Ca =  2 : 1 sy s tem . 
F ro m  75 °C u p w ard s  th e  r a te  of decrease is la rg e r  th a n  1% . In  th e  150— 175 °C 
a n d  225— 250 °C in te rv a ls  th e  decrease o f  M gO  co n ten t has sh o w n  sim ila r 
a m o u n ts , w hile b e tw e e n  275° and  300 °C th e  MgO loss was a g a in  o v e r  1% .

T h e  average  com positio n s show ed th e  follow ing d ev ia tio n s  f ro m  th e  
o rig in a l m ag n esite  s ta n d a rd :

CaO: 1. 5 0 -1 0 0  °C = +  2 .71%  CaO excess
2. 125—175 °C =  +  7 .38%  CaO excess
3. 200 °C =  +  7 .96%  CaO excess
4. 225 °C =  +  9 .79%  CaO excess
5. 2 5 0 -3 0 0  °C =  +  9 .04%  CaO excess

MgO: 1. 50 —100 °C =  — 3 .09%  MgO deficiency
2. 1 2 5 -1 7 5  °C =  — 7 .45%  MgO deficiency
3. 200 °C =  — 9 .35%  MgO deficiency
4. 225 °C =  —12.72%  MgO deficiency
5. 275 — 300 °C =  —14.67%  MgO deficiency

T h e H 20  c o n te n ts  o f  th e  c rysta lline  p h a se s  above 175 °C h a v e  in c rea sed  
o v er 1%  due to  th e  fo rm a tio n  of basic M g -ca rb o n a te . H ow ever, a  s im u lta n e ­
ous loss o f C 0 2 h a v e  b een  observed, b u t  i t  is  n o t  com parable  w ith  t h e  in c rea s­
in g  o f Cl.

I I /1 -e . M gC 03(s) : C a 2+ = 1 : 2
(1.0 M so lu tio n )

c-1. The Chemical A nalysis Data (F ig . 6)
W ith the fu rth e r increase of cation ratios in  b o th  the solid phase and th e  so lu tion  the 

varia tions of the chem ical compositions have show n larger differentiations:

CaO: 1. 50 —100 °C =  +  3 .49%  excess
2. 1 2 5 -1 7 5  °C =  + 1 1 .2 5 %  excess
3. 200 °C =  + 1 2 .9 8 %  excess
4. 225 °C =  +  8 .64%  excess
5. 2 5 0 -3 0 0  °C =  + 1 3 .4 7 %  excess

MgO: 1. 50 —100 °C =  — 3 .95%  deficiency
2. 12 5 -1 7 5  °C =  —10.54%  deficiency
3. 200 °C =  — 14.51%  deficiency
4. 225 °C =  —12.56%  deficiency
5. 250 — 300 °C =  —18.22%  deficiency
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The distribu tion  o f H 20 :
5 0 -  75 °C =  1 .2 3 -0 .9 1 %

1 0 0 -1 7 5  °C =  0.80—0.52%
2 0 0 -2 7 5  °C =  over 2%

T hese  v a lu e s  in d ica te  th e  in c re a s in g  ra te  o f fo rm a tio n  o f  basic  Mg- 
ca rb o n a te . T h e  d is tr ib u tio n  o f C 0 2 show s sm all v a ria tio n s  o n ly  u p  to  175 °C, 
b u t  its  c o n c e n tra tio n  drops to  less t h a n  39— 40%  to  200 °C. T h e  ch lo ride  con­
te n t  o f th e  c ry s ta llin e  phase —  w ith  th e  excep tion  o f th e  p ro d u c t a t  50 °C —  
is in  th e  o rd e r o f  0 .1 % , increasing  to  0 .4 %  in  th e  h igher te m p e ra tu re  in te rv a ls .

B y  e v a lu a tin g  th e  analyses o f  th e  th re e  system s w ith  d iffe ren t c a tio n  
ra tio s (2 : 1, 1 : 1, 1 : 2 =  Mg : Ca) in  a  given te m p e ra tu re  level, th e  fo llow ­
ing  re la tio n sh ip s  can  be seen:

1 .  T h e  M gO co n ten t o f th e  c ry s ta ll in e  phases a t  th e  sam e te m p e ra tu re  
level is r e la te d  to  th e  in itia l c a tio n  ra tio s . T he MgO decrease is th ree -fo ld  
in  th e  M g : C a = 1 : 2  system  th a n  in  th e  2 : 1 sy stem . I n  o th e r  w ords, th e  
la rg e r is th e  C a2+ co n cen tra tio n  in  th e  so lu tion , th e  h ig h er is th e  MgO loss.

2. T h e  to t a l  CaO co n ten t o f  th e  c ry s ta llin e  phases is ro u g h ly  p ro p o rtio n a l 
w ith  th e  Mg : C a ra tio s  in  th e  so lid -p h ase  : so lu tion  sy s tem . T h e  la rg e r is th e  
in itia l C a2+ c o n c e n tra tio n  in  th e  so lu tio n s  th e  h igher is th e  CaO c o n te n t in  
th e  c ry s ta llin e  ph ases . I f  th e  c o n c e n tra tio n  o f th e  C a2+ ions in  th e  so lu tio n  
is in creased , so th a t  C a2+ does n o t  e n te r  in to  th e  s tru c tu re , th e  rem o v a l 
o f  M g2+ is a lso  in ten sified  w ith o u t fu r th e r  epigenetic  c ry s ta l  fo rm a tio n .

T h e  CaO — MgO d is trib u tio n s  a n d  tre n d s  in  th e  c ry s ta llin e  phases o f  th e  
Mg : Ca =  2 : 1, 1 : 1, 1 : 2 sy stem s (1 M solu tions) are  show n  in  F ig . 6.

J J / I - o .  M gC 03(s) : C a2+ —  2 : 1  Crystalline Phases 
(1.0 M so lu tio n )

50 °C =  M g, >> Ca, >  (Ca2 —Ca3)?;
75 °C =  Mg, >  Mg2—Ca^

100 °C =  Mg, C aj—Ca3—Mg2;
125 °C =  Mg, Саг—Ca3—Mg2;
150 °C =  Mg, ÿ> Ca, —Ca2—Mg2;
175 °C =  Mgl >  C a ,- C a 2;
200 °C =  Mgl >  D  +  C a,—Ca»;
225 °C =  Mg, C a ,—Ca2;
250 °C =  M g, Caj,;
275 °C =  Mg, >  C a ,—Ca2—(Ca3—Mg2);
300 °C =  Mgl Ca2—Mg2—(Ca3)?.

D =  CaM g(C03)2; Mg, =  MgC03; Ca, =  calcite(trigonal); Ca2 =  argonite (rhom bic);
Ca3 =  v a te r ite  (hexagonal), Mg2 =  M gC 03.2H 20(triclinic).

T he re su lts  show  th a t  M gC 03 is th e  m ost stab le  d o m in a n t p h ase  th ro u g h  
th e  w hole te m p e ra tu re  range (50— 300 °C). D olom ite has fo rm ed  on ly  a t  
200 °C, b u t  i ts  a m o u n t is less th a n  e x p e c te d  from  th e  M gC 03 c o n te n t o f  th e  
in itia l p h ase . Som e M g2+ positions o f  th e  m ag n esiu m -carb o n ate  c ry s ta ls  a re
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re p la c e d  b y  C a2 + . T he ex so lv ed  M g2+ c ry s ta lliz e s  in  form  of s e p a ra te  ep igen ic  
p h a s e  along w ith  C a2 + . T h e  — a ra g o n ite  s tru c tu re  has fo rm e d  a t  every
te m p e ra tu re  level b u t  150 °C, th e  v a te r ite  b e tw e e n  100— 150 °C, t h e  C ax— cal- 
c i te  a t  50°, 150°, 175°, 200°, 225°, 275 °C te m p e ra tu re s . B asic M g -c a rb o n a te  
(M g C 0 3-2H 20  =  b a r r in g to n ite )  has fo rm ed  a t  100— 150 °C, 300 °C . I t s  p res­
en ce  is u n ce rta in  a t  275 °C , an d  i t  was n o t fo u n d  in  th e  50— 75 °C a n d  175— 
250 °C te m p e ra tu re  in te rv a ls . T he accesso ria l phases in  a sso c ia tio n  w ith  th e  
M g C 0 3 “ m o th er-p h ase”  a re  c ry sta llized  p ro d u c ts  o f th e  ions o f  t h e  so lu tio n , 
ep ig en e tic  p rec ip ita tio n s  on  th e  in itia l p h a se , an d  did no t ta k e  p a r t  in  th e  
s .s t r .  “ m etaso m atic”  p ro cess . T h is q u estio n  is d iscussed  in  d e ta ils  in  th e  geo­
lo g ica l in te rp re ta tio n .

I l / l - b .  M g C 0 3(S) : C a2+ =  1 : 1  C rysta lline Phases 
(1.0 M so lu tio n )

50 °C =  Mgi >> Ca,;
75 °C =  Mgx >  Mg2—Ca,;

100 °C =  Mg! Ca,—Саг—(Ca3)?;
125 °C =  Mgi >  Ca,—(Mg2)?;
150 °C =  Mgi >> Cai — C a,—Ca3;
175 °C =  Mgi >  Саг —C a,—(Ca3—Mg,)?;
200 °C =  Mgi >> C a,—Mg2;
225 °C =  Mgi >> C aj—Ca,;
250 °C =  D >  M g i - C a 1- ( C a 2)?;
275 °C =  Mgi >  Ca,— Mg2—D ;
300 °C =  Mgi >  D —Mg2—(Ca3)?;

M gi =  MgC03; D =  dolom ite; Cai =  calcite; Ca2 =  aragon ite ; Ca3 =  vaterite .

T he h igher C a2+ co n c e n tra tio n  does n o t  p ro m o te  th e  s t r u c tu r a l  o rd erin g  
o f  th e  M gC 03, since M g C 0 3 con tinues to  b e  th e  dom in an t p h a se . I t  is clear 
f ro m  th e  analysis d a ta ,  t h a t  g radua l in c rea se  o f  CaO co n ten t in  t h e  c ry s ta llin e  
p h a se s  is show n, w ith  m ax im u m  values in  th e  Mg : Ca =  1 : 2 s y s te m . The 
C a2— aragon ite  —  h as  fo rm ed  a t  ev ery  te m p e ra tu re  level, th e  C a j—calcite  
s t ru c tu re  has been p re s e n t a t  150°, 175°, 225°, 250 °C te m p e ra tu re s .  The 
h ex a g o n a l v a te r ite  w as observed  a t 150 °C (C a3), its  presence w a s  u n c e rta in  
a t  100°, 175° and  300 °C. D olom ite  has c ry s ta lliz e d  a t  250° a n d  275  °C, b u t 
i ts  a m o u n t was su b o rd in a te  to  m ag n esite .

I I / l - c .  M g C 0 3(s) : Ca2+ =  1 : 2  Crystalline Phases 
(1.0 M so lu tio n )

50 °C =  Mgi Cax— Саг—(Ca3)?;
75 °C =  Mgl >  Ca,;

100 °C =  Mgi C aj— C a,—Ca3;
125 °C =  Mgj >> Ca,— Ca3—Mg,;
150 °C =  Mg, >> Ca,;
175 °C =  Mg, >  D — Cax—Ca,— Ca3;
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200 °C =  Mgt 5» Ca,—Caj;
225 °C =  Mg, Ca! —Саг;
250 °C =  D > M g ,-(M g 2-C a,-C a„);
275 °C =  Mg! >  Mg2—D;
300 °C =  D >» Mgi — Ca,—Ca,.

Mg, =  MgC03; D =  dolomite; Ca, =  calcite; Ca, =  aragonite; Caa =  vaterite.

T h e X R D  d a ta  in d ica te  t h a t  a t  c e rta in  te m p e ra tu re s  th e  h igher C a2 + 
co n c e n tra tio n s  a re  favourab le  fo r th e  dev e lo p m en t o f d o lo m ite  s tru c tu re  (175°, 
250°, 275°, 300 °C). In  cases th e  a m o u n t o f do lom ite  exceeds th a t  o f th e  
“ m o th e r-p h a se ”  m agnesite  (250°, 300 °C). T his is n o t  co n sid e red  as a re su lt 
of s tru c tu ra l  re -a rran g em en t o f  th e  m ag n esite  la ttic e , r a th e r  th e  c ry s ta lliz a tio n  
of d isso lved  io n s in  form  o f new  ep ig en e tic  phases, ag g reg a tes , c ry s ta l nucle i, 
s e p a ra te d  fro m  th e  M gC 03.

T h e  fo rm a tio n  o f m agnesite  fro m  pow dery  do lom ite , how ever, has been 
p ro m o ted  b y  d ilu te  M g2+ so lu tio n s , a n d  th e  process has been  com pleted  w ith ­
o u t th e  d isso lu tio n  o f th e  in itia l p h a se .

T h e  m ic ro p h o to g rap h s o f th e  c ry s ta llin e  p re c ip ita tio n s  a re  show n in 
P la te  V I. P h o to s :  23— 24, P la te  V I I .  P h o to s :  26— 28 and  P la te  V I I I .  P h o to s : 
29— 32.

U pon th e s e  resu lts  it  is su g g ested  th a t  th e  ca tio n s , w hich  have  been 
p resen t, o r su b se q u e n tly  en te red  in to  th e  so lu tion , are  c ry s ta lliz ed  in  sep a ra te  
c ry s ta l p h a se s , in  cases overg row ing  th e  rh o m b o h ed ra l p lan es o f m agnesite  
c ry sta ls . C ry s ta ls  w ith  euhedra l h a b i ts ,  p seudo-hexagonal p rism s, la th s  are  
freq u en tly  seen  (e.g. a ragon ite). In  th e  m a jo rity  o f cases th e  abso rbed , d is ­
solved m a g n e s ite  rh o m b o h ed ra  a re  o b serv ed  along w ith  x en o m o rfic  e n c ru s ta ­
tions o f  C a C 0 3 m od ifica tions a n d /o r  b asic  M g-carbonates.

A t h ig h e r  te m p e ra tu re s  (200— 300 °C) sm all lam ellae  h a v e  fo rm ed  on th e  
surfaces o f  th e  m agnesite  c ry s ta ls  (P la te  V I. P h o to s : 23— 24), w hich a re  in  
fac t ag g reg a tes  o f p rec ip ita ted  d o lo m ite  an d  basic M g -ca rb o n a te . In  th e se  
aggregates th e  re m n a n ts  o f th e  o rig in a l M g-carbonate  rh o m b o h e d ra  can s till 
be recognized  (P la te  V II . P h o to : 25).

II /1 -d . M g C 0 3(s) :C a * + = 2  : 1 
(2.5 M so lu tion)

d-1. The C hem ical A n a lysis  D ata ( F ig . 7 )

Com pared to  the 1.0 M CaCl2 system , the crystalline phases show a more balanced 
compositional series:

CaO: 50—125 °C =  -)-3.23 excess
150 —175 °C =  + 4 .0 8 %  excess 
2 0 0 -2 2 5  °C =  + 5 .2 5 %  excess 
250—300 °C =  + 6 .4 9 %  excess

MgO: 50 —125 °C =  —1.77% deficiency 
150 — 175 °C =  —4.04%  deficiency 
200 — 225 °C =  —6.21%  deficiency 
250 — 300 °C =  —8.25% deficiency
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T he CaO v e rsu s  MgO co m p ariso n  in d ica tes  t h a t  in  th e  50— 175 °C in te r ­
v a l th e  a m o u n t o f  rem o v ed  (d isso lved ) m agnesium  is e q u a l to  th e  am o u n t o f  
th e  p re c ip ita te d  ca lc ium . A bove 200 °C th e  MgO loss is a b o u t 1—-2% la rg e r 
th a n  th e  CaO excess.

I l / l - e .  M gCO m  : Ca2+ =  1 : 1  
(2.5 M so lu tion)

e-1. The Chem ical A n a ly s is  D ata (F ig .  7 )

New tem peratu re  in tervals are requ ired  for the subdivision of th e  chemical data:

CaO: 50— 75 °C =  +  0.99% excess 
100—200 °C =  +  6.72% excess 
225 — 250 °C =  +  8.43% excess 
275 — 300 °C =  + 10 .15%  excess

MgO: 50— 75 °C =  — 1.10% deficiency
100 — 200 °C =  — 6.48% deficiency 
2 0 0 -2 5 0  °C =  -1 0 .3 9 %  deficiency 

275 °C =  —16.65% deficiency 
300 °C =  —10.09% deficiency

The in c rea s in g  average  loss o f  m agnesium  is coup led  b y  th e  increase 
o f  th e  a m o u n t o f  ca lc ium  in  th e  new  c ry s ta l phases. In  th e  50— 200 °C in te r ­
v a l th e  increase  o f CaO is p ro p o rtio n a l w ith  th e  a m o u n t o f  d issolved m ag n e­
sium , b u t  above  225 °C 2.36— 3 .2 7 %  m ore m agnesium  is d isso lv ed  th a n  th e  
am o u n t of ca lc ium  cry sta llized  in  so lid  phase.

I I /1 - f .  M gCO m  : Ca2+ =  1 : 2  
(2.5 M so lu tion)

f - 1 .  The Chemical A n a ly s is  D ata (F ig . 7 )

As has been observed in  the m ore d ilu te systems, the larger were th e  cation ratios in  
th e  solid phase (M gC03) versus solution, th e  m ore proportional the trends of chemical composi­
tions of the p rec ip ita ted  crystal phases were:

CaO: 50— 75 °C =  +  1.32% excess
100 °C =  +  6‘58% excess 

1 2 5 -2 2 5  °C =  + 12 .72%  excesses 
250 °C =  + 15 .56%  excesses 

275 —300 °C =  + 12 .08%  excess

MgO: 50 — 75 °C =  — 0.76% deficiency 
100 °C =  — 5.98% deficiency 

1 2 5 -2 2 5  °C =  -1 1 .9 6 %  deficiency 
250 °C =  —18.34% deficiency 

2 7 5 -3 0 0  °C =  —17.76% deficiency.

The higher ra te  of dissolution of m agnesium  is indicated by the higher average values.
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T h e d a ta  in d ic a te  th a t  in  th e  50— 75 °C in te rv a l th e  C aO — M gO  d is­
t r ib u t io n  o f th e  c ry s ta l  phases in  so lu tio n s  w ith  low  Ca2+ c o n c e n tra tio n s  is 
tw o -th re e  tim es low er th a n  th e  CaO c o n te n t  o f these  p ro d u c ts , w h ic h  h av e  
been  fo rm ed  in Ca : M g = 2 : 1  so lu tio n  sy s te m s .

T h e  v a r ia tio n  o f  th e  CaO— MgO v a lu e s  a re  show n in F ig . 7.

I I /1 -d . M g C 0 3(S) : Cai+ =  2  : 1 Crystalline Phases 
(2.5 M so lu tio n )

50 °C =  Mg, >  0%— Ca3;
75 °C =  Mg, >> Саз;

100 °C =  Mg, >» Саз—Ca3—(D ?);
125 °C =  Mg, >  Ca2;
150 °C - Mg, >  Саз— Ca3;
175 °C =  Mg, >  Саз—C a,;
200 °C =  Mg! >  Ca,;
225 °C =  Mgl >  Ca'2- C a 1- (M g 2?);
250 °C =  Mgl >  Саз;
275 °C =  Mg, J> Саз;
300 °C =  Mg, >  D (? )—(Ca2—Mg,)?

Mg, =  M gC03; D =  dolom ite; > Ca, =  aragonite; Ca3 =  vaterite, Ca, =  ca lc ite ; Mg2 =  
=  M gC03 • 2 H20 .

T h e d is tr ib u tio n s  an d  com positions o f  th e  crystalline p h a se s  u n d o u b t­
e d ly  show  th e  re s tr ic te d  re p laceab ility  o f  t h e  M g2 + positions b y  C a 2 + . I n  some 
sy s tem s  (e.g. 1 : 1 a n d  1 : 2  =  Mg : Ca) t h e  rem oval of M g2+ (0 .66  Á =  
=  A h r e n s ) from  th e  la tt ic e  o f th e  “ m o th e r -p h a s e ”  is in c rea s in g  w ith  te m ­
p e ra tu re . T hese p o sitio n s  can be filled  b y  la rg e r  C a 2+ ions (0.99 Â  =  A h r e n s ) 
o n ly  in  th o se  cases w h ere  vacancies a n d  d e fe c ts  ad jacen t to  th e  M ^ a+ posi­
t io n s  p ro v id e  in c rea sed  space in  th e  la t t i c e  s tru c tu re . The p o s s ib il i ty  o f th e  
fo rm a tio n  o f d o lo m ite  as in te rm ed ia te  p h a s e  a f te r  m agnesite  is h ig h ly  r e s tr ic t ­
ed . T h e  d iffe ren t C a C 0 3 phases are  n o t  m e ta so m a tic  p roduc ts b u t  ep ig en e tic  
p re c ip ita tio n s  from  th e  so lu tion .

In  th e  Mg : Ca = 2 : 1  system  rh o m b o h e d ra l  C a-carbona te  (ca lc ite )  has 
fo rm e d  on ly  a t  175° a n d  225 °C te m p e ra tu re s ,  w hile th e  o r th o rh o m b ic  v a r ie ty  
(a ra g o n ite )  w as m u ch  m ore  d o m in an t. T h e  hex ag o n al C aC 03 (v a te r i te )  was 
id e n tif ie d  a t  50°, 100°, an d  150 °C. T h e  u n c e r ta in ty  of th e  e x is te n c e  of 
M g C 0 3 • 2H aO w as su rp ris in g , a s ig n if ic a n t a m o u n t of th e  d isso lv ed  m ag n e­
s iu m  h as  fo rm ed  ch lo ride-com plexes, a n d  re m a in e d  in d isso lved  fo rm .

I I /1 -e . M g C 0 3(s) : Ca2+ =  1 : 1  Crystalline Phases 
(2.5 M so lu tio n )

50 °C =  Mg, >> Ca, — Ca3;
75 °C =  Mg, Саз — Ca3;

100 °C =  Mg, >  C a ,—(Ca3)?;
125 °C =  Mg, >  C a ,—Mg2- D ;
150 °C =  Mg, >  Ca,;
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175 °C =  Mg, >  Ca,—(Ca,—Mg,)?;
200 °C =  M g, >  C a ,-D ;
225 °C =  Mg, >  Ca,;
250 °C =  Mgl >  Ca,(D)?;
275 °C =  D fw  M g ,-C a ,? ;
300 °C =  M g, >  (Ca,-Ca,).

Mg, =  MgC03; D =  dolomite; Ca, =  calcite, Ca2 =  aragonite, Ca3 =  vaterite.

T h e  p ro d u c ts  o f th is  sy s tem  a re  ch a rac terized  b y  th e  a rag o n ite -C aC 0 3, 
an d  h ex a g o n a l v a te rite -C a C 0 3. R h o m b o h ed ra l C aC 03 c a lc ite -s tru c tu re  has 
form ed a t  175° an d  300 °C. T h e  d /Á  lines of do lom ite  a t  125 °C an d  250 °C 
are  s im ila r  to  t h a t  o f p ro to -d o lo m ites . I t s  am oun t a t  275 °C w as equal to  th a t  
o f m ag n esite . Sm all am oun ts o f b a s ic  M g-carbonate  w ere o b se rv ed  a t  125 °C 
and  175 °C (4— 5 p e r  cen t).

I l / l - f .  M gC 03(S) : C a2+ =  1 : 2  Crystalline Phases  
(2.5 M so lu tion)

There were only slight differences from  th e  above discussed system s:

50 °C =  M g, >> Ca3—Ca,;
75 °C =  M g, Са,—Ca3;

100 °C =  M g, 5> Ca,—Ca,;
125 °C =  M g, Ca,—D — Ca3;
150 °C =  M g, >  Ca,—Ca,;
175 °C =  M g, >  Mg,;
200 °C =  M g, >  C a,—Ca,;
225 °C =  M g, >  Ca, —Ca,;
250 °C =  M g, Ca,;
275 °C =  M g, >  Mg,(D?);
300 °C =  M g, fa  D —(Ca,—Mg,).

Mg, =  M gC03; D =  dolomite; Mg, =  M gC 03 • 2 H ,0 ; Ca, =  calcite; Ca, =  aragonite; Ca3 =  
=  vaterite.

A t 300 °C th e  am o u n t o f d o lo m ite  and  m agnesite  w as s im ila r. A t 175° 
an d  250 °C o n ly  tw o  phases h a v e  b e e n  recorded  in  th e  sy s te m , th e  m agnesite  
was asso c ia ted  b y  basic M g -ca rb o n a te  an d  a ragon ite  re sp e c tiv e ly . A ragon ite  
has a p p ea red  to  be th e  s ig n if ican t C a C 0 3 v a rie ty , w hile ca lc ite  an d  v a te r ite  
w as fo rm ed  o n ly  a t  ce rta in  te m p e ra tu re  levels.

T h e  m ic ro p h o to g rap h s o f th e  re su lte d  c ry sta l phases a re  show n in P la tes  
V I—V I I I .

In  th e  C aC 0 3(S) -f- M g2+(ap) sy s te m  th e  g rad u a l re p la c e m e n t o f calcite  
rh o m b o h e d ra  b y  M gC 03 has b een  observed , due to  s t ru c tu ra l  position ing  
o f Mg 2 + .

S ince th e  m ig ra tion  of C a2+ in to  th e  solu tion  w as fa s te r  th a n  th e  f ix a ­
tio n  o f M gî + , vo ids had  fo rm ed  in  th e  calcite  rh o m b o h e d ra  a n d , accord ing  
to  th e  decrescen cy  th e o ry , th e se  v o id s  h a v e  been filled  in  w ith  M gC 03 rh o m b o ­
h e d ra  w ith o u t th e  co n tem p o ran eo u s  d isso lu tion  o f  th e  “ m o th er-p h ase”
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(C a C 0 3). (P ho tos: 13, 15.) In  tra n s it io n a l ca se  M gC 03 o v erg ro w th  h a s  f ram ed  
th e  ca lc ite  rh o m b o h ed ro n . T h is p h en o m en o n  h as  n o t been o b se rv e d  d u rin g  
th e  m icroscopic in v e s tig a tio n s  o f th e se  l a t t e r  sy stem s.

In  th e  2.5 M CaCl2 so lu tio n  system s s im ila r  phenom ena to  th o s e  o f  th e  
m o re  d ilu te  (1.0 M) so lu tio n  system s w ere  recogn ised . The d iffe re n c es  w ere 
m a in ly  due to  th e  s t ru c tu ra l  o rd erin g  an d  g ra in  size d is trib u tio n  o f  t h e  associ­
a te d  С а15 Ca2, Ca3 a n d  M g2 p h ases .

T h e  m ost com m on fe a tu re s  are th e  d iffe re n tly  shaped  Ca2-C a3 c ry s ta ll in e  
p a r tic le s  overgrow n on th e  rh o m b o h e d ra l p la n e s  o f  th e  M gC 03 (P h o to s  26, 
27 , 28). T he a rag o n ite  (Ca2) is f re q u e n tly  d ev e lo p ed  in  fib ro u s, p in n a te ,  l a th ­
lik e  h a b i t  (P h o to  29).

A t h ig h er te m p e ra tu re s  (i.e. a t  250 °C) th e  re -c ry s ta lliza tio n  o f  M g C 0 3 was 
a lso  seen in  a few cases, w ith  f in e  g ra ined  a ra g o n ite  overgrow th  (P h o to s  31 , 32).

T h e  resu lts  o f th e  ex p erim en ts  w ith  th e  M gC 03(S)— CaCl2(-aq-) sy s tem s 
c a n  b e  sum m arized  as fo llow s:

a) T he m e ta so m a tic  a lte ra tio n  to  c a lc ite  (re -ca lcitiza tion ) is h ig h ly  im ­
p ro b a b le , fo r tw o rea so n s: 1. th e  Mg— О b o n d s  in  th e  M gC 03 a re  m a in ly  co­
v a le n t ,  th e C a — О 1/3, 1/2 b o n d s are  o f  w e a k e r  ion ic  n a tu re . 2. B e c a u se  o f  th e  
la r g e r  ionic rad ii, s t ru c tu ra l  f ix a tio n  o f  C a2+ w ould  only be p o ss ib le  a t  la rg e r 
te m p e ra tu re s  b y  d ila ta tio n  o f  th e  la ttic e  s t ru c tu re .  This is o f v e ry  s m a ll  m ag n i­
tu d e  in  th e  te m p e ra tu re  ra n g e  o f th e  p re s e n t  ex p erim en ts , i t  do es  n o t  reach  
th e  size o f  th e  C a2+ ra d iu s . W ith  in c rea s in g  te m p e ra tu re  th e  M g-io n s can  he 
in c re a s in g ly  rem oved fro m  th e  rh o m b o h e d ra l p lanes, b u t on ly  f ro m  th e  re- 
s t r ic te d ly  d islocated  p lan es (in  so lu tions o f  c o n s ta n t p H  v a lu es). T h e se  Mg 
io n s  rem ain  in  th e  so lu tio n  in  fo rm  o f ch lo rid e  com plexes. A s m a lle r  fra c tio n  
o f  th e  m agnesium  is e p ig en e tica lly  f ix a te d  in  fo rm  o f u n stab le  M g C 0 3 • 2 H 20 .

In  litho log ica l sense th e  M gC 03 m ig h t d isso lved  in  th e  a b o v e  c o n d itio n s  
th o u g h  its  a lte ra tio n  to  d o lo m ite  —  an d  su b se q u e n tly  to  calcite  -— is in  genera l 
c o n fin e d  to  closed geological system s o f h ig h e r  tem p era tu res .

II /2 . Pow dery  D olom ite — CaCl2 — H 20  System
(“ d e -d o lo m itiza tio n , re -c a lc it iz a tio n ” )

I I /2 -a . Pow dery D olom ite : C a2+ =  2 : 1  
(1.0 M so lu tio n )

о- l .  The Chemical A nalysis Data (F ig . 8)
The same powdery dolom ite from  the v icin ity  o f  B udapest has been u sed  fo r stan d ard  

as for th e  dolomite +  MgCL,(aq\ system . The chemical an d  X R D  analyses d a ta  a re  sum m arised  
in  Fig. 8.

Three tem perature in tervals have been used fo r th e  evaluation of chem ical varia tions:

CaO: 1. 50 —125 °C =  + 1 .1 7 %  excess
2. 1 5 0 -2 7 5  °C =  + 0 .2 1 %  excess
3. 300 °C =  — 1.36%  deficiency
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MgO: 1. 5 0 -1 2 5  °C =  —0.68%  deficiency
2. 1 5 0 -2 7 5  °C =  —0.96%  deficiency
3. 300 °C =  —2.70%  deficiency

T he CaO c o n te n t o f  th e  dolom ite s t ru c tu re  v a rie s  only  s l ig h t ly  above 
150 °C. T he rem oval o f  m ag n esiu m  is so m e w h a t la rg e r: u n d e r 1 %  b e tw e e n  
50° a n d  125 °C, a ro u n d  1 %  in  th e  150—275 °C ra n g e , 2 .70%  m a x im u m  v alue  
a t  300 °C.

I I /2 -b . Pow dery D olomite : Ca2 + = 1 : 1  
(1.0 M so lu tion )

6-1. The Chemical Analysis Data (F ig . 8)
There is no significant change in  the CaO d is tribu tion  p a tte rn  in  the 50 — 300 °C range. 

T he MgO contents can he g rouped  in to  five tem perature  in tervals:

CaO: 1. 5 0 -2 7 5  °C =  + 1 -6 2 %  excess ( =  —1.50%  M gO)
2. 300 °C =  —0.68%  deficiency

M gO: 1. 5 0 -  75 °C =  —0.71%  deficiency
2. 10 0 -1 7 5  °C =  — 1.25%  deficiency
3. 200—225 °C =  —2.55%  deficiency
4. 2 5 0 -2 7 5  °C =  — 1.49%  deficiency
5. 300 °C =  — 3.69%  deficiency

A ccording to  th e se  re s u lts  th e  m ag n esiu m  show s g rea te r s o lu b il i ty  th a n  
c a lc iu m , and  dissolves f ro m  th e  m o ther-phase  to  a  la rg e r e x te n t in  th i s  sy s tem
(200— 225 °C =  — 2 .5 5 % , 300 °C =  — 3.69%  M gO).

J J /2 -c . Pow dery Dolomite : Ca2 + =  1 : 2  
(1.0 M so lu tio n )

c-1. The Chemical Analysis D ata (F ig . 8)
Five and six tem p era tu re  in tervals can be chosen for the representation  o f th e  CaO 

an d  MgO values, respectively:

CaO: 1. 50 —100 °C =  + 1 .9 6 %  excess
2. 125 —150 °C =  + 3 .2 3 %  excess
3. 175 °C =  + 0-56%  excess
4. 20 0 -2 7 5  °C =  + 2 .1 1 %  excess
5. 300 °C =  — 2.32%  deficiency

MgO: 1. 50— 75 °C =  — 1.15%  deficiency
2. 1 00 -150  °C =  —2.32%  deficiency
3. 175 °C =  —0.73%  deficiency
4. 200 —225 °C =  —3.22%  deficiency
5. 25 0 -2 7 5  °C =  —2.69%  deficiency
6. 300 °C =  —4.32%  deficiency

A t larger C a2+ c o n c e n tra tio n s  (i.e. M g : Ca = 1 : 2 )  th e  c ry s ta lliz e d  
p h a se s  of th e  system s a re  r ic h e r in CaO (w ith  th e  excep tion  o f  300  °C), th e  
M gO deficiencies are  a lso  h ig h e r.

I t  is well seen in  F ig . 8 th a t  a t d iffe re n t c a tio n -ra tio s  an d  te m p e ra tu re  
in te rv a ls  th e  CaO— M gO  d is tr ib u tio n s  o f  th e  c ry sta llized  p h a se s  ro u g h ly
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follow th e  c a tio n  ra tio  o f th e  so lid  ph ase  (pow dery  do lom ite) and  th e  so lu ­
tio n s; i f  th e  so lu tio n  is rich e r in  C a2 + , th e n  th e  re su lte d  c ry sta llin e  phases 
are also r ic h e r  in  calcium , and  c o n ta in  less MgO.

7 //2 -0 . Powdery Dolom ite  : C a2+ =  2 : 1  C rysta lline Phases 
(1.0 M so lu tion)

50 °C =  D >  Ca, — Са,—(Mg2)? ;
75 °C =  D ÿ> Mg2—(С а,—Са3);

100 °C — D С а,— Саг—Ca3—Mg2;
125 °C =  D >  Ca,— Ca2;
150 °C =  D >  Ca,— Caj —Mg2;
175 “C =  D >  C a,—Mg2—(Ca2 — Ca3)?;
200 °C =  D С а,—(Ca2 — Ca3 —Mg2);
225 °C =  D >  С а,—(Ca, —Ca3— Mg.,);
250 °C =  D >  M g.,-(C ad ;
275 °C =  D >  Mg2—Ca,;
300 °C =  D >  (Mg2- C a 2)—(Mg l—C ad?;

D =  dolom ite; Ca, =  calcite; Ca2 =  aragonite; Ca3 =  vaterite ; Mg, =  M gC03-2 H20 ;  Mg, =  
=  MgC03.

T he ch e m ic a l and X R D  d a ta  in d ica te  ih a t  in  th e  ap p lied  ex p e rim en ta l 
conditions th e  h ig h  Ca c o n cen tra tio n  in  th e  so lu tio n  o n ly  s lig h tly  affects th e  
re -a rran g e m e n t o f  th e  do lom ite  s tru c tu re . T h ere  is on ly  re s tr ic te d  c a tio n  
rem oval (m o s tly  m agnesium ) from  th e  surface o f th e  s ta b le  do lom ite  la tt ic e , 
and th is  is n o t  follow ed by  a n y  s ig n if ican t f ix a tio n  o f  C a2+ from  th e  so lu tio n . 
I t  is p ro b a b le  th a t  th e  do lom ite  m ay  a lte r  to  ca lcareous do lom ite  (“ p ro to ­
do lom ite” ) w h ich  su rro u n d s th e  c ry s ta ls  o f th e  o rig in a l p h ase  (pow dery  do lo ­
m ite). T h e  C a 2+ and  M g2+ ions a re  f ix a te d  from  th e  so lu tio n  as ep igenetic  
phases. T h e  “ d e -d o lo m itiza tio n ”  an d  “ re -c a lc itiz a tio n ”  in th is  case m eans 
th a t  th e  su rfa c e  o f  dolom ite rh o m b o h e d ra  are  e n c ru s te d  b y  calcite , a rag o n ite , 
v a te r ite  in  fo rm  o f th in  film s o r sm all agg regated  o v erg row ths.

T he e x p e rim e n ts  have  n o t  su p p o rte d  th e  th e o ry  o f solid phase  m e ta - 
som atic p ro cess  b y  ca tion  ex ch an g e . U nlike th e  M gC 03 -f- CaCl2 —  H 20  
system s, th e  c a lc ite  is m ore d o m in a n t C aC 0 3 v a r ie ty  h ere  th a n  th e  a rag o n ite . 
Calcite —  C a C 0 3 was observed  u p  to  250 °C, th e  p resence  o f v a te r ite  (h ex ag ­
onal C aC 0 3) w as ind ica ted  on ly  b y  2 — 3 d /Â  lines.

J //2 -Í) . Powdery Dolom ite  : C a2+ =  1 : 1  C rystal Phases 
(1.0 M so lu tio n )

50 °C =  D C a,— Mg.,;
75 °C =  D >  Ca, —Ca.,"—Mg„—(Ca3?); 

100 °C =  D >  Ca, —Ca,';
125 °C =  D >  Mg,—Ca, —C a,—(Ca3?) 
150 °C =  D >  Mg." —Ca, —Ca.,;
175 °C =  D >  Ca," +  ?;
200 °C =  D >  C a ,—(Ca, —Mg,)?;

Acta Geologica Academiae Scienliarum Hungaricae 24, 1981



192 K IS S , J .

225 °C =  D >  Cax—(Ca3—Mg2)? ;
250 °C =  D >  Mg2- ( C a 2)? ;
275 °C =  D >  Mg2— Ca2— (Ca3)? ;
300 °C =  D Mg2—Саз—(Ca3?);

D =  dolom ite; Cax =  calcite; Ca2 =  aragonite; Ca3 =  v a te r ite ; Mg2 =  MgC03-2 H 20 .

In  com parison  w ith  th e  previous m o d e l th e  m ain  d ifference is  in  th e  
p ro p o rtio n s  o f th e  ep ig e n e tic  accessorial c o m p o n e n ts . The im p o r ta n c e  of 
a ra g o n ite  an d  v a te r i te  d ecreases . In  th e  50— 225 °C range th e  c a lc ite  is th e  
m ore  s ig n ifican t C a C 0 3 v a r ie ty ,  while a ra g o n ite  becom es d o m in a n t from  
250 °C u p w ard s .

JJ/2-C. P ow dery D olom ite  : Ca2+ =  1 : 2  Crystalline Phases 
(1.0 M so lu tio n )

50 °C =  D Cax —Ca2—Mg2;
75 °C =  D >  Cax—Mg2—(C a3 ?);

100 °C =  D >  Cax—Ca2 — M g,—(Ca3 ?);
125 °C =  D >  Cax—(Ca2);
150 °C =  D >  Mg2—(C a2 — Ca2)?
175 °C =  D >  Ca, — Mg2—(C a,—Ca3)?;
200 °C =  D >  Cax—Ca2—(Ca3~?);
225 °C =  D >  Cax—(Саг—Mg2)?;
250 °C =  D >  Mg2—(C a2—Ca3)?;
275 °C =  D >  Mg2- ( C ai — Ca3?>;
300 °C =  D (Cax—Ca2).

D =  dolom ite; Cx =  calcite; C2 =  aragonite; Ca3 =  v a te r ite ; Mg2 =  MgC03-2 H 20 .

T hese d a ta , to g e th e r  w ith  th e  chem ica l com positions, in d ic a te  t h a t  in  
g iven  cond itions th e  so lu b ili ty  o f th e  p o w d ery  d o lo m ite  is very  low . C o m p le te  
s t ru c tu ra l  a lte ra tio n  b y  m eta so m a tic  c a tio n  e x ch an g e  does n o t  t a k e  p lace . 
T h e  p resence  of C aC 0 3 v a r ie tie s  in n a tu ra l  d o lo m ite  horizons, la y e rs  (like 
A n isian  or N orian  d o lo m ite  sequences) can  b e  a t t r ib u te d  to  tw o fa c to r s :

1. d eh y d ra tio n  o f  C a (H C 0 3)2 b y  a sc e n d e n t-d esce n d e n t so lu tio n s ;
2. th e  effect o f  th e  C a 2+ ions, w hich h a v e  o r ig in a te d  b y  th e  p a r t i a l  d is ­

so lu tio n  of do lom ite  in  c lo sed  geological sy s te m s  —  or in open sy s te m s  co m ­
p ris in g  re la tiv e ly  la rg e  C 0 2 p a r tia l  p ressu res . T h e  excess calcium  is  m a in ly  
o f e x te rn a l origin an d  does n o t  come from  t h e  m o th er-p h ase  (d o lo m ite ) .

I I /2 -d .  Pow dery Dolomite : Ca2+ = 2 : 1  
(2.5 M so lu tio n )

d-1. The Chemical A nalysis D ata (F ig . 9)
The average values c an  be  grouped into six a n d  fo u r in tervals with respect to  th e  CaO 

and  MgO values respectively:
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CaO: 1. 50— 75 °C =  + 1 .3 4 %  excess
2. 100 °C =  + 0 .02%  excess
3. 125 °C =  + 1 .41%  excess
4. 150 — 225 °C =  —0.31% deficiency
5. 250 °C =  —2.43% deficiency
6. 275 — 300 °C =  —0.55% deficiency

MgO: 1. 50 —100 °C =  —0.64% deficiency
2. 1 2 5 -2 2 5  °C =  -1 .1 9 %  deficiency
3. 250—275 °C =  —0.58% deficiency
4. 300 °C =  —0.26% deficiency

T h e CaO c o n te n t o f th e  p o w d ery  dolom ite  a t  100 °C, an d  150— 225 °C 
show s o n ly  sm all v a ria tio n s , th e  m a jo r  p a r t  o f th e  C a2+— M g2+, w hich h av e  
m obilized  from  th e  do lom ite , re m a in s  in  th e  so lu tion .

II/2 -e . Pow dery D olom ite : Ca2+ =  1 : 1  
(2.5 M so lu tion)

e-1. The Chemical A nalysis Data (F ig . 9)

CaO: 1. 50 — 100 °C =  + 1 .84%  excess
2. 1 2 5 -2 2 5  °C =  + 0 .1 3 %  excess
3. 250 °C =  —1.35% deficiency
4. 275 °C =  + 0 .6 2 %  excess
5. 300 °C =  —1.32% deficiency

MgO: 1. 50— 75 °C =  —1.35% deficiency
2. 100 °C =  —0.64% deficiency
3. 125—175 °C =  —1.46% deficiency
4. 200 — 225 °C =  —2.91% deficiency
5. 250 — 300 °C =  —1.73% deficiency

A CaO an o m a ly  is v isib le  b y  th e  com parison  o f chem ica l com positions 
o f th e  “ p o w d ery  d o lom ite” : C a2+ =  2 : 1  and  1 : 1 sy s tem s. T h e  150— 300 °C 
te m p e ra tu re  in te rv a l in  th e  M g2+ : C a2+ =  2 : 1  sy s tem  is ch a rac te rized  
b y  0.31— 2 .43%  CaO d efic iency  in  th e  p re c ip ita te d  c ry s ta l  phases desp ite  
o f  th e  p resence  o f excess C a2+ in  th e  so lu tio n . T he MgO loss, how ever, is som e­
w h a t sm aller. C alcium  d efic iency  h a s  occurred  a t  250 °C a n d  300 °C in  th e  
M g2+ : C a2+ =  1 : 1  system  (w ith  th e  increasing  Ca c o n c e n tra tio n  in  th e  so lu ­
tio n ) . T he CaO increase  in  th e  o th e r  te m p e ra tu re  in te rv a ls  (ex cep t fo r 50—- 
100 °C an d  225 °C) w as low er th a n  th e  CaO values of th e  “ p o w d ery  d o lom ite” : 
C a2+ =  1 : 2  sy s tem , w here a c o n tin u o u s  calcium  increase  h as  been  observed.

I I /2 - f .  Pow dery D olom ite  : Co2+ =  1 : 2  
(2.5 M so lu tion)

f-1 . The Chemical A nalysis Data (F ig . 9)

CaO: 1. 50 °C =  +1.06%  excess
2. 75—100 °C =  +2.55%  excess
3. 125-200  °C =  +1.63%  excess
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4. 225 °C =  + 0 .1 3 %  excess
5. 250 °C =  + 2 .0 5 %  excess
6. 275 — 300 °C =  + 0 .5 2 %  excess

MgO: 1. 50 —100 °C =  — 1.24% deficiency
2. 125 — 200 °C =  — 1.94% deficiency
3. 225 °C =  —4.40%  deficiency
4. 250 °C =  —3.35%  deficiency
5. 275 — 300 °C =  — 1.65% deficiency

T h e s ig n if ic a n t differences b e tw een  th e  tw o  com ponen ts CaO an d  MgO 
were o b se rv a b le  from  125 °C, th e  m a x im u m  MgO deficiency  w as m easu red  
a t  225 °C a n d  250 °C.

T h e  v a r ia t io n s  of th e  MgO— CaO  c o n te n ts  are p lo tte d  in  F ig . 9.

I I l2 - d .  Powdery Dolomite : C a 2+ = 2 : 1  Crystalline Phases 
(2.5 M so lu tio n )

50 °C =  D C a ,—Ca2—(Cas—Mg3)?;
75 °C =  D >» Mg, — С а,— Ca,—(Ca3)?;

100 °C =  П >  C a , - M g ,- ( C a a);
125 °C =  D >  C a ,— Mgj—(Ca2—Ca3)?;
150 °C =  D >> Ca3—Caj—Mg2;
175 °C =  D >  C a1- M g 2- ( C a 2- C a 3)?;
200 °C =  D >  (Ca2 — Ca8—Mg2)?;
225 °C =  D >  C aj— C a,—(Ca3—Mg,)?;
250 “C =  D >  Mg2;
275 °C =  D Mg2—(С а,—Ca,—Mg,);
300 °C =  D >> Ca, —Ca3—(Caj)?.

D =  dolom ite; C a, =  calcite; Ca2 =  aragonite ; Ca3 =  vaterite ; Mg2 =  M gC03-2 H20 ;  Mg, =  
=  MgC03.

T y p ic a l to  th e  system  is th e  p re sen ce  o f  calcite  a t  ev e ry  te m p e ra tu re  
level (ex cep t fo r  250 °C). The p re sen ce  o f  a rag o n ite  an d  v a te r i te  is in  m o st 
cases u n c e r ta in  (50°, 100°, 125°, 175°, 225°, 300 °C). B asic M g -carbona te  has 
been o b se rv ed  a t  100°, 125°, 175° a n d  250°, w ith  on ly  w eak  in ten s itie s  a t  
275 °C. A t th i s  l a t t e r  te m p e ra tu re  M g C 0 3 w as also p re sen t.

I I /2 - e .  Powdery Dolomite : C a 2+ =  1 : 1  Crystal Phases 
(2.5 M so lu tio n )

50 °C =  D >  C a ,—C aj-(M gj)? ;
75 °C =  D >  C a ,—C a j-(C a 3)?;

100 °C =  D >> C a, — Mg2—(Ca3)?;
125 °C =  D C a, — Caj — Mg2;
150 °C =  D >  C a ,—Mgj—(Caj—Ca3)? ;
175 °C =  D >  C aj—C a ,- (C a a)?;
200 °C =  D >  C a, — C a j-(C a 3—Mgj)?;
225 °C =  D >  C a,—C a ,- (C a 3)?;
250 °C =  D >  M gj—(Ca,)?;
275 °C =  D >  M g,;
300 °C =  D >  C a ,— Caa—(Ca,)?.

D =  dolom ite; Ca, — calcite; Ca3=  aragonite; C a, =  vaterite ; Mg, =  MgCO, • 2 H ,0 .
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Calcite (Caj) h a s  d ev e lo p ed  a t  every  te m p e ra tu re  level u p  to  225  °C , b u t 
th e r e  was no in d e p e n d e n t C a C 0 3 phase a t  250— 275 °C (except fo r  w e a k  trace s  
o f  v a te rite ) . A t 300 °C a ra g o n ite  and v a te r i te  h as  form ed, w ith  u n c e r ta in  
tra c e s  of calcite. B asic  M g -carbona te  has c ry s ta lliz e d  a t 250° a n d  275 °C in 
s ig n if ic a n t q u a n titie s . I t  w as su b o rd in a te , h o w ev e r, in  th e  o th e r  te m p e ra tu re  
in te rv a ls .

I I /2 - f .  P ow dery  D olomite : C a2+ =  1 : 2  Crystal Phases  
(2.5 M so lu tio n )

50 °C =  D Ca! — Ca2—(Ca3—Mg2)?;
75 °C =  D Cax — Ca^—(Ca3—Mg2);

100 °C =  D >  Ca i—Ca3;
125 °C =  D >  Ca i—(Caa—Mg2)?;
150 °C =  D Caj—Mg2—(Ca2—Ca3)?;
175 °C =  D >  Ca i—(Саг—Ca3)?;
200 °C =  D >  Ca i—(C a3—Mg2)?;
225 °C =  D Cax—Ca2—(Ca3—Mg2)?;
250 °C =  D Mg2—(Ca2 — Ca3)?;
275 °C =  D >  Mg2—(C a3 — Ca2) ;
300 °C =  D Ca2—Ca3—(Ca,)?.

T he d is tr ib u tio n  o f  th e  c rysta lline  p h a se s  is essen tia lly  s im ila r  to  th e  
p rev io u s  model (Mg : C a = 1 : 1 ) .  The c a lc ite  is th e  d o m in a n t accesso ria l 
co m p o n en t, th e  a m o u n t o f  Mg2 was s ig n if ic a n t a t  250— 275 °C.

T he chem ical, X - r a y  a n d  m icroscopic a n a ly s is  o f  th e  p o w dery  d o lo m ite  -f- 
-f- CaCl2 -f- H 20  sy s te m  h a s  n o t su p p o rte d  th e  “ d e -d o lo m itiza tio n — re-cal- 
c it iz a t io n ”  th eo ry . T h e  re s u lts  suggest, t h a t  in  n a tu ra l  conditions w i th  p a ra m ­
e te rs  sim ilar to  th a t  o f  th e  m odel ex p erim en ts  th is  process does n o t  t a k e  place.

A ccording to  th e  m icroscopic  an a ly s is , th e re  was no s ig n if ic a n t  C a2 + 
f ix a tio n  subsequen t to  th e  s lig h t d isso lu tion  a n d  th e  re so rp tio n  o f  t h e  dolo­
m ite . I t  is m ore p ro b a b le  t h a t  th e  “ n o rm a l”  do lom ite  a lte rs  t o  so-called  
“ p ro to -d o lo m ite”  ( =  ca lca reo u s  dolom ite), b y  th e  d issolution  o f  t h a t  a m o u n t 
o f  M g2+ w hich exceeds th e  am o u n t of C a2 + . T h is  p ro to -d o lo m ite  p re c ip ita te s  
on  th e  surface edges o f  th e  ca tion -o rdered  d o lo m ite  rh o m b o h ed ra  (R ) in  form  
o f  th in  film s. T he m a jo r  p a r t  o f  Ca2+ is f ix a te d  in  th e  ep igenetic  c a rb o n a te s  
(C ax— Ca2). A m ong th e s e  th e  Ca2 has h a d  w ell-developed  c ry s ta ls  (P h o to s : 
26 , 29).

II/3 . “ C alcareous D olom ite”  -j- C a d ,  — H 20  System

“ Calcareous dolom ite”  (Pilisvörösvár) has been  used  as starting  m aterial. I t s  chem ical 
com position (analysed b y  Mrs. V. Tolnay):
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S i02 0.19% Si02 0.19%
a i20 8 0.13% A1*03 0.13%
Fe20 8 0.04% FejO , 0.04%
FeO 0.06% KjO 0.04%
CaO 32.03% N 820 0.21%
MgO 20.90% H20 1.42%
K2U 0.04% 2.03%

98.52%N 8,0
Hj.0

0.21%
1.42% 100 .55-2 .03  =

co2 45.51%
100.55%

After sub trac tion :
CaO
MgO
FeO
C02

32.53%  =  0.580 (atom ic quotien t) 
21.21%  =  0.526 (atom ic quo tien t) 

0.06%  =  0.001 (atom ic quotien t) 
46.19%  =
99.99%

Its  stoichiom etric com position: Ca0680Mg0-626F e0 .ooiC03.

T he ch e m ic a l d a ta  in d ic a te  Mg deficiency  in  th e  calcareous do lom ite . 
T he e x p e rim e n ts  h a v e  been ca rried  o u t  on ly  w ith  th e  do lo m ite  : 3 m l 2.5 M 
C aC l2(aq) s y s te m , w hich  is a p p ro x im a te ly  equal to  Ca : Mg = 2 : 1 .

I I /3 -a .  T he E valuation  o f  Chemical A na lyses o f  the ‘‘‘’Calcareous 
Dolom ite’’'’ -f- C a2+ system  (F ig . 1 0 )

CaO: 50 °C =
75 °C =  

100 °C =  
125 °C =  
150 °C =  
175 °C =  
200 °C =  
225 °C - 
250 °C =  
275 °C =  
300 °C =

+ 0 .7 0 %  excess 
—0.28%  deficiency 
+  1.33% excess 
+  1.14% excess 
+  1.27% excess 
+  1.45% excess 
—0.99%  deficiency 
+ 0 .6 6 %  excess 
+  1.56% excess
— 6.44% deficiency
— 2.49% deficiency

33.23%  =  
32.25%  =  
33.86%  =  
33.67% =  
33.80%  =  
33.98%  =  
33.52%  =  
33.19%  =  
34.09%  =  
26.09%  =  
30.04%  =

There w as no significant change a t  100 —175 °C in terval, varying CaO values were 
observed a t  200 — 225 °C. M arked CaO deficiency was m easured a t  275 °C and  300 °C.

MgO: 50 °C =  20.30%  =  —0.91% deficiency 
75 °C =  21.15%  =  -0 .0 6 %  deficiency 

100 °C =  20.15%  =  —1.06% deficiency 
125 °C =  19.99%  =  —1-22% deficiency 
150 °C =  19.52% =  —1.69% deficiency 
175 °C =  19.68%  =  —1.53% deficiency 
200 °C =  19.39% =  —1.82% deficiency 
225 °C =  19.42%  =  - 1 .7 9 %  deficiency 
250 °C =  18.75% =  —2.46% deficiency 
275 °C =  25.21%  =  + 4 .0 0 %  excess (?) 
300 °C =  18.31% =  -2 .9 0 %  deficiency

The CaO—MgO distribu tions are p lo tted  in  Fig. 10.
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T he chem ical d a ta  h av e  p ro v e n , th a t  even a C a2+ ric h  an d  M g2+ d e ­
p le ted  do lo m ite  does n o t  te n d  to  “ de-do lom itise”  or “ re -ca lc itise”  by  f ix a ­
tio n  of C a2 + . S ig n if ic a n t, la rg e  a lte ra tio n s  h av e  u n d e rg o n e  betw een  275— 
300 °C, b u t  even  in  th is  case th e  calcareous do lo m ite  (“ p ro to -d o lo m ite” ) 
ap p ro ach es th e  “ n o rm a l d o lo m ite”  com position  b y  C a2+ loss. T h e  2 .46— 2 .90%  
M g2 + loss a t  250° an d  300 °C re m a in e d  in  dissolved fo rm , ex cep t fo r a fra c tio n  
w hich  has f ix a te d  as M gC 03 • 2 H 20 .  T he -}~4.00% MgO a t  275°C shou ld  be 
considered  ca u tio u s ly  since th e re  w ere  on ly  u n certa in  tra c e s  o f M gC 03 • 2 H 30  
am ong  th e  c ry s ta llin e  p h ases .

I I /3 -b . “Calcareous D olom ite''’ : C a2+ System  C rystal Phases

50 °C =  D 
75 °C =  D 

100 °C =  D 
125 °C =  D 
150 °C =  D 
175 °C =  D 
200 °C =  D 
225 °C =  1) 
250 °C =  I) 
275 °C =  I) 
300 °C =  D

>  Mg, —(Ca^)?;
>  (C a,—Cad;
>  Mg2—(Ca2—Ca3)?;
>  Mg2;
>  Mg2—Ca2)?;

C a,—Ca3 Ca2;
>  C a,—Mg2—Ca3) ? ; 
>> Mg2 —Ca, —Ca2;
>  C a,—Mg2;
>  C a,—Mg„;
>  C aj—Mg2.

D =  dolomite; Ca, =  calcite; Ca2 =  aragonite; Ca3 =  vaterites; Mg2 =  MgC03-2H ,0.

T he ca lcareous d o lom ite  —  s im ila rly  to  th e  p o w d ery  d o lom ite  —  does 
n o t  a lte r  to  ca lc ite  b y  m e ta so m a tic  processes a t  la rg e r te m p e ra tu re s , th o u g h  
i t  is possible t h a t  th e  C a2+ w h ich  h as  been  m obilized  b y  p a r t ia l  o r com ple te  
d isso lv ing  is f ix a te d  in  s itu  in  fo rm  o f ca rb o n a ted . T hese  ep igenetic  phases  
are  m ain ly  com posed  from  c a lc ite , th e  presence o f a ra g o n ite  an d  v a te r ite  
is e ith e r  u n c e rta in  o r su b o rd in a te . S im ilar role h as  b een  p lay ed  b y  th e  
M gC 03 • 2H 20 .  B ased  on th e se  fa c ts  “ re -ca lc itized ”  d o lo m ite  does ex ist, b u t  
i t  is n o t a p ro d u c t o f ca tio n  ex ch an g e  m etaso m atism , r a th e r  asynch ronous 
p re c ip ita tio n  from  a m u lti-p h ase  sy s tem .

III. M orphogenetic E valuation  of the Crystalline Phases

D ue to  th e  ex trem ely  sm all size o f th e  pa rtic le s  (10— 30 m icrons) o p tica l 
m icroscopy could  on ly  ra re ly  u se d . SEM  m ethods p ro v ed  to  be su itab le  fo r 
th e  observ a tio n  o f m orpho log ica l a n d  s tru c tu ra l fe a tu re s , p ro v id in g  su ffic ien t­
ly  h igh  m ag n ifica tio n . A ty p ic a l  case of such m o rpho log ica l fea tu res  is 
show n on 1— 2 p h o to s , a b o u t th e  C aC 0 3(S)— F e 2+ sy s tem . A sim ila r m o rp h o ­
genetic  m echan ism  is show n on th e  p h o to s  o f th e  C aC 0 3(8j— M g2+(aqj system  
—  300 °C (15,000 X m a g n ific a tio n ).
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T h e  ca tio n  ex ch an g e  o f th e  solid p h a s e — so lu tio n  system  (m e ta so m a tism ) 
is a  m u ltip le  p rocess. In  th e o ry  th e  to ta l  a m o u n t o f th e  R 2+ io n s  o f  th e  solid 
p h a se  can  he  rep laced  w ith o u t th e  d is so lu tio n  o f th e  “ m o th e r - s t ru c tu re ” :

C a2 + - ^ F e 2 +
C a2 + ̂ M n 2 +
C a2 + —>-Mg2 +

In  cases th e  p o ss ib ility  o f such  an  ex c h a n g e  is re s tr ic te d  o w in g  to  th e  
d iffe ren ces in  ion ic  ra d ii , bon d in g  forces a n d  s ta b il i ty  of th e  m o th e r  s tru c tu re . 
F o r  ex am p le , th e  C a2+ ions o f th e  c a lc ite  c a n  w holly  be re p la c e d  b y  M g2+, 
F e 2+ o r M n2+ (C a2+ =  0.99 Á , M g2+ =  0 .66  Á  or Ca2+ =  0 .99  Á , F e 2+ =  
=  0 .74  Á ), b u t  in  rev e rsed  d irec tio n  th e  c a t io n  exchange is r e s t r ic te d :

M gC 03(s)—>-Ca2 +
C aM g(C 03)2—i-Ca2+(aq) (in  p lace  o f Mg2+)

I n  ce rta in  b a n d s  (rh o m b o h ed ra l p la n e s )  th e  in ten s ity  o f  t h e  ca tio n  
e x ch an g e  is la rg e r. A t th e  sam e tim e  o th e r  p la n e s  o f th e  sam e b e l t  m a y  rem ain  
in ta c t .  T h e  fo rm er ones a re  in  fac t d is lo c a te d , e lec tro -s ta tica lly  u n b a la n c e d  
la ttic e -p la n e s , w h ich  a re  a rran g ed  a lo n g  th e  rhom bohedra l p la n e s  o f  th e  
m o th e r-p h a se . In  th e se  cases th e  re so rp tio n  a n d  ca tion  exch an g e  p h e n o m e n a  
a re  c o n c e n tra te d  to  th e se  b a n d s , or, in  ca se  o f  incoheren t la t t ic e  d e fe c ts , to  
r a n d o m  p o in ts  on th e  c ry s ta l  p lane  (rh o m b o h e d ro n ). This is r e s u l te d  in  h igher 
r a te  o f  rep lacem en t a n d  m ig ra tio n  o f t h a t  c a t io n , w hich is m o re  s u i ta b le  for 
re p la c e m en t. D ue to  th e  slow er ra te  o f  f ix a t io n  o f th e  rep lac ing  c a t io n ,  voids 
a re  s ta r t in g  to  be fo rm ed  in  th e  c ry s ta l (rh o m b o h ed ro n ). The s k e le to n  c ry s ta l 
( th e  in i t ia l  ca lc ite  m o th e r  phase) is s u r ro u n d e d  b y  th e  rh o m b o h e d ra l  fram e 
o f th e  new  p h ase  (F e C 0 3) o f  a few  m ic ro n s  th ickness. The v o id s  a re  th e n  
filled  stepw ise  b y  th e  rh o m b o h ed ra  o f  th e  n ew  phase (M gC 03, F e C 0 3) in 
an a lo g o u s m an n e r to  t h a t  o f th e  d ec re scen cy  th e o ry .

O n th e  f i r s t  p ic tu re  a vo id -rich  rh o m b o h e d ro n  skeleton  o f  F e C 0 3 is 
sh o w n  (19,500 x ) ,  w h ich  has been fo rm e d  in  closed system  in  t h r e e  years 
f ro m  C aC 0 3(S)— F e2+(aq) = 1 : 2  sy stem  a t  ro o m  tem p era tu re . I n  t h e  second 
p ic tu re  an  a lm o st co m p le te ly  in filled  F e C 0 3 rhom bohedron  is s e e n , fo rm ed  
fro m  th e  sam e sy s te m  a f te r  longer t r e a tm e n t  (5 years ■—■ c lo se d  sy stem ). 
O n i ts  su rface  a— F e O O H + v a te r i te  e n c ru s ta t io n  has form ed.

T h e  p ic tu re  3 show s C aC 03 (ca lc ite) rh o m b o h ed ra , w hich  fo rm e d  from  
C a C 0 3( s)-f-M g2 +(aq) =  70 : 30 system  a t  50 °C . T h e  crysta llites o n  th e  su rface  
o f  th e  rh o m b o h e d ra l p lan es are o f tr ic lin ic  “ b a rrin g to n ite ”  (M gC O s • 2 H 20 ) .

A t  th e  sam e te m p e ra tu re  (50 °C), w i th  increased  Mg2+ c o n te n t  o f  th e  
so lu tio n  (C aC 03(s)— M g2+(aq) =  50 : 50) t h e  fo rm atio n  of M gCO s • 2 H 20  is 
also  acce le ra ted . R eso rb ed , d islocated  p a tc h e s  fie lds are show n on  t h e  su rface  
o f  a ca lc ite  c ry s ta l (P h o to : 4. 90 0 0 x ) .

200 k i s s , J .
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P late  I

1. CaC03(s\ —Fe2+(aq> =  1 : 2 ;  room  tem perature W ’’. 
FeC 03 — 19,500 X — 3 years

2. CaC03(s)—Fe2+(aq> =  1 : 2 ;  room  tem perature 
FeC 03 — 15,000 X — 5 years

3. CaC03(s) - M g 2+,aq) =  70 : 30; 50 °C 
Calcite rhom bohedra; 6000 X

4. CaC03(3) - M g 2+(aq) =  50 : 50; 50 °C 
Calcite +  M gC03 • 2 H 20 ;  9000 X
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Plate II

5. CaC03(s) -M g 2+(aq) =  70 : 30; 125 °C
Vuggy calcite rhom bohedron , gradually infilling w ith  M gC 03; 3000 X

6. CaC03(s)—Mg2 <aq> =  30 : 70; 150 °C 
MgC03—CaMg(C03)2 rhom bohedra, 7100 X

7. CaC03(s) —Mg2 ,aq) =  70 : 30; 175 °C
Skeleton crystals, vuggy  rhom bohedra of dolom ite, M gC 03 • 2 H.,0 lam ellae; 9000 X

8. CaC03(ss) —Mg2 !<aq) =  70 : 30; 200 °C 
Dolomite rhom bohedra, 27,000 X
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Plate III

9. CaCOs(s)—Mg2 ' (aq) =  30 : 70; 200 °C
Crystal aggregate composed of M gC 03 rhom bohedra of different sizes; 7200 X

10. CaC08(8)—Mg2 * (aq) =  30 : 70; 200 °C
M gC08 rhom bohedron, w ith M gC08 • 2 H20  crystals on its surface; 8600 X

11. CaC08(s) — Mg22iaq) =  30 : 70; 225 °C 
MgC08 rhom bohedra; 8200 X

12. CaC08(8)—Mg2 +(aq) =  50 : 40; 275 °C
Vuggy MgCOa rhom bohedra, w ith  traces of resorption; 8400 X
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A  la rg e r u n fille d  v o id  is seen in  th e  c a lc ite  rhom bohedron  o f  t h e  CaCO.,^- 
M g2+(aq) sy stem , t r e a te d  a t  125 °C. T h e  d e f in i te  hands an d  la m e lla e  on  th e  
low er edge of th e  c ry s ta l  a re  com posed o f  M g C 0 3 (P ho to : 5; 3000 X ) .

T he sm alle r c a lc ite  c rysta ls  w h ic h  h av e  form ed a t  150 °C from
C a2+ : M g2+ =  30 : 70 sy stem , are a l te re d  to  CaM g(C03)2 a n d  M g C 0 3. The 
la rg e r  rh o m h o h ed ra  (40— 50 m icrons) c o n ta in s  vo ids, and  e n c ru s te d  p a r tia lly  
b y  a th in  film  o f M g C 0 3— CaM g(C03)2 (P h o to :  6; 7 1 0 0 x ) .

A do lom ite  ( =  “ p ro to -d o lo m ite” ) c ry s ta l ,  w hich form ed a t  175 °C from  
C a2+ : Mg =  70 : 30 sy s tem , is seen in  P h o to :  7. The c ry s ta ls , w ith  poorly  
developed  c o n to u rs  a re  o f  epigenetic  M g C 0 3 • 2 H 20  (b a rr in g to n ite )  th o u g h  
M g C 0 3 is also p re se n t.

CaM g(C03)2 —  d o lo m ite  — rh o m h o h e d ra  h av e  form ed w ith  d is lo ca ted , 
v o id y  bands in  th e  C a C 0 3(S)— M g2+(aqj =  70  : 30 system  a t  200  °C (P h o to : 
8; 27,000 X ) .

T h e in c reasin g  M g2+ c o n cen tra tio n  a n d  tem p e ra tu re  o f  t h e  so lu tion  
p ro m o te s  th e  fo rm a tio n  o f M gC 03, a n d  h in d e rs  th a t  o f th e  C aM g (C 0 3)2 • 
• M g C 0 3 w ith  0 .9 5 %  CaO im p u rity  h a s  fo rm e d  in  th e  C aC 0 3(S)— M g2+ =  
=  30 : 70 sy s tem  a t  200 °C (P h o to : 9; 7200  x).

A n M gC 03 rh o m b o h e d ra l tw in  in te rg ro w th  w ith  epigenetic M g C 0 3 • 2 H 20  
e n c ru s ta tio n  is seen in  P h o to : 10; 8600 X .

M gC 03 rh o m b o h e d ro n  w ith  1 .88%  C aO  im p u rity  has fo rm e d  in  th e  
C aC 0 3(S)— M g2%aq) =  30 : 70 system , w ith  M g C 0 3 • 2H 20  c ry s ta ls  on  i ts  su r­
face  (P h o to : 11; 8 2 0 0 x ) .

V uggy rh o m b o h e d ra l skeleton c ry s ta ls  o f  M gC 03 have b een  fo rm e d  in 
th e  C a2+ : M g2+ =  50 :5 0  system  a t  275 °C  (P h o to : 12).

A vo id  in  a  rh o m b o h e d ro n  is p a r t ia l ly  f ille d  b y  M gC03; Ca2+ : M g 2+ =  
=  50 : 50 sy stem , 275 °C (P ho to : 13; 19 ,000  x). E u h ed ra l, w e ll-p re se rv ed  
M g C 0 3 h o m b o h e d ra  o f  th e  sam e system  a re  seen  in  P ho to  14).

A  rh o m b o h e d ra l sh ap ed  void , c o n s is tin g  o f  M gC03 sk e le ta l rh o m b o - 
h e d ra  an d  ex h ib itin g  sm all scale re so rp tio n  is  seen in P h o to : 15; 1 5 ,0 0 0 x ) .

T h e  rh o m b o h e d ra l d islocation  p lan es o f  th e  dolom ite becam e v u g g y  and  
la m e lla r  due to  p a r t ia l  d issolving (p o w d ery  do lom ite  -(- M g2%aq) =  70 : 30 
sy s te m , 50 °C). M g C 0 3*2H20  aggregates a re  fo u n d  on th e  su rfa c e  o f  th e  
lam ellae . A t in c reased  te m p e ra tu re s  th e  (h O h l) p lanes are loosen ing , th e  dolo­
m ite  becom es m ore  a n d  m ore lam ella r b y  p a r t ia l  dissolving o f  th e  d is lo ca ted  
la t t ic e  p lanes. T h e  fo rm a tio n  o f M gC 03-2 H 20  -j- M gC 03 is a lso  in c re a s in g , 
th o u g h  th e se  are  s till  ep ig en e tic  p re c ip ita tio n s , in d ep en d en t from  th e  d o lo m ite  
(P h o to : 16; 72 0 0 x ) .

O nly  s ligh t ch an g es are  seen in te m p e ra tu re  an d  Mg2+ ion c o n c e n tra tio n  
o f  th e  so lu tion  is in c rea sed . D olom ite  M g 2+ =  50 : 50 s y s te m , 100 °C. 
(P h o to : 17; 7 2 0 0 x )  (See also P ho to s: 16 a n d  18.)
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P late  IV
13. C aC03(8)—Mg2+(aq> =  50 : 50; 275 °C

V uggy M gC 03 rhom bohedron w ith  step-like infilling; 19,000 X
14. CaCO,(8)—Mg2+(aq) =  50 : 50; 275 °C 

In ta c t  M gC08 rhom bohedron; 7500 X
15. CaCO(8)—Mg2+(aq) =  30 : 70; 275 °C

A void  in  a  M gC08 rhom bohedron, w ith  well visible gradual infilling. Resorption m arks 
are seen on th e  MgC08 polyhedra; 15,000 X

16. Pow dery dolom ite —Mg!+(aq) =  70 : 30; 50 °C
The a lte ra tion  s ta rts  on the dislocated planes of the dolom ite rhom bohedron, the crystal 
becomes lam ellar; 7200 X
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Plate У

17. Pow dery dolom ite —Mg2 (aq> =  50 : 50; 100 °C 
Sim ilar to picture 16; 7200 X

18. Pow dery dolom ite —Mg2 (aq> =  50 : 50; 125 °C 
Sim ilar to p ictures 16 —17; 7200 X

19. Pow dery dolom ite —Mg2 (aq) =  30 : 70; 175 °C 
Dolomite -f- M gC03 rhom bohedra; 9800 X

20. Pow dery dolom ite —Mg2 (aq) =  30 : 70; 175 °C 
Dolomite M gC03 rhom bohedra; 16,100 X
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Plate VI

21. Powdery dolom ite —Mg" 1 (ач, =  70 : 30; 225 °С 
MgC03 rhorabohedra, w ith resorbed surfaces; 9000 X

22. Powdery dolom ite —Mg" H(aq) =  70 : 30; 225 °C
Cellular crysta llites o f MgC03 • 2 H„0 on the surface of a M gC03 rhom bohedron; 30,000 X

23. MgC03(s)—Ca2 ' (aq, =  1 : 2 ;  250 °C
Calcitc-aragonite aggregates on the surface of m agnesite (1.0 M C a-+ solution); 4800 X

24. MgC03(8) - C a (ay) = 1 : 2 ;  250 °C
Cellular lam ellae o f M gC 03 • 2 H ,0 . The system  contains calcite and aragonite too; 30,000 X
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Plate УП
25. M gC03(s)- C a 2+(aq) =  2 : 1; 50 ° C 

(2.5 M solution)
Aragonite and v a te r ite  aggregates on the surface o f a  magnesite cleavage rhom bohedra 
150 X

26. M gC03(s)—Ca2+(aq) =  1 : 2; 50 °C 
(2.5 M solution)
A ragonite; 573 X

27. M gC08(s)—Ca2+(aq) =  1 :  2; 125 °C
Epigenetic dolom ite perig row th  on the edge of a m agnesite  rhom bohedron (2.5M  solution) 
157 X

28. MgCOs(s)- C a 2+(aq) =  2 : 1; 175 °C
Epigenetic overgrow th on  th e  surface of m agnesite  w ith  calcite and aragon ite  p recip ita­
tions. (2.5 M solution). 157 X
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T h e te m p e ra tu re  level o f  th e  do lom ite  s ta b ili ty  is 175 °C. T he c ry sta ls  
o f  th e  p o w d e ry  do lom ite  are re a rra n g in g  to  w ell-form ed M gC 03 dolom ite  
rh o m b o h e d ra  b y  rep lacem en t o f  C a2+ b y  M g2 + . D o lo m ite  +  Mg2 h(aq) — 
= 30 : 70 sy s te m , 175 °C (P h o to : 19; 9800x). T he sam e rh o m b o h ed ra  are  
seen w ith  la rg e r  m ag n ifica tio n  in  P h o to  20; 16,100 X .

M gC 03 c ry s ta ls  w ith  0.75% CaO co n te n t h av e  fo rm ed  from  th e  dolo­
m ite  +  M g2+(aq) =  70 : 30 sy s te m  a t  225 °C, w ith  m ark s  o f  re so rp tio n  on th e ir  
surface (P h o to : 21; 9000x). E p ig e n e tic  M gC 03-2H 20  c ry s ta llite s  a re  seen 
on th e  su rface  o f  th e  p rev iously  m e n tio n e d  rh o m b o h ed ra  (P h o to : 22; 30,000 X ).

T h e  “ re -c a lc itiz a tio n ”  e x p e rim e n ta l system s co n sis ted  o f  in d e p e n d e n t 
s e p a ra te  p h ases . M ostly  d isso lu tio n  w as observed , re c ry s ta lliz a tio n  b y  ca tio n  
exchange h as  n o t  been fo und . C alc ite  aggregates and  a ra g o n ite  lam ellae , w hich 
h av e  been  fo rm ed  on th e  su rface  o f  a M gC 03 (m agnesite ) rh o m b o h ed ra  
(M gC 03(s) +  C a2+(aq) =  1 : 2) a re  seen  on P h o to : 23; 4 8 0 0 X . M ate ria l from  
M gC 03(S) -f- Ca2+(aq) = 1 : 2  sy s te m  a t  250 °C is seen in  th e  n e x t p ic tu re . 
T he th in  c e llu la r  form s are com posed  o f  MgCO, • 2ELO 4-  ca lc ite  4- a rag o n ite  
(P h o to : 24; 3 0 ,0 0 0 x ) .

F o r th e  in v es tig a tio n  o f m orpho log ica l v a ria tio n s  in  th e  “ de-dolom itiza- 
t io n —re -c a lc itiz a tio n ”  system s n o rm a l o p tica l m icroscopy  h as  been  used . 
T hough  sm a lle r  m ag n ifica tio n s w ere  o b ta in ed , th e  m o rp h o g en e tic  fea tu re s  
w ere s till w ell seen.

I n ta c t  m ag n esite  c leavage rh o m b o h ed ro n  from  M gC 03(S) —  C a2+(aqj =  
=  2 : 1  sy s te m  a t  50 °C. T h e  ag g reg a tes  on its  su rface a re  com posed  o f  a  m ix ­
tu re  o f a ra g o n ite  an d  v a te r ite  (P h o to : 25; 150x ) .  A t th e  sam e te m p e ra tu re , 
in  th e  M g2+ : C a2+ =  1 : 2  sy s te m  C aC 0 3 (a ragon ite ) c ry s ta ls  w ere fo rm ed , 
com ple te ly  iso la te d  from  th e  m ag n esite  “ m o th e r-p h ase”  w h ich  is seem ed 
to  he in ta c t .  T h e  [C 0 3]2~ w hich  h a s  been  m obilized  from  th e  m ag n esite  p lanes, 
p ro m o ted  th e  fo rm a tio n  o f a ra g o n ite . Since th e  t r e a te d  m o th e r  ph ase  has 
co n ta in ed  0 .8 0 %  Cl a fte r  sev e ra l w ash ings, i t  is possib le , t h a t  ch lo rine  can 
he  f ix a te d  in  th e  la tt ic e , th o u g h  th is  h y p o th esis  h a d  b een  q u es tio n ed  b y  a few  
a u th o rs . T h e  a ra g o n ite  is seen in  P h o to : 26; (573 x).

A m a g n e s ite  rh o m b o h ed ro n  (M gC 03(s) -f- C a2+(aqj =  1 : 2, 125 °C) is 
seen in  th e  n e x t  p ic tu re , w ith  c lean  do lom ite  o v erg ro w th  o f so m ew h at h ig h er 
b ire frin g en ce  (p ro to -do lom ite ) (P h o to : 27; 157x).

Solid p h a se  re a rra n g em e n t s im ila r  to  t h a t  o f be tw een  M g2+ so lu tions 
an d  ca lc ite , d o lo m ite  s tru c tu re s , w as n o t  observed  even a t  la rg e r te m p e ra tu re s . 
P ossib ly  th e  size i f  C a2+ ions a re  to o  large  to  rep lace  th e  p a r tia lly  m obilized  
M g2 + . I t  is r a th e r  crysta llizes as se p a ra te  epigenetic  p h ase , in d e p e n d e n t from  
th e  m o th e r-p h a se . M agnesite  rh o m b o h ed ro n  w ith  p e rim o rp h o u s  overg row th , 
se p a ra te  ep ig en e tic  c ry sta llin e  p h ases  (a rag o n ite  -f- calcite) from  th e  M gC 03(s)-(- 
+  C a2+(aq) = 2 : 1  sy stem  a t  175 °C is seen on P h o to  28. A t th e  sam e te m ­
p e ra tu re  th e  M g : Ca =  1 : 1 sy s te m  show s sim ilar fe a tu re s , th e  CaO c o n te n t
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Plate VIII
29. MgC03(g)— Ca2+(aq) =  1 : 1; 175 °C

Fibrous aragonite crystals on the surface of a m agnesite crystal (2.5 M so lu tion). 246 X
30. MgC03(8)— Ca2+,aq) =  1 : 1; 200 °C

D olom ite perigrow th on a m agnesite rhom bohedron, w ith  overgrown arag o n ite  (2.5 M 
solution); 157 X

31. MgC03(s) — Ca2^(am =  1 : 1; 275 °C
E pigenetic crystal aggregate of M gC03 +  dolom ite +  aragonite, w ith m agnesite  (? ) — 
dolom ite (?) rhom bohedron inclusion (2.5 M solution); 275 X

32. MgC03(s) —Ca2+(aq, =  2 : 1; 300 sC
Epigenetic MgC03 rhom bohedron on the m agnesite “ m otherphase” . 250 X (2.5 M solution)
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o f th e  c ry s ta llin e  phase is p ro p o rtio n a l to  th e  Mg/Ca ra tio  o f th e  to ta l  sy stem . 
T hough  + 4 .7 3 %  CaO excess w as m easu red  in th e  2 : 1 sy s tem , i t  has been 
alm ost d o u b led  in  th e  1 : 1 sy s tem  ( + 8 .2 9 %  CaO), w hich  h as  been  c ry s ta l­
lized  in  ep ig en e tic  ca lc ite  and  a ra g o n ite . A ragon ite  an d  ca lc ite  aggregates are  
seen on th e  su rface  o f a m agnesite  rh o m b o h ed ro n  (P h o to : 29; 246 x).

A s im ila r  p a tte rn  is seen in  th e  n e x t  p h o to , w here a m ag n esite  c ry s ta l 
is su rro u n d e d  b y  do lom ite  o v erg ro w th , w ith  a rag o n ite  ag g reg a tes  on its  su r­
face. M g C 0 3(s) — C a1 2 3+(aq) =  1 : 1; 200 °C. (P h o to : 30; 157x)

A  m osa ic -like  a rag o n ite  +  M g C 0 3 +  dolom ite agg reg a te , w ith  a MgCO — 
—  (?) —  C aM g(C 03)2 — (?) c ry s ta l  is seen in P h o to  32. (Mg : Ca =  1 : 1; 
275 °C.) I t  w as in itia lly  d isso lved , a n d  c rysta llized  a f te r  cooling  (275 X) .

C lean ep igene tic  M gC 03 rh o m b o h ed ro n  was fo rm ed  from  th e  in itia l 
m ag n esite  p h a se  a t  300 °C. A p a r t  o f  th e  C a2+ c o n te n t o f  th e  so lu tion  w as 
s tab ilized  in  fo rm  o f calcite  +  a ra g o n ite  s tru c tu re s , th e  la t te r  a re  n o t  visib le 
in  th e  p h o to  (P h o to : 32).

In  th e  p o w d ery  dolom ite  +  C a 2+(aq) system  a s im ila r phenom enon  to  
th a t  of M g C 0 3(S) +  C a2+(aqj sy s tem  w as observed. T he M g2+ po sitio n s can  
be  re s tr ic te d ly  rem oved  from  th e  la t t ic e ,  m ain ly  con tro lled  b y  th e  d islocation  
fie ld s.

P o w d e ry  d o lom ite  —  C az+(aq) =  1 : 2 system , 150 °C: fre sh , u n a lte re d  
do lom ite  rh o m b o h e d ra  along w ith  ep igene tic  calcite , M gC 03 • 2H 20 ,  arago- 
n i te -v a te r i te  (? ) aggregates (P h o to : 33; 2 7 5 x ) .

W ell v is ib le  epigenetic  o v e rg ro w th  of calcite , a ra g o n ite , v a te r i te  (?) is 
seen on th e  su rface  of do lom ite  rh o m b o h e d ra . T he p resence  o f M gC 03 • 2 H 20  
w as p ro v en  b y  X R D  analysis. P o w d e ry  dolom ite  —  C a2+(aqj = 1 : 1  sy stem , 
(P h o to s : 34, 35). (The f ir s t  p h o to  i l lu s tra te s  th e  m a te r ia l t r e a te d  a t  175 °C 
th e  second one  a t  200 °C.)

T h e  la s t  p h o to  provides f u r th e r  ev idence ag a in st th e  solid  phase  re ­
c ry s ta lliz a tio n  o f  m agnesite -do lom ite  b y  cation  exchange. A s fa r  as C a2 + 
re p la c e m en t is concerned , “ d e -d o lo m itiza tio n ”  or “ re -c a lc itiz a tio n ”  does n o t 
t a k e  p lace . T h e  do lom ite  “ m o th e r-p h a se ”  is sh a rp ly  s e p a ra te d  from  th e  cal- 
c ite -a ra g o n ite -v a te r ite  overg row th  on th e  pho to  (P h o to : 36).

T h e  geological and  m inera lo g ica l in te rp re ta tio n  o f  th e  re su lts  a re  su m ­
m arized  as follow s:

1. C aC 03— ca lc ite  (lim estone)— M g2+ f ix a tio n  =  do lom ite
=  d o lo m itiza tio n

2. CaCOg— ca lc ite  (lim estone)— Mg2+ f ix a tio n  =  m agnesite
=  m ag n esitiz a tio n

3. C aM g(C 03)2— dolom ite— M g2+ f ix a tio n  =  m ag n esite
=  m ag n esitiza tio n
=  de-d o lo m itiza tio n
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Plate IX
33. Pow dery dolomite —Ca2 (aq) = 1 : 2 ;  150 °C

D olom ite rhom bohedra w ith  epigenetic M gC03 • 2 H 20  — calcite ( — a rag o n ite  — vaterite) 
p recip itations; (2.5 M solution); 275 X

34. Pow dery dolomite + С а 2+,ач) = 1 : 1 ;  175 °C
C alcite—aragonite—v ate rite  (?) aggregates on dolom ite (2.5 M solution); 275 X

35. Pow dery dolomite + С а 2+(ач) = 1 : 1 ;  200 °C 
Sim ilar to picture 34. (2.5 M solution); 275 X

36. Pow dery dolomite +  Ca2+(aq) = 1 : 1 ;  300 °C
E pigenetic fram e of calc ite  — v a te rite  — aragon ite  surrounding a dolom ite rhom bohedron  
(2.5 M solution); 275 X

A c ta  Geologica Academiae Scientiarum  Hungaricae 24, 1981



D O L O M IT IZ A T IO N , D E -D O L O M IT IZ A T IO N 213

4. CaM g(C03)2— d o lo m ite — Ca2+ f ix a tio n  h ig h ly  re s tr ic te d  due to  l a t ­
tic e  s tru c tu re  =  no  de-dolo- 
m itiza tio n  or reca lc itiza tio n

5. M gC03— m a g n e s ite — C a2+ fix a tio n
h igh ly  re s tr ic te d  due to  l a t ­
tice  s tru c tu re  =  n o  “ de-m ag- 
n e s itiz a tio n ”  o r “ re -ca lcitiza- 
t io n ”

6. M gC03— m a g n e s ite — Ca2+ fix a tio n  h igh ly  re s tr ic te d  due to  l a t ­
tic e  s tru c tu re  =  n o  “ de-m ag- 
n e s itiz a tio n ”  o r“  re -ca lcitiza - 
tio n

T he d e -d o lo m itiz a tio n  te rm  can  be  ap p lied  only  on th o se  processes, w hich  
can be d e sc rib e d  b y  th e  dolom ite : M g2+ sy s tem , in  w hich  th e  do lom ite  m ay  
a lte r to  m a g n e s ite  ow ing to  th e  effect o f  M g-rich  so lu tions (d e-do lom itiza tion : 
s tra tifo rm  m a g n e s ite  deposits). T his p ro cess , how ever, is irrev e rs ib le  in  th e o ry . 
The Ca f ix a tio n  o f  th e  dolom ite is o f  v e ry  sm all scale, th e  do lo m itiza tio n  is 
p rac tica lly  a n  ir re v e rs ib le  process [i.e. C aM g(C 03)2—<-CaC03], th e  do lom ite  can  
n o t re -ca lcitize , de-do lom itize  upon  th e  e ffec ts  o f  C a-rich so lu tions. T herefo re , 
th e  “ d e -d o lo m itiz a tio n ”  te rm  is v a lid  o n ly  fo r  “ dolom ite-M g2+”  sy stem s, an d  
can n o t be  u s e d  in  “ dolom ite-C a s o lu tio n ”  sy stem s. T he calcite  com ponen ts 
in  a do lom ite  se q u e n c e  are ep igenetic  p re c ip ita tio n s  from  so lu tions, an d  n o t  
crystallized  p ro d u c ts  o f a rep lacem en t p rocess in  th e  do lom ite , in  w hich  th e  
Mg would re p la c e  th e  Ca.
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О ПРОЦЕССАХ ДОЛОМИТИЗАЦИИ, «ДЕДОЛОМИТИЗАЦИИ»,
«ПЕРЕКАЛЬЦИТИЗАЦИИ», ПРОИСХОДЯЩИХ В ГИДРОТЕРМАЛЬНЫХ

УСЛОВИЯХ

Я. к и ш ш

Р е з ю м е
Метасоматическим процессам известковых пород посвящена обширная литература. 

Эксперименты по моделям, проведенные в лабораторных условиях в течение последних 
десятилетий, проливали свет на ряд эпизодов и моментов преобразования (кальцитовой 
решетки в доломитовую, в решетки и т. д.). При этом можно встретиться с некоторыми про­
тиворечивыми и требующими проведения дальнейших исследований, фактическими дан­
ными, касающимися образования доломитовой решетки («дедоломитизация»). В настоящее 
время а-приори пе «первичное сингенетическое» образование доломитов в «нормальных» 
условиях осадконакопления все еще является нерешенным вопросом. Доломиты районов 
типа «шабка» также являются эпигенными образованиями по калциту, а доломиты, обна­
руживаемые в современных известковистых илах Большой Венгерской низменности, также 
не одновозрастны с кальцитом.

Лабораторные эксперименты по моделям попытались подойти к решению проблемы, 
сформулированной в заглавии, путем изучения «системы твердая фаза: раствор =  CaCO.,(sy 
MgCl2(aq). Оцениваются химические и кристаллохимические характеристики фазовых 
преобразований, причем из физико-химических параметров процесса анализируются преж­
де всего влияние и роль температуры. Эксперименты были проведены в закрытой системе 
— автоклаве. Химические изменения и кристаллохимические, а также рентгеновско- 
диффрактометрические данные образовавшихся кристаллических фаз обобщены в виде 
таблиц. Относительные изменения изотопов ô0  и д с  в фазах, полученных в условиях реа- 
личных температур, заслуживают особого внимания.

Изучены были следующие бинарные системы:
а) СаС03 (кальцит): MgCl2(aq)
б) CaMg(C03)2 (пылистый доломит): MgCI2(aq)

Т° =  50, 75, 100, 125, 150, 200, 225, 250, 300, 350 °С.
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Концентрация магния в растворе была подобрана, так, чтобы соотношения с каль­
цием твердой фазы были бы следующие: Са : Mg =  70 : 30; 50 : 50; 30 : 70.

Описывается образование доломита (протодоломита) и магнезит-баррингтонита 
(«доломитизация», «магнезитизация») в условиях вышеизложенной бинарной системы.

Позиции Са2+ кальцитовой решетки могут быть полностью замещены. Фазы были не- 
стоихиометрическими, большей частью лишенными аниона или страдающими дефицитом 
его. В системе CaC03(s):MgCl2(aq) оптимальная температура образования доломита составляла 
175°С, выше этой температуры большей частью образовалось MgC03 (магнезитовая решет­
ка). Замещению позиций Са2+ (пылистого) доломита способствуют сильно разбавленные 
растворы концентрата Mg, богатые магнием растворы вызывали противоположный эффект, 
причем по крайней мере 30% от общего количества доломита превращается в магнезит. В 
сущности механизм «дедоломитизации» выражается преобразованием доломита в магнезит.

в) MgCO.,(s) — магнезит: CaCl2(aq);
г) CaMg(C03)2 — пылистый доломит: CaCl2(aq).
Температура и концентрации растворов были аналогичны бинарным системам

а и 6.
Система MgC03(s): CaCl2(aq) состояла из фаз кальцита, арагонита, ватерита, доломита 

и триклинального баррингтонита. Количественное присутствие этих фаз и упорядочен­
ность кристаллических фаз обусловливаются температурой («перекальцитизация»?).

Изучение системы CaMg(C03)2: CaCl2(aq) потребовало следить за процессом «дедоло- 
митизация-перекальцитизация», точнее за механизмом перестройки кристаллических ре­
шеток. Нами наблюдалось образование кальцита; арагонита, ватерита (?), MgC03 • 2Н20  и 
MgC03 в количестве ограниченном в зависимости от температуры и концентрации Са2+ в 
растворе, но эти минеральные фазы формировались не в результате перестройки доломито­
вой решетки (например путем замещения магния кальцием), а выделялись из раствора и 
осаждались на поверхности ненарушенных ромбоэдров доломита.

В природных условиях — при пониженной температуре — перестройка доломита в 
кальцит («дедоломитизация») вряд ли может произойти в условиях повышенной темпера­
туры возможность этого ограничена даже по кристаллохимическим причинам.
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SYNCHISITE-(Nd) FROM GREBNIK BAUXITE DEPOSIT
(YUGOSLAVIA)

By

Z . Ma k s im o v ií Gy . P a n t o
GEOCHEMICAL LABORATORY, FACULTY 

OF MINING AND GEOLOGY, UNIV.
OF BELGRADE, BELGRADE

LABORATORY FOR GEOCHEMICAL 
RESEARCH, HUNG. ACAD.

SCI. BUDAPEST

E lectron  probe analysis o f a  bauxite  sample w ith  th e  highest content of the 
rare ea rth  elem ents from G rebnik b aux ite  deposit revealed th e  presence of synchisite- 
(N d ) ,  a m ineral of the bastnaesite group. The first analysis of th is  m ineral is presented 
and th e  genesis discussed.

Introduction

T he geochem ical s tu d y  o f th e  M ed ite rran ean  k a rs tic  b a u x ite s  rev ea led  
th e  c o n c e n tra tio n  o f  m any  tra c e  e lem en ts  (N i, Co, Cu, M n, Mo, Y , L a —L u, 
P g , Zn, H g) a t  th e  b o tto m  o f th e  d ep o sits  an d  in  th e  c o n ta c t w ith  th e  foo t w all 
lim estone. T h e  en rich m en t “ p er d escen su m ”  o f these  e lem en ts  is considered  as 
co n tem p o ran eo u s w ith  rem oval o f  s ilica , i.e. w ith  th e  b a u x itiz a tio n  process in  
a k a rs tic  e n v iro n m e n t (Maksimovi<5, 1976).

T he c o n c e n tra tio n  o f th e  r a re  e a r th  e lem ents (R E E ) w as observed  in  
G rebn ik  b a u x ite  deposit, Y u g o slav ia . In  th is  d eposit n eo d im iu m  w as con­
c e n tra te d  th e  m o s t in  b au x ite  sa m p le  G.12 ju s t  above th e  fo o t w all lim estone  
(MAKSiMOVití a n d  R o a l d se t , 1976). T h e  s tu d y  b y  e lec tro n  p ro b e  analysis  of 
th e  G.12 b a u x ite  sam ple is p re se n te d  in  th is  paper.

A nalytical method

T h e s tu d y  o f  m inerals o f  th e  R E E  in  b a u x ite  sam p les  w as carried  o u t 
by  m eans o f  th e  JE O L  JX A -5  e le c tro n  probe a t  an  acce le ra tin g  v o ltage  o f  
25 kV. Y , L a , P r ,  an d  som e la n th a n id e  elem ents h a v in g  ev en  a to m ic  n u m b ers  
(Ce, N d , Sm , G d , D y , E r, Y b) w ere  d e te rm in ed . G en era lly  th e  L a  lines w ere 
selected  fo r m easu rem en ts , ex c e p t fo r  P r , fo r w hich  L ß  w as used . In  th e  case 
of Gd (Loc) a n  in te n s ity  co rrec tio n  m eth o d  was ap p lied , because  o f th e  d is­
tu rb in g  p o s itio n  o f  L a (Ly  2) a n d  Ce (L y  1) lines. T he p u re  m e ta l R E E  s ta n d a rd s  
were u sed , su p p lied  by  P ie rce  In o rg a n ic s , R o tte rd a m . T h e  Z A F  co rrec tion  
was done acco rd in g  to  th e  c o rre c tio n  p ro g ram  g iven  b y  D u nc o m b  and  J o n e s  
(1969).
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R esults and d iscussion

T he m ajor c o n s titu e n ts  o f  the  G reb n ik  d e p o s it are diaspore a n d  h e m a tite . 
T h e  sec tion  th ro u g h  th e  dep o sit and  th e  co n cen tra tio n s  o f th e  la n th a n id e s  
a lo n g  th e  v ertica l p ro file  w ere given b y  M a k s im o v ic  and R o a l d s e t  (1976). 
T h e  h ighest co n ten t o f  to ta l  lan th an id es  (27 L n ) w as found in  th e  lo w e rm o st 
p a r t  o f  th e  deposit, in  sam p le  G.12 w ith  27 L n  =  4262 p p m . N e o d im iu m , 
w ith  1107 ppm , w as th e  m ost co n cen tra ted  R E E  in th is sam ple. I t  in d ic a te d  
th e  p resence o f a N d -rich  m in era l of th e  R E E .

In  order to  d e te rm in e  th e  N d m in e ra l, a ll sam ples of b a u x ite s  co llec ted  
a lo n g  th e  vertica l p ro file  w ere s tud ied  b y  e le c tro n  probe. H o w e v e r , o n ly  in

Fig. 1. Synchisite-(Nd) in  diasporic bauxite from G rebnik , sample G.12. E le c tro n  p ictures: 
a) and  c) 6 mm =  33 /im ; b) X -ray  picture of p ictu re  a): N dLa; d): X-ray p ic tu re  o f  picture

c ) : N d  L a
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sam ple G .12, a b o v e  th e  foot wall lim esto n e , a N d -rich  m inera l o f th e  b a s tn a e s ite  
group w as d isco v e red  using a c o m b in a tio n  o f  b a c k -sc a tte re d  e lec tron  im ages 
and  search ing  b y  th e  ch a rac te ris tic  w ave le n g th  of th e  la n th a n id e s , p a r tic u la r ly  
o f neodim ium  (M a k sim o v i<5 and  P a n t o , 1978).

N d-rich  b a s tn a e s i te  generally  occurs be tw een  oo lites as secondary  space 
fillings an d  m ic ro p o re  fillings in  th e  cem en t (F igs 1 an d  2). P a tch es  o f  th is  
m ineral a re  o f te n  com posed o f v e ry  f in e  m icropore  fillings, less th a n  1 p m  in  
d iam eter, sh o w in g  no  sharp  b o undaries.

The e le c tro n  probe analysis o f  th e  N d -rich  m inera l w as m ade on th re e  
hom ogeneous sp a c e  fillings of th e  d ia m e te r  o f  a b o u t 3 0 x 3 0  pm . Tw o of th e se  
th ree  gra ins a re  show n in Figs 2 a n d  3. T h e  av erag e  analysis o f th e  th re e  
m easu rem en ts is g iv en  in Table 1.

Fig. 2. Synchisite-(N d) in sample G.12. E lectron picture: a) 6 mm 8.3 (im; X-ray p icture 
of picture a): b) N dLo; c) CeLa; d) LaLa
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T a b le  1

Analysis of synchisite-(Nd) by electron 
microprobe (%) Mol. ratios

Number of ions 
on the basis 

of 6 (0)

La20 3 15.5 0.0476 0.29
Ce20 3 2.4 0.0073 0.04
P r20 3 4.4 0.0133 0.09
N d j0 3 19.0 0.0565 0.36
Sm20 3 3.6 0.0103 0.06
Gd20 3 2.5 0.0069 0.04

D y20 3 1.4 0.0037 0.02
y 2o 3 3.8 0.0168 0.10
CaO 18.2 0.3245 1.05
F 6.1 0.3210 1.04

Total 76.9
Less 0  for F -2 .5

74.4
C 02* 25.6 0.5818 1.90

100.0

* C 0 2 w as added to 100.0% o f th e  to ta l 
C alculated  formula:

С а 1 * 0 5 ( - ^ <1*36-1-'а *29^"*10^>Г* 0 9 ^1П *06^ 'е * 0 4 ^ '<С 0 4 ^ О У '0 2 ) 1 '0 0 ( ^ Ю з ) 1 * 9 0 ^ 1'1*04

A ccording to  th e  c a lc u la ted  form ula (T a b le  1) th e  analyzed  m in e ra l is a 
N d -rich  m em ber o f  th e  b a s tn a e s ite  group, w h ic h  co rresp o n d s to  s y n c h is ite - (N d ) .  
T h e  ca lcu la ted  fo rm u la  is close to  th e  ideal fo rm u la  o f  synch isite , Ca(Ce, L a) 
(C 0 3) 2F , b u t w ith  n e o d im iu m  as th e  m ost a b u n d a n t  R E E .

T he X -ra y  d if f ra c tio n  s tu d y  of th e  G .12 b a u x ite  sam ple w as n o t  su c ­
cessful in  d e tec tin g  th e  reflec tio n s o f th e  sy n ch is ite -(N d ) even  a f te r  u sing  
v a rio u s  separa tion  te c h n iq u e s .

S ynchisite-(N d) w a s  f i r s t  discovered b y  V o r m a  e t  al. (1966), in  P y ö rö n - 
m a a  peg m atite  in  S W  F in la n d  b y  X -ray  d if f ra c tio n  a n d  b y  q u a li ta t iv e  te s ts . 
T h e  analysis p re se n te d  in  T ab le  1 is th e  f i r s t  a n a ly s is  o f th is  m in e ra l. T he 
Y -rich  m em ber, sy n ch is ite -(Y ) also was d esc rib ed  in  th e  lite ra tu re  ( F l e is c h e r , 
1975, 1978).

T he recen t g eo log ica l a n d  m ineralogical s tu d y  o f  th e  b a u x ite -b e a r in g  
a rea  in  th e  G rebnik  M o u n ta in  revealed th e  p re se n c e  o f  relics of th e  C re taceo u s  
w ea th e rin g  c ru s t on u l t r a m a f ic  rocks, and  on  th e  ro ck s  o f d iab ase -ch ert fo rm a ­
tio n , b u ilt  up  m o stly  o f  sh a le . The w eathered  sh a le  a n d  diabase w ere th e  sources
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of a lum ina , y t t r iu m  a n d  lan th an id es  (Ma k sim o v k Î, 1980). In  th e  red , kao lin ié  
clay from  th e  w e a th e r in g  c ru st on shale , th e  to ta l  la n th a n id e s  in  th e  fo rm  o f 
adsorbed  ions a m o u n ts  45 .7%  o f th e  to ta l .  I t  in d ic a te s  th a t  y t tr iu m  a n d  
lan th an id es  w ere  tra n sp o r te d  from  th e  w e a th e re d  shale  an d  d iabase in to  
ad jacen t k a rs t ic  d ep ression  p a r tly  as ad so rb ed  ions on  c lay  partic les. D u rin g  
the  b a u x itiz a tio n  p rocess th e y  w ere re a d ily  re m o v ed  p e r descensum  an d  co n ­
cen tra ted  ab o v e  th e  foo t w all lim esto n e , w h ich  a c te d  as an  effective geo­
chem ical b a r r ie r  fo r descending  so lu tions.

Conclusion

T he f i r s t  d a ta  on  th e  chem ical co m p o sitio n  o f  synch isite-(N d) w ere 
o b ta ined  b y  e le c tro n  p robe analysis . T he c a lc u la te d  fo rm u la  is close to  th e  
ideal sy n ch is ite , Ca (Ce, La) (C 0 3)2F , b u t  w ith  n eo d im iu m  as p re d o m in a n t ra re  
e a rth  e lem en t.

S y n ch is ite -(N d ) occurs in  th e  lo w erm o st p a r t  o f  th e  G rebn ik  k a rs tic  
b au x ite  d e p o s it. I t  h a s  been fo rm ed  d u rin g  th e  b a u x itiz a tio n  o f  th e  re d , 
kaolinié c lays, w h ich  w ere w ashed  dow n in to  a  k a rs tic  depression  from  th e  
C retaceous w e a th e r in g  c ru s t on shale  a n d  d iab ase .
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(NdJ-СИНХИЗИТ ИЗ БОКСИТОВОГО МЕСТОРОЖДЕНИЯ ГРЕБНИК
(Ю ГОСЛАВИЯ)

3. МАКСИМОВИЧ-Дь. ПАНТО

Р е з ю м е

Исследование электронным микрозондом образца боксита наи-вытшего содержания 
РЭЭ из месторождения Гребник выявило присуствие в нем (Ш)-синхизита, минерала 
из группы бастнезита. Приводится первый анализ этого минерала и обсуждается его 
происхождение.
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FORMATION OF BAUXITE FROM KHONDALITE
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The au tho rs report the altera tion  of sillim anite to  bauxite  during norm al courey 
of w eathering. Gibbsite is th e  p roduc t of alteration. Replacem ent of sillim anite b.e 
gibbsite, o r a m ixture of goethite and  gibbsite or rarely by goethite is also reported

B a u x ite  d ep o sits  are  found  to  occur in  w orkab le  q u a n tit ie s  in  A n an tag iri 
H ill R egion , 80 k m  aw ay  from  V isa k h a p a tn a m  P o r t (1 7 °4 2 '3 0 "  N , вЗ^^^Ч О "
E) s itu a te d  on th e  E a s t  C oast o f In d ia . T he h o s t rocks fo r th e se  b a u x ite  
occurrences a re  h igh  g rade  m e tam o rp h ic  rocks, th e  g a rn e t-s illim an ite  gneisses 
o therw ise ca lled  as K h o n d a lite s . D u rin g  th e  course o f sy s te m a tic  in v estig a ­
tions on th e  genesis an d  geo ch em istry  of th ese  b a u x ite  d ep o sits , a n u m b er of 
m icrosections o f  th e se  rocks show ing  vario u s stages o f b a u x itiz a tio n  h av e  
been ex am in ed . T h e  sam ples fo r th e se  in v es tig a tio n s  w ere co llec ted  from  d iffer­
en t places a n d  from  d iffe ren t d e p th s . In  th e  fresh  u n a lte re d  h o s t rocks, fe ld spar 
is th e  d o m in a n t m inera l follow ed b y  s illim an ite  w hich is th e  on ly  m em ber 
of th e  a lu m in o u s  silica te  P o ly m o rp h ic  group p re sen t. T h e  in d iv id u a l c rysta ls  
of s illim an ite  a re  p rism a tic , e lo n g a ted  an d  som etim es need le -sh ap ed , w ith  
a cleavage p a ra lle l to  (010). T hese a re  u su a lly  found  in asso c ia tio n  w ith  g arn e ts  
and  som etim es as inclusions in  th e m . F ib ro litic  s illim an ite  w ith  rhom bic  shape  
is found  as s c a tte re d  c o n cen tra tio n s . T he c ry s ta ls  h av e  c rack s p e rp en d icu la r 
to  cleavage d ire c tio n s . M ost o f th e  grains a re  o p tica lly  p o sitiv e ; b u t, how ever, 
op tica lly  n e g a tiv e  c ry s ta ls  are  n o t  uncom m on . E x tin c tio n  is u su a lly  s tra ig h t 
b u t som etim es inc lined . I t  has an o p tica l ax ia l angle a ro u n d  27° w ith  values 
o f « and  y  1 .66 an d  1.68, re sp ec tiv e ly .
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A lteration

T he m in e ra l, s illim an ite  show s in itia l stages o f a lte ra tio n  a fte r m a jo r 
p o rtions o f  fe ld sp a rs  an d  g a rn e t a re  su b jec ted  to  a lte ra tio n . In  ra re  cases, its  
a lte ra tio n  is a lm o s t s im u ltan eo u s w ith  t h a t  o f g a rn e t, th e  sm alle r grainsize 
of th e  m in e ra l in  th is  case p e rh a p s  fa c ilita tin g  th is  e a rlie r a lte ra tio n . T he p ro c ­
ess o f a l te ra t io n  proceeds a long  p e r ip h e ry  as well as a long  c racks (F ig . 1),
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Fig. 1. Sillimanite (SIL) a ltering  to  gibbsite (G IB) along cracks and periphery. P lan e  ligh t, X 40

colourless an d  so m etim es ferrug inous so lu tio n s  b r in g in g  abo u t th e  a l te ra t io n . 
T h e  c leavage d irec tio n s  h a v e  n o t been p re fe r re d  b y  th e  so lu tio n s b r in g in g  
a b o u t a lte ra tio n . C o m p le te  a lte ra tio n  o f  s i l l im a n ite  is a ra re  fe a tu re .

P roduct o f A lte ra tio n

T h e  a lte ra tio n  p ro d u c t  derived  from  s il l im a n ite  is one or m o re  o f  th e  
fo llow ing : a) som e iso tro p ic  m a te ria l; b ) f in e -g ra in e d  g ibbsite ; c) m ix tu re  of 
g o e th ite  an d  g ib b site ; d ) c lay  m ineral. T h e  iso tro p ic  m ateria l c a n  b e  sub- 
m ic ro sco p ic -a lu m in iu m  h y d ro x id e  or h a llo y s ite . T h e  X -ra y  d iffra c tio n  s tu d y  
o f  th e se  sam ples h a s  n o t  p ro v e d  th e  presence o f  h a llo y s ite . M oreover, a  g ra d u a l 
con v ersio n  o f th is  iso tro p ic  m a te ria l to  f in e -g ra in e d  g ibbsite  has b e e n  n o tic e d  
(F ig . 2). T herefo re , th e  iso tro p ic  m a te ria l is  b e liev ed  to  be su b m ic ro sco p ic  
a lu m in iu m  h y d ro x id e .

T he f in e -g ra in ed  g ib b s ite  derived  fro m  s illim a n ite  shows w a v y  e x tin c ­
t io n . In  ad v an ced  s tag es  o f  a lte ra tio n , sm all r e lic ts  o f  irregu la r g ra in s  o f  s illi­
m a n ite  a re  found  e m b ed d ed  in  fine-g ra ined  g ib b s ite . T hese re lic ts  a re  u su a lly  
in  o p tic a l c o n tin u ity  (F ig . 3). In  some cases, t h e  m a tr ix  o f th ese  r e l ic t  g ra in s  
is g o e th ite  w hich  is a  r e s u l t  o f  a lte ra tio n  b y  fe rru g in o u s  so lu tions.
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Fig. 2. T ransform ation of Isotropic m ateria l (IS) to gibbsite (G IB ) (Sillim anite alteration).
Crossed Nicols, XlO

Fig. 3. D etached pieces of sillim anite (S IL) w ith optical continu ity . Crossed Nicols, x 4 0
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Fig. 4. P seudom orph of gibbsite (G IB ) and goethite (G OE) after sillimanite. Crossed N icols, X 50

Replacem ent o f  Sillim anite

D u rin g  th e  adv an ced  s tag e  of b a u x itiz a tio n  w hen so lu tion  a c t iv i ty  d o m i­
n a te s  o v er decom position  and  d is in te g ra tio n , re lic t s illim anite  as w ell as th e  
p ro d u c ts  o f  s illim an ite  a lte ra tio n  are  su b je c te d  to  rep lacem en t b y  fe rru g in o u s  
as w ell as b y  alum inous so lu tio n s , w ith  th e  re s u lt  t h a t  assem blages o f  g ib b site  
an d  g o e th ite  are  p seu d o m o rp h o u s a f te r  s illim an ite  w ith  th e  g e n e ra l sh ap e  
o f th e  g ra in  w ell-p reserved  (F ig . 4). D u rin g  th is  s tag e , re p la c e m en t o f  re lic t 
s illim a n ite  is m ore p ro m in e n t th a n  a lte ra tio n  o f  in d iv id u a l s illim a n ite . D u r in g  
such  re p la c e m en t, in som e cases, th e  s illim a n ite  re lic ts  have  su ffe re d  som e 
m o v e m e n t from  th e ir  o rig in a l po sitio n s as show n b y  th e ir  h a p h a z a rd  d is­
tr ib u t io n  in  g ibbsite  an d  g o e th ite  m a tr ix .

D iscussion

T h e  m in era l, s illim an ite  is u su a lly  h ig h ly  re s is ta n t to  w e a th e r in g . H o w ­
ev er, in  th e  p re se n t a rea , i t  is fo u n d  to  be  a lte r in g  an d  in  a few rocks e x a m in e d  
even  co m p le te ly  [1, 2]. T h e  a lte ra tio n  is b e liev ed  to  h av e  been b ro u g h t  a b o u t 
b y  a p rocess of h y d ro ly sis , an d  i t  m ay  be  re p re se n te d  b y  th e  fo llow ing e q u a tio n :

2 Al2S i0 5 +  10 H 20  — 4 A l(O H )3 +  2 H 4S i0 4

T h e  re a c tin g  so lu tions in  th e  form  o f c irc u la tin g  w aters p a ss in g  th ro u g h  
th e  c rack s o f s illim an ite  h a v e  b ro u g h t a b o u t th is  a lte ra tio n  (F ig . 5). Som e-
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Fig. 5. A lteration of sillim anite along cracks. Plane light, x  10

tim es, th e  in i t ia l  p ro d u c t of a lte ra tio n  is subm icroscopic  a lum in ium  h y d ro x id e  
w hich show s d e f in ite  ind ica tions o f  tr a n s it io n  to  fin e-g ra in ed  c ry s ta llin e  
g ibbsite. T h e re  a re  instances w here  th e  subm icroscop ic  a lum in ium  h y d ro x id e  
is absen t an d  th e  m inera l sillim an ite  seem s to  h a v e  d irec tly  given rise to  c ry s­
ta lline  g ib b s ite  d u r in g  a lte ra tio n . I t  is possib le  th a t  in  such cases, th e  in te r ­
m ediary  a lu m in iu m  hydrox ide  w as co m p le te ly  co n v erted  to  c ry sta llin e  g ib b ­
site . In  th is  co n n ec tio n , th e  o b se rv a tio n  m ade b y  F ie l d s  and  Sw in d a l e  
(1954) t h a t  a ll th e  p rim ary  m inera ls  m u s t pass th ro u g h  th e  am orphous stag e  
in a tra n s it io n  to  secondary  c ry s ta llin e  m a te r ia l is w o rth y  to  no te .

T he r e a c tin g  solu tions b re a k  u p  th e  Si— 0  te tra h e d ra  o f sillim an ite  
s tru c tu re  an d  le a c h  aw ay th e  silica t h a t  is d issolved in th e  reac tin g  so lu tions 
th e reb y  le a v in g  a lu m in iu m  h y d ro x id e  c o n c e n tra te  in th e  residue  as a collo idal 
p rec ip ita te  w h ich  g radua lly  is co n v e rte d  to  a c ry s ta llin e  s ta te . U n d er poor 
drainage c o n d itio n s , th e  released silicic acid  m ay  re a c t w ith  a lum in ium  
hydrox ide  to  fo rm  kao lin ite , w hereas good d ra in ag e  co n d itions fa c ilita te  th e  
fo rm ation  o f  g ib b s ite , by  rem ov ing  silicic acid rap id ly  from  th e  site . I f  a l te r ­
ation  has b een  b ro u g h t ab o u t by  fe rru g in o u s  so lu tions, seco n d ary  g ibbsite  and  
secondary  g o e th ite  are  form ed as lay e rs  a ro u n d  a sillim an ite  core. T he w ell- 
preserved sh ap es  o f  a lte red  sillim an ite  g ra in s in d ica te  t h a t  d u rin g  a lte ra tio n , 
th e  shapes o f  th e  m a te ria l g rains w ere n o t  o b lite ra te d . A lte ra tio n  has p ro ­
ceeded a long  th e  cracks w hich are  th e  s tre ss  p lanes b u t  n o t  along th e  m ore 
com pact c leav ag e  p lanes.
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In  ad d itio n  to  th e  n o rm a l process o f  b a u x it iz a t io n  by  h y d ro ly s is , silli- 
m a n ite  is found  to  h a v e  undergone re p la c e m e n t also m ostly  b y  g ib b s ite  or 
b y  a  m ix tu re  of g o e th ite  a n d  gibbsite  a n d  r a r e ly  b y  goeth ite . S u ch  ty p e  of 
rep lacem en t is n o tic e d  o n ly  in  th e  a d v a n c e d  s tag es  of w ea th e rin g . A bsence 
o f  th is  ty p e  o f re p la c e m e n t in  th e  in itia l s ta g e s  is believed to  be  d u e  to  th e  
f a c t  t h a t  a t th is  s ta g e , t h e  w a te rs  are c h a rg ed  m o re  w ith  reac tin g  c o n s ti tu e n ts  
th a n  w ith  rep lac in g  c o n s titu e n ts .

B o th  th e  a lte re d  p o r tio n  and  th e  u n a l te r e d  core of th e  s illim a n ite  g ra in  
a re  fo u n d  to  h av e  u n d e rg o n e  rep lacem ent, t h e  fo rm er to  a  b e t te r  deg ree  in  
w h ich  rep lacem en t is  n o th in g  b u t re p la c e m e n t o f  ea rlie r form ed g ib b s ite  or 
g o e th ite  or b o th . A  m ere  exchange of m a te r ia l  ta k e s  place u n d e r q u ie t  co n d i­
tio n s  as a re su lt o f  w h ic h  w ell-crystallized  g ib b s ite  is found in  th e  p lace  of 
m icro cry sta llin e  g ib b s ite  o r goeth ite  form ed f ro m  sillim an ite  d u rin g  a l te ra tio n . 
I n  th e  case o f u n a lte re d  core, th e  a lu m in iu m  h y d ro x id e-rich  so lu tio n s , on 
com ing  in  co n tac t w ith  th e  u n a lte red  m in e ra l su rface  disengage th e  ca tio n  
A P +  from  its  s tru c tu re ,  w h ich  goes in to  s o lu tio n  im m ed ia te ly . S ilic a  m u s t 
h a v e  been released e v id e n tly  n o t in  th e  fo rm  o f  Si—-0 te tra h e d ra  b u t  as silicic 
ac id , as otherw ise th e  S i— О te tra h e d ra  w o u ld  h a v e  been av a ila b le  fo r  th e  
fo rm a tio n  of h y d ra te d  s ilic a te s . S im u ltaneous w ith  th e  release o f c a t io n , A l3 + 
a n d  leach ing  of silicic a c id , alum inium  h y d ro x id e  a lread y  p resen t in  t h e  so lu ­
t io n  m ig h t h av e  b e e n  em placed  in  th e  fo rm  o f  w ell-developed c ry s ta ls  o f 
g ib b site . The so lu tions a re  s till rich  in a lu m in iu m  h y d ro x id e , since f re sh  ca tio n  
o f  A l3+ released fro m  s illim a n ite  s tru c tu re  h a s  b een  added to  th e  so lu tio n s .
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ОБРАЗОВАНИЕ БОКСИТОВ И З ХОНДОЛИТА 

Н . В Е Е Р Р А Д Ж У , С. Б О Р Р Е С В А Р А , РАО 

Р е з ю м е

Рассматривается преобразование хондолита (силлиманита) в бокситы в процессе 
нормального выветривания. Гиббсит является продуктом превращения. Кроме того, авто­
ры обращают внимание на замещениесиллиманитагиббситом или смесью гётита и гиббсита 
или же, реже, гётитом.
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The p rincipal géomorphologie types of the accum ulation zones of more or less 
bauxitized sed im ents in  the Sierra Guaso and in  the Sierra de Caujeri are: karstic  
depressions, tec ton ica lly  controlled depressions, and  m esetas. The chemical and minera- 
logical com position  of 31 samples is presen ted  in  tables and figures. The Sierra Guaso 
area is characterized  by  the predom inance of gibbsite as a lum ina bearing m ineral 
accom panied b y  boehm ite, while th e  Sierra de Caujeri b y  th e  exclusive enrichm ent of 
hoehm ite. A  secondary  enrichm ent of iron  in  th e  Sierra Guaso sam ples has been estab­
lished. The possible source rocks (green schists, volcanites etc.) and  the theorically 
possible phases of th e  complex geochemical process of a llitization  and  bauxitization  
are discussed a n d  com pared w ith the m ake-up of actual la te ritic  crusts of weathering. 
A more d e ta iled  exploration of the  tw o areas by  means of a regular netw ork shallow 
core drilling is proposed.

1. A n teceden ts

E a rlie r s e a rc h  fo r b au x ite  in  C u b a  re su lted  in  fa ir ly  p o o r estim ates as 
to  th e  possib ilities  (B r a m l e t t e , 1943; M a t ’l , 1967), w ith  th e  single excep tion  
o f  th e  San F ra n c isc o  a rea  in  th e  W e st of th e  c o u n try  ( K u d r ia v t s e v , V .—  
M e s s in a , V ., 1969). In  th e  ea rly  sev en tie s , how ever, d u rin g  th e  com plex 
in v estig a tio n  o f  th e  w ea th erin g  c ru s ts  in  th e  fo rm er p ro v in ce  o f  O rien te , a  lo t  
o f  d a ta  em erged  p o in tin g  to  th e  p o ss ib ility  o f b a u x ite  fo rm a tio n  and even  
to  th e  p resence  o f  b a u x itic  m a te ria ls  (B u g u e l s k iy , Y . Y ., 1972; F in k o , Y. I .—  
P e t r o v , V. P .— С о и т ш , D . P ., 1973; B u g u e l s k iy , Y . Y .— F o r m e l l , F ., 1973 
an d  1974; F in k o , V . I .— K o r in , I .  Z .— С о и тш , D . P ., 1974; G u e r a s im o v , 
E .— G u r ie v , G .— K o s t a r o v , G.— Sa u n d e r s , E ., 1974; F in k o , Y. I .— L it z a - 
r e v , M. A .— S a m o t o in , N . D .— С о и т ш , D . P ., 1974). F ro m  1973 on, B u g u e l ­
s k iy , Y . Y . a n d  F o r m e l l , F . d is tin g u ish ed  tw o  ty p e s  o f w ea th e rin g  c ru s t, 
an d , acco rd ing ly , tw o  possible gene tic  ty p e s  o f b a u x ite :  “ in  s i tu ”  b a u x ite  
in  p rim ary  la te r i t ic  c ru s t of w ea th e rin g , an d  red ep o sited  b a u x ite  in  dep res­
sions of lim esto n es .

T he C u b a n -H u n g a ria n  G eological M apping  P a r ty  o f th e  In s t i tu te  o f  
Geology an d  P a le o n to lo g y  of th e  C u b an  A cadem y o f Sciences, su rvey ing  th e  
form er p ro v in ce  o f  O rien te  a t  a  scale  o f  1 : 250,000, d e d ica ted  p a r tic u la r  
a tte n tio n  to  th e  sam p lin g  in  areas o f  possib le  occurrence  o f  th e  afo re-m entioned  
tw o  ty p es .
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In  areas, w h ere  th e  c ru st of w e a th e r in g  developed on m a f ic  ro ck s  (gab- 
b ro ids) and  sc h is ts , th e  a lte ra tio n  is o f  k ao lin itic  co m position , w ith  only 
ex trem ely  local e n r ic h m e n t of g ibbsite . T h e  a lte ra tio n  of rh y o l i te  tu f fs  also 
h as  p roduced  k a o lin it ic  m ateria ls .

D u rin g  th e  m a p p in g  opera tions, q u i te  a n u m b er of k a r s t ic  depressions 
filled  up  w ith  a llitic  c lays were d isco v ered  in  th e  G u an tán am o  re g io n , in  th e  
m o u n ta in s  called  S ie rra  del Guaso y  S ie r ra  de C aujeri.

T he co n to u rs  w ere  checked on a e r ia l p h o to g ra p h s , and sa m p lin g  w as done 
m an u a lly  from  th e  su rface , in  some cases b y  m ean s of h an d-d rills  d o w n  to  one 
m etre . The re su lts  w ere  described  in  an  u n p u b lish e d  rep o rt (N a g y , C o u t in , 
B r e z s n y Án s z k y , G y a r m a t i  and R a d ó c z , 1975) and  p resen ted  to  th e  V l l l t h  
Geological M eeting  o f  th e  C aribbean  in  C u ra z a o  (by  F o r m e l l , G y a r m a t i  and  
J a k u s , 1977). T h e  re s u lts  h av e  been in c o rp o ra te d  and co m p le m e n te d  b y  th e  
la b o ra to ry  in v e s tig a tio n  o f some new  sa m p le s  b y  tw o H u n g a r ia n  b a u x ite  
ex p e rts  (E . D u d ic h , 1976 and  E . Sz a b ó , 1977 in  th e ir  u n p u b lish e d  rep o rts ) .

2. G eological S e ttin g

2.1. The p r in c ip a l geom orphological u n i ts  o f th e  G u a n ta n á m o  re g io n  are 
th e  follow ing.

1. T he B a y a te  B asin  s itu a te d  b e tw e e n  th e  2. sou thern  slope o f  th e  S ierra 
de C rista l an d  o f  th e  3. S ie rra  G uaso; 4. th e  SW  p a r t  of th e  T o a  R a n g e , 5. th e  
C au jeri V alley, 6. th e  S ie rra  C aujeri, 7. th e  S ie r ra  M aquey, 8. th e  G u a n tá n a m o  
B asin , and  in  th e  c e n tra l  p a r t ,  9. th e  S ie r ra  de C anasta .

The B a y a te  B a s in  is a genuine s e d im e n ta ry  basin , while th e  G u a n tá n a m o  
B asin  and  th e  C au je ri V alley  are of e ro s io n a l o rig in .

The S ierra  de  C a n a s ta  is of 440 m  a n d  th e  Sierra M aq u e y  o f  320 m 
m ax im um  e lev a tio n  a .s .l., w h ile  th e  h e ig h t  ra n g e  of th e  S ie rra  G u a so  and 
S ie rra  C aujeri is b e tw e e n  500 and 750 m . N o  w onder, th a t  th e  l a t t e r  tw o  are 
ch a rac te rized  b y  d ep ressio n s filled u p  w ith  a llitic  sed im ents (F ig . 1).

M ost o f th e se  dep ressions are of k a r s t ic  o rig in ; some of th e m  (e .g . N aran - 
ja l  an d  L im onar) a re  r a th e r  soft u n d u la tio n s  o f  a gently  k a rs tif ie d  lim esto n e  
m ese ta , and  one is k n o w n  to  be a te c to n ic a lly  con tro lled  d ep ressio n  (T ab le  1).

2 .2 . Geological fo rm a tio n s

1. Serpen lin itized  u ltram afic rocks a re  te c to n ic a lly  su p erim p o sed  (as o v er­
th ru s ts  and n ap p es) to  th e  v o lc a n o -se d im e n ta ry  sequences o f th e  C re taceo u s 
(A p tian -T u ro n ian ) a n d  to  th e  m e tam o rp h ic  m ass  o f  th e  region. M o s tly  perido - 
t i te s  an d  h a rz b u rg ite s , th e y  are  w id esp read  N  an d  NW  of th e  S ie r r a  G uaso , 
a n d  a re s tr ic te d  o u tc ro p  is know n (C o n v en to  H ill) in  th e  C au jeri V a lle y . Geo-
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F ig . 1. Location sketch Map. 1. Allitic (bauxitic) outcrops.
A =  raetam orphic rocks; B’ =  u ltram afic  rocks; C =  Cretaceous volcanites; D =  Paleogene 

volcanites; E  =  limestones (P g |, NJ); F  =  m arls, sandstones, conglom erates (Pgf, N2)

Table 1
Occurrences o f allitic sediments

No. in Fig. 1 Denomination Area, km* Type

B -l Concepcion del Cuzco 0.6 karstic depression

B -l Dos Mujeres I 0.2 karstic depression

B-3 Dos Mujeres II 0.5 karstic depression

B-4 Alto del Mango 1.0 karstic depression

B-5 Guayabal del Peru 1.0 karstic depression

B-6 La Prenda 2.5 karstic depression

B-7 Monte Alto 1.2 karstic depression

B-8 Manguito 0.3 uncertain

B-9 Ilondones 0.8 karstic depression

B-10 N aranjal 1.2 meseta

B - ll La Mesa 4.0 tectonically controlled depression

B-13 Potosi 0.2 uncertain

B-14 Santo Domingo 0.1 uncertain

9-8-273 Liinonar 0.1 meseta
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p h y s ica l d a ta  suggest th e  p resence  o f  u ltra m a f ic  bodies in  th e  b a s e m e n t of 
th e  G u an tán am o  B asin , to o .

2. The m etam orphic m a s s if  com prises th e  E a s te rn  b o rd e r o f  t h e  C aujeri 
V alley , one sec to r o f th e  T o a  R ange, a n d  th e  w este rn  end o f  th e  S ie rra  del 
P u r ia l .  I t  consists o f g reen  sch is t ty p e  ro ck s w hich  are  p ro d u c ts  o f  a  reg ional 
m e ta m o rp h ism ; m o stly  m e tav o lcan ite s  o f  o rig in a lly  m afic a n d  in te rm e d ia ry  
co m p o sitio n . T he deep b a se m e n t is su p p o sed  to  be m ade u p  b y  am p h ib o lite s  
a n d  o th e r  rocks o f m ore  a d v an ced  g rad e  o f  m e tam o rp h ism . T h e  m e ta m o rp h ic  
fo rm a tio n s  are  o v erla in  (if covered) b y  b a s a l conglom erates o f  v a r io u s  sed i­
m e n ta ry  fo rm atio n s o f  P a leogene  age.

3. The volcano-sedim entary sequence o f  C retaceous age is m a d e  u p  by  
te p h ro id  rocks ( tu f ite s , su b o rd in a te  tu ffs , agg lom era tes and  la v a s )  o f  in te r ­
m e d ia ry  to  m afic  co m p o sitio n . In  som e lim esto n e  in te rb e d d in g s  A p tian - 
T u ro n ia n  m icrofossils h a v e  been  fo und . T h e  sequence  is in te rp re te d  as th e  
p ro d u c t o f an  a rc -ty p e , p ro lo n g a ted  su b m a rin e  vo lcanism . T h e  u n d e rly in g  
ro ck s  a re  u n k n o w n . O verly in g , one en c o u n te rs  te rrig en o u s se d im e n ts  of 
M a e s tr ic h tia n  age and  in  a  few  cases v a rio u s  P aleogene rocks. O u tc ro p s  o f  th is  
seq u en ce  are s itu a te d  a t  th e  bo rders o f  th e  B a y a te  B asin  a n d  in  th e  T oa 
R an g e .

4. The terrigenous sequence o f  M aestrich tian  age consists o f  P ic o ta - ty p e  
co ng lom era tes an d  M ica ra -ty p e  san d s to n es , b o th  being  of m o la sso id  facies. 
T h e y  are  overla in  b y  th e  b a sa l cong lom era tes o f th e  Paleogene v o lc a n o -se d i­
m e n ta ry  sequence or b y  y o u n g e r sed im en ts . O u tcro p s have  b e e n  m a p p e d  a t 
th e  b ase  o f  th e  so u th e rn  slope of th e  S ie rra  de C rista l, an d  N  a n d  E  o f th e  
B a y a te  B asin .

5. The Paleogene volcano-sedim entary sequence s ta r ts  w ith  a  ca lcareo u s 
b a sa l cong lom erate  (G ran  T ie rra  ty p e ) a n d  consists  m ain ly  o f te p h ro id  tu ffs  
a n d  tu f ite s , w ith  in te rc a la te d  m arls a n d  cong lom erates. T h e  v o lcan o g en ic  
ro ck s are o f acid ic an d  in te rm e d ia ry  co m p o sitio n , w ith  com m on  a lte ra tio n  
p h en o m e n a  (zeolite an d  b e n to n ite  fo rm a tio n ). T h e  p a r tly  overly in g  fo rm a tio n s  
a re  M iddle E ocene lim esto n es or y o u n g er sed im en ts . O utcrops a re  k n o w n  a t 
th e  N W  b o rd er o f th e  B a y a te  B asin  (A ch o ta l) , on th e  N slope o f  th e  S ierra  
G uaso  (L a T agua) an d  in  a n a rro w  s tr ip  in  th e  SW  p a r t  o f th e  T o a  R ange 
(B e rn a rd o ).

6. The M iddle  Eocene limestone fo rm a tio n s  a re  su b d iv id ed  in to  a well- 
s t r a t i f ie d  lim estone  ty p e  a n d  in to  a co m p a c t, occasionally  th ic k -b e d d e d  lim e­
s to n e  series (Charco R ed o n d o  ty p e ) , w h ich  is o f  m ore tra n sg re ss iv e  c h a ra c te r . 
T h e y  a re  covered  b y  U p p e r E ocene o r  m o re  re c e n t sed im ents. S m a lle r  o u t­
c ro p s are  s itu a te d  a ro u n d  th e  B a y a te  B asin  a n d  la rg e r ones in  th e  c e n tr a l  and  
W  p a r ts  o f th e  S ierra  G uaso . M oreover, th e  S ie rra  de C an asta  is  m a d e  up  
a lm o s t en tire ly  b y  th e se  fo rm atio n s .
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7. B asa l conglomerate, type  S a n  Ignacio  rep re sen ts  th e  b a sa l m em ber 
o f  th e  U p p e r E ocene series in  th e  E  slope o f th e  C au je ri V alley . I t  passes 
v e rtic a lly  to  th e  san dstones a n d  s ilts to n e s  of th e  San L u is fo rm atio n .

8. The terrigenous sequence o f  the U pper Eocene ( th e  S an  L uis fo rm ation) 
consists o f  a lte rn a tin g  san d sto n es  a n d  silts tones w ith  le n tic u la r  in te rca la tio n s  
o f  cong lom erate . T his m o lasse -ty p e  fo rm atio n  covers la rg e  a reas  in  th e  G u an ­
tá n a m o  B asin  a n d  in  th e  C au je ri V alley . Iso la ted  o u tc ro p s  o ccu r a t  th e  N W  
m arg in  o f th e  B a y a te  B asin , in  th e  B ern ard o  and  P a le n q u ito  a reas , and  in  
th e  SW  p a r t  o f  th e  T oa R an g e . I f  covered , i t  is o v e rla in  b y  th e  basa l con­
g lom era te  o f  th e  O ligo-m iocene s il ts to n e  series or b y  y o u n g e r sed im ents.

9. The siltstone sequence o f  the Oligo-miocene re p re se n ts  a  sed im en ta ry  
cycle s ta r t in g  w ith  th e  b asa l co n g lo m era te  (C ilindro ty p e ) , con tinues w ith  
b ad ly  s tra tif ie d  silts tones (M aquey  ty p e )  and  ends w ith  th ic k ly  s tra tif ie d , 
po rcela in -like  lim estones (Y a te ra s  ty p e ) . The age is p ro b a b ly  U pper O ligo­
cène— B u rd ig a lia n . I t  is covered  u n co n fo rm ab ly  b y  P liocene  an d  Q u a te rn a ry  
co n g lom era tes, an d  breccias ( J a m a ic a  ty p e  and  C enteno ty p e ) .

2.3. The bauxitic  accum ulations

T he depressions filled  u p  w ith  a llitic  sed im ents occur on th e  to p  of th e  
S ierras G uaso  a n d  C aujeri. T he k a rs tif ie d  bedrocks belong  e ith e r  to  th e  Charco 
R ed o n d o  fo rm a tio n  or to  th e  Y a te ra s  ty p e  lim estone.

P ossib le  source rocks o f  th e  p r im a ry  w ea th erin g  c ru s t a re  m ost likely  
th e  item s 1, 3, 4 , 5 and  9a.

В - l  Concepcion del Cuzo: B ed ro ck : Charco R edondo  lim esto n e . B orders: 
W  an d  SE  C harco  R edondo lim e s to n e ; N E : th e  C retaceous vo lcano-sed im en­
ta r y  rocks; N : w h ite  san d y  m arls  o f  th e  San L uis fo rm a tio n .

B -2  Dos M ujeres I .  B ed ro ck  an d  borders: C harco R ed o n d o  lim estone.
B -3  Dos M ujeres I I .  B ed ro ck  an d  bo rders: C harco R edondo  lim estone.
B -4  A lto  del M ango. B ed ro ck : in  th e  W : C harco R ed o n d o  lim estone; 

in  th e  E : Y a te ra s  ty p e  lim esto n e . T h e  sam e is va lid  fo r  th e  b o rders.
B -5 G uayabal del P eru, L a  Tagua. B edrocks a n d  c o u n try  rocks are  

Y a te ra s  ty p e  lim esto n e  in  th e  S, th e  M aquey  ty p e  s ilts to n e  series in  th e  N  
an d  E  an d  th e  Paleogene v o lcan o -sed im en ta ry  sequence in  th e  W .

B-6 L a  P renda, L a  C larita. B ed ro ck : Y a te ras  ty p e  lim esto n e . B orders: 
th e  sam e, w ith  th e  excep tion  o f  th e  SW  p a r t , w here M aq u ey  ty p e  silts tones 
a re  o u tc ro p p in g .

B -7  M onte A lto . B ed ro ck : C harco  R edondo lim esto n e  in  th e  SE an d  
Y a te ra s  ty p e  lim estone  in  th e  N W . B orders: th e  sam e lim esto n es.

B -8  M anguito . B edrock  a n d  b o rd e r: M aquey ty p e  s ilts to n e  sequence.
B -9 H ondones. B edrock : Y a te ra s  ty p e  lim estone . B o rd ers: th e  sam e, 

ex cep t fo r th e  N  p a r t ,  w here a p p e a r  silts to n es o f M aquey  ty p e .
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Table 2
Results o f the chemical and X-ray diffraction analysis o f 31 allitic samples from  Guantánamo province

No. % A1,0, SiO, Fe,0, TiOa L.o.I. Total Module
Boehmite Illite Goethite Quartz

Calcite
Sampling No.

Gibbsite Kaolinite Chlorite Hematite

Sierra Caujeri (7 samples)
1 42.6 18.5 21.9 2.6 13.4 99.3 2.32 47 16 9 28 tr. 5-10-437a

4.5 cm
3 43.2 17.1 22.0 2.5 12.3 97.1 2.53 37 5 10 5 21 12 9 5-10-433
4 42.9 18.2 22.4 2.7 11.2 97.4 2.36 34 16 10 — 39 - tr. 5-10-437a
5 30.0 33.5 16.1 1.9 12.1 93.6 0.90 15 18 25 35 7 5-10-490
6 30.4 34.5 18.0 2.4 12.1 97.4 0.88 43 — 57 - 5-10-491-1
7 24.1 26.6 13.9 1.7 18.8 85.1 0.91 24 tr. 32 40 5-10-491-2
8 31.2 35.4 17.8 2.3 11.3 98.0 0.88 50 tr. 50 5-10-491-3

Sierra Guaso (22 samples)
15 37.4 18.2 21.7 2.4 18.6 98.3 2.05 42 5 22 31 tr. B-4-1
18 26.6 25.3 29.6 2.2 14.3 98.0 1.05 21 73 6 B-6-1
19 37.5 18.9 19.5 1.8 20.1 97.8 1.98 +  + ~h + tr. +  + + B-6-2
20 35.7 22.5 21.0 2.4 17.2 98.8 1.59 17 9 i6 19 tr. 39 B-4-2
21 37.6 15.1 25.4 2.5 18.0 98.6 2.49 27 18 i6 tr. 37 5 B-4-3
23 28.9 24.7 25.9 3.6 15.2 98.3 1.17 20 14 16 25 11 13 B-5-2
29 28.6 30.8 23.7 2.4 14.3 99.8 0.92 45 21 34 B-9-1
30 26.1 29.8 29.5 1.1 12.9 99.4 0.88 8 21 21 30 11 8 B-9-2
31 25.0 25.7 34.8 1.9 12.9 100.3 0.97 21 66 14 B-9-3
33 29.6 22.5 27.6 2.0 16.9 98.9 1.32 13 22 65 B-6-3
34 20.3 20.3 42.8 1.3 12.3 97.0 1.00 tr. 61 33 B-6-4
35 26.5 26.4 30.6 1.8 14.4 99.7 1.00 39 61 B-6-5
36 26.2 20.3 34.6 2.6 15.6 99.3 1.29 tr. 31 19 50 B-6-6
37 26.8 18.7 35.9 2.1 16.5 100.0 1.43 9 26 7 56 B-6-7
41 32.4 32.3 16.5 2.3 15.4 98.9 1.00 13 17 13 50 7 B-l-4
46 28.4 26.9 26.9 2.6 13.1 97.9 1.06 15 tr. 23 62 tr. B-3-2
49 25.2 27.5 32.8 1.2 12.1 98.9 0.92 — 33 - 2 SE-12
50 25.5 28.9 31.6 1.2 11.6 98.8 0.88 not analyzed SE-13
51 25.3 21.2 34.2 1.4 13.8 95.9 1.19 not analyzed EDC-40

464 34.7 16.8 27.7 1.2 18.3 98.7 2.05 not analyzed
463 28.4 27.9 25.7 0.9 15.8 98.7 0.98 not analyzed
462 24.9 27.8 28.3 0.8 14.1 95.9 . 0.90 not analyzed

Baracoa area I2 samples)
47 41.4 16.4 22.7 2.4 16.8 99.7 2.52 not analyzed 3-6-343 X В
48 25.4 26.3 31.7 1.2 15.9 100.5 0.96 not analyzed 6-6-82 X В 2 m
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B-10 N a ra n ja l. B edrock an d  b o rd e rs : Y a te ra s  ty p e  lim estone.
B - l l  L a  M esa :  Y a te ras  ty p e  lim esto n e  only .
B-13 P o tosi. B ed ro ck : Y a te ra s  ty p e  lim estone . B o rd ers: th e  sam e, w ith  

th e  ex cep tion  o f  a  re s tr ic te d  sec to r in  th e  S E , w here th e  C harco R edondo  
lim estone a p p e a rs  on th e  surface.

B -14 Sa n to  D om ingo. B edrock : Y a te ra s  ty p e  lim esto n e . B orders: ch iefly  
th e  sam e; in  th e  N W  — th e  C retaceous v o lcan o -sed im en ta ry  sequence.

9-8-273 L im o n a r . B edrock : ca lcareous s ilts to n es  o f  M aquey  ty p e . H ere  
th e  a llites a re  co v ered  b y  a th in  la y e r  o f  soil.

S everal o th e r  sm all depressions h a v e  been m ap p ed  (and  id en tified  on 
aerial p h o to g ra p h s )  in  th e  S ierra  G uaso an d  in  th e  S ie rra  C aujeri, o f w hich 
no sam ples a n d  la b o ra to ry  analyses are  av a ilab le  a t  p re sen t. All th ese  are  
rep resen ted  on  F ig . 1 (w ith o u t n u m e ra tio n )  an d  w ould req u ire  fu r th e r  fie ld  
w ork.

3. Chemical and M ineralogical Composition

A to ta l  o f  70 sam ples have  been  in v e s tig a te d  in  th e  lab o ra to ries  o f th e  
H u n g a rian  G eo logical In s t i tu te  in  B u d a p e s t. (T rad itio n a l w et chem ical a n a l­
ysis, D T A -D T G -T G  analysis using  a  MOM ty p e  d e riv a to g ra p h , and  X -ra y  
d iffra c to m e try  d o n e  by  a Phillips d iffrac to m e te r .)

In  T ab le  2 th e  resu lts  concern ing  a lto g e th e r  31 sam ples are p resen ted , 
w hich h av e  tu r n e d  o u t to  be o f a llitic  n a tu re  (i.e. th e ir  m odule  or AlgC^ : S i0 2 
ra tio  is h ig h er th a n  0 .87 ). T he d a ta  o f 2 sam ples ta k e n  b y  E . S zabó  (analysed  
in  th e  C en tra l L a b o ra to ry  of th e  H u n g a ria n  B a u x ite  P ro sp ec tin g  C om pany 
a t  B a la to n a lm á d i) , 1 sam ple ta k e n  b y  E . D u d ic h  (an a ly sed  in  S an tiago  de 
Cuba) an d  3 sam p les  tak en  b y  Y . Y . B u g u e l s k iy  an d  F . F o rm ell , are  also 
inc luded .

Som e ty p ic a l  sam ples are b r ie f ly  described  in  T ab le  3.
I t  is ob v io u s from  th e  d a ta , t h a t  th e re  is a re m a rk a b le  d ifference as to  

th e ir  m in era lo g ica l com position  be tw een  th e  sam ples ta k e n  in  th e  S ie rra  
C aujeri an d  th o s e  co llected  in th e  S ie rra  G uaso. H ow ever, one should  keep 
in  m ind  t h a t  th e  a llitic  sed im ents o f  th e  S ie rra  C au jeri are rep resen ted  by  
a few  sam ples o n ly .

A n y w ay , th e  a llites o f th e  S ie rra  C au je ri a re  ch a rac te rized  by  re la tiv e ly  
h igh  b o eh m ite  c o n te n ts , and  b y  th e  absence  o f g ib bsite . As re la te s  to  th e  c lay  
m inerals, th e  a m o u n t o f illite  in  som e cases su rp asses  th a t  o f  k ao lin ite  an d  th e y  
are  acco m p an ied  b y  ch lo rites. A long w ith  g o e th ite , h e m a tite  is also an im p o r­
t a n t  m in era l o f  iro n .

In  th e  a llite s  o f  th e  S ierra G uaso , g ib b site  is th e  m ain  a lum in ium  b earin g  
m inera l, th e  b o e h m ite  is su b o rd in a te . In  th e  tw o  o th e r g roups, k ao lin ite  and  
g oeth ite , re sp e c tiv e ly , are  p red o m in a tin g .
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Table 3

B rie f macroscopic description o f some allitic samples

Sierra Caujeri area

№  (2) 5-10-433 
(1 and 4), 5-10-437

(5) 5-10-490-1

6) 5-10-491-1
(7) 5-10-491-2
(8) 5-10-491-3

Sierra Guaso area

(41) (B -l-4 )
(46) (B-3-2)

(20) (B-4-2) 
and

(21) (B-4-3)
(23) ( B-5-2)

(18) ( B-6-1) 
and

(19) (B-6-2)
(33) (B-6-3)
(34) (B-6-4)

(35) (B-6-5) 1
(36) (B-6-6) \
(37) (B-6-7) J
(29) (B-9-1)

(30) (B-9-2)

(31) (B-9-3) 

9-8-273

Ochreous, friable material of red colour, cementing limestone pebbles 
(B -10)  Compact ochereous m ateria l, of viv id  red colour, cem enting angular 

lim estone fragments
Argillaceous “ terra rossa” , of yellowish p ink colour, containing scarce quartz 

grains
( B - l l )  “ Terra rossa” of argillaceous character, plastic, of p ink  colour 
( B - l l )  Compact “ terra rossa” , re la tively  hard , of yellowish-pink colour 
( B - l l )  V ery argillaceous “ terra  rossa” , plastic, of vivid red  colour

Argillaceous substance, w ith some quartz , of vivid red colour 
Argillaceous substance of red and  yellowish red colour, w ith  dark  brown 

pisolites
Slightly plastic argillaceous substance of red and yellowish red  colour, w ith 

reddish  brow n pisolites

Ochreous-terrous, friable substance of red  colour w ith violet patches, w ith 
no pisolites, b u t w ith a few sm all quartz  grains 

Ochreous, friable substance of reddish  yellow colour

Slightly argillaceous substance w ith  m any reddish brown pisolites
Compact, red, very ferruginous m ateria l o f conglomeratic tex tu re  and w ith 

quartz  pebbles
Ochreous-argillaceous substances, friab le , w ith numerous pisolites o f reddish 

brow n colour

Argillaceous, slightly plastic substance of yellowish red colour, w ith  some 
pisolites

Argillaceous, somewhat terrous substance of yellowish red colour, w ith  rare 
pisolites

V ariegated argillaceous m aterial (red-yellow, type “ tiger” ), w ith  ferrugineous 
concretions

Argillaceous substance of yellowish red  colour, with a few pisolites

Baracoa region (East)

(47) 3-6-343 X В Slightly argillaceous substance of red  colour, w ithout pisolites
48) 6-6-82 X В Argillaceous substance of dark  red  colour, w ith brown ferruginous patches.

F o r b o th  reg io n s, th e  b in a ry  d iag ram s o f  th e  5 m ain  c o n s titu e n ts  (A120 3, 
SiOa, F e20 3, T i0 2, loss on  ig n ition ) h av e  b e e n  p lo tte d  (Figs 2 a n d  3).

In  b o th  a reas  h a v e  been  found som e sam p les  to  h av e  a n  A120 3 : S i0 2 
ra t io  ( =  th e  silica  m o d u le) h igher th a n  2 .0  a n d  A120 3 co n ten t o f  a b o u t 40 
w eig h t % , w hich acco rd in g  th e  Soviet n o rm s  cou ld  be  labelled  as “ b a u x i te ” . 
H ow ever, h av in g  a d o p te d  th e  in d u s tr ia l lo w e r lim it value o f  2 .6  (in  v ig o u r 
now  in  H u n g ary ) w e ca ll th e m  only a llite s .

T he t i ta n iu m  m o d u le  (th e  A120 3 : T i 0 2 ra tio )  seems to  be  m u c h  m ore 
c o n s ta n t in  th e  case  o f  th e  S ierra  C aujeri (b e tw e e n  14 and  17) a n d  m u c h  m ore
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Table 4

Chemical composition o f some possible

No. Locality w% 
Type of rock AljO, SiO, Fe,0, FeO TiO, MnO MgO

(42) La T inta green schist 15.1 51.9 2.6 5.1 0.6 0.2 7.4

(43) Cajobabo Carbonatized m etavul­
canite 11.3 36.8 3.2 3.7 0.7 0.3 4.6

(52) Ses de Baracoa schist 18.0 49.6 2.8 6.0 1.3 0.2 6.9

(55) Between La T inta and Asuncion 
amphibolite 16.1 43.3 3.0 5.0 0.1 0.2 15.5

(41) Guira de Jauco am phibolite 15.5 52.0 2.6 4.5 1.6 0.2 6.4

(SO) V ertientes serpentinite 8.5 45.7 0.6 3.8 0.2 0.2 25.8

(S ) N of San Luis dioritic quartz  
porphyr 15.2 54.0 5.2 5.5 0.8 0.1 3.7

(46) Toa Tange andesite 13.2 50.7 2.6 8.0 1.7 0.2 7.8

(49) V ertientes altered dacite tu ff 13.2 61.7 6.6 0.9 0.9 0.2 3.4

(47) Toa Range weathered rhyolite  
tu ff 12.3 64.1 2.8 0.5 0.2 0.05 2.7

(760) N-Oriente gabbro 16.7 47.9 6.6 2.7 0.3 0.2 11.4

3689 Olivine gabbro 18.1 45.9 7.0 3.0 0.3 0.2 12.2

6699 Gabbro-di abase 15.9 49.3 10.9 1.9 0.1 0.1 7.5

551 Serpentinitized harzburgite 0.7 36.8 7.7 1.4 tr 0.3 40.3

5902 Serpentinitized pyroxenite 0.7 40.6 8.6 2.3 tr 0.3 41.4

756 Serpentinitized lherzolite 0.7 38.3 8.6 2.9 tr 0.2 41.4
Cayoguán, Moa Chromite 31.0 0.2 2.6 10.4 0.06 0.03 17.4

v a ria b le  in  th e  S ierra  G u aso  (in  th e  range from  7.7 to  20). T his he terogeneity- 
m ay  be  due  e ith e r to  d iffe ren ces in  th e  source ro ck s , o r due to  a m ore  ad v a n c e d  
geochem ical d iffe re n tia tio n , or ev en tu a lly  to  b o th .

T h e  S ierra G uaso  sam p les  are m uch m ore  fe rrug inous. In d e e d , th e  
m a jo r ity  of th e  sam ples ta k e n  in  th is  area  a re  fe rra llite s  (w ith  iro n  oxide 
c o n te n ts  h igher th a n  2 0 % ). T h e  A120 3 and  F e20 3 c o n te n ts  are  o p p o sed  to  each  
o th e r  in  v a ria tio n  ( th e ir  ra t io  v a ry in g  from  0.5 to  2.1). T his is m o st lik e ly  due 
to  a  seco n d ary  a c c u m u la tio n  (en richm ent) o f  iro n . O n th e  c o n tra ry , in  th e  
S ie rra  C aujeri a m a rk e d  p o s itiv e  co rre la tio n  (A120 3 : F e20 3 1.8— 2.0) could  
be estab lish ed .

T h e  loss on ig n itio n  v a lu es  in  fu n c tio n  o f  th e  a lu m in a  c o n te n t  a re  of 
ir re g u la r  p a tte rn  for th e  S ie rra  C aujeri. T h is fa c t can  be easily  in te rp re te d  
in  te rm s  of a m ixed m in era lo g ica l com p o sitio n  o f  th e  a llites as m e n tio n e d  
above. O n th e  c o n tra ry , in  th e  S ierra  G uaso  th e  loss of ig n itio n  d isp lay s 
a  r a th e r  s tro n g  p o s itiv e  c o rre la tio n  w ith  th e  a lu m in a  co n te n t, in  acco rd an ce  
w ith  th e  g ib b sitic -g o e th itic  (m ore h y d ra te d ) co m p o sitio n  of th e  sam p le s .
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source rocks in the former Province Oriente

CaO N a,0 K ,0 - H ,0 + H,0 CO, P.O» 0 , 0 , AlfO,
SiO, о 

o
p Al«0,

TiO,

9.3 2.5 0.4 0.4 4.9 0.04 0.05 0.29 2.0 25.2

21.0 1.5 0.7 0.04 3.3 13.4 0.06 0.30 1.6 16.1
5.2 3.0 1.9 0.05 4.9 0.03 0.2 0.36 2.0 13.8

12.8 1.9 0.2 0.07 1.5 0 0.02 0.37 2.0 161.0
11.7 3.8 0.2 0.14 1.5 0.18 0.09 0.30 2.2 9.7
8.4 0.3 0.1 0.15 6.3 0.03 0.01 0.18 1.9 42.5

6.9 2.8 1.0 2.6 2.0 0.07 0.16 0.28 1.4 19
8.4 4.1 0.2 0.1 3.2 0.07 0.1 0.26 1.2 7.8
3.6 2.2 1.3 0.5 4.7 0.03 0.16 0.21 1.8 14.7

1.7 0.8 1.3 6.5 7.6 tr 0.02 0.19 3.7 61.5
12.8 1.8 0.2 0.4 0.03 0.34 1.8 55.7
14.1 1.6 0.2 0.8 t r 0.39 1.8 60.3
10.6 2.8 0.3 1.7 tr 0.32 1.2 159.0
0.2 0.4 0 13.8 tr 0.02 0.08
0.6 0.9 0 51.1 tr 0.02 0.06
0.4 0.6 0 9.0 tr 0.02 0.06
0.02 0 0 0.10 0 0.06 155.0 2.4

In  F ig . 4 th e  sam ples of b o th  a reas  are  p lo tte d  in  a tr ia n g u la r  d iag ram . 
T hey  are  c o n c e n tra te d  in th e  fie ld  o f  a llite s  and  fe rra llite s . I t  is obvious th a t  
th e re  a re  tw o  “ b ra n c h e s”  of geochem ical d iffe ren tia tio n : th e  re la tiv e  en rich ­
m en t o f a lu m in a  (b au x itiza tio n ) an d  th e  seco n d ary  accu m u la tio n  o f iro n  
(fe rra llitiza tio n ), th e  la t te r  being  m ore a c c e n tu a te d  in  th e  S ie rra  G uaso.

4. D iscussion o f the Genesis

L et us d iscu ss  b riefly  th e  possib le  source  rocks fo r th e  tw o  areas s e p a ra ­
te ly .

S ierra  C au jeri. T he bedrock  is th e  Y a te ra s  ty p e  lim esto n e  o f B u rd ig a lian  
(E arly  M iocene) age. Possib le sou rce  rocks a re  th e  green  sch is ts  an d , sub- 
o rd in a te ly , th e  se rp en tin itiz ed  u ltra m a f ic  rocks. A t p re se n t, th e se  are  sep a ra te d  
from  th e  k a r s te d  m ese ta  by  an  e ro s io n a l va lley .

S ierra  Guaso. T he bedrocks a re  th e  C harco R edondo  lim esto n e  (of M iddle 
Eocene age) a n d , su b o rd in a te ly , th e  lim esto n es of th e  Y a te ra s  an d  M aquey
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Fig. 3. B inary  diagram s of 22 allite samples (Sierra Guaso). 1. N a g y  e t al. 1975 — 76; 2. В u g u e l s k iy  — F o r m e l l , 1974
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*/.sio2

X i  • 2  A 3

Fig. 4. Triangle diagram  of 25 allite sam ples from  the kars t of E aste rn  Cuba. 1. Sierra Caujeri 
(2 dots, 3 + 4  sam ples); 2. Sierra Guaso (15 do ts, 16 samples); 3. B aracoa area (2 sam ples)

ty p e s  (o f M iocene age). The possib le  so u rce  rocks are  th e  v a rio u s  vo lcan ic  an d  
v o lc a n o -se d im e n ta ry  sequences o f  th e  C retaceous an d  th e  P aleogene, th e  
u ltra m a f ic  ro ck s , and , m oreover, th e  m in o m ic t cong lom erates (consisting  of 
m afic  an d  u ltra m a f ic  pebbles) o f  th e  M aestrich tian  an d  th e  O ligo-M iocene.

T ab le  4 show s th e  chem ical co m p o sitio n  of som e im p o r ta n t  igneous an d  
m e ta m o rp h iz e d  rocks o f th e  fo rm e r p ro v in ce  o f O rien te .

T h e  geochem ical process o f  w ea th e rin g , a llitiz a tio n  a n d  b a u x itiz a tio n  
is co m p lica ted  enough in  itse lf. I n  o u r  case i t  is even m ore  so p h is tic a te d  due  
to  th e  in te rv e n tio n  o f t r a n s p o r ta t io n  a n d  deposition  on one h a n d  an d  to  th e  
c o n tin u a tio n  o f  a llitiza tio n  an d  b a u x it iz a t io n  in  th e  dep ressions o f  th e  k a rs te d  
lim esto n e  d ep ressions, on th e  o th e r .

A ssu m in g , as a w orking h y p o th e s is , th a t  th e  A120 3 : F e20 3 a n d  th e  
A120 3 : T i0 2 ra tio n s  rem ain  e sse n tia lly  c o n s ta n t d u rin g  th e  p rocess, th e  m o st 
p ro b ab le  so u rce  rocks w ould be th o s e  th e  re sp ec tiv e  ra tio s  o f  w h ich  are  s im ila r  
to  th o se  o f  th e  a llitic  sed im ents (see th e  tw o  r ig h t co lum ns o f  T ab le  4).

T h e  c o n tr ib u tio n  o f th e  “ in so lu b le  re s id u e”  o f  th e  b ed ro ck  lim estones 
can  n o t be  d isce rn ed , because th e  sam e  igneous an d  m e ta m o rp h ic  rocks h a d  
fu rn ish ed  th e  te rrig en o u s m a te r ia l in to  th e  ca rb o n a tic  b a s in s  in  w hich  th e y  
h av e  b een  d ep o sited .

A p o ss ib le  “ m odel”  o f geo ch em ical ev o lu tion  h as  b een  ca lc u la ted  for 
th e  case o f  th e  green sch ists.
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T he chem ical deco m p o sitio n  of th e  p r im a ry  silica te  m inera ls in  th e  course 
o f  w ea th e rin g  u n d er a h u m id , tro p ica l c lim a te  is charac terized  b y  h y d ra ta t io n  
on  one  h an d  and  b y  th e  (p rac tica lly  co m p le te ) leaching  o f th e  io n s  M g + + , 
C a + + , N a + , K + an d  b y  a  p a r t ia l  rem o v a l o f  silica  on th e  o th e r  (T ab le  5).

S im ilar ca lcu la tio n s cou ld  be done fo r  o th e r  rocks of T a b le  4 as  well, 
b u t  a ll th is  w ould be n o th in g  m ore th a n  th e o r ic a l specu la tion .

F o r th is  reason , w e p re fe rred  to  p re se n t in  T ab le  6 som e d a t a  on  th ree  
la te r i te  profiles o f C u b a  (o n ly  one o f  th e m , t h a t  o f L a F a ro la  in  t h e  S ierra 
P u r ia l ,  refers to  th e  reg io n  o f  s tu d y ).

I t  can  be seen t h a t  in  th e  com plete  p ro file  of M adruga th e  d e v e lo p m e n t 
o f  a  la to so l ty p e  soil p ro d u ces  th e  para lle l e n r ic h m e n t of b o th  A120 3 a n d  T i0 2 
(4 to  5 tim es) and  th e  co m p le te  leach ing  of m ag n esiu m , w ith  th e  s ilic a  c o n te n t 
re m a in in g  co n stan t.

I n  th e  tw o o th e r  cases, w hich re p re se n t th e  fo rm ation  o f  fe rru g in o u s  
la té r i te s , A120 3 and  T i0 2 a re  less increased  (2 to  4 tim es only), w h ile  th e  iron  
c o n te n t  is augm en ted  7 to  8 tim es.

F o r  th e  fo rm a tio n  o f  h ig h -g rad e  b a u x ite  ores in te rm e d ia ry  processes 
b e tw e e n  these  tw o e x trem es w ould be  n eed ed , an d  p re fe rab ly  o th e r  source 
ro ck s  th a n  se rp en tin ites  o r o th e r  u ltra m a fic  ro ck s  w hich are a lre a d y  o rig in a lly  
r ic h  in  iron  and  o th e r h e a v y  m eta ls .

T hese p re req u is ite s , a n d  also th e  o th e r  ind ispensab le  g éo m orpho log ie  
a n d  c lim atica l co n d itions d id  ex is t d u rin g  th e  N eogene and  Q u a te rn a ry  (and  
e x is t  even  now) in  th e  G u a n tá n a m o  reg ion . (See th e  idealized s k e tc h  o rig in a lly  
c o n s tru c te d  b y  E . S z a b ó  fo r  th e  H u n g a ria n  b a u x ite s , Fig. 5.)

T h e  analogy w ith  th e  im p o r ta n t b a u x ite  deposits  of J a m a ic a  a lso  su p ­
p o r t  th e  assu m p tio n  t h a t  in  th e  k a rs t  o f G u a n tá n a m o  p rov ince  m a y  ex ist 
in d u s tr ia l  accum ulations o f b a u x itic  m a te r ia ls . R ecalling  th e  sa m e  an a lo g y  
(F ig . 6), th e  h ig h es t-g rad e  ore is s i tu a te d  u su a lly  a t  th e  cen tre  o f  th e  d e p re s ­
s io n  f illin g  (no t a t  th e  su rface).

Plateau m ade up by igneous
Littoral karst Qnd m etamorphic rocks

Fig. 5. Leaching of silica as a function  of topography  (a  theoretical sketch, a f te r  E . Szabó)

A cta  Geologien Academiae Scientiarum  Hungaricae 24, 1981



A
cta 

G
 rainai ca 

.ica dem
i ae 

Scientiarum
 

H
ungaricae 

24, 
1981

Table 5
A  theoretical example o f possible transformation o f green schist into allite and bauxite

W% A1.0, SiO, Fe,0, TiO, L.o.I. A^OjiSiOj
ratio Process

Green schist 15.1 51.9 7.7 0.6 5.3 0.3
1. phase: oxidative leaching and hydration 22.5 38.7 11.4 0.9 11.6 0.6 weathering
2. phase: oxidative leaching and hydration 30.7 26.4 15.6 1.2 16.0 1.2 allitization (formation of gibbsite
3. phase: oxidative leaching and hydration 34.2 14.7 17.4 1.3 26.7 2.3 accompanied by boehmite)
4. phase: dehydration 40.7 17.5 20.7 1.6 19.8 2.3
5. phase leaching and dehydration: 46.1 9.9 23.4 1.8 18.1 4.7 bauxitization

Enrichm ent factor: 3.1 0.2 3.0 3.0 3.4

Explication: In  each of the first three successive phases 50 weight percents of Si02, MgO, CaO, Na20 , K20  are leached and the relative water 
content is increased by 50%. In  phase No. 4 geothite and gibbsite are dehydrated by 40% and the rem nants of MgO, CaO and Na20  are removed. 
(See the data  of Samples No. 15 and 21). In  phase No. 5 50 relative %  of silica is leached and the w ater content is reduced.

Table 6
Chemical and emission spectrographic data on three laterite profiles (by E. D u d ic h , 1977)

% ppm

1 A1.0, SiO, Fe«0, FeO TiOt MnO MgO CaO Ci,0, Ni Co V Ga Zn Cu Mo

Madruga, soil profile 
Zone A 10.1 41.6 34.7 0.20 0.4 0.7 0.3
Zone В 9.3 37.8 41.7 0.10 0.3 0.5 0.4
Zone C 2.6 53.2 13.0 0.06 0.2 22.4 0.2
Serpentinite 2.2 39.4 7.4 0.05 0.1 34.9 0.2

La M ulata, profile. Ferruginous 
laterite 6.4 6.2 65.6 0.5 0.10 0.7 2.0 2.1 600 400 250 16 600 160 10

W eathered serpentinite 3.8 38.7 12.8 0.9 0.02 0.3 24.6 0.6 600 60 25 40 160 60 10

Fresh serpentinite 
(Cajalbana type) 1.5 39.6 8.0 1.1 0.07 0.2 32.9 0.4 400 60 25 25 160 100 10

La Farola, profile. Ferruginous 
laterite 7.2 3.8 70.3 0.5 0.20 0.7 0.1 1.7 1000 600 400 40 1000 250 16

Serpentinite 3.1 38.1 9.7 0.3 0.10 0.2 1.7 0.2 1000 160 25 40 160 60 10
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Fig.*6. Silica content isolines in  fou r bauxite  bodies o f Jam aica  (after U. A. Zans, 1953). 
1. Low silica (high-grade) b aux ite  body  a t M anchester (a t  abou t 2000 feet a.s.l.); 2. high-silica 

(low-grade) baux ite  bodies a t Santa C aterina (a t ab o u t 450 feet a.s.l.)
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5. Conclusions and Recom m endations

T h e a llitic  sed im ents o f  th e  S ie rra  C aujeri seem  to  re p re se n t a  m ore 
m a tu re  p ro d u c t  (m ore d e h y d ra te d  a n d  m ore hom ogeneous) w hile  th e  allites 
o f  th e  S ie rra  G uaso  belong to  a  m o re  im m a tu re  an d  m ore  h e te ro g en eo u s s ta d e , 
c h a ra c te r iz e d  also  b y  a se c o n d a ry  iro n  en rich m en t.

A ta s k  o f  th e  fu tu re  is to  s tu d y  th e  a llites in  q u e s tio n  u n d e r  m icroscope 
(in  th in  sec tio n s  an d  th e  f ra c tio n a te d  m inerals).

A sy s te m a tic  sam pling , e x te n d e d  to w ard s th e  d e p th , m a y  m odify  th e  
ideas ex p o sed  in  th e  p re sen t p a p e r . T h e  au th o rs  hope th a t  th e  resu lts  w ill 
v e rify  th e  p resen ce  o f in d u s tr ia lly  im p o r ta n t h ig h -g rad e  b a u x ite  deposits. 
T h ey  reco m m en d , once m ore, to  c a r ry  o u t a reg u la r  e x p lo ra tio n  by  shallow  
core d rillin g  (dow n to  30— 40 m ). T h e re  is no o th e r  a lte rn a tiv e  o f  c learing  u p  
th e  p e rsp ec tiv e s  o f  th e  region.
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НАКОПЛЕНИЯ БОКСИТОВЫХ ОТЛОЖЕНИЙ В ПРОВИНЦИИ ГВАНТАНАМО,
КУБА

Д. П. ПУТИН, Е. ДУДИЧ, Е. НАДЬ

Р е з ю м е

Главные геоморфологические типы зон накопления более-менее бокситовых отло­
жений в областях Сьерра Гвасо и Сьерра Каухери — карстовые впадины, тектонические 
впадины и мезеты. По данным геологической съёмки произведённой Кубинско-венгер­
ской съёмочной бригады КАН, аллитовые материалы залегают над известняками свита 
Чарко Редондо (средне-эоценного возраста), и, в меньшей мере, над известняками типа 
Ятерас (ранне-миоценового возраста).

Приводятся лабораторные данные о химическом и минералогическом составе 31 
аллитового образца. Образцы взяты в Сьерра Каухери характеризуются чисто бемито- 
вым составом, а в образцах из Сьерра Гвасо гиббсит преобладает над тоже присутствую­
щим бемитом. Отмечаются различия также в распределении глинистых минералов. Вторич­
ное обогащение железом обнаружено в образцах Сьерра Гвасо.

Проводятся химические анализы возможных материнских пород (например зелё­
ных сланцев). Излагается модель комплексного геохимического процесса аллитизации и 
бокситизации и сравнивается химическими данными трёх разрезов современной латерит- 
ной коры выветривания.

Рекомендуется систематическая разведка обоих областей неглубоким керновым 
машинным бурением.
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REGIONAL EFFECTS ON THE DEVELOPMENT OF 
THEORIES ON BAUXITE GENESIS*

By

E .  D u d i c h

LABORATORY FOR GEOCHEMICAL RESEARCH OF TH E HUNGARIAN ACADEMY OF SCIENCES,
BUDAPEST, HUNGARY

T he form ation  of bauxite deposits w ith in  the lateritic w eathering crust of ahimo- 
silicate rocks is now rather well understood , though there are still some controversial 
details, of course. The origin of baux ite  bodies situated  on the more or less karsted  surface 
of lim estones and  dolomites is still a m a tte r  of arduous debates.

T he m ain  theories are reviewed according to  the countries in  w hich they  were 
form ulated (see Tables 1—9). Some theories are of only historical in te rest, b u t others 
still have th e ir  adherents even a t p resen t. All theories b u t three were developed for the 
bauxites o f F rance, the Dinarides and  th e  USSR. This fac t can be explained by  a 
com bination of n a tu ra l (geological) an d  social (economic) factors in terp lay ing  in  these 
countries. T he repu ta tion  of some o u ts tan d in g  scientists played an  im p o rtan t role in  
the particu la r choice of theory adopted  in  each country concerned. F o r instance, under 
the influence of A . d e  L a p p a r e n t , th e  “ te rra  rossa” theory was a t  th e  prem ium  for 
more th a n  a  q u a rte r of a century from  th e  1930 on. On the B alkan Peninsula the same 
theory  was adop ted  in the 1960’s upon th e  influence of T u 6 a n ,  K iá p A T ié  and d e  W e i s s e . 
In  the Soviet U nion A. D. A r k h a n g e l s k y ’s  derivation of bauxites from  chemical pre­
cip itation  in  aqueous solutions was th e  “ official”  theory  for more th a n  20 years. In  H un­
gary, E . V a d á s z  advocated the theory  suggesting the bauxites to  have originated from  
redeposition of lateritized products o f w eathering. His point of view dom inated from  
1946 to  1955, and, partly , to as la te  as 1966.

Since 1960 complex theories have  appeared  more and more frequently . An idea 
suggesting th e  necessity to develop by  s tr ic tly  scientific methods special genetic schemes 
for each p a rticu la r bauxitiferous area has been brought up and has found an ever 
increasing num ber of adherents arguing th a t  no universal theory  of global valid ity  can 
be recom m ended.

H ungarian  scientist Gy . Bárdossy succeded in  pointing ou t th e  general regulari­
ties of th e  m ajo r prerequisites for bau x ite  genesis relying on th e  global tectonic model. 
N aturally , details and peculiarities are accounted for by regional geological features.

In tro d u c tio n

H a rd ly  a n y  o th e r  k ind  of ore h a s  e v e r  given rise to  such  a  g rea t v a r ie ty  
o f genetic  sp ecu la tio n s  as b au x ite . I n  f a c t ,  p rac tica lly  all p ossib le  geological 
fac to rs  h av e  b e e n  supposed  to  he re sp o n s ib le  —  a t least to  a c e r ta in  degree —  
for th e  orig in  o f  som e or o ther b a u x ite  d e p o s its : h y d ro th e rm a l a c tiv ity , decom ­
positio n  of tu f f s  a n d /o r  pum ice, ch em ica l a lte ra tio n  o f p ra c tic a lly  all ty p es  
o f rock from  b a s a l t  an d  g ran ite  to  l im e s to n e  and  dolom ite ; aeo lian  an d  flu v i- 
a tile  t r a n s p o r ta t io n  an d  (re)deposition , collo idal phenom ena , chem ical p re ­
c ip ita tio n  in  f re sh w a te r  to  m arine e n v iro n m e n ts , biological (b a c te r ia l, vege ta l 
an d  an im al) a c t iv i ty ,  and  even d y n a m o m etam o rp h ism  (T ables 1— 9).

* (P resen ted  a t  th e  V III. Symposium of IN H IG E O , Münster, 12111 Septem ber, 1978)
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Table 1

FRANCE
1821 Berthier

1869 Daubret
1871 COQUAND
1879 Mac Gee
1881 Dieulafait
1892 Passabge
1904 Dollfuss

1963 Combes

Regional and temporal distribution o f theories

aquatic tran spo rta tion  and redeposition of la te ritic  materi­
als

hydrotherm al origin of bauxite

latérisation due to  organic acids 
aeolian tran spo rta tion  of lateritic products 
universal theory  o f laterization
the “ terra  rossa”  theory: the bauxites w ith  carbonatic 

bedrock derive from  the insoluble residue o f th e  carbonate 
rocks them selves “ in situ”  baux itiza tion  of marls 
(Ariège)

From 1930 on, thanks to  the exceptional au th o rity  of J . de L apparen t, th e  te rra  rossa 
theory  reigned in France for a quarter of a century.

YUGOSLAVIA (Dinaric M ountains)

1875 Neumayr

1912 Tucan and K ispatic

1927 H arrasowitz

1931 K ormos

To about 1960, the te rra  i
IN D IA
1881 Mallet

URSS
1933 Arkhanguelsky A. ]

1935—37 Arkhanguelsky N. ]

1 9 6 0 -6 4 Zelenov
Islets of the Pacific Ocean
1971 Tercinier

bauxite is the p roduct of weathering of cosmic d u st depos­
ited on the karst-surface

detailed elaboration and divulgation of th e  te rra  rossa 
theory

bauxite is a “ tecton ite”  produced b y  dynam om etam or- 
phism

the H ungarian scientist assumes, in a le t te r  addressed to 
Fox, the tufogenic origin of the Is trian  b aux ites

the latérites are genuine sediments due to  chem ical precipi­
tation

theory” till 1950)
secondary la teriza tion  of the materials tran sp o rted  onto the 

karst surface
modernization of th e  hydrothermal theory

pumice floating on the sea gives b irth  to  th e  bau x ite  on the 
coral islands.

Table 2

Application o f the theories in  Hungary

1821 Berthier resedim entation of la ten te 1946 Vadász
1 8 6 9 -7 1 Daubret and Coquand hydrotherm al theory 1905 Szá deczky , Gy .

1948
(in T ransy lvan ia) 
P ávai V a jn a  
(in  T ransdanubia)

1881 D ieulafait aeolian transporta tion 1923 Gyö rg y  and  T elegdi 
R óth

1904 Dollfuss terra  rossa theory 1933 F öldvári and  others
1931 K ormos weathering of tu ffs 1952 Ge d eo n
1935 Arkhanguelsky N. I. secondary la terization  on the 1955 B arnabás

karst
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Table 3

Principal theories on the latérisation of non-carbonate source rock

Year Author Region Emphasized factor

1879 Mac G e e France organic acids
1889 Walther nitric acid
1895 P assarge universal theory
1897 L ieb r ic h G erm any
1903 D u B ois Surinam sulphuric acid
1903 H olland bacterial activ ity
1906 Mac La r en capillarity
1912 Cole Ireland
1919 Stopnevitch USSR Bulphuric acid produced by 

the oxidation of pyrite
1922 F ersman USSR
1927 An sh eles USSR
1933 P ustovalov USSR
1927 T h ie l bacterial activity
1937 Arkhanguelsky  A. D. USSR bacterial activ ity
1937 Y a n sh in USSR (Siberia)
1942 V inogradov, Bojchenko bacterial activity
1949-60 Goretsky U SSR (T ula, Riasan, 

Perm )
H ungary

bacterial activity

1955 Szádeczky-Kardoss oxidation (increase in  the co­
ordination num ber of Al)

1964 Theobald USA (Colorado)
1966-70 P ed ro  and others experimental studies in  soil 

science

S z a d e c z k y - K a r d o ss  (H u n g a ry ) em phasized  th e  ro le o f  o x id a tio n  in  th e  
b a u x itiz a tio n  p ro cess  in  1955. C om bined  theories em erge : E r h a r t  1962, 
V a l e t o n  1965, N ic o l a s  1970 in  F ra n c e , B u s h in s k y  from  1955 in  th e  U S S R , 
B a l k a y  1966 a n d  B I r d o s sy  in  H u n g a ry  etc .

T h e  b ig g e s t b a u x ite  deposits o f  th e  w orld  are  know n to  occur in  A frica , 
A u stra lia , In d ia  a n d  Jam aica . N e v e rth e le ss , w ith  only  a few  ex cep tio n s, all 
th e  th eo rie s  on  th e  origin of b a u x ite  h a v e  been developed in  th re e  d e fin ite  
regions o f  th e  w o rld : in  F rance , in  th e  D in a ric  M ounta ins an d  in  th e  U ra l 
region o f  th e  U S S R . O f th e  e x cep tio n s , tw o  concern ing  th e  In d ia n  la té r ite s  
and  th e  su b re c e n t b au x ite s  o ccu rrin g  o n  som e coral is lands o f th e  P ac ific , 
are  due to  F re n c h m e n ; tw o p rin c ip a lly  im p o r ta n t  th eo ries  (on th e  geochem ical 
n a tu re  o f  b a u x it iz a t io n  and  on th e  ro le  p la y e d  b y  p la te  te c to n ics) h a v e  been  
conceived b y  H u n g a r ia n  sc ien tis ts .

U n d e r th e  g enera l label “ reg io n a l in flu en ces”  (in th e  b ro a d  sense o f  th e  
term ) one ca n  d is tin g u ish  econom ico-social, geological an d  p e rso n a l fa c to rs .
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Table 4

Karst bauxites. Theories o f redeposition o f more or less laterized products 
o f chemical weathering

Year Author Region Subtype

1821 B e r t h ie r France (Alpilles)
1881 D ie u l a f a it France aeolian tran sp o rta tio n
1913 L a c r o ix France (Midi)
1923 Gy ö r g y Hongrie (H alim ba) aeolian tran sp o rta tio n
1 9 2 3 -2 7 T e l e g d i- R o t h Hongrie aeolian tran sp o rta tio n
1935—37 A r k h a n g u e l s k y  I. N . USSR secondary la te riza tion  on the 

karsted surface
1937 Ma l ia v k in USSR (Tikhvin) colloidal tran sp o rta tio n
1940 VlSHNIAKOV USSR (Tikhvin) transportation of d e tr ita l ma­

terials
1942 K o ro to v , S t o l ia r o v a USSR (Ural) limnic deposition
1 9 4 6 -5 7 V adász Hungary fluvial tran sp o rta tio n
1948 B o ld iz sá r Hungary colloidal deposition  in lakes 

and lagoons
1951 G l a d k o v s k y , S h a r o v a USSR (Asian part) detrital tran sp o rta tio n
1954 Zans Jam aica reworking of la terized  ande­

site tuffs
1 9 5 5 -6 6 B a r n a b á s Hungary secondary la te riza tion  on the 

karst
19 5 5 -7 1 B u s h in s k y USSR (Ural, K azakh ­

stan, Siberia)
1955 A r o n is Greece
1957 BÁRDOSSY Hungary fluvio-colloidal transportation
1959 R och France (Provence) aeolian tran sp o rta tio n
1962 E r h a r t France bio- and rhex istasy
1963 Com bes France (Ariège) “ in situ” la te riza tion  of 

marls
1964 P a p a s t a m a t io u Greece
1965 V a l e t o n France
1966 B a lk a y Hungary materials of d iffe ren t origin
1967 B á r d o s sy , M a c k Greece
1970 N icolas France (Provence) materials of d ifferen t origin
1971 B á r d o ssy Hungary materials of d iffe ren t origin
1974 Ma k sim o v ic Dinaric M ountains
1975 Szabó E . Hungary fluvial rew orking of plateau- 

type la terite

1. Economico-social Factors

N o w onder t h a t  th e  f i r s t  and m o st w id e ly  accep ted  (h o w ev e r, s tr ic tly  
o p p o s ite  to  each o th e r)  th e o rie s  were co n ce iv ed  an d  p erfec tio n ed  in  F ran ce , 
w h ich  is th e  “ m o th e r  c o u n try ”  of b a u x ite , a  c o u n try  w ith  e a r ly  developed  
in d u s tr ia l  c iv iliza tion  a n d  a n c ie n t tra d itio n s  in  geological sciences.

T he b au x ite  b e a r in g  reg ion  of th e  D in a r ic  M ountains on  th e  B a lk an  
P e n in su la  en tered  th e  scen e  d u rin g  th e  la s t  d ecad es  o f th e  A u s tro -H u n g a r ia n  
M o n arch y , an o th e r s t a t e  w ith  o ld  tra d itio n s  in  th e  fie lds of geology a n d  m ining .

T he sc ien tists  o f  th e  U S S R  p re se n te d  th e i r  new  ideas s o m e w h a t la te r, 
d u r in g  th e  g rea t bo o m  o f in d u s tr ia liz a tio n  o f  th e  co u n try , w h ic h  invo lved  
a lso  th e  system atic  e x p lo ra tio n  of n u m ero u s b a u x ite  deposits.
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Table 5

Theories o f hydrothermal and volcano-sedimentary origin

Year Author Region

1869 D a u h r é e France
1871 CoQUAND France (Les Baux)
1894 G o o d c h il d Brasil (non-carbonate bedrock)
1895 H a y e s USA (Alabama, Georgia, Arkansas) (non-carbonate 

bedrock)
1896 Cr o s s USA (Colorado), non-carbonate bedrock
1896 C o la Ireland (non-carbonate bedrock)
1897 L ie b r ic h Germany (Vogelsberg (non-carbonate bedrock)
1905, 1908 S z â d e c z k y  G y . Transylvania (B ihar Mts)
1908 L a c h m a n n Transylvania (B ihar Mts)
1930 K o r m o s Is tria  (combined theory)
1935 L e in t z Sum atra
1937 A r k h a n g u e l s k y  A . D . USSK
1941 L o t t i Istria
1947 P e i v e U SSR (N orthern Ural)
1948 PA v a i-V a jn a H ungary
1960-64 Z e l e n o v K urdi Islands
1968 Y a s h in USSR
1969 P a p i u , MÎNZATU Transylvania (Pädurea Craiului)
1969 D z o t s e n id z e USSR (Georgia), H ungary
1970-72 G l a d k o v s k y USSR (Ural)

Table 6

Theories o f chemical sedimentation

Year Author Region

18P1 M a l l e t India, Ireland (non-carbonate bedrock)
1906 W e t h e r e l l India (Mysore) (non-carbonate bedrock)
1917 B u r t o n India, (Seoni) (non-carbonate bedrock)
1933-37 A r k h a n g u e l s k y  A . D . U SSR  (generalized theory , for all types of bedrock)
1968 K r iv t s o v USSR (experim ental base)

2. Geological Factors ( the “R egional Factor'’’’ in  the N arrow  Sense o f  the T e r m )

In  F ra n c e , th e  know ledge o f (m ostly  overseas) la te r ite  p rofiles, th e  
absence o f la te r iz e d  igneous rocks in  th e  v ic in ity  o f  la rg e  k a r s t  b au x ite  a reas 
know n in  th e  S o u th  of th e  c o u n try  (inc lud ing  th e  n am e-p ro v id in g  lo c a lity  
Les B a u x  its e lf ) , an d  th e  age-old t ra d it io n  concern ing  th e  h y d ro th e rm a l o rig in  
of m ost o re  d ep o sits  re su lted  in  th e  dev e lo p m en t a n d  re p e a te d  (often  v e h e ­
m ent) c o n fro n ta tio n  o f c o n tra d ic to ry  th eo rie s .

In  th e  D in a ric  M ounta ins, th e  im pressive  m asses o f  M esozoic L im estones 
and th e  (a t  le a s t  in  th o se  tim es) com plete  lack  o f  p a leo la te ritic  c ru s ts  o f 
w ea th e rin g  com pelled  th e  sc ie n tis ts  to  look fo r o th e r  ex p lan a tio n s th a n  
s tra ig h tfo rw a rd  la te riz a tio n  an d  red ep o sitio n .
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Table 7

“Terra rossa”  theory (insoluble residue o f  carbonate rocks)

Year Author Region

1904 D ollfuss France
1912 TUCAN D inaric M o u n ta in s
1912 KláPATIC D inaric M o u n ta in s
1913 P auls T ran sy lv an ia  (B ih o r M ts)
1 9 2 1 -2 5 K e r n e r D inaric M o u n ta in s  (D alm atia )
1930 D e  La pp a r e n t France (M idi)
1933 F öldvári a n d  o th ers H ungary
1946 D e  W e is s e the  c irc u m m e d ite rran e an  region
1958 Bu t t e r l in the C aribbean  reg ion
1963 H ose the  C arib b ean  reg ion
1 9 6 4 -7 2 Mariö D inaric M o u n ta in s
1967 KOMLÓSSY H ungary
1967 S in cla ir Jam aica
1971 Ve n d e l  a n d  o th e rs H ungary

Table 8

Tufogenic theories ( decomposition o f  tuffs and/or tuffites)

Year Author Region

1931 K ormos Istria
1940 T e l e k i , G . Dinaric M ountains (combined theory)
1947 G o l d ic h , B e r g q u is t Haiti and D om inica
1952 G e d e o n Hungary
1962 W a t e r m a n J  amaica
1966 K n ia z e v a USSR
1967 K a l ig in USSR (generalized theory)
1969 D ’A r g e n io Italy
1972 G l a d k o v s k y USSR

Table 9

Special theories

Year Author Region and/or theory

1875 N e u m a y r Dinaric M ountains (cosmic dust)
1927 H a r r a s o w it z Dinaric M ountains (dynam ometamorphism )
1949 B e r g USSR (theory of p la n t activity)
1971 T e r c in ie r Pacific Islands (pum ice and scoria floating on th e  sea)

In  th e  U SSR , p a r t ic u la r ly  in  th e  U ra l  M o u n ta in s  reg ion , P a le o z o ic  
b a u x ite  deposits  g rad e  la te ra l ly  in to  m a rin e  se d im e n ta ry  rocks o f  m o s tly  
chem ical orig in . M oreover, a reas  have b een  d iscovered  w here k a r s t  ty p e  
b a u x ite  deposits  a re  in  d ire c t (tecton ic) c o n ta c t  w ith  igneous ro ck s  to p p e d  
w ith  an c ien t w e a th e rin g  c ru s ts  o f  la te ritic  ty p e .
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T hese m a y  h a v e  been th e  m a in  reasons o f th e  reg io n a lly  con tro lled  
d iv e rs ity  o f th e  birth  o f  th eo ries  on th e  o rig in  an d  fo rm a tio n  o f  b a u x ite  deposits.

L e t us rev iew  b rie fly  w h a t w as th e  s itu a tio n  in  H u n g a ry . As a  m a tte r  
o f  fac t, th e  geological se ttin g  o f  th e  H u n g a rian  b a u x ite  dep o sits  is r a th e r  
sim ilar to  t h a t  o f  S o u th e rn  F ra n c e . M ost o f th e  im p o r ta n t  deposits  w ere 
explored a f te r  W o rld  W a r I I  w ith  th e  sc ien tific  an d  te c h n ic a l assistance  o f  
Soviet ex p erts . T h e  geograph ic  v ic in ity  o f  th e  b a u x ite  b e a r in g  a reas o f Y ugo­
slav ia  fav o u red  th e  ad o p tio n  o f  g en e tic  ex p lan a tio n s dev e lo p ed  th e re , in  sp ite  
o f  som e ev id en t d ifferences such  as th e  d iffe ren t n u m b e r o f  b a u x itic  horizons 
in  th e  geologic co lu m n  (th ree  in  H u n g a ry  in  c o n tra s t to  e ig h t o r  te n  in  Y ugo­
slavia) and  th e  (as a  ru le) m uch  w id er sed im en ta tio n  gaps in  H u n g a ry .

In  co nsequence , all p rin c ip a l th eo rie s  h av e  found  su p p o rte rs  in  H u n g a ry . 
T h e  only  e x c e p tio n  w as th e  co n cep t o f  chem ical p re c ip ita tio n , w hich  w as to o  
obviously  in  c o n tra d ic tio n  to  th e  a v a ilab le  geological ev idence . (T able 2)

In  th e  t im e  sp a n  ran g in g  from  th e  la te  th ir t ie s  to  a b o u t 1955 (w hich 
m igh t be called  th e  second s tag e  o f  d ev e lo p m en t o f b a u x ite  gene tic  theo ries) 
reg ionally , o r  ev e n  locally  fo u n d ed  th eo rie s  w ere ap p lied  to  b a u x ite  deposits 
o f  d ifferen t ty p e s . T h ree  o f  th e m  —  th e  th e o ry  o f la te r i t ic  d e riv a tio n , th e  
“ te r ra  ro ssa”  th e o ry  an d  th a t  o f  chem ical p re c ip ita tio n  —  m ad e  a  ru n  fo r 
becom ing a  u n iv e rsa l in te rp re ta t io n  v a lid  fo r p ra c tic a lly  a ll k a r s t  b a u x ite  
deposits of th e  w o rld .

A t th is  p o in t th e  personal fa c to r  en te rs  th e  scene.

3. P ersonal Factors

I t  w as n o th in g  else th a n  th e  p e rso n a l a u th o r ity  o f  c e r ta in  g re a t sc ien tis ts  
th a t  b ro u g h t a b o u t  th e  p red o m in an ce  o f  som e o r o th e r  o f  th e se  theo ries in  
th e  in d iv idua l co u n trie s .

This w as th e  case w ith  J .  D e  L a p p a r e n t  in  F ra n c e , F . T u c a n , F . K i §p a - 
t i í  and  th e  Sw iss geologist J .-G . d e  W e is s e  in  Y u g o slav ia , A . D . A r k h a n - 
GUELSKY in  th e  U S S R  an d  E . V a d á s z  in  H u n g ary .

In  th is  w ay , a t  th e  sam e tim e  (i.e. in  th e  ea rly  fif tie s )  th e  “ te r ra  ro ssa”  
th e o ry  p rev a iled  in  F ran ce  an d  Y u g o slav ia , th e  th e o ry  o f  chem ical p re c ip ita ­
tio n  in  th e  S o v ie t U n io n  an d  th e  d e riv a tio n  o f  k a rs t  b a u x ite s  from  la té rite s  
in  H ungary .*

4. T he Stage o f  C om parative A n a ly s is  and  S yn th es is

F rom  th e  la te  f if tie s  onw ard s th e re  is a m ark ed  t r e n d  to  ab an d o n  th e  
a tt i tu d e  o f  an  o v e ra ll an d  h a s ty  g en era liza tio n  o f an y  g en e tic  th e o ry . “ Com-

* In  1955, an  essentially new approach was made by E . S z á d f x z k y -K a r d o s s , who 
pointed ou t the strong ly  oxidative n a tu re  of th e  geochemical process o f bauxitization .
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p le x ”  o r “ com b in ed ”  th eo rie s , m ore o r less successfu l “ genetic c o m p ro m ise s”  
succeed  each o th e r  in  b e ing  fo rw arded . N o w a d a y s , it  is g en e ra lly  a d m itte d  
t h a t  each  p a r tic u la r  b a u x ite  deposit re q u ire s  its  own genetic  e x p la n a tio n  
b ased  on a m u lti la te ra l  in v estig a tio n  o f  th e  p e c u lia r  geological f e a tu re s  o f  th e  
g iv en  a rea .

M utua l v is its  o f  b a u x ite  ex p erts , c o m p a ra tiv e  la b o ra to ry  w o rk , and  
—  la s t  b u t  n o t le a s t —  th e  m eetings o f th e  IC S O B A  (In te rn a tio n a l C om m ission  
on  th e  S tu d y  o f B a u x ite , A lum ina an d  A lu m in iu m ), 1963 Z ag reb , Y u g o slav ia , 
1969 B u d ap es t, H u n g a ry , 1971 L eoben , A u s tr ia , 1973 Nice, F ra n c e , 1977 
K in g s to n , J a m a ic a , 1978 A thens, G reece, —  c o n trib u te d  s u b s ta n t ia l ly  to  th e  
in te rn a tio n a l (an d  in te rd isc ip lin a ry ) e x c h a n g e  o f experience.

O n th is  b as is , G y . B a r d o s s y , H u n g a ry , succeeded in  d e v e lo p in g  a  g lobal 
e x p la n a tio n  fo r th e  te m p o ra l and  sp a tia l  d is tr ib u tio n  of th e  b a u x i te  deposits  
o f  th e  w orld , re ly in g  u p o n  th e  concep t o f  p la te  tec ton ics [1].

E v en  th is  id e a , how ever, concerns o n ly  th e  m ost fu n d a m e n ta l  p re ­
req u is ite s  o f b a u x ite  genesis. I t  ad m its  t h a t  in  various regions d if fe re n t  geo­
log ica l fac to rs  can  p la y  th e  decisive ro le  in  th e  in tr ic a te  p rocess o f  b a u x ite  
fo rm a tio n  an d  d ep o sitio n .

T h u s, seem in g ly  c o n trad ic to ry  th e o r ie s  m a y  be in  v igour fo r  th e  in te r ­
p re ta t io n  o f th e  o rig in  o f  b au x ite  d ep o sits  in  geologically d if fe re n t  reg ions.

In  th e  p e rso n a l op in ion  o f th e  p r e s e n t  w rite r, th is a n a ly tic -s y n th e tic  
a p p ro ach  ( th e  th ird  s ta g e  of th e  d e v e lo p m e n t o f  th e  theories on  b a u x i te  gene­
sis) —  is n o t on ly  ju s t if ie d ,  b u t  i t  is a lso  a d u e  t r ib u te  to  th e  c r e a t iv e  m indes 
o f  th o se  n u m ero u s sc ie n tis ts , who did th e i r  b e s t  to  solve th e  p u zz le  o f  b a u x ite  
genesis. M oreover, i t  re p re se n ts  an  e sse n tia lly  new  stage as to  th e  r ig h t  a p p re c i­
a tio n  o f th e  reg io n a l in fluences, now  a lm o s t exclusively  of geo lo g ica l n a tu re , 
av o id in g  b o th  th e  e x a g g e ra tio n  and  th e  u n d e re s tim a tio n  of th e i r  s ig n ifican ce .

C onclusion

T he p rob lem  o f b a u x ite  genesis is b y  f a r  n o t only a q u e s tio n  o f  p u re ly  
th e o re tic a l sp ecu la tio n . O n th e  c o n tra ry , i t  h a s  a v e ry  p ra c tic a l a s p e c t , p ro ­
v id in g  a solid sc ien tific  basis  for th e  p ro g n o s tic s  (forecasting), p ro s p e c tin g  and  
e x p lo ra tio n  o f com m erc ia lly  im p o rta n t b a u x i te  deposits.
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РЕГИОНАЛЬНЫЕ ВЛИЯНИЯ НА РАЗВИТИЕ ТЕОРИЙ О ГЕНЕЗИСЕ
БОКСИТОВ

Э. Д У Д И Ч

Р е з ю м е

Образование бокситовых залежей встречающихся в профилях латеритной коры вы­
ветривания алюмосиликатных горных пород достаточно хорошо изъяснено, хотя споримые 
детали конечно есть. Однако о происхождении бокситовых тел, залегающих на более- 
менее закаростованной поверхности известняков и доломитов, ведутся острые споры.

Даётся хронологический обзор главных теорий по странам их возникновения. (См. 
таблицы 1 —9.) Некоторые теории имеют только исторический интерес, а другие имеют и в 
настоящее время своих сторонников. За тремя исключениями, все были разработаны по 
поводу бокситов Франции, Дынарид и СССР. Этот факт обьясняется содействием природ­
ных (геологических) и общественных (экономических) факторов в этих трёх регионах. Авто­
ритет некоторых крупных учёных играл важную роль в том, что та или иная теория стала 
почти общепринятой в отдельных странах. Например, во Франции с 1930 года, из-за влия­
ния А. де-Лаппарана теория «терра росса» царствовала более четверти века. На Балкан­
ском полуострове из-за авторитета Тучана, Кишпатича и Дэ Вейсе та же самая теория 
считать общепринятой до 60-ых годов. В СССР, теория А. Д. Архангельского о происхож­
дении бокситов путём химического выпадения из водных растворов свыше 20 лет была 
«официальной» теорией бокситообразования. Во Венгрии, Проф. Э. Вадас был сторонником 
теории переотложения латеритзованных продуктов выветривания. Его мнение господ­
ствовало с 1946 по 1955, и отчасти даже по 1966 год.

С 1960 года все чаще появляются комплексные теории. Возникает и крепнет кон­
цепция, по которой приходится разра атывать, строго научными методами, генетические 
схемы для отдельных бокситоносных областей, и нельзя предлагать общую, как будто 
универсальную теорию.

Венгерскому учёному Дь. Бардошши удалось установить общие закономерности 
важнейших условий и предпосылок бокситообразования при помощи глобальной текто­
ники. Подробности и особенности объясняются региональными чертами геологического 
развития.
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Coral communities of E as te rn  C uba are found spread in  th e  superim posed basins 
re la ted  to  th e  three main s tru c tu ra l com plexes of the region showing ra th e r an  areal 
zonation : th e  younger form ations a re  placed near the actual shore line while th e  older 
are loca ted  in  the neighbourhood of an c ien t anticlinoria.

Coral species from lagoonal facies abound in the whole area, especially in  the 
O ligom iocene sediments of the G uantánam o-B asin .

T he oldest assemblages, co rre la ted  to  the A ntiguan and  Is th m ian  faunas are 
p resen t in  th e  Oligomiocene sed im ents o f th e  G uantánam o B asin, and  to  a lesser ex ten t 
in  those  of th e  Bahia de N ipe-G uacanayabo Basin. This fauna displays an Indopacific 
ch a rac te r and  grew primarily on a  g ravel bo ttom  in a ra th e r low -energy environm ent. 
W arm er tem peratures seem to h ave  favoured  the coral developm ent n o t as tru e  reefs 
b u t as iso la ted  ra ther packed b iostrom es.

A n ab ru p t change took place w ith  th e  beginning of th e  Middle Miocene probably  
b y  th e  existence of an interoceanic connection  and the subsequent change in  the litto ra l 
th e rm al regim e. Optimal conditions reappeared  during the U pper Pliocene.

T he Pleistocene coral areal zonation  resembles to  some ex ten t to  the p a tte rn  
d e s c r i b e d  b y  D e  B u i s s n j é  for th e  N etherlands Antilles b u t i s  less well outlined.

F if ty  percent of the fossil species listed  occur in th e  younger reefs and lagoons. 
T he im p o rta n t climatic changes t h a t  have taken  place on h igher la titudes during 
P leistocene seem to have no t been reflec ted  in  the coral grow th of th e  study  area.

Introduction

D u rin g  th e  la s t years of th e  p a s t  c e n tu ry , A . A g a s s iz  an d  o th e rs  v is ited  
th e  is lan d  o f  C u b a  and  m ade som e geo log ical observ a tio n s o f  its  l i t to ra l  b e lt, 
n am ely  o f  i ts  e a s te rn  portion .

A . A g a s siz  d evoted  sp ecia l a t te n t io n  to  th e  cora llin e form ation s fou n d  
in  th e  so c le  o f  th e  elevated  terra ces .

L a te r , T . W . V aug h an  s tu d ie d  th e  fossil coral fa u n a s  o f  th e  is lan d , in  
p a r tic u la r  th o s e  o f  E as te rn  C uba, d ra w in g  som e conclusions on th e ir  d eve lop ­
m en t an d  re la tio n sh ip  w ith  th e  geo log ica l h is to ry  o f th e  C arib b ean -G u lf o f 
M exico a re a .

T h ese  in v es tig a tio n s  rem ain ed  in  fa c t in te rru p te d  u p  to  th e  ea rly  sev en ­
tie s  w hen  H . H . K üh lm ann  s tu d ie d  th e  recen t coral fa u n a  o f  o u r c o u n try  
p o in tin g  o u t  so m e observations o n  P le is to cen e  coral d ev e lo p m en t in  connec­
tio n  w ith  g lac ia tio n s .
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D uring  years 1966 a n d  1969, G. L. F r a n c o  perform ed som e geological 
w o rk  on  th e  U pper T e r t ia ry  an d  Q u a te rn a ry  d ep o sits  of E a s te rn  C u b a  co llec t­
in g  a  rich  fossil fa u n a  in  w h ich  figured  co ra l specim ens, a lth o u g h  h e  h a s  n o t 
t h e n  m ade a th o ro u g h  s tu d y  o f  these  co ra ls.

I n  connection w ith  th e  geological su rv e y in g  th e  ancien t O rie n te  p ro v in ce  
in  1972 m ade by  th e  I n s t i t u t e  of G eology a n d  P aleon to logy  o f  t h e  C uban  
A c a d e m y  of Sciences, p a r t ic u la r  a tte n tio n  w as d ev o ted  to  th e  in v e s tig a tio n s  
w ith  fossil corals, sp ec ia lly  th o se  of G u a n ta n a m o  basin .

T h e  au thors, w ho belo n g ed  to  th e  C u b an -H u n g a ria n  su rv e y in g  g roup , 
p re s e n t  here th e  p re lim in a ry  resu lts  o f th e i r  o b serv a tio n s in  E a s te r n  C uba.

Distribution

T h e fossil species w ere  collected  in  th e  sed im en ts  o f th e  su p e rim p o se d  
b a s in s  fringing th e  th re e  m a in  s tru c tu ra l u n i ts  o f  E as te rn  C uba, n a m e ly :

1 .  The A uras a n tic lin o riu m .
2. The Sierra de N ip e -C ris ta l-B a raco a  zo n e  fo rm ing  a s t ru c tu ra l  com plex  

c o n s is tin g  of C retaceous a n d  E a rly  P a leogene  ro ck s. I t  is p o ss ib le  t h a t  th e  
S ie rra  del P u ria l m e ta m o rp h ite s  included  in  i t  cou ld  be older.

3. The C aym an zo n e  c o n ta in in g  th e  S ie rra  M aestra  a n tic lin o riu m .
T h e  depositional a re a s  a re : th e  G u a n ta n a m o  basin  (w ith  th e  se c o n d a ry  

b a s in s  of B aya te  an d  E sp e ra n z a ), th e  B a b ia  de N ip e -G u acan ay ab o  basin  
(w ith  an  app rox im ate  a lig n m e n t N E -SW , d iv id in g  th e  easte rn  re g io n  in  tw o 
in e q u a l  p a rts , th e  o r ie n ta l p a r t  bigger be ing , th e  sm all S antiago  b a s in  (lo ca ted  
b e tw e e n  th e  Sierra M a e s tra  an tic lin o riu m  a n d  th e  B a r t le t t  T ro u g h ), a n d  f in a lly  
t h e  n o rth e rn  and s o u th e rn  l i t to ra l  tra n sg re ss iv e  fringes.

Y ounger co ralline fo rm a tio n s  co rre sp o n d in g  to  reefal a n d  lag o o n a l 
assem blages appear in  b o th  tran sg re ss iv e  fr in g es . A ccordingly , th e y  a re  lo ca ted  
g eograph ica lly  fa r th e r  fro m  th e  a n tic lin o ria  axes th a n  th e  o ld e r fo rm a tio n s  
a r ra n g e d  in  th is  m a n n e r  accord ing  to  c e r ta in  a rea l zonation . T h e ir  fa u n a  
in c lu d e s  26 species o f  l iv in g  corals e ith e r  v e ry  w ell p reserved  in  t h e  U p p e r 
P le is to cen e  Ja im a n ita s  F o rm a tio n  and  in  so m e H olocene beach  d e p o s its  or 
m o re  o r less re c ry s ta lliz ed  in  o lder se d im e n ts  (U pper P liocene  M a y a  and 
G u a rd a rra y a  fo rm a tio n s). F i f ty  per cen t o f  th e  en lis ted  corals o c c u r  in  th ese  
y o u n g e r  fo rm ations.

T he U pper N eogene L a  Cruz F o rm a tio n  o f  th e  S antiago  b a s in  c o n ta in s  
15 species w hich from  10 a re  liv ing . I t  is su rp a sse d  on ly  by  M aq u ey  F o rm a tio n  
(w ith  38 species) an d  J a im a n i ta s  F o rm a tio n  (w ith  26 species).

A  c ta Geologien Academiae Scientiarum  Hungaricae 24, 1981



FOSSIL CORAL FACIES DEVELOPMENT 259

H istorical Evolution

C oral d e v e lo p m en t in  E a s te rn  C uba ex h ib its  tw o  w ell de fin ite  acm es: 
one less e v o lu te d  d u rin g  th e  A q u ita n ia n  s.l. (i.e. O ligom iocene) and  a second 
from  th e  U p p e r  P liocene to  R ecen t.

D u rin g  P a leo cen e  and  E ocene tim es  th e  coral d ev e lo p m en t has n o t le f t 
rem ark ab le  c lues in  th is  p a r t  o f  o u r  te r r i to ry  an d  p ro b a b ly  in  th e  w hole in su la r  
area. In  th e  C a rib b ean -A n tille an  reg io n  coralline sed im en ts  ap p ears  re s tr ic te d  
to  a few  p laces : M exico, B ritish  H o n d u ra s , Ja m a ic a  an d  th e  G u lf Coast (F r o st , 
1972; V a u g h a n , 1919).

In  th e  M idd le  E ocene fa u n a l assem blages p re v a il, acco rd ing  to  F ro s t, 
T e th ian  g en e ra .

D u r in g  th e  A q u ita n ia n  s.l. (i.e. th e  in te rv a l U p p e r O ligocène—L ow er 
M iocene, a cco rd in g  to  us and  o th e rs)  th e  corals reach  in  th e  G u an tan am o  b asin  
and  th e  m id d le  a n d  n o rth e rn  p o rtio n  o f  th e  B ah ia  de N ip e-G u acan ay ab o  b a s in  
(Clindro, M aq u ey  and  Y a te ra s  fo rm a tio n s  fo r th e  f i r s t ;  C am azan  F o rm a tio n  
fo r th e  la t te r )  a s tro n g e r d ev e lo p m en t, w ith  a re la tiv e ly  g re a t n u m b er o f  
species an d  w id e  sp a tia l d is tr ib u tio n  w ith o u t fo rm ing  t ru e  reefs b u t r a th e r  
iso lated  b io s tro m e s  m ore o r less c losely  a rran g ed . T h ese  d iffer from  th o se  
observed b y  V a u g h a n  (1919) in  o th e r  p laces o f th e  C arib b ean -G u lf of M exico 
area.

V a u g h a n  m en tio n ed , m oreover, th e  p o ssib ility  o f  an  in te rocean ic  co n ­
nection  d u rin g  th e  O ligocène b ased  u p o n  th e  c o n tin u ity  o f  b o th  th e  C u lebra 
and E m p e ra d o r  fo rm a tio n s  in  th e  is th m ia n  zone from  th e  A tla n tic  co ast 
up  to  th e  P a c if ic  slope and  also u p o n  th e  fau n a l s im ila r ity  o f  th e  P acific  an d  
th e  A tla n tic  c o a s t o f  P an am a . T h is connec tion  h as  b een  su p p o rted  to o  b y  
A. T orre (v e rb a l co m m unica tion ) b u t  he locates i t  in  th e  M iddle M iocene. 
In  th is  case th e  e n tra n c e  o f  a cold c u rre n t could h a v e  m o d ified  th e  th e rm a l 
regim e th e n  e x is tin g  in  th e  C arib b ean -G u lf area , in h ib itin g  co ra l d eve lopm en t.

F ro st  e x p la n a tio n  (1972) considers th e  close o f  th is  connection  a t  th e  
end of th e  O ligocène, n o t allow ing th e  en tra n c e  o f th e  E a s t  P ac ific  E q u a to r ia l 
C o u n te rc u rre n t.

I t  is in te re s t in g  th a t  th e  in flu en ce  o f T e th ian  g en era  fails in  th e  A q u ita n ­
ian  s.l.: th e n  a p p e a r  m an y  genera n o w ad ay s  re s tr ic te d  to  th e  In d o p ac ific  an d  
th e  M e d ite rra n e an . T his fac t can  be  e s tab lish ed  a lm ost u n ifo rm ly  in  th e  w hole 
C aribbean -G u lf a re a  an d  especially  in  th e  coral fa u n a  o f  A n tig u a  F o rm atio n , 
in  w hich h e rm a ty p ic  form s p rev a il.

D u rin g  th e  M idd le-U pper M iocene an  a b ru p t fa u n a l change occurs b u t  
scarce In d o p a c if ic  an d  M ed ite rran ean  fau n a l e lem ents p e rs is t fo r som e tim e .

In  sp ite  o f  th e  re la tiv e  ab u n d a n c e  o f  h e rm a ty p ic  co ra ls , no  tru e  reefal 
developm ent c a n  b e  observed  in  th e  a rea  o f  s tu d y . Som e liv in g  coral species 
ap p ear (M ontastrea  annularis, A cropora  cervicornis, Porites porites, Solena-
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I. OLIGOCENE-LOWER MIOCENE

[1] =  C y a t h o m o r p h a  i n  Vaughan (1919).

strea bournoni, e tc .) . T h e  n u m b er o f species is considerab ly  m in o r  th a n  in  
A q u ita n ia n . In  g en e ra l th e  coral d ev e lo p m en t d im in ishes assum e a re s tr ic te d  
an d  irreg u la r c h a ra c te r .

F rom  th e  U p p e r  P liocene  onw ards th e  ree fa l facies begins to  a p p e a r  in 
th e  C uban  seas, re a c h in g  p ro b ab ly  its  m a jo r  dev e lo p m en t fro m  th e  U p p e r 
P le is to cen e  u p  to  d a te .

T he n eo tec to n ic  a c t iv i ty  in  th e  C a rib b e a n -G u lf  area, w hich  le f t  r e m a rk ­
ab le  clues in  th e  C u b a n  te r r i to ry  (e.g. t h e  te r ra c e s  en échelon o f  M aisi and  
C ape Cruz), ap p e a rs  to  h a v e  contro lled  th e  e ro sio n a l rh y th m , a n d  th e re fo re  
th e  am o u n t o f d e tr i t ic  m a te ria ls  tr a n s p o r te d  to  th e  su rro u n d in g  sea s , a ffec t­
in g  ra th e r  p e rio d ica lly  th e  ecological o p tim u m  fo r  coral grow th .
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X collected by the group and referred to in literature

E cological C onsiderations

Coral a ssem b lag es found  from  th e  A q u ita n ia n  8.1. to  M iocene are ch ie fly  
rep resen ted  b y  spec ies co rresp o n d in g  to  lagoonal facies.

On th e  th ic k  la y e rs  o f  coarse  d e tr i tu s  co rresp o n d in g  to  th e  b eg inn ing  
o f  molassic d e p o s itio n  in  th e  G u a n ta n a m o  b as in  (C ilindro l F o rm atio n ) can  
be observed an  e a r ly  co ra l d ev e lo p m en t o ften  o bserved  as in c ru s tin g  form s 
(e.g . Astrocoenia g u a n ta n a m en sis  )  o r n o d u la r  fo rm s (S ty lo p h o ra  cana lis).

M ajor d e v e lo p m e n t is observed  in  th e  b asa l p a r t  o f  M aq u ey  F o rm a tio n  
(Vega G rande M em ber) g rad u a lly  decreasing  u p w ard s  w ith  th e  beg in n in g  o f  
M iddle M iocene d ep o s itio n .
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T hese assem blages are  ecologically c h a ra c te r iz e d  by th e ir  m a la c o lo g ic a l 
fa u n a  an d  b y  th e  ab u n d a n c e  of large sp e c im e n s  o f Lepidocyclina  (L . gigas 
g roup), re fe rab le  to  th e  C orallinacea-Lepidocyclina  co m m unity  o f  B á l d i  
(1973). T he genera  in c lu d e d  in  th is  a ssem b lag e  a re  w idespread in  t h e i r  m a jo r i ty  
n o t o n ly  in  th e  s tu d y  a rea  b u t  in  th e  C a rib b e a n -G u lf  area w ith in  t h e  sam e 
s tra tig ra p h ic  ran g e .

T he re la tiv e ly  low  energy  of the  la g o o n a l env ironm en t h in d e re d  p ro b a b ly  
th e  co n tin u ed  su sp en sio n  of fin er d e t r i ta ls ,  im p o rta n t c o n s ti tu e n t  o f  th e  
G u an ta n a m o  b a s in  sed im en ts  allowing e n o u g h  th e  aeration , fo o d  c irc u la tio n  
an d  lig h t p e n e tra t io n  n eeded  for su rv iv a l o f  coral.

In  th e  B a h ia  de  N ipe-G uacanayabo  b a s in , coral d ev e lo p m en t w as  no t 
so im p o r ta n t as in  th e  G uan tanam o  b a s in . N ev erth e less  it  e x h ib ite d  re la tiv e  
a b u n d an ce  o f fossil species in  some p laces: e .g . th e  sedim ents G a m a z á n  F o rm a ­
tio n , co rresp o n d in g  in  a g rea te r e x te n t to  th e  A q u itan ian  s.l. (O n ly  tw o  of 
th e  en listed  species ex is tin g  in G am azán  F o rm a tio n  have n o t  b e e n  found  
in  th e  G u an ta n a m o  b a s in  deposits.) I t  looks rea so n a b le  to  suppose so m e  pecu l­
ia r  m icroclim atic  co n d itio n s  in  p a r tic u la r  t h e  th e rm a l regim e o f  t h e  sea  b o t­
to m  to  exp la in  th is  r e la tiv e  inh ib ition .

U pp  er P lio cen e  co ra l grow th m ark s  t h e  t ru e  reefal d e v e lo p m e n t in  th e  
a rea  w ith  th e  p red o m in a n c e  of ty p ic a l fo rm s  o f  a high energy  e n v iro n m e n t 
like Acropora p a lm a ta  found  som etim es in  g row ing  position in  t h e  b a rr ie r  
re e f  zone. A lth o u g h  co ra l grow th is also re m a rk a b le  in  the  lag o o n  w ith  form s 
like  M ontastrea a n n u la ris .

H a rd  p e rcu ssio n -so u n d in g  w h itish  re e fa l lim estone b e lo n g in g  to  th is  
in te rv a l  a p p ea r to d a y  fo rm ing  th e  socle o f  t h e  e lev a ted  terraces o f  th e  so u th e rn  
co as t o f th e  a n c ie n t O rien te  P rovince. T h e y  are  included in  th e  M a y a  F o r­
m a tio n .

T he U p p e r P le is to cen e  coral a sse m b la g e s  p resen t so m e tim e s  a no t 
a lw ays well o u tlin e d  a rea l zonation  t h a t  k e e p  resem blance to  th e  “ b io zo n es”  
(subfacies) describ ed  b y  D e B u is o n jé  (1 9 7 4 )  in  th e  N e th e r la n d s  A n tilles, 
n am e ly : b a rr ie r - re e f  zone (Acropora p a lm a ta  zone) rep resen tin g  a  tu rb u le n t  
h ig h  energy  e n v iro n m e n t; th e  M ontastrea  a nnu laris  zone re p re s e n t in g  th e  
lagoona l co n d itio n s a n d  fina lly  th e  S iderastrea  zona c o rre sp o n d in g  to  th e  
in n e r b o rd e r o f  th e  l i t to ra l  ensem ble.

T he a b ru p t  c lim a tic  changes t h a t  h a v e  ta k e n  places in  th e  h ig h e r  la t i ­
tu d e s  d u rin g  th e  P le istocene  appears to  h a v e  been no t re f le c te d , a t  least 
re m a rk a b ly , in  th e  co ra l grow th of th e  s tu d y  a rea  although th e  e x is t in g  gap 
b e tw een  th e  M ay a  a n d  Ja im a n ita s  fo rm a tio n s  could offer us t h e  k e y  o f an 
im p o r ta n t in h ib itio n  in  coral grow th d u r in g  th e  E a rly  and M iddle  P le is to cen e .
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C onclusions

1. T h e  c o ra l developm ent in  th e  C arib b ean -G u lf a rea  e x h ib its  tw o acm es: 
one d u rin g  th e  A q u itan ian  8.1. a n d  a n o th e r  from  th e  U p p e r P liocene u p  to  
th e  p re se n t, p ro b a b ly  due to  ch an g es in  th e  th e rm a l reg im e o f  th e  seab o tto m .

2. T ru e  re e fa l grow th can  be  o b se rv ed  only from  th e  U p p e r P liocene 
upw ards.

3. Y o u n g e r  and  older co ra lline  fo rm a tio n s  are d is tr ib u te d  r a th e r  zonally : 
younger co ra l fringes are fa r th e r  f ro m  an c ien t s tru c tu re s  th a n  th e  o lder fo r­
m a tio n s .

4. I n  th e  O ligom iocene G u a n ta n a m o -B a s in  sed im ents th e  lagoonal corals 
show  a s tro n g  in fluence . T hey  fo rm  n o  reefs h u t  iso la ted  m ore  o r less closely 
a rran g ed  b io s tro m e s .

5. T h e re  a re  no clear clues in  th e  s tu d y  area  re flec tin g  th e  in fluence  o f 
th e  a b ru p t c lim a tic  changes d u rin g  th e  P leistocene.
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К ВОПРОСУ ИССЛЕДОВАНИЙ РАЗВИТИЯ ИСКОПАЕМЫХ КОРАЛЛОВ 
В ВОСТОЧНОЙ ЧАСТИ КУБЫ

Г. Л . Ф Р А Н К О -Э . Н А Д Ь — Д Ь . РАДОЦ

Р е з ю м е

Сообщества кораллов Восточной Кубы распространены в наложенных бассейнах, 
связанных с тремя главными структурными комплексами рассматриваемой области. Они 
обнаруживают скорее;площадную зональность: более молодые образования расположены 
вблизи современной береговой линии, в то время как более древние развиты около древних 
антиклинориев.

На территории рассматриваемого района изобилуют виды кораллов, приуроченные к 
лагунным фациям, это особенно справедливо для олиго-миоценовых отложений Гвантанам- 
ского бассейна.

Самые древные комплексы, сопоставимые с фаунами Антигвии и Истмии, встреча­
ются в олиго-миоценовых отложениях Гвантанамского бассейна, в меньшей мере — в 
отложениях такого же возраста, развитых на территории Бахияде—Нипе—Гваканаябо. 
Эта фауна имеет индо-пацифический характер и она проживала в преимущественно галеч- 
никовых донных условиях в водной среде пониженного энерегетического режма.

Более высокие температуры благоприятовали, пов-видимому, развитию кораллов 
не в виде подлинных рифов, а скорее в форме изолированных, но более-менее густых 
биостром.

Резкое изменение произошло с началом среднего миоцена, что было обусловлено, 
по-видимому, существованием межокеанического сообщения и последующим изменением 
термального режима прибрежной зоны. Оптимальные условия восстановились в поздне­
плиоценовое время.

Площадная зональность коралловых сообществ плейстоцена напоминает в некото­
рой степени условия, описанные Де-Байсонье для Нидерляндских Антилл, но она менее 
четко выражена.

Пятьдесят процентов перечисленных ископаемых видов кораллов встречается в 
более молодых рифах и лагунах.

Значительные климатические изменения, имевшие место на более высоких щиротах в 
плейстоценовое время, по-видимому, не сказывались на произрастании кораллов в преде­
лах рассматриваемого района.
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FLUVIO * MARINE FORMATIONS

JAI: J AIM ANITAS (LIMESTONE!

MAY GUA-.MAYA Y GUARD ARRAYA (L.ANO M.

N 2 -

J u Â î lC A R O  (M AR L)

MAN:MANZANILLO (M ARL AND LIMESTONE)

CRU: LA CRUZ (M ARL AND LIMESTONE)

BAR: BARACOA (LIMESTONE AND MARL)

CCR: CABO CRUZ (LIMESTONE AND MARL)

JAG: JAGUEYES (M ARL AND LIMESTONE)

YAY : YAYAL (M ARL AND LIMESTONE)

z

z

VAZ: VAZQUEZ (M ARL AND LIMESTONE)

CAN: CAMAZAN (M AR L AND LIMESTONE)

N!

■ 4

BIT : BITIRI (MARL)

YAT : YATERAS (LIMESTONE)

MAQ:MAQUEY (MARL AND LIMESTONE)

SEV: SEVILLA (LIMESTONE)

CIL : CILINDRO (CONGLOMERATE)

PED: PEDERNALES (CONGLOMERATE)

.PRE-OIIGOCENE FORMATIONS

Most frequent species
"Ï AcroporQ cerviconis (Á. proliféra) “  

Diptoria divosa 
D.strigosa
Siderastrea radians

Diptoria labyпn^Ыformisl• , 
Goniopora Jacobiana 
Montastrea annularis1** 
Pecitipora baracaontis 
Porites astreoides*"*
P. furcata
Solenastrea hyades1** 
Stylophpra offinis 
S. granutato
Thysanus extentricus var.

Antiguastrea cellulosa 
Astrocoenia guantanamensis 
A. meinzeri
Cyathomorpha anguillensis 
C. tenuis
Diploastrea crossolamellata 
Montostrea costata 
M. imperatoris 
Pironostrea antiguensis 
Stylopora canalis 
Trochoseris meinzeri

1 I 2 I 3

1 = coral facies 2= fore-reef facies 3 sreef facies 
(#)Also present in the Pm. Jaimanites

C A R I B B É A N S E A

Fig. 1, D istribu tion  of the coralline form ations in E astern  Cuba. Compiled by : G. L. F r a n c o —E. N agy  and Gy . R adócz. Relying on results o f th e  G uban-H ungarian team , G eological-Paleontological Inst, of th e  A cadem y of Sciences, Cuba
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The Middle D evonian—Middle Carboniferous form ations of the U ppony Moun­
tains lying a t  the northern  border of the Igal-B ükk  Alpine mobile belt form  a mono- 
clinal folded structure. The sedim entation  is characterized by the gradual decrease of 
the proportion  of the calcareous sedim ents to  th e ir  to ta l disappearence as well as the 
parallel increase of th a t of the  de trita l and chem ical siliceous sediments. The volcanic 
activ ity  established in several stra tig raphic  horizons th a t  had  produced m ostly  basaltic 
lavas and pyroclastics can be explained by the  deep-faults connected w ith  th e  subsidence 
of the sedim entary  basin.

On th e  basis of the m ineral assem blages, pe tro tex tu ra l characteristics, illite- 
crystallin ity , v itrin ite  reflectance data , chloritoid form ation, glauconite-celadonite/stil- 
pnom elane isograde and an th racite-g raph ite  “ co-existence”  the regional m etam orphism  
of th e  Paleozoic of the U ppony M ountains occured a t a tem perature  of ab o u t 300 °C. 
This corresponds to the boundary  betw een th e  anchi- and epi-zones. The b0 lattice 
param eter d istribution  of sericites (x  =  8.996 Â, n — 34, s =  0.010) indicates low-pressure 
recrystallization, i.e. of abou t 2.5 kilobar. T here is no significant difference between 
the m etam orphic grades of the  Middle D evonian and  Middle Carboniferous form ations. 
This, as well as the continuous sedim entation  conditions, fu rther the lack of angular 
unconform ity rule out the possibility to  assum e effects of th e  H ercynian (B retonian  or 
Sudetan) tectonom etam orphic phases. On th e  basis of the m etam orphic grade of other 
Paleozoic and  Mesozoic form ations of the  area th e  Alpine (Cretaceous) age of the 
regional dynam otherm al m etam orphism  can be assumed.

In tro d u c tio n

T he P aleozo ic  fo rm atio n s o f  th e  S zen d ro  an d  U p p o n y  M o u n ta in s  ly ing  
in  th e  n o r th e a s te rn  p a r t  o f H u n g a ry  are  su p e rfic ia l p a r ts  o f th e  an ch i-ep im eta- 
m o rp h ic  b e lt ex ten d in g  from  th e  G raz B a s in  in  th e  E a s te rn  A lps th ro u g h  
th e  L ittle  P la in , B a la to n  H ig h la n d  u p  to  th e  S pissko-G em erské R u d o h o rie  
(W este rn  C a rp a th ia n s)  (S z a d e c z k y -K a r d o s s  e t  a l., 1969, 1976; J a n t s k y , 
1976; Sz e p e s h a z y , 1973). T h e  d ifference in  th e  te c to n ic  b eh av io u r o f  th e  p a r ts  
o f  th e  b e lt is in d ica ted  b y  th e  d ifference in  g rad es o f tra n s fo rm a tio n  o f  th e  
M esozoic fo rm a tio n s  w ith in  th e  A lpine cycle  (Á r k a i  and  V ic z ia n , 1975). In  
th e  so u th e rn  p a r t  o f th e  P aleozo ic  a n ch i-ep im e tam o rp h ic  reg ion , th e  A lpine
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m o b ile  b e l t  ly ing in  N E -S W  d irec tio n  ( th e  “ Ig a l-B iik k  eu g eo sy n c lin e” , 
W e i n , 1969) and bo rdered  b y  th e  so-called D arn ó -lin e  show s th e  m o s t com ­
p le te  se q u e n c e  in  th e  B ü k k  M o u n ta in s  w ith  th e  re m n a n ts  o f “ oceanic b a s e m e n t­
lik e  o p h io lit ic ”  m ag m a tite s  (S z a d e c z k y - K a r d o s s , 1978; O n o u h a , 1978). 
S o u th e a s t  o f  th e  D arno  T e c to n ic  Z one, th e  n o rth w e s te rn  b o rd e r o f th e  A lp ine 
m o b ile  b e l t  is co n stitu ted  b y  th e  D evon ian  (S ilu rian ? ) an d  M iddle D ev o n ian -

Fig. 1. Geological situation of the U ppony, Szendrő and  B ükk M ountains. 1. M edium- and 
low -grade polym etam orphic (E arly  B aikalian—H ercyn ian—Alpine) crystalline basem ent; 
2. v e ry  low - and  low-grade, generally  H ercynian  m etam orphic Paleozoic basem ent, w ith  non- 
m e tam o rp h ic  Mesozoic; 3. very-low- and low-grade m etam orphic Paleozoic, w ith  very  low- 
g rade  m etam orph ic  Mesozoic (A lpine mobile belt); 4. Penninicum  of th e  Kőszeg M ountains;

SZ =  Szendrő M ountains. U  =  U ppony M ountains; В =  B ükk M ountains

M id d le  C arbon iferous fo rm a tio n s  o f th e  S zen d rő  resp . U p p o n y  M o u n ta in s  
(F ig . 1). B ased  on th e  p e tro lo g ica l fea tu re s  o f  th e se  m e tam o rp h ic  fo rm a tio n s  
th e  c h a n g e s  o f in te n s ity  of th e  d iffe ren t te c to n o -m e ta m o rp h ic  cycles c a n  be 
d e te rm in e d  in  re la tion  to  th e  te c to n ic  ev o lu tio n . T h is is aim ed b y  th e  in v e s tig a ­
t io n  o f  t h e  s tra to ty p e s  o f th e  S zendrő , U p p o n y  a n d  B ü k k  M o u n ta in s  u n d e r  
th e  g u id a n c e  of F ü l ö p  (1976) a n d  sponsored  b y  th e  C en tra l G eological O ffice 
o f  H u n g a ry .

T h e  a im  of th is  p a p e r  is  to  c h a rac te rize  th e  Paleozoic o f th e  U p p o n y  
M o u n ta in s  from  th e  m e ta m o rp h ic  p e tro lo g ica l p o in t o f v iew  an d  to  co m p are  
i t  w i th  t h e  d a ta  on th e  S zen d rő  M oun ta ins p u b lish ed  earlier (Á R K A I ,  1977).
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G eological Setting

T h e  geological sk e tch  m a p  (F ig . 2) was p rep ared  a f te r  B a l o g h  (1964), 
d e m o n s tra tin g  also th e  l i th o s tra tig ra p h ic  u n its  d is tin g u ish ed  b y  FÜLÖP (1976).

T h e  Paleozoic o f  th e  U p p o n y  M ounta ins form s a m onoclina l fo lded 
s tru c tu re  o f  so u th e a s te rn  d ip . I t s  n o rth w e s te rn  and  so u th e a s te rn  borders are 
te c to n ic . In  th e  N W , in  th e  D a rn ó  T ec ton ic  Zone th e  P aleozo ic  sequence was 
o v e r th ru s te d  to  T riassic  an d  O ligocene-M iocene fo rm a tio n s . In  th e  SE i t  
c o n ta c ts  th e  overly ing  T riassic  ro ck s also along o v e r th ru s t p lanes ( P a n t ó , 
1954; B a l o g h , 1964).

T h e  Paleozoic sequence o f  U p p o n y  is d iv ided  in to  th re e  fo rm ations. 
T h e  o ldest one is th e  400 m  th ic k  lig h t-g rey  com pact c ry s ta llin e  lim estone

Fig. 2. Geological sketch of the U ppony M ountains (after B a l o g h , 1964), simplified. 1. Uppony 
Lim estone Form ation; 2. Lázbérc F orm ation ; 3. Tapolcsány Form ation; 4. M iddle and Upper 
Carboniferous slate, sandstone w ith lim estone lenses; 5. Perm ian variegated  slate and sand­
stone (Lower Perm ian) and bitum inous lim estone (U pper Perm ian); 6. T riassic: Anisian dolo­
m ite (m etasom atic iron ore), lim estone; Ladinian  limestone, diabase and  tuff, dolom ite; 
7. Cretaceous: Senonian limestone conglom erate of Gosau type; 8. T ertia ry  sedim entary rocks;

9. overth rust, fau lt; 10. strike and dip
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seq u en ce  o f th e  U p p o n y  L im esto n e  F o rm a tio n  (I). T h is is ov erla in  b y  th e  Láz- 
b é rc  ( I I )  an d  T ap o lcsán y  ( I I I )  F o rm a tio n s  o f  a b o u t 2000 m  to ta l  th ic k n e s s . 
T h e  L ázb érc  F o rm a tio n  co n sis ts  o f  th e  a lte rn a tio n  o f th in -b a n k e d  la m e lla r  
lim e s to n e , lim e-sch ist an d  s la te  w ith  su b o rd in a te  in te rc a la tio n  o f  m e ta - s a n d ­
s to n e  a n d  m e ta - tu ff itic  lim esto n e . T h e  T a p o lc sá n y  F o rm a tio n  is c h a ra c te r iz e d  
b y  th e  re p e a te d  a lte rn a tio n  o f  s la te , m e ta -sa n d s to n e , m e ta -ch e rt as w e ll as  o f  
m e ta b a s a lt  an d  - tu f f  (B a l o g h  a n d  K ö r ö s s y , 1974). A long th e  P re -S e n o n ia n  
o v e r th ru s tin g  zones effects o f  F e -M g -ca rb o n a tic  m e ta so m a tism  can  b e  o b se rv e d  
( P a n t o , 1954). In  th e  s la te  a n d  m e ta -c h e rt  s t r a ta  o f th e  T ap o lcsán y  F o rm a tio n  
tra c e s  o f  su lfid ic  ore (p y rite -c h a lco p y rite )  a re  com m on, in  th e  w e a th e r in g  
zone w ith  ox i-hydrox ide , su lfa te -p h o sp h a te  m in era lisa tio n s ( E l s o l t z  a n d  
S e l m e c z i , 1977).

T h e  age o f  th e  Paleozoic  seq u en ce  p o o r in  fa u n a  has b een  u n c e r ta in . 
S c h r é t e r  (1954) assigned  th e  F o rm a tio n  I .  to  th e  D ev o n ian , th e  F o rm a tio n s  I I .  
a n d  I I I .  to  th e  L ow er a n d  U p p e r  C arb o n ife ro u s resp . A ssum ing  a  single 
se d im e n ta ry  cycle P a n t o  (1954) a n d  B a l o g h  (1964) d a te d  th e  w h o le  seq u en ce  
as L ow er C arboniferous. O n th e  basis  o f  u n c e r ta in  H y s tr ic h o sp h a e rid e s  a n d  
G ra p to lite s  re m n a n ts  th e  P aleozo ic  seq u en ce  o f  U p p o n y  w as a ss ig n e d  to  
th e  O rd o v ic ian  an d  S ilu rian  b y  N a g y  a n d  S z e p e s h á z y  (1971) a n d  la te r  b y  
B a l o g h  an d  K ö r ö s s y  (1974) a n d  c o rre la ted  w ith  th e  tw o  low er fo rm a tio n s  
o f  th e  S zendrő  M ounta ins th o u g h  th e  c o rre la tio n  o f  th e  tw o  m o u n ta in s  w as 
ru le d  o u t b y  J á m b o r  (1961) re ly in g  u p o n  p e tro lo g ica l evidence.

A ccord ing  to  th e  la te s t  C o n o d o n ta  in v e s tig a tio n s  F o rm a tio n  I .  is o f 
M iddle  D ev o n ian , F o rm a tio n  I I .  o f  U p p e r  D ev o n ian — L ow er C a rb o n ife ro u s , 
F o rm a tio n  I I I .  o f M iddle C arbon iferous age ( K o z u r  and  M o c k , 1977). A c c o rd ­
in g ly , th is  sequence w ould  be a s tra t ig ra p h ic  lin k  in d ica tin g  c o n tin u o u s  sed i­
m e n ta t io n  betw een  th e  (S ilu rian  ? )-D ev o n ian  lim y -d e tr ita l seq u en ce  o f  th e  
S zen d rő  M o un ta ins an d  th e  Paleozoic-M esozoic  sequence o f th e  B ü k k  M oun­
ta in s  s ta r t in g  w ith  th e  M iddle  C arb o n ife ro u s c lastic  s tr a ta .  T h e  lo w e r p a r t  
o f  th e  U p p o n y  L im estone  F o rm a tio n  a n d  o f  th e  L ázbérc  F o rm a tio n  c a n  be 
c o rre la te d  in  age w ith  th e  S zendrő lád  L im esto n e  an d  B orsod  L im e s to n e  F o r­
m a tio n s  o f  th e  Szendrő  M o u n ta in s .

T h e  Paleozoic  sequence  o f  U p p o n y  is  h a rd ly  know n from  th e  m e ta -  
m o rp h ic -p e tro lo g ica l p o in t o f  v iew . O n ly  g en era litie s  resp . q u a l i ta t iv e  re fe r­
ences concern  its  ep im etam o rp h ic  c h a ra c te r :  “ ep izonal d y n a m o m e ta m o rp h ism ” 
( N o s k e — F a z e k a s , 1973); “ low -g rade  m e ta m o rp h ism ”  ( K o z u r  a n d  M o c k , 
1977). I t s  m e tam o rp h ic  degree is w eak e r th a n  t h a t  o f  th e  P aleozo ic  o f  S zen d rő  
b u t  s tro n g e r  th a n  th a t  o f th e  P a leozo ic  o f  th e  B ü k k  M ounta ins ( J á m b o r , 1961; 
B a l o g h , 1964).

T h e  T riassic  v o lcan o g en ic -sed im en ta ry  sequence  o f  th e  B ü k k  M o u n ta in s  
is c h a ra c te r iz e d  b y  A lpine reg io n a l d y n am o m e ta m o rp h ism  o f  p u m p e lly te -  
p re h n ite -q u a r tz  facies (Á r k a i , 1973). T h e  (S ilu rian  ?)-D evonian  se q u e n c e  o f
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th e  S zen d ro  M o u n ta in s  w as a ffec ted  b y  low -m ed ium -pressu re  low  te m p e ra tu re  
g reen sch is t fac ies m e tam o rp h ism  o f  u n c e r ta in  age (H ercy n ian ?-A lp in e? ). 
T h e  m e ta m o rp h ic  g rade  o f th e  u p p e r  h o rizo n s corresponds to  th e  b o u n d a ry  
b e tw een  th e  an ch i- and  epizones (Á r k a i , 1977). On th e  b as is  o f th e  color 
a lte ra t io n  in d e x  o f  conodonts (C A I) th e  m e ta m o rp h ic  grades o f  th e  Paleozoic  
o f  U p p o n y  a n d  o f  th e  T riassic  fo rm a tio n s  o f  th e  B ükk  M o u n ta in s  is th e  sam e. 
C o n seq u en tly , th e  age of m e ta m o rp h ism  o f  th e  T riassic fo rm a tio n s  of th e  
B ü k k  M o u n ta in s  is A lpine ( K o z u r  an d  M o c k , 1977) an d  th e  H ercy n ian  
o rogeny  h a d  n o  o r on ly  ra th e r  s lig h t effect in  th is  belt.

T h e  m e th o d  based  on th e  q u a li ta t iv e  o b se rv a tio n  o f  th e  colour an d  
re c ry s ta ll iz a tio n  o f  conodon ts is u n su ita b le  to  determ ine th e  m e tam o rp h ic  
g rade  ju s t  d u e  to  o th e r  fac to rs  (e.g . o rg an ic  m a t te r  co n ten t, e tc .) . T h u s , fo r  
d e te rm in in g  an  ev en tu a l H e rc y n ia n  m e ta m o rp h ic  effect, th e  m e tam o rp h ic - 
p e tro lo g ica l in v e s tig a tio n  o f  th e  M iddle D e v o n ia n —M iddle C arboniferous 
sequence  o f U p p o n y  is o f decisive s ig n ificance .

Sampling, A nalytical Methods

T h e  s tra to - ty p e s  o f th e  P a leozo ic  o f  U p p o n y , th e  b o u n d a rie s  o f th e  
fo rm a tio n s  re sp . th e  pro file  d isco v erin g  th e se  (ro ad -cu t o f th e  L ázb érc  s to rag e  
lake), th e  core  sam ples o f fo u r bo reho les (D éd estap o lcsán y -5 , 8, 9 an d  U p - 
pony-10) o f  a b o u t 1500 m  le n g th , a lto g e th e r  m ore th a n  300 sam ples w ere 
in v e s tig a te d . T o  collect th e  su rf ic ia l sam p les  E ls oltz , L . a n d  PÉRÓ, Cs. 
a ss is ted . T h e  re la tiv e ly  co n tin u o u s sam p lin g  re n d e red  possib le  th e  s ta tis t ic a l  
d a ta  p ro cess in g .

The X -ray  diffractom etric records were made from  whole rock and  from carbonate- 
free pow der sam ples (after trea ting  the  sam ples w ith  3%  cold hydrochloric acid) by m eans 
of a Philips M icro Müller 111 equipm ent.

(R ecording conditions of the desoriented and o rien ted  samples: CuKa rad iation , accelera­
tion voltage: 42 kV, amperage: 32 m A, proportional counter, g raphite  m onochrom ator, 
divergency and  detec tor slit: 1°, goniom eter speed: 2°/m in resp. 0.5°/m in; paper speed: 
1600 m m /h , tim e constant: 2.)

T he com puta tion  of the sem i-quan tita tive m ineral composition was carried ou t by th e  
direct m ethod  of Náray-Szabó and Péter (1967) using also the d a ta  of Bärdossy (1966, 
1970) and  of R ischák and Viczián (1972). R esults were controlled by the solution residue d a ta , 
occasionally by  DTG-analyses and th e  mineralogical recalculation of th e  chemical analyses.

T he s tru c tu ra l order characteristic o f the illite-m uscovite series w ith  respect to th e  
m etam orphic g rade was measured by  th e  half-w idth of th e  (002) base reflexion after Kübler 
(Kübler index) in  mm, resp. by the re lative half-w idth  in  order to elim inate the disturbing 
effects of m ethodic conditions (Weber, 1972):

, H b|||jte(002), m m
H brel = ---------- -— ---------  X 100

H bqUart2(ioo)i nim

T he b o u n d a rie s  betw een  d iag en etic  zones an d  an ch i-zo n e  resp. b e tw e e n  th e  anch i- a n d  
epizones w ere  d e te rm in e d  from  th e  d a ta  o f sam p les o f k n o w n  m etam o rp h ic  g ra d e  (Á r k a i, 1977).

To m easure the illite crystallin ity , sam ple p rep ara tio n  was standard ized : coarse grind­
ing of 5 m inute , solution by diluted hydrochloric acid in  case of carbonate  samples, fine-
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grinding producing grain size ranging  from  30 to 60 microns. The standard  deviations depend­
ing  on sam ple preparation and  instrum en ta l errors are in  case of n =  10 sam ple (m easure­
m ent), and  a t 2°/min goniom eter speed: Kübler index: s =  0.05—0.18; H bre[: s =  4 —10. 
Indices were measured for whole rock  samples since the average grain size of th e  investigated  
sam ples is > 1 0  /tm , and th e  decrease of grain size produces half-w idth increase below  2 /tin 
only. In  the course of sta tistica l evaluation  of the indices obtained in th is w ay th e  effect of 
d e tr ita l m icas can be elim inated.

The determ ination of th e  d(060) lattice param eter of sericites was carried  o u t in  des- 
orien ted  powder samples using th e  q u artz  content of th e  sam ples as an in te rna l s tandard .

The electron m icroprobe tes ts  were made by Nagy, G. w ith a in s tru m en t o f JE O L  
JX A -5  type.

The random  v itrin ite  reflectance was m easured by means of the reflectance standard  
o f th e  glass prism series produced by  th e  B itum inous Coal R esearch Inc, in  th e  lig h t of 548 nm 
w avelength.

Lithology

O n th e  basis o f  th e  av e rag e  m inera l co m p o sitio n  of th e  m a in  ro c k  ty p es  
o f  th e  U p p o n y  Paleozoic  fo rm a tio n s  a co n tin u o u s an d  u n id ire c tio n a l change 
in  th e  sed im en ta tio n  c o n d itio n s  can be d e te rm in ed  (T able I ,  F ig . 3).

T h e  U ppony L im estone F orm ation  is ch a ra c te riz e d  b y  re d u c tiv e  ca lca re ­
ous sed im en t o f p re d o m in a n tly  chem ical, su b o rd in a te ly  b iogenic o rig in . The 
su p p ly  o f  d e tr i ta l  (c layey ) m a t te r  p roved  to  be v e ry  low  (less th a n  2 % ).T h e  
d e tr i ta l  m a tte r  is c h a ra c te r iz e d  b y  th e  p red o m in an ce  o f  q u a r tz  a n d  phy llo - 
s ilica tes  and by  th e  sm a ll q u a n t i ty  o f fe ld sp ars . O n th e  basis  o f th is ,  as well 
as o f  th e  low ch lo rite /se ric ite  ra tio  th is  fo rm a tio n  is r a th e r  s im ila r  to  th e  
B o rso d  L im estone o f th e  S zendrő  M ountains.

Fig.^3. Average mineralogical com position of the m ain rock types of the U ppony Paleozoic 
form ations. 1. limestone; 2. m etasom atic  dolomitized lim estone; 3. clayey lim estone; 4. m eta- 
tu ffitic  lim estone; 5. m etabasalt; 6. carbonate schist; 7. sideritic m eta-chert; 8. m eta-chert; 
9. m etasandstone; 10. slate (clayey, silty); 11. slate; 12. banded slate (clayey, silty). U =  

Is U ppony Limestone F orm ation ; L  =  Lázbérc Form ation; T  =  Tapolcsány F o rm ation
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T h e  Lázbérc F orm ation  ch a rac te rized  by  th e  v a r ie ty  o f sed im en ta tio n  
co n d itions deve loped  from  th e  p rev ious sequence b y  con tin u o u s tra n s itio n . 
I t  is c o n s ti tu te d  b y  chem ically  p re c ip ita ted  ca lcareo u s, re sp . d e tr ita l (pe litic - 
p sam m itic ) sed im en ts  and  th e ir  m ix tu re s  of v a ry in g  ra tio  as -well as by  s t r a ta  
consisting  o f  th e  rh y th m ic  a lte rn a tio n  of th em .

In  th e  low er p a r t  of th e  L ázb érc  F o rm a tio n  m e ta tu f f i t ic  lim estone (p re ­
v iously  “ tu ff -s tr ip p e d  lim esto n e”  “ lim estone w ith  d iab ase  tu f f ” ) in te rc a la ­
tions a re  fo u n d . In  th is  series th e  lim e-m ateria l o f  se d im e n ta ry  origin p re ­
d o m in a tes . T h e  d ispersed  (p ro b ab ly  h a lm y ro litica lly  argillified volcanic fin e- 
d e tr i ta l  m a t te r  a ccu m u la ted  sy n g en e tica lly  in  th e  ca lcareous m ud, fo rm ing  
th in  s tr ip s . T h e  m e ta tu ff itic  s tr ip s  do n o t co n ta in  p r im a ry  igneous m inera ls  
or re lic t s tru c tu re s  re la tin g  to  vo lcan ic  rocks. T h e  v o lcan ic  orig in  can  be 
p robab ilized  o n ly  on th e  basis  o f th e  h igh ch lo rite  an d  se ric ite  co n ten t o f th e  
s trip s  as w ell as o f  th e  o x id a tiv e  c h a ra c te r  (h e m a tite )  w hich  sharp ly  d iffers 
from  th e  re d u c tiv e  c h a ra c te r  o f th e  fo rm atio n  in  g enera l. (T he lack  of fe ld sp ars  
and  th e  sm all a m o u n t o f q u a r tz  suggest basic  vo lcan ic  orig in .) The m e ta ­
tu ff itic  lim esto n e  is v e ry  s im ila r to  th e  cipolino-like c ry s ta llin e  lim estone o f  
th e  S zendrô  M o u n ta in s  w hich  is p ro b ab ly  also o f m e ta tu f f it ic  origin.

T h e re  is a  co n tin u o u s se d im e n ta tio n  tra n s it io n  from  th e  Lázbérc F o rm a ­
tio n  to  th e  o v erly in g  T ap o lcsán y  F o rm a tio n . In  th e  T ap o lc sán y  F o rm atio n  th e  
lim e c o n te n t o f  th e  p e litic  sed im en ts  is g rad u a lly  decreasin g  upw ards an d  th e  
siliceous an d  f in e -d e tr ita l sed im en ts  con ta in in g  b a c te r ia l p y rite , siderite  a n d  
organic m a t te r  an d  deposited  in  s tro n g ly  red u c tiv e  e n v iro n m e n t, becom e p re ­
d o m in a n t. T h ese  a re  overla in  b y  co a rse r-d e tr ita l (san d y ) sed im ents. P e litic , 
a leu ritic , s iliceous, su b o rd in a te ly  san d y  sed im en ts  co n ta in in g  syngenetic  
b a sa ltic  (an d esitic ) volcanic in te rc a la tio n  c o n s titu te  th e  te rm in a l m em b er 
of th e  fo rm a tio n . E v idence  fo r th e  syngenetic  v o lcan ic  a c tiv ity  is as follow s: 
th e  lack  o f c o n ta c t effects, an d  th e  jo in t  occurrence  o f  la v a  and  lap illi-tu ff- 
like v o lcan ite s  in  e ig h t ho rizons, in  a th ickness of 5— 8 m  on th e  average a n d  
15 m  as a m ax im a l va lue .

T h e  g ra d u a l decrease o f th e  ca rb o n a te  c o n te n t (F ig . 3) as well as th e  
g radual p red o m in an ce  o f th e  f in e -d e tr i ta l  and siliceous sed im ents in d ic a te  
deeper, pe lag ic  cond itions. D eep  fa u lts  re la ted  to  th e  subsidence  m igh t in i t ia te  
th e  su b m a rin e  vo lcan ism  o f p red o m in an tly  b a sa ltic  com position .

R egional Metamorphism

Texture and  Structure

D u e to  th e  m e tam o rp h ic  re c ry s ta lliz a tio n  th e  d ifference betw een  th e  
d e tr i ta l  c o n s titu e n ts  (p re d o m in a n tly  q u a rtz , su b o rd in a te ly  feldspars, m u sco ­
v ite  an d  m u sco v ite -ch lo rite  ag g reg a tes  form ed a f te r  b io ti te  (P la te  1/2)) an d
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th e  f in e -g ra in ed  c lay ey , c a rb o n a tic  cem ent w a s  g rad u a lly  e lim in a ted  e x c e p t 
th e  c o a rse r-d e tr ita l ro ck s.

In  th e  m e ta -san d s to n es  po o r in  c a rb o n a te s  “ sp in y  like te x tu re s ”  ( ra d ia lly  
a r ra n g e d  q u a rtz -se ric ite  fib res) can be o b se rv e d  a ro u n d  th e  q u a r tz  g ra in s  
(P la te  1/1). T h is in d ic a te s  anch i-zonal m e ta m o rp h ism  w hich can be  p a ra lle le d  
w ith  th e  p u m p e lly ite -p re h n ite -q u a rtz  facies ( K o s s o v s k a y a  and  S h u t o v , 1963; 
F r e y , 1970).

T h e  g roundm ass o f  th e  rocks o f a le u r i t ic  o rig in  re c ry s ta lliz ed  to  a 
q u a rtz ite - lik e  te x tu re  c o n ta in in g  o rien ted  se r ic ite  scales.

T h e  c ren u la tio n  c leavage is com m only  ch a ra c te ris tic  o f th e  s la te s  
(P la te  1/3). T he re c ry s ta ll iz a tio n  re la ted  to  t h e  p rog ressing  b u ria l g e n e ra te d  
se ric ite  o r ie n ta tio n  p a ra lle l to  th e  s e d im e n ta ry  s tra tif ic a tio n  ( I .  c le v a g e  
p lan e ). In  th e  su b se q u e n t d y n a m o m e ta m o rp h ic  p h a se  m icro-folds a n d  fro m  
th e ir  ev o lu tio n  sh ea rin g  c leavage planes w ere  g e n e ra te d  (II . c leav ag e  d ire c ­
tio n ). T h e  tw o  re c ry s ta lliz a tio n  phases do n o t  in d ic a te  necessarely  tw o  m e ta -  
m o rp h ic  phases o f  d iffe ren t age (since n o  p a ra g e n e tic  d ifferences e x is t) . 
I t  seem s to  be m ore p ro b a b le  th a t  th is  p h e n o m e n o n  reflects d iffe re n t ev o lu ­
tio n  p h ases  o f one tec to n o m e ta m o rp h ic  cycle .

T h e  s ty lo litic  s t ru c tu re  is ch a ra c te ris tic  o f  th e  lim estones. G ra in  size 
v a r ie s  in  s tr ip s , th e  d ire c tio n  o f e longation  o f  th e  recrysta llized  c a rb o n a te  
g ra in s  is p ara lle l w ith  th e  I I .  cleavage p la n e . T h is  can  be p a r t ic u la r ly  w ell 
o b se rv ed  in  th e  s tr ip s  o f  th e  m e ta tu ff itic  lim e s to n e  con ta in in g  se ric ite , c h lo rite , 
q u a r tz  an d  h e m a tite  (P la te  1/4). The gra in  size  o f  lim estones d ep en d s  o n  th e  
q u a n t i ty  o f th e  d e tr i ta l  an d  o rgan ic  m a tte r  as w ell as on th e ir  d isp e rs ity , th u s  
i t  c a n n o t be ap p lied  ev en  to  th e  q u a lita tiv e  c h a ra c te r iz a tio n  o f th e  m e ta -  
m o rp h ic  grade.

M in era l Assemblages

T h e U p p o n y  P a leozo ic  m e tam o rp h ite s  o f  sed im en ta ry  o rig in  do  n o t  
c o n ta in  c ritic a l m in era l p a rag en eses  su itab le  to  th e  m ore exact d e te rm in a tio n  
o f  th e  p h y sica l co n d itio n s  o f  rec ry s ta lliz a tio n . T h e  m etam orph ic  m in e ra l p a r a ­
geneses o f  th e  m a in  ro ck  ty p e s  are as fo llow s:

crysta lline lim estone: q u a r tz , sericite  ( ^ c h l o r i t e ,  p y rite , a lb ite , p o ta s h  
fe ld sp a r, ca lc ite , d o lo m ite -a n k e rite , s iderite );

slate ( c layey-silty)  : q u a r tz , ch lorite , s e r ic ite , a lb ite , p o ta sh  fe ld sp a r  
(;h  ca lc ite , d o lo m ite -an k e rite , s id erite , p y r i te , h e m a ti te ) ;

m etasandstone: q u a r tz ,  a lb ite , seric ite , c h lo r ite  (^ c a lc i te ,  p o ta s h  fe ld ­
sp a r , d o lo m ite -an k e rite , s id e r ite , p y rite , h e m a ti te ,  ch lo rito id ).

O f course o f  m in e ra ls  l is te d  above q u a r tz  a n d  p a r t  o f fe ld sp a r  a re  o f 
d e tr i ta l  o rig in : d ep en d in g  on  th e  gra in  size, th e s e  are  n o t o r o n ly  s lig h tly  
rec ry s ta lliz ed . T he m a jo r  p a r t  o f th e  d o lo m ite -a n k e rite  and  s id e r i te  w as
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T a b le  1

Average mineral composition and sericite parameters o f  the main rock types o f the paleozoic formations o f Uppony Mountains

Semiquantitative Mineral Composition (Weight percent) Sericite parameters
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dices

W eber b. (A) d#t» (A)
R. DESOR OR. DESOR

n X n X n X n X n X n X

I I I .  Tapolcsány Formation
m etabasalt 18 8 18 3 5 7 4 25 — ny — — 10 18 ny l l — — ny 7 2.96 8 3.06 5 i n 8 108 7 9.026 8 9.972
slate 20 18 7 2 30 — — 40 ny — — n y 1 ny ny 2 ny ny — ny 6 3.18 19 3.63 7 119 17 128 17 8.993 18 9.975
banded slate (clayey, silty) 10 32 15 3 20 — — 24 — — — — ny 3 2 1 — — — — 8 3.19 10 3.30 9 119 10 116 9 9.001 9 9.988
metasandstone 17 53 16 2 14 — — 11 — ny — ny 1 3 ny ny — ny — ny 6 3.01 15 3.43 6 113 15 121 14 8.997 15 9.956
carbonate slate 4 19 - 1 14 — — 5 - — — — — 13 37 11 — — — — 2 2.80 3 3.19 2 105 3 112 3 9.045 3 10.013
sideritic m eta-chert 7 36 — — 16 — — 15 - — — — — — 27 6 — — — — 4 2.95 6 3.43 4 110 6 121 1 9.018 7 9.981
m eta-chert 22 69 1 1 10 — — 3 — ny — — 2 4 2 8 — — ny — 8 3.14 16 3.46 8 118 16 122 16 9.015 17 10.005

I I .  Lázbérc Formation
slate 9 20 8 1 27 — — 29 - — — ny 14 ny — 1 — — — — 3 2.84 6 3.29 3 106 7 116 6 8.999 7 9.963
banded slate (clayey, silty) 2 11 12 1 12 — — 17 — — — — 47 — — — — — — — 1 3.08 1 3.66 1 115 1 129 1 8.994 1 9.964
metasandstone 5 36 12 ny 11 — — 7 — ny — — 34 — — ny ny ny — — 3 2.65 3 3.31 3 99 1 118 3 9.006 4 9.959
m etasom atic-dolom itic limestone 9 3 ny ny 5 — — — — — — — 29 62 — — — 1 — — 1 2.81 3 3.13 3 105 3 110 3 9.014 3 9.984
m eta-tuffitic limestone 6 7 - ny 9 — — 7 — — — — 74 — — — 3 — — — 3 2.30 8 2.99 3 86 8 105 4 9.017 8 9.968
limestone, lime-schist 41 5 2 ny 4 — — 2 — ny — ny 87 — — ny ny — — — 18 2.79 33 3.23 19 105 33 114 32 9.010 34 9.968

J. Uppony Limestone Formation 
crystalline limestone 14 1 - — 1 — — - - - — — 98 — — ny — — — - 10 2.97 13 3.42 10 111 13 120 12 9.010 13 9.970

OR =  oriented 
DESOR =  desoriented
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Plate I

1. “ Spiny like tex tu re”  (radially arranged quartz-sericite  fibres) around de trita l q u a rtz  grains 
in  m etasandstone. U -II/I  sample, +  Nicols M =  30 X

2. M uscovite-chlorite aggregate form ed after d e tr ita l b io tite  in  m etasandstone. D t-8 . 256.7 
m , +  Nicols, M =  115 X

3. Crenulation cleavage in  slate. — D t-8. 38.0 m. 1 N icol, M =  30 X
4. Folded m eta tu ffitic  strip  w ith crenulation  cleavage in  limestone. U-380. 1 Nicol, M =  30 X
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Plate I ï

1. C h lo rito id  grains filling th e  in te rg ran u la r space betw een de trita l quartz grains in  m eta­
san d s to n e . U -II/I. 1 Nicol, M =  115 X

2. See TJ-II/1; 1 Nicol, M =  115 X
3. C om ponen ts of m etabasalt-tu ff groundm ass: stilpnom elane, glauconite-celadonite, calcite, 

t i ta n i te .  D t-8. 188.0 m, 1 Nicol, M =  115 X
4. A m ygdalo idal m etabasalt w ith  calcite, glauconite-celadonite and stilpnom elane filling. 

D t-8 . 188.8 m, +  Nicols, M =  30 X
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fo rm ed  by su b se q u e n t m e taso m atic  effec t. T he e ffec t o f  S uperfic ia l w ea th e rin g  
is reflec ted  b y  th e  kao lin ite , th e  m ixed  la y e r -s tru c tu re  c lay  m ineral o f  8 an d  
12 Â reflection , b y  th e  goeth ite  an d  th e  ra re ly  o ccu rrin g  ja ro s ite  and  g ib b site .

F rom  th e  m etam o rp h ic -p e tro lo g ica l p o in t o f  v iew  th e  ch lo rito id -b ea rin g  
m e ta san d sto n e  (T ap o lcsán y  F o rm a tio n , R ág y in cs  V alley ) is o f special in te re s t . 
I t s  m ineral co m p o sitio n  is: 80 %  q u a r tz , 8 %  se ric ite , 5 %  ch lo rito id , 2— 2 %  
p o ta sh  fe ld sp ar a n d  ch lo rite , 1— 1%  álh ite , k a o lin ite  and  clay  m inera l o f  
m ix ed -lay er s tru c tu re .  T he d e tr i ta l  o rig in  o f ch lo rito id  w as assum ed by  N o s k e - 
F a z e k a s  (1973) th o u g h  its  grain  size is m uch g re a te r  th a n  th a t  of th e  d e tr i ta l  
h e a v y  m inerals (z irco n , ru tile , e tc .)  o f  th e  rock .

A ccording to  th e  m icroscopic an d  m ic ro p ro b e  o b serv a tio n s (P la te s  
I I / l — 2; IV/1— 3) ch lo rito id  is a m in era l p ro d u c e d  b y  an ch i-m etam o rp h ic  
rec ry s ta lliz a tio n , fillin g  th e  space  b e tw een  th e  q u a r tz  grains in  th e  in te r-  
g row ing  “ sp in y -lik e”  sandstone  s tru c tu re  c h a ra c te r is tic  o f  th e  anch i-zone. 
I n  ad d itio n  to  th e  xenom orph ic  ch lo rito id  g ra in s  su b o rd in a te ly  id io m o rp h ic , 
som etim es p o ly sy n th e tic a lly  tw in n e d  g ra ins can  also  be observed .

The chem ical com position  o f  th e  ch lo rito id  g ra in s  is hom ogeneous. N o 
difference has b e e n  fo u n d  betw een  th e  core p a r ts  o f  th e  g ra in s an d  th e  m arg in a l 
p a r ts  believed p rev io u sly  to  h av e  been  rep laced  b y  q u a r tz :

U -II/I sample
Centre Margin

of the chloritoid grain

SiOa 24.3 25.2
a i20 , 39.8 40.0
FeO* 22.2 22.6
MgO 2.0 2.0
CaO 0.1 0.1

T otal: 88.5 90.1 w %

* Total Fe as FeO ; microprobe analysis by Nagy, G.

The p ro je c tio n  po in ts of th e  chem ical co m p o sitio n  of th e  ch lo rito id - 
b e a rin g  m e ta sa n d s to n e  given in  T ab le  I I  fa ll w ith in  re sp . in  th e  close n e ig h ­
bou rh o o d  of th e  fie ld s  found to  h e  c h a ra c te r is tic  o f  ch lo rito id s  b y  H o s c h e k  
(1967).

In  th e  p h y lli te s  o f th e  A ar M assif F r e y  an d  W i e l a n d  (1975) d e te rm in ed  
th e  reac tion : p y ro p h y llite  +  ch lo rite  ->  ch lo rito id  -f- q u a r tz  -f- H 20 .  T h is iso- 
re a c tio n  grade is assigned to  th e  epi-zone. A cco rd in g  to  M iy a s h i r o  (1973) 
o th e r  possib ilities fo r  ch lorito id  fo rm a tio n  are  as fo llow s: 

k a o lin ite  +  c h lo r ite  —> ch lorito id  +  q u a r tz  -|- H 20 ;  
h e m a tite  -f- c h lo rite  —*■ m ag n e tite  +  ch lo rito id  -f- q u a r tz  -f- H 20 ;  
p a ra g o n ite  -j- c h lo r ite  -f- q u a rtz  —»• ch lo rito id  -)- a lb ite  -)- H 20 .
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Table 2

Chemical composition o f some characteristic rock types o f the paleozoic form ations o f
the XJppony M ountains

1. 2 . 3 . 4 . 5 . 6 .

S i02 56.89 31.04 39.94 72.85 61.53 88.36

T i0 2 0.96 2.40 3.68 0.56 0.56 0.24

a 120 3 19.26 11.83 12.72 11.90 13.33 6.11

Fe2Oa 1.65 1.41 1.94 0.51 — 0.03

FeO 6.76 8.16 9.10 2.46 6.85 0.89
MgO 1.00 7.98 9.48 1.00 0.50 0.50

CaO 2.09 13.54 9.37 2.09 4.18 0.70

MnO tr. 0.11 tr . tr . 0.07 tr .

N a ^ 1.08 0.62 2.26 1.86 0.24 0.50

K 20 3.35 1.80 2.65 2.40 2.50 0.50

- h 2o — — 0.13 — 0.33 0.06
+ h 2o 4.17 2.58 4.14 1.71 4.25 0.98

C02 1.04 17.26 3.93 1.88 4.32 0.24

P A 0.12 0.41 0.16 0.07 0.34 0.05

E 98.37 99.14 99.50 99.29 39.00 99.16 weight
per cent

1. B anded  slate (clayey, silty), D t-8 . 81.2 m ; 2. m etabasalt, D t-8. 156.6 m ; 3. m eta­
b asa lt tu ff , D t-8. 188.0 m; 4. m etasandstone, D t-8. 296.0 m; 5. m eta-chert (clayey), D t-8. 
493.7 m ; 6. chloritoidic m etasandstone, U -II /I , R ágyincs Valley.

T h o u g h  in  th e  m edium - a n d  h ig h -p re ssu re  m e tam o rp h ite s  th e  ch lo rito id  
is m o re  com m on (S e i d e l  e t ah , 1975), ch lo rito id  is k n o w n  to  d eve lop  also 
u n d e r  lo w -p ressu re  co n d itions. N o d a ta  a re  av a ilab le  on th e  low er te m p e ra tu re  
s ta b i l i ty  lim it of th e  ch lo rito id . I t  occu rs p red o m in an tly  in  fo rm a tio n s  o f 
g re e n -sc h is t facies b u t  m ay  also o ccu r in  th e  (v ery  low -grade zone) anch i-zone 
( K ü b l e r , 1975; W i n k l e r , 1976).

N o  o b se rv a tio n  d a ta  a re  a v a ila b le  on th e  fo rm a tio n  re a c tio n  o f  th e  
c h lo r ito id  found  in  th e  m e ta sa n d s to n e  o f  th e  U ppo n y  M o u n ta in s . O n th e  basis 
o f  th e  i l l i te -c ry s ta llin ity , v i t r in i te  re fle c tan c e  and  te x tu ra l  fe a tu re s  o f th e  
n e ig h b o u r in g  fo rm atio n s, th e  fo rm a tio n  o f  ch lo rito id  can  m o s t lik e ly  be  ran g ed  
in  th e  h ig h -te m p e ra tu re  p a r t  o f  th e  anch i-zone, n ea r th e  b o u n d a ry  be tw een  
th e  a n c h i-  and  epi-zones.

T h e  m inera l assem blage o f  th e  m e ta tu f f it ic  lim esto n e  o f  th e  L ázbérc 
F o rm a tio n  co nsist o f ca lc ite , se ric ite , ch lo rite , q u a rtz , h e m a ti te  ( i  p o ta sh  
fe ld sp a r) .
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Fig. 4. D iffractogram  o f m etabasalt containing glauconite-celadonite and stilpnom elane. 
Ab =  alb ite; Ca =  calc ite ; Chi =  chlorite; G lauc-celad =  glauconite-celadonite; Q =  quartz;

Stilp =  stilpnom elane

In  th e  m e ta -b a s a lt  and tu f f  rocks o f  th e  T ap o lcsán y  F o rm a tio n  th ree  
m in e ra l assem blages could  be d is tin g u ish ed :

1. d o lo m ite -an k erite , ch lo rite , a lb ite , q u a r tz , seric ite , p o ta sh -fe ld sp a r 
( ±  ca lc ite , s id e rite , p y r i te , h e m a tite , ru ti le , s tilp n o m elan e);

2. g lau co n ite -ce lad o n ite , s tilp n o m e lan e , c h lo rite , a lb ite , ca lc ite  ( ±  po tash - 
fe ld sp a r, ilm en ite );

3. ch lorite , g lau co n ite -ce lad o n ite , c a lc ite , a lb ite , d o lo m ite -an k erite , 
p o ta s h  feldspar.

T h e  2nd an d  3 rd  m ineral assem blages m ig h t develop from  a  m ore  basic 
in i t ia l  m ate ria l t h a n  th e  f irs t  one.

Since in  th e  f in e -d e tr ita l v o lcan ic  ro ck s m e tam o rp h ic  sc h is to s ity  can 
b e  observed  an d  th e  illite  c ry s ta llin ity  o f  th e  m e tav o lcan ite s  is close to  th a t  
o f  th e  associated  ro c k s , th e  reg ional m e ta m o rp h ic  orig in  o f th e  s tilp n o m elan e  
is  h ig h ly  p robab le . G laucon ite -ce lad o n ite  w as fo rm ed  p resu m ab ly  d u rin g  th e  
low  te m p e ra tu re  tra n s fo rm a tio n  o f  v o lc a n ite s , i.e . before th e  m e tam o rp h ism . 
T h e  fine-g ra ined  g lau co n ite -ce lad o n ite  fo rm in g  ra re ly  scaly h eap s  an d  th e  
f ib ro u s  s tilp n o m elan e  developed fro m  it  occu r in  th e  g roundm ass o f  th e  lava  
ro ck s , rep lac ing  th e  ph en o cry sts , in  th e  lap illi an d  cem ent o f v o lcan ic  tu ffs  
a n d  i t  is found m o s t freq u en tly  in  th e  ca lc itic -ch lo ritic  hollows re sp . alveoles 
(P la te s  II /3 —4, I I I / l  and  IY /4— 5). A c h a ra c te r is tic  d iffrac to g ram  o f th e  
m e ta b a sa lt  is show n  in  Fig. 4. T h e  chem ical co m position  of th e  g laucon ite- 
c e lad o n ite  and s tilp n o m elan e  d e te rm in ed  b y  m eans o f m icrop robe T a b le  3.
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1. M etab asa lt tuff, groundm ass: stilpnom elane, glauconite-celadonite and chlorite. D t-8. 
188.0 m , 1 Nicol, M =  450 X

2. F ra c tu re d  anthracite s trip  in  bacterio-pyritic  environm ent. M eta-chert. D t-8. 480.0 m, 
w ith o u t Nicols, M =  540 X

3. M etab itum in ite  w ith m osaic-reflexion. Clayey m eta-chert, D t-8. 396.5 m. W ithou t Nicols, 
M =  290 X

4. “ C oexisting”  anthracite (bigger fractured  grains) and  graphite in  clayey m eta-chert. 
D t-8 . 396.5 m. w ithout Nicols, M =  800 X

Plate III

Acta Geologica Academiae Scientiarum Hungaricae 24, 1981
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Plate IV

1. Composition image of chloritoid grain. U -II/I. M =  160 X
2. A lk picture of IV/1
3. F ek* picture of IV/1
4. G lauconite filling in  m etabasalt tu f f  (D t-8. 188.0 m). Composition. M =  160 X
5. E longated crystals of stilpnom elane in th e  filling of m etabasalt tu ff (D t-8. 188.0 m). Composi­

tion, M =  320 X
6. Coexisting an thracite  and graphite in  clayey m eta-chert (Dt-8. 396.5 m), C om position 

M =  300 X

T he optica l fe a tu re s  (w eak, ye llow ish-g reen , g reen ish -b row n  pleochroism ) 
an d  th e  X -ra y  d iffrac to m e tric  p a ra m e te rs  o f  th e  g lau co n ite -ce lad o n ite  are 
s im ila r  ra th e r  to  th e  ce lad o n ite  re sp . g laucon ite  m in era l, i ts  ch em ica l com posi­
tio n  is o f tra n s it io n a l c h a ra c te r . T h e  d e te rm in a tio n  o f s tilp n o m e lan e  is u n a m ­
b iguous on th e  b asis  o f  th e  s tro n g  re flex ion  a t  12 Â occu rrin g  in  th e  d iffrac to - 
g ram s.

9* Acta Geologica Academiae Scientiarum Hungaricae 24, 1981



2 8 0 Á R K A I, P . e t  al.

Table 3

Glauconite-celadonite 
(Picture lV/4)

Stilpnomelane 
(Picture IV/5)

SiO, 56.0 45.2
ai20 3 5.7 10.5
Fe20 3** 23.1 17.7
MgO 10.2 15.1
MnO 0.4 —
CaO 0.7 0.1
K ,0 2.1 8.5

Total 98.2 97.1 w%

** Total iron as F e .0 3. A nalyzed by  N agy, G. I t  is assumed th a t in the course of analysis 
a p a r t  o f crystalline water was lost.

T h e  fo rm ation  o f e ti lp n o m e la n e  is possible in  th e  m o st d iffe ren t p ressu re  
r a n g e s  th o u g h  it  is m o st c o m m o n  in  th e  h igh  p re ssu re  low  te m p e ra tu re  m eta- 
h a s i te s ,  iron -rich  san d sto n es  a n d  m etap e lites  (M iy a s h ir o , 1973). I t  is s tab le  
b o th  in  th e  p u m p e lly ite -p re h n ite -q u a rtz  and  in  th e  g reensch ist facies (W i n k ­
l e r , 1976). In  th e  iro n -o o litic  g lau co n ite -h earin g  m e ta p e lite s  o f  th e  H elv e ti- 
c u m  o f  th e  Glarus Alps th e  s tilp n o m e la n e  w as fo rm ed  u n d e r  anch i-zone cond i­
t io n s  accord ing  to  th e  r e a c t io n :  g lauconite  -j- c h lo rite  -f- q u a r tz  — stilp n o ­
m e la n e  -j- p o tash  fe ld sp ar -)- H 20  -f- 0 2. T he e s tim a te d  m in im u m  p a ra m e te rs  
o f  t h e  iso reac tion  g rade  a re :  1.6  k ilo b a r and  260 °C ( F r e y  e t ah , 1973; F r e y , 
T e ic h m ü l l e r  and M u l l is , 1978).

I n  th e  m e tab asa lt o f  U p p o n y  th e  s tilp n o m e lan e  developed  from  th e  
g lau co n ite -ce lad o n ite  m in e ra l.  I t  is rem ark ab le  t h a t  th e  s tilp n o m elan e  being  
o f  s m a lle r  p o tash  c o n te n t t h a n  th e  g lauco n ite -ce lad o n ite  accom pan ies th e  d is­
a p p e a ra n c e  of p o tash  fe ld s p a r  a n d  C a-M g-F e-carbonate  an d  th e  ap p earan ce  
o f  c a le i te . Thus th e  p a r t ic ip a t io n  o f these  m in era ls  in  th e  reac tio n s can  also 
h e  a s su m e d . The d a ta  a v a ila b le  so fa r  are in su ffic ie n t to  d e te rm in e  ex ac tly  
th e  re a c tio n , nevertheless t h e  iso g rad e  d e te rm in ed  b y  th e  com m on occurrence 
o f  g lau co n ite -ce lad o n ite  a n d  s tilp n o m elan e  in d ic a te  re c ry s ta lliz a tio n  cond i­
t io n s  c h a rac te ris tic  of th e  m id d le -u p p e r  p a r t  o f th e  anch i-zone co rrespond ing  
to  p u m p e lly ite -p re h n ite -q u a r tz  facies.

I l l i te  C rysta llin ity

T h e  K übler-indices o f  t h e  seric ites of th e  U p p o n y  Paleozoic  rocks are 
o f  u n im o d a l d is trib u tio n  (F ig . 5a-b ). This w ould  in d ic a te  reg iona l m e ta m o r­
p h is m  corresponding  to  th e  b o u n d a ry  of th e  anch i- a n d  ep i-zones. T h e ir m ax im a  
f a l l  t o  th e  epizone, n e a r  t h e  an ch i-ep i-b o u n d ary . T h e  sam e conclusion  can
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be d raw n  from  th e  d is tr ib u tio n  o f  th e  re la tiv e  ha lf-w id th s  (F ig . 5c-d). The 
illite  c ry s ta llin ity  ind ices o f  th e  Paleozo ic  fo rm a tio n s  o f th e  S zendrő  M oun ta ins 
su g g est epi-zonal (g reensch ist) m e tam o rp h ism . T h e  m e tam o rp h ic  g rad e  of th e  
Paleozo ic  o f U p p o n y  as a w hole, is low er th a n  t h a t  o f th e  w hole o f  th e  Szendrő 
P a leozo ic .
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Fig. 5/a— b. Frequency distribu tions of illite crystallinity  indices
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Fig. 5/c. Frequency d is trib u tio n s  of illite crystallin ity  indices. W e b e r — indices

N o  considerable d iffe ren ces have  been fo u n d  in  th e  average v a lu e s  of 
c ry s ta l l in i ty  indices o f  th e  v a rio u s  Paleozoic fo rm a tio n s  o f U p p o n y . T he 
in d ic e s  o f  th e  Lázbérc F o rm a tio n  revealing  so m e w h a t s tro n g e r tra n s fo rm a tio n  
c a n  b e  exp lained  by  li th o lo g ic a l reasons.

I n  th e  Lázbérc F o rm a tio n  th e  illite  c ry s ta l l in i ty  decreases in  th e  fo llow ­
in g  succession : m e ta tu f f i t ic  lim estone— m e ta sa n d s to n e — lim estone— sla te .
T h is  te n d e n c y  can be e x p la in e d  p a r tly  by  th e  e ffec t o f  th e  o rig ina lly  d iffe ren t 
d e g ra d a tio n  sta tes  of th e  10 Â  phy llosilica tes in  th e  d iffe ren t litho fac ies w hich  
c a n  b e  recognized a lre a d y  in  sp ite  of re c ry s ta lliz a tio n , p a r t ly  by  th e  d iffe ren t 
p o ro s i ty  and  p e rm e a b ility  o f  th e  in d iv idua l ro ck  ty p e s .

S im ila r reasons m a y  b e  responsib le  for th e  d ecrease  o f illite  c ry s ta ll in ity  
in  th e  T apo lcsány  F o rm a tio n , th e  succession o f  decrease  being  c a rb o n a te  
s c h is t —m etab asa lt a n d  t u f f  —sa n d s to n e  - m e ta - c h e r t  —slate .

T h e  illite  c ry s ta l l in i ty  o f  th e  sla te  an d  m e ta sa n d s to n e  ty p e s  o f  th e  
T a p o lc sá n y  F o rm atio n  w h ic h  re p re se n t a h ig h er s tra tig ra p h ic  horizon  is som e-

A c ta  Geologica Academiae Scien tiarum  Hungaricae 24, 1981



T R A N S IT IO N A L  R E G IO N A L  М Е Т Л  M O R P H ISM 283

Vo

26

24-  

22- 

2 0 -  

18-  

16-  

14 

12 

10 

8 -  

6 -  

4 

2

tow - g r a d e  
metamorphism  

»  e p i -z o n e  
» g r e e n s c h i s t  f a c i e s

v e r y  l o w - g r a d e  
m e to m o r p h ism  

a n c h i - z o n e  » 
pumpelly ite  
p r e h n i t e -  
q u a rtz  fac ies

la u m o n t i te  - p r e b n i t e  - 
quartz  f a c i e s  a n d  
d ia g e n e t ic  z o n e s

d esor ien ted  s a m p l e s

UPPONY MOUNTAINS 
n= 150 
x> 109.8  
s  » 12.7

SZENDRÖ MOUNTAINS 
n= 310 
x = 98

50 60 70 80 90 100 110 120 130 140 150 160 
Hb ( 0 0 2 )  illite, mm

Hl>rel Hb (100) quartz, mm
X 100

F ig .  5/d.

w h a t low er th a n  th e  average v a lu e s  o f  th e  co rrespond ing  rock  ty p e s  o f  th e  
u n d e rly in g  L ázbérc  F o rm atio n . I t  sh o u ld  be em phasized  th a t  th e  i l l i te  c ry s ta l­
l in i ty  of m e ta b a sa lt and  tu f f  in te rc a la tio n s  is essen tia lly  th e  sa m e  o r som e­
w h a t b e tte r  th a n  th a t  o f th e  a sso c ia ted  se d im e n ta ry  rocks. T h is is a n  ev idence 
to  th e  sam e reg io n a l m e tam o rp h ic  tra n s fo rm a tio n  o f b o th  th e  se d im e n ta ry  
ro ck s and  vo lcan ites.

b0 and  d 002 Param eters o f  the Sericites

T he b 0 freq u en cy  d is tr ib u tio n  o f th e  U p p o n y  Paleozoic is  u n im o d a l 
(F ig . 6). The av erag e  v alue  is so m e w h a t low er th a n  th a t  o f th e  S zen d ro  P a leo ­
zoic.

Also th e  freq u en cy  d is tr ib u tio n  o f th e  I 004/ I 0o2 in te n s ity  r a t io s  (F ig . 7) 
is s im ila r to  th e  d is tr ib u tio n  o f  th e  sam ples o f Szendrő. T his su g g ests  a u n i­
m o d a l and accord ing  to  th e  E s q u e v i n  (1969) d iag ram  p re d o m in a n tly  m usco- 
v it ic , su b o rd in a te ly  pheng itic  co m p o sitio n .
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F ig . 7. Frequency d is tribu tion  a n d  composition of th e  I omA oib in tensity  ratios of sericites
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T h e average b 0 v a lu es  o f  th e  fo rm a tio n s  are d ep en d en t o n  th e  l ith o ­
log ica l com position  a n d  do n o t ch a rac te rize  th e  p ressu re  c o n d itio n s  o f th e  
m e tam o rp h ism  (F ig . 8).

W hile  no sy s te m a tic  d ifference is fo u n d  in  th e  d 002 v a lu es  o f  th e  d iffer­
e n t  ro ck  ty p e s , th e  b 0 av erag e  va lu es  o f  se ric ites  o f th e  ca lca reo u s  rocks of 
se d im e n ta ry  origin are  co n sid e rab ly  h ig h er th a n  th o se  o f th e  low  ca rb o n a te  
ro ck s o f  d e tr ita l o rig in . (T he m easu rem en ts  w ere carried  o u t  on  ca rb o n a te - 
free  residues of th e  sam p les , th u s  th e  d is tu rb in g  effect o f c a rb o n a te  reflex ions 
co u ld  be avoided . T h e  sam e re la tio n sh ip , w h ich  is opposite  to  th e  s ta te m e n ts  
o f  G e y s s a n t  e t al. (1973) w as es tab lish ed  also in  th e  Szendro P a leo zo ic  (Á r k a i , 
1977). T h is re la tio n sh ip  m a y  be  in  con n ec tio n  w ith  h igher M g/A l ra t io  o f lim e­
s to n e s  as com pared  to  th e  d e tr i ta l  rocks.

T he h igher b 0 v a lu e  o f  th e  m e ta tu ff itic  lim estones an d  m e ta b a s a lts  m ay  
a lso  be due to  p e tro ch em ica l reaso n s. W hile  in  th is  case f i r s t  o f  a ll th e  Mg-Al 
re p la c e m en t should  b e  ta k e n  in to  acco u n t, th e  ex trem ely  h ig h  b 0 va lu es  o f 
m e ta -c h e rts  an d  c a rb o n a te  sch is ts  c an  be ex p la in ed  b y  th e  h ig h  F e /A l ra tio , 
th u s  b y  th e  considerab le  F e-A l s u b s ti tu tio n  in  th e  sericites.

T o  de te rm ine  th e  p ressu re  co n d itions o f  th e  reg ional m e tam o rp h ism , 
th e  s la te s  o f low c a rb o n a te  (less th a n  20% ) c o n te n t, o f  q u a r tz , se ric ite , ch lorite ,

Fig. 8. b 0 and d 002 values of sericites o f th e  m ain rock types. The N a/N a +  К  and] RM values 
(RM  =  V2 Fe2Oa -f- FeO +  MgO) after G u i d o t t i  and  S a s s i  (1976). Legend see on Fig. 3
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±  a lb ite , p o ta sh  fe ld sp ar, p y r i te  m ineral a ssem b lag e  w as used . S ince th e  
m e th o d  h a d  been e la b o ra te d  to  low  te m p e ra tu re  g reen sch is t facies m eta- 
p e lite s , a n d  th e  m e ta m o rp h ism  o f th e  U p p o n y  P a leozo ic  reached  o n ly  th e  
b o u n d a ry  o f  th e  anchi- a n d  epi-zones, th e  p re ssu re  e s tim a tio n  on th e  basis 
o f  th e  b 0 values m ay  be  o n ly  in fo rm ativ e .

T h e  average b 0 v a lu e  o f  th e  chosen s la te  sam ples o f U p p o n y  (x  =  
=  8 .9965  Á , n  =  34, sx =  0 .010 , s -  =  0.0018) in d ic a te s  low p ressu re  m e ta ­
m o rp h ism . T he cu m u la tiv e  d is tr ib u tio n  curve o f  th e  b 0-values in d ica te s  low er 
p re ssu re  th a n  suggested  b y  th e  d is tr ib u tio n  of th e  S zen d rő  m etap e lite s  (F ig . 9), 
a n d  re v e a ls  a tra n s itio n a l p o s itio n  betw een  th e  low  p re ssu re  B osost an d  th e  
C e n tra l E a s t  D a lrad ian  ty p e  in d ic a tin g  th e  lo w -m ed iu m  p ressu re  b o u n d a ry .

O u t o f th e  b 0 p re ssu re  d a ta  o f th e  m e ta m o rp h ite s  o f th e  A lps a n d  C ar­
p a th ia n s ,  th e  m e ta m o rp h ite s  o f  th e  U ppony  M o u n ta in s  are s im ila r to  th e  
p h y lli te s  o f  th e  E a s te rn  C a rp a th ia n s  and E a s te rn  A lps o f  H ercy n ian  age b u t  
th e y  in d ic a te  a slig h tly  h ig h e r  p ressu re  (Fig. 10).

I n  th e  A lpine an d  C a rp a th ia n  region th e  low  p ressu re  m e tam o rp h ism  
is c h a ra c te r is tic  of th e  H e rc y n ia n  te c to n o m e ta m o rp h ic  cycle. O n th e  c o n tra ry , 
th e  low  p re ssu re  does n o t in d ic a te  necessarily  H e rc y n ia n  age since th e  p ressu re

Fig. 9. Cum ulative frequency curves o f b 0 parameters o f  m uscov ites from low -tem perature  
greensch ist facies m etapelites o f different pressure range (after  Sa ssi and ScobAHl, 1974)
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co n d itio n s o f in e ta m o rp h ism  of th e  H e rc y n ia n  show ed also considerab le  
f lu c tu a tio n s  ( K r a u t n e r , S a s s i  e t a l., 1976) on  th e  one h a n d , an d  th e  A lpine 
te c to n o m e ta m o rp h ic  cycle consists o f d iffe re n t re c ry s ta lliz a tio n  p h ases  of 
d iffe ren t p ressu re  ran g es  d epend ing  on th e  te c to n ic  s ta te  o f ev o lu tio n , on  th e  
o th e r  (N ig g l i  e t a l., 1978).

V itr in ite  Reflectance, “ C o-existing" A n thracite  and  Graphite

T h e c layey  a n d  s ilty  s la te  an d  m e ta -c h e rt  ty p e s  o f  th e  L ázb é rc  an d  
T ap o lcsán y  F o rm a tio n s  co n ta in  g rea t a m o u n ts  o f fin e-d isp ersed  coalified  
p la n t  re m n a n ts . T h e  o rgan ic  m a tte r  as w ell as th e  sp h erica l b a c te r io p y rite  
o f  s tr ip p e d  d is tr ib u tio n  p a ra lle l w ith  th e  s t ra t if ic a t io n , fu r th e r  th e  less f req u en t 
ch a lco p y rite  are  in d ic a tiv e  o f red u c tiv e  e n v iro n m e n t of se d im e n ta tio n  (P la te
I I I / l ) .

T hree  ty p e s  o f  th e  coalified  p la n t re m n a n ts  can  be d is tin g u ish ed : a n th ra ­
c ite , m e ta b itu m in ite  w ith  m o saic-reflec tance  an d  g rap h ite .

A n th ra c ite  is u su a lly  o f  fine ly  d isperse  (less th a n  1 ^ m  on th e  average), 
less freq u en tly  i t  fo rm s g rea te r  g ra ins f ra c tu re d  b y  d e fo rm atio n  effects
(P la te  I II /2 ) .

M e ta b itu m in ite  w hich  is a tra n s fo rm a tio n  p ro d u c t o f th e  m obilized  b u t 
n o t m ig ra ted  b itu m in o u s  su b stan ce  o f th e  ro ck  occurs ra re ly  b u t  a lw ays in  th e  
cav itie s  o f c a rb o n a te  c ry s ta ls . In  polished sec tio n s  i t  ap p ears  as a n  ag g reg a te  
o f g ra in s of s tro n g  b ire flex io n  and  less th a n  1 /um  p ro duc ing  th u s  th e  c h a ra c ­
te r is t ic  m o sa ic -re flec tan ce  (P la te  I I I /3 ) . I t s  re flec tan ce  su rp asses  th a t  of 
th e  syngenetic  v i tr in i te s  in  th e  an th ra c ite  s ta te .

In  th e  sam p les  o f  th e T a p o lc sá n y  F o rm a tio n  th e  follow ing av erag e  ran d o m  
re fle c tan c e  v a lu es  w ere  de te rm in ed  (due to  th e  sm all n u m b er o f m easu rem en t, 
i.e . 10— 60, av e rag es can  be  considered to  be  o f  in fo rm a tiv e  n a tu re  on ly ):

Sample Rock R% n в

D t-8. 373.0 m m eta-chert,anthracite 5.24 14 0.35

D t-8. 373.0 m m eta-chert, m etabitum inite 5.64 22 1.00
D t-8. 396.5 m m eta-chert, anthracite 4.43 30 0.40

D t-8. 396.5 m m eta-chert, m etabitum inite 6.02 56 0.52
D t-8. 466.6 m slate, anthracite 6.29 14 0.68

D t-8. 480.0 ш slate, anthracite 5.62 12 0.43

T h e av erag e  v a lu e  o f th e  hom ogeneous a n th ra c ite  g ra in s is R 0 =  5 .17% . 
T h e  illite  c ry s ta llin ite  ind ices o f th e  sam e sam p les  in d ica te  th e  b o u n d a ry  of 
th e  an ch i- and  ep i-zones.
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A c c o rd in g  to  d iffe ren t a u th o r s  th e  b o u n d a rie s  o f th e  d iag en e tic  z o n e s / 
a n c h i-z o n e  an d  anch i-zone /ep i-zone) can  be  ch a ra c te riz e d  b y  th e  fo llow ing  
v i t r in i t e  re flec tan ce  d a ta  re s p . v o la tile  co n te n ts :

A u th o r

D iag en etic
zo n es/anch i-zone

B o u n d a ry  o f  
anchi-epi-zone*

r% vm% r% VM%

Frey a n d  N iggli, 1971 2 . 2 * 1 0 . 0 3.7* 4.0 (R 0)
Weber , 1972; Wolf, 1972 4.0 4.0* 6 . 0 2-5* (R max)
Kisch, 1974 2.5* 8 . 0 6 . 0 * 2-5 (Rmax)
Kübler, 1975 
Frey, Teichmüller and

2 . 6  — 2 . 8 7.0* 4.0—4.2 3.5* (R 0)

Mullis, 1978 2.4 —3.1 3.5—5.5* 4.7—5.6 2-8 2.0* (R mean)

* E stim ated  values after the K ötter diagram.

T h e  average  v a lu e  ( R 0 =  5 .17% ) o f th e  m easu rem en ts  co n cern in g  th e  
U p p o n y  sam p les  falls to  th e  in te rv a l  o f th e  a n c h i-ep i-b o u n d ary  o f  F r e y , 
T e i c h m ü l l e r  and  M u l l i s  s u p p o r te d  b y  m in e ra l-p a rag en e tic  resp . illite  crys-

Fig. 10. C um ulative frequency d is tribu tions of b 0 param eters of m uscovite in  the  m etapelites 
of th e  A lps and  the C arpathians (Sassi and  Scolari, 1974; Krautner, Sassi e t ah, 1975, 
1976) as w ell as in  the low-grade Paleozoic m etam orphic pelites of N ortheastern  H ungary . 
1. D a ls lan d ian  (E arly  Baikalian) R eb ra -B a rn a r series of th e  E astern  C arpathians; 2. A ssyntic 
(L a te  B a ik a lian ) Tölgyes Series of th e  E aste rn  C arpathians; 3. H ercynian R epedea, T ibau  and 
R u sa ia  Series of the E astern  C arpath ians; 4. H ercynian phyllites of the  E astern  A lps; 5.phyl- 
lites o f th e  Szendrő M ountains; 6. sla tes o f the U ppony M ountains; 7. H ercynian  phyllites, 

P o ia n a  Rusca Massif, S ou thern  C arpathians; 8. Alpine phyllites, E astern  Alps
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ta l l in i ty  d a ta . C on seq u en tly , th o u g h  th e re  a re  considerab le  d iffe ren ces in  th e  
l i te ra tu re  d a ta , o n  th e  basis  o f  v i tr in i te  re fle c tan c e  d a ta  th e  m e ta m o rp h ism  
co rresp o n d in g  to  th e  anch i-ep i-zone b o u n d a ry  can  be e s ta b lish e d . T h is  agrees 
fa ir ly  w ell w ith  th e  re su lts  o b ta in e d  b y  th e  illite  c ry s ta llin ity  in d ice s .

In  th e  p a r ts  o f  sh ea rin g  b o u n d a rie s  be tw een  rock  m asses o f  d iffe ren t 
m ech an ica l th u s  o f  d iffe ren t d y n am ic  b e h a v io u r  (lim estone a n d  s la te )  as well 
as in  m icro -d im ensions: a long  th e  sh e a re d  c leavage p lanes th e  m a jo r  p a r t  o f 
a n th ra c ite  w as tra n sfo rm e d  in to  fo lded  s tr ip s  o f  g rap h ite  (av e rag e  g ra in  w id th : 
<  1 fim , m ax .: 40 /im ). A t th e  sam e tim e , b e tw een  th e  sh e a rin g  s tr ip s  th e  
a n th ra c ite  has b een  p rese rv ed  in  th e  s tress-free  p a r ts  (P la te s  I I I / 4  a n d  IV /6).

T h e  “ co -ex istence”  o f  a n th ra c ite  a n d  g ra p h ite  h as  been  u n k n o w n  so fa r 
in  H u n g a ria n  ro ck  sam ples. A s im ila r p h en o m en o n  was describ ed  b y  D ie s s e l  
an d  O f f l e r  (1975) from  th e  m e ta m o rp h ic  series of M t. L o f ty  (S o u th e rn  
A u s tra lia )  w here  th is  “ co -ex istence”  su g g ests  cond itions co rre sp o n d in g  to  th e  
ch lo rite  zone o f  th e  g reensch ist facies.

A ccord ing  to  o u r o b se rv a tio n s  th e  ap p ea ran ce  o f g ra p h ite  is  cau sed  f irs t 
o f  a ll b y  th e  local increase  o f  sh ea rin g -s tre ss ; consequen tly , th e  “ co -ex is ten ce” 
m a y  occur a lre a d y  a t  th e  b o u n d a ry  o f  th e  anchi- an d  epi-zones.

O n th e  basis  o f th e  X -ra y  d iffra c to g ram  o f th e  o rg an ic  m a t te r  con­
c e n tra te  d e c a rb o n a ted  an d  desilic ified  b y  HC1 an d  H F  th e  coal m a t te r  is in  
th e  g ra p h ite -d 2 (m ed ium  d iso rd e red  g ra p h ite )  s ta te  accord ing  to  th e  g ra p h ite  
s t ru c tu ra l  o rder-sca le  e lab o ra ted  b y  L a n d i s , 1971 (F ig . 11). T h is  fa c t  also 
p ro v e s  t h a t  in  ad d itio n  to  th e  m icroscop ica lly  well c ry sta llized  g ra p h ite  th e  
q u a n t i ty  o f  d iso rd e red  a n th ra c ite  is also  rem ark ab le .

Fig. 11. D iffractogram  of the dispersed organic m a tte r  of a m eta-chert sam ple, obtained 
by  HC1 +  H F  trea tm en t (D édestapolcsány-8. bore 370.0 m). C haracterization of th e  (002) 

reflexion of graphite  according to  L a n d i s  (1971)
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Conclusions

I n  th e  U ppo n y  M o u n ta in s  of m onoclinal fo ld ed  s tru c tu re  th e  p ro p o rtio n  
o f  ca lcareo u s sed im en ts  g ra d u a lly  decreases w h ile  th e  q u a n ti ty  o f  fin e- 
d e t r i ta l  siliceous se d im e n ts  increases since th e  M iddle  D evon ian  u p  to  th e  
M iddle  C arboniferous. T h e  eq u ilib ra ted  p re d o m in a n tly  ca rb o n a tic  s e d im e n ta ­
t io n  o f  th e  M iddle D e v o n ia n  U ppo n y  L im esto n e  F o rm a tio n  is rep laced  in  th e  
U p p e r  D ev o n ian — L o w er C arboniferous L ázb érc  F o rm a tio n  by  th e  fre q u e n t 
a l te rn a tio n  o f ca lca reo u s-c lay ey -san d y  sed im en ts  o f  d iffe ren t ra tio . T h e  in ­
c rease  in  m ob ility  o f  th e  geosyncline is in d ic a te d  b y  th e  basic  (?) tu f f i t ic  
in te rc a la tio n s . In  th e  M idd le  C arboniferous T a p o lc sá n y  F o rm a tio n  th e  to ta l  
ab sen ce  o f  calcareous se d im e n ts  and th e  p re d o m in a n c e  of th e  d e tr i ta l  (m o stly  
c lay ey  su b o rd in a te ly  s i l ty , san d y ) and  siliceous sed im en ts  suggest th e  d e ep en ­
in g  o f  th e  se d im e n ta ry  tro u g h . The d eep -fau lts  re la te d  p resu m ab ly  to  th e se  
m o v em en ts  g en era ted  th e  su b m arin e  vo lcan ic  a c t iv i ty  m an ifested  in  sev era l 
h o rizo n s  an d  re p re se n te d  b y  p red o m in an tly  b a s a lt ic  lav a  and  tu ff.

B e tw een  th e  M idd le  D ev o n ian  an d  M idd le  C arboniferous fo rm atio n s  
c o n tin u o u s  se d im e n ta tio n  c a n  be assum ed. N o a n g u la r  un co n fo rm ity  can  be 
e s ta b lish e d  betw een  th e  in d iv id u a l fo rm atio n s, re sp . betw een  th e ir  p a r ts .

O n th e  basis o f  th e  illite  c ry s ta llin ity  in d ices , v i t r in b e  re flec tan ce  d a ta ,  
ro c k - te x tu ra l fe a tu re s , m in e ra l assem blages, p re sen ce  o f ch lo rito id , o f  th e  
g lau co n ite -ce lad o n ite— stilp n o m e lan e  isograde  a n d  o f  th e  a n th ra c ite -g ra p h ite  
“ co -ex is ten ce”  th e  reg io n a l m etam o rp h ism  o f  th e  Paleozo ic  fo rm atio n s o f th e  
U p p o n y  M ounta ins p ro v e d  to  have  occured a t  a te m p e ra tu re  co rresp o n d in g  
to  th e  b o u n d a ry  of th e  a n ch i-  and  epi-zones ( th e  b o u n d a ry  o f th e  v e ry  low - 
an d  low -grade  m e ta m o rp h ic  g rade ; abou t 300 °C acco rd in g  to  W i n k l e r , 1976).

T h e  sligh t d iffe rences be tw een  th e  illite  c ry s ta ll in ity  values o f d iffe ren t 
ro ck  ty p e s  in d ica te  t h a t  re c ry s ta lliz a tio n  d id  n o t  e lim in a te  th e  p r im a ry  d iffe r­
ences o f  th e  illites o f  d iffe re n t d eg rad a tio n  g rad e  o f  th e  in d iv id u a l lith o fac ies .

N o sign ifican t d iffe ren ce  in  th e  m e ta m o rp h ic  grade has been  fo u n d  
b e tw e e n  th e  M iddle D e v o n ia n  and  M iddle C arb o n ife ro u s fo rm ations.

T h is  fac t, as w ell as th e  con tinuous se d im e n ta tio n , th e  deepening  o f  th e  
se d im e n ta ry  tro u g h  a n d  th e  lack  of an g u la r u n c o n fo rm ity  exclude th e  p o s­
s ib il i ty  to  assign th e  re g io n a l d y n am o th erm al m e tam o rp h ism  of th e  sequence 
to  th e  B re to n ian  p h ase  (D evon ian -C arbon iferous b o u n d a ry )  or to  th e  S u d e ta n  
p h a se  (V isean -N am u rian  b o u n d a ry ) of th e  H e rc y n ia n  orogenic cycle.

O n ly  sligh t d iffe ren ces could be s ta te d  b e tw e e n  th e  m etam o rp h ic  g rades 
o f  th e  Paleozoic  o f U p p o n y  an d  th e  anch i-zonal (p u m p e lly ite -p re h n ite -q u a rtz  
facies) T riassic  fo rm a tio n s  o f  B ükk  M o u n ta in s . F o r  th is  reason , an d  since 
in  th e  B ü k k  M ou n ta in s  a  sed im en ta ry  sequence  is know n  ch arac te rized  b y  
c o n tin u o u s  se d im e n ta tio n  fro m  th e  M iddle C arb o n ife ro u s up  to  th e  U p p e r 
T ria ss ic , i t  seems to  b e  im p ro b ab le  th a t  th e  m e ta m o rp h ism  of th e  U p p o n y
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Paleozo ic  w ould h a v e  b een  connected  to  som e p h ase  of th e  H e rc y n ia n  cycle 
y o u n g e r  th a n  S u d e ta n . I t  is m ore lik e ly  t h a t  th e  Ig a l-B iik k  m o b ile  b e lt in ­
c lud ing  also th e  P a leozo ic  o f  th e  Szendrd , U p p o n y  and  B ü k k  M oun ta ins, 
en d u red  an  A lp ine d y n a m o th e rm a l m e ta m o rp h ic  effect sy n g e n e tic  w ith  the  
fo ld in g  re la ted  to  th e  C retaceous collision p la te  m ovem en ts.

B ecause o f  th e  la c k  o f erosional or a n g u la r  u n co n fo rm ities  th e  H ercy n ian  
re c ry s ta lliz a tio n , i f  th e re  h a d  been  any , m ig h t h a v e  been only  o f  b u r ia l  ch a rac te r 
a n d  regard ing  i ts  in te n s i ty , i t  m igh t n o t exceed  th e  m e tam o rp h ic  g rad e  o f the  
A lp ine  p h ase .

T he low -m edium  tra n s it io n a l p re ssu re  ra n g e  (2.5— 3 k ilo b a r)  an d  th e  
low  p ressu re  ra n g e  (a b o u t 2.5 k ilobar) e s ta b lish e d  on th e  b as is  o f  b 0 la ttice  
p a ra m e te r  d is tr ib u tio n  o f seric ites in  th e  S zen d rő  resp . U p p o n y  M ountains 
do n o t c o n tra d ic t to  th is  fa c t since th e  p re ssu re  cond itions o f  m e tam o rp h ism  
d ep en d  on th e  te c to n ic  reg im e  and  n o t o n  th e  geological age.

T he low p re ssu re  m e tam o rp h ism  in d ic a te s  t h a t  th e  p a r t  o f  t h e  c ru s t now 
s i tu a te d  so u th e a s t o f  th e  D a rn ó  tec to n ic  lin e  d id  n o t ta k e  p a r t  in  th e  A lpine 
su b d u c tio n  processes. T h e  anchi-zonal m e tam o rp h ism  o f th e  T ria ss ic  o f the  
B ü k k  M oun ta ins, th e  la c k  o f  th e  Ju ra ss ic  o r  C retaceous fo rm a tio n s  (resp. 
th e ir  co n tin en ta l c h a ra c te r ) , o r w hen th e ir  erosion  is a ssu m ed , th e  sm all 
th ic k n e ss  of th e  J u ra s s ic — Low er C retaceous sed im en ts re q u ire  to  ta k e  in to  
co n sid e ra tio n  also n ap p e -fo rm in g  processes c o n tr ib u tin g  to  th e  p re ssu re  and 
te m p e ra tu re  co n d itio n s  o f  th e  m e tam o rp h ism .

On th e  b as is  o f  th e  petro log ica l d a ta  o f  th e  U p p o n y  P a leo zo ic  i t  is 
p ro b ab le  th a t  th e  A lp ine  m etam o rp h ic  effect e s tab lish ed  ea rlie r fo r  th e  T rias­
sic fo rm atio n s o f  th e  B ü k k  M ountains (Á r k a i , 1973) caused also th e  re c ry s ta l­
liz a tio n  o f  th e  P a leo zo ic  b a sem en t o f th e  Ig a l-B ü k k  m obile b e lt .

In  sp ite  o f  th e  conclusions d raw n fro m  th e  conodon t in v es tig a tio n s  
( K o z u r  and  M o c k , 1977) th e re  is a d iffe rence  betw een  th e  m e tam o rp h ic  
g rades o f  th e  P a leozo ic  an d  Triassic fo rm a tio n s . In  th e  s tra t ig ra p h ic  profile 
th e  m etam o rp h ic  g rad e  decreases from  th e  D ev o n ian  to  th e  T ria ss ic  from  th e  
low -m edium  p re ssu re  low  te m p e ra tu re  g reen sch is t facies (low -g rade  m e ta ­
m orph ism ) to  th e  low  p re ssu re  anchi-zone (p u m p e lly ite -p re h n ite -q u a rtz  facies, 
very -low -grade  m e ta m o rp h ism ). This d ifference, how ever, can  b e  su ffic ien tly  
ex p la ined  by  th e  d e p th  differences of b u r ia l  re la te d  to  th e  s tr a t ig ra p h ic  posi­
t io n  an d  in  acco rd an ce  w ith  th e  s ta te m e n ts  o f  K o z u r  an d  M o c k  (1977) it  
does n o t su p p o rt th e  a ssu m p tio n  o f a H e rc y n ia n  d y n a m o th e rm a l m e ta ­
m orph ism .
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МИНЕРАЛЬНЫЕ АССОЦИАЦИИ, ДАННЫЕ СТЕПЕНИ КРИСТАЛЛИЗАЦИИ 
ИЛЛИТА, —Ь0 И СТЕПЕНИ УГЛЕФИКАЦИИ ПАЛЕОЗОЙСКИХ ПОРОД ГОР 

УППОНЬ (СВ ВЕНГРИЯ), ПОДВЕРГШИХСЯ ПЕРЕХОДНОМУ МЕТАМОРФИЗМУ 
НИЗКОЙ И ВЕСЬМА НИЗКОЙ СТЕПЕНИ

П. А Р К А И -З. А. ХОРВАТ—М. ТОТ

Р е з ю м е

Среднедевонские-среднекаменноугольные образования гор Уппонь, расположен­
ных на северной границе Игало—Бюкской подвижной зоны, образуют моноклинальную 
складчатую структуру. Условия осадконакопления характеризуются постепенным умень­
шением доли известковистых осадков, и в конечном счете их полным отсутствием, а также 
параллельным увеличением обломочных и химогенных кремистых осадков. Вулканичес­
кая деятельность, выявленная в нескольких стратиграфических горизонтах и создавшая в 
основном базальтовые лавы и пирокластиты, была обусловлена, по-видимому, глубинными 
разломами, приуроченными к опусканию осадочного бассейна.

Судя по минеральным ассоциациям, петроструктурным особенностям пород, степени 
кристаллизации иллита, метаморфозу глауконито/селадонито-стильпномеланового изогра­
да, а также образованию хлоритоидов и сосуществованию антрацитов и графитов, регио­
нальный метаморфоз палеозойских отложений гор Уппонь произошел при температуре 
около 300°С, что соответствовало гравнице между анхи- и эпизональным метаморфизмом. 
Распределение параметра Ь0 кристаллической решетки серицитов указывает на пере­
кристаллизацию пород в условиях пониженного давления (х =  8.996Â,n =  34, s =  0,010), 
то есть на около 2,5 килобар. Нет какой либо значительной разницы по степени метаморфиз­
ма меж ду среднедевонскими и среднекаменноугольными отложениями. В связи с этим, а 
также ввиду беспрерывности осадконакопления и углового несогласия между ними исклю­
чена вероятность предположения герцинской, бретонской или судетской тектоно-мета- 
морфических фаз. На основании степени метаморфизма других палеозойских и мезозойских 
пород рассматриваемой зоны можно предположить альпийский (меловой) возраст 
регионального динамометаморфизма.
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K b -S r ISOTOPIC STUDIES ON GRANODIOR1TIC 
ROCKS FROM THE MECSEK MOUNTAINS, 

HUNGARY
By

É .  S v i n g o r , Á . K o v a c h

INSTITUTE OF NUCLEAR RESEARCH OF THE HUNGARIAN ACADEMY OF SCIENCES, 
DEBRECEN, HUNGARY

New isotopic age determ inations carried ou t w ith  the rub id ium -stron tium  m ethod 
on granodioritic basem ent rocks from the Mecsek M ountains in S ou theastern  Trans- 
danubia give fu rth er support to  assum ptions on a polyphase developm ent o f th e  Mecsek 
crystalline. As shown by  in itia l Sr isotopic ra tios, the protolith of the granodioritic  
assemblage of polym etam orphic-anatectic origin m ust have been strongly  basic in  its 
composition. G ranitization processes com m enced about 430 million years ago, th u s  the 
(sedim entary) p ro to lith  assemblage subjected  to  granitization m ust have been  a t least 
Lower Silurian in  its  age. The sca tter of ind iv idual model ages obtained on to ta l  rock 
sam ples reflects the polym etam orphic-polytectonized character of the basem en t, and 
suggests th a t  following a p rim ary  g ran itization  process secondary events m ig h t have 
led to the to ta l or partia l recrystallization of the rocks in question. An ev en t a t  about 
335 million years (E arly  Carboniferous) seems to  be of special im portance , and is 
characterized by  potash  m etasom atism  having affected more or less the en tire  basem ent 
mass. The in te rp re ta tion  of th is event as th e  onset of regional emergence is supported  
by  the fact th a t  b io tite  ages indicate a lowering of am bient tem pera tu re  below the 
blocking tem perature  of the b io tite  Rb — Sr isotopic system.

The tectonic developm ent of the basem ent crystalline as reflected in  th e  isotopic 
age data  closed a t  about 270 ±  20 million years w ith processes causing retrograde 
changes in the crystalline as a whole, b u t leading to  the developm ent of dyke rocks in 
the  tectonically active p a rts  of the basem ent mass.

Iutroduction

A ge re la tio n sh ip s  w ith in  th e  c ry s ta llin e  b asem en t of th e  M ecsek M oun­
ta in s  h a s  been a m a t te r  of d eb a te  in  H u n g a r ia n  geology for a long  t im e , w ith  
sev e ra l questions s till unso lved . C o n trad ic tio n s  an d  inconsistencies am ong 
d iffe re n t opinions reg a rd in g  age re la tio n sh ip s  w ith in  th e  lower s t ru c tu ra l  stages 
o f th e  a re a  are  especia lly  s ig n if ic a n t in  re la tio n  to  th e  evo lu tion  in  t im e  o f th e  
p rocesses lead ing  to  th e  a n a te c tic  d ev e lo p m en t o f th e  cry sta llin e  co re  o f  th e  
m o u n ta in  w ith  a reg iona l ex ten s io n  w ell exceed ing  th e  lim its o f su rfa c e  occu r­
ren ces o f g ran itic -g ran o d io ritic  rocks. T h e  o rig in  o f  debates trace s  b a c k  p a r tly  
to  d iffe re n t view s a b o u t th e  w ay  o f fo rm a tio n  o f th e  g ran itic  rocks in  q u e s tio n . 
S im ila r  w eigh t shou ld  be g iven , how ever, to  th e  fa c t th a t  in fo rm a tio n  o b ta in e d  
b y  d iffe ren t a u th o rs  in  d iffe ren t p a r ts  o f  th e  m o u n ta in , as well as  th e  use 
o f  d iffe ren t sam ple m a te r ia l th re w  lig h t o n  d iffe ren t aspects o f th e  processes 
h a v in g  influenced  th e  rock  assem blages o f  th e  c rysta lline  a rea . T h u s , each 
a sp ec t gained  d iffe ren t w eigh t in  th e  sy n th e tiz in g  w ork of in d iv id u a l a u th o rs .
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I n  re c e n t y ea rs  th e  ex p lo ra to ry , re sea rch  a n d  m app ing  w ork  c a rr ie d  o u t 
in  th e  M ecsek a rea  e x te n d e d  our know ledge u p o n  th e  c rysta lline  b a se m e n t 
b y  a  considerab le  a m o u n t. M ore accu ra te  in fo rm a tio n  th a n  befo re  is now  
a v a ila b le  on th e  a rea l e x te n t  o f  th e  g ran itized  re g io n , as well as on its  te c to n ic  
re la tio n sh ip s  b o th  w ith in  th e  reg ion  and  on a  b ro a d e r  regional scale. I n  c o n ­
n e c tio n  w ith  th e  age re la tio n sh ip s , how ever, no  s ig n if ic a n t step  fo rw ard s h as  
b e e n  m ad e . O n th e  c o n tra ry ,  w ith  accu m u la tin g  in fo rm atio n  th e  n u m b e r  o f 
o p en  q u es tio n s  even  in c re a se d . F o r exam ple, b e c a u se  of th e  lack  o f  a d e q u a te  
s tra t ig ra p h ic  co n tro l, th e  age problem  arises as a cruc ia l questio n  w hen  p o s­
sib le  g en e tic  connec tio n s w ith  m etam orph ic  ro ck s  o f  th e  su rro u n d in g  a reas  a re  
e x a m in e d . In c reased  k n o w led g e  on th e  s t r u c tu r a l  b u ild -u p  of th e  b a se m e n t, 
th e  d isce rn m en t o f i ts  te c to n ic a lly  d issected  c h a ra c te r  w ith  u n its  fe a tu r in g  
ev en  som e lith o lo g ica l d iss im ila ritie s  ra ised , fo r  ex am p le  th e  basic  q u e s tio n ; 
w h e th e r  a reg ional h e te ro g e n e ity  in  p rim ary  (p ro to lith )  age an d /o r g ra n itiz a -  
t io n  age  could  be assu m ed  o r n o t. P rev io u s iso to p ic  d a ting  (Ov c h i n n i k o v  
e t  a l., 1951; K o v á c h — B a l o g h — Sá m s o n i , 1968) could  n o t answ er all th e s e  
q u e s tio n s , w hich fa c t se rv e d  as an im petus to  t r y  to  collect a d d itio n a l age 
ev id en ce  b y  R b-S r d a tin g  b a se d  on a m ore e x te n d e d  sam ple m a te ria l.

Views on  A ge R elationsh ips in  th e  M ecsek  Crystalline

A lth o u g h , since th e  d iscovery  of Sz á d e c z k y -K a r d o ss  (1959) —  t h a t  th e  
fo rm a tio n  o f th e  M ecsek g ran ite s  should be  e x p la in e d  b y  m ig m a tiza tio n  co n ­
n e c te d  to  reg ional m e ta m o rp h ism  —  th e re  is a n  e ssen tia lly  unan im o u s ag re e ­
m e n t am o n g  d iffe ren t a u th o rs  ab o u t th e  g en e ra l c h a ra c te r  of th e  g ra n itiz a tio n  
p ro cesses  in  th is  reg io n , v iew s ab o u t th e  te m p o ra l  developm ent o f th e  g ra n ­
i t iz a t io n  process, as w ell as w ith  respect to  th e  age a n d  ch arac te r o f th e  p ro to ­
l i th  assem blage  are  w id e ly  d iffe ren t. E v id e n tly , th e s e  tw o questions are  in te r ­
re la te d ;  th e  geological age o f  th e  p ro to lith  a ssem b lag e  serves as a low er lim it  
fo r th e  possib le  tim e  o f  g ra n itiz a tio n . S im ila rly , assu m p tio n s (or d a ta )  o n  th e  
g ra n it iz a t io n  process i ts e lf  shou ld  be in te rp re te d  as an  u p p er lim it fo r  th e  
p o ss ib le  age o f th e  p re c u rso r  sedim ents.

P rev io u s  a ssu m p tio n s  (V a d á sz , 1960) b a s e d  s till  on an  assum ed  a n a lo g y  
w ith  th e  V elence M o u n ta in  g ran ites re g a rd e d  th e  M ecsek c ry s ta llin e  as a 
H e rc y n ia n  in tru s io n . L a te r  —  alread y  on th e  b a s is  o f th e  m ig m atitic  d e r iv a ­
t io n  recogn ized  b y  S z á d e c z k y -K ard o ss  (1 9 5 9 ) —  several au th o rs  t r ie d  to  
co m p ile  a se lf-co n sis ten t p ic tu re  on th e  ig n eo u s-m etam o rp h ic -tec to n ic  d e v e lo p ­
m e n t o f  th e  reg ion . Csa l a g o v it s  (1964) r e g a rd e d  th e  Mecsek g ran ito id es  as 
p ro d u c ts  o f  tw o  su b se q u e n t orogenic cycles. A cco rd in g  to  h im , in  th e  f i r s t  
p e r io d  o f  g ra n itiz a tio n  a t ta c h e d  to  th e  C aled o n ian  o rogeny  synorogenic  g ran o - 
d io r ite s  w ere fo rm ed  (“ a n a te x is  I ” ). D uring  th e  E a r ly  C arboniferous a second
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p h ase  cha rac terized  b y  p o tass iu m  m e ta so m a tism  and  h y  th e  in tru s io n  of 
m icrog ran itic  an d  a p litic  dykes closed th e  process of g ra n itiz a tio n  (“ anatex is 
I I ” ).

S im ilarly , Ghanem and  Ravasz-Baranyai (1967) re g a rd  th e  c ry s ta l­
line  b asem en t rocks o f  th e  M ecsek M o un ta ins as p ro d u c ts  o f  sev e ra l super­
im posed  processes d is tin c tly  sep a ra ted  in  tim e . A ccording to  th e s e  au tho rs, 
th e  m arg ina l v o lcan ic -sed im en ta ry  assoc ia tion  o f an  assu m ed  P recam b rian  
geosyncline has u n d e rg o n e  progressive m e tam o rp h ism  c u lm in a tin g  in  local 
m ig m atiza tio n  s till in  th e  P re c a m b ria n . D u rin g  th e  H e rc y n ia n  orogeny, 
g ran itic  m elts a scen d in g  in  th e  fissu res o f  th is  (still basic) assem blage  led 
to  th e  deve lopm en t o f  th e  p o rp h y ro b la s tic  c h a ra c te r  o f  th e  g ran o d io rite s , 
co n tem p o ran eo u sly  w ith  th e  in tru s io n  o f  ap litic  dykes. T h e y  a t t r ib u te  the  
c a tac las tic  fab ric  o f  th e  g ran o d io rites  to  H ercy n ian  m o v em en ts . T h is  evolu­
t io n a ry  schem e th u s  re g a rd s  th e  g ran itic -g ran o d io ritic  rocks o f  th e  Mecsek 
M oun ta ins as a p o ly m e tam o rp h ic -p o ly tec to n ic  assem blage.

B ased on th e  in v e s tig a tio n  o f fe ld spars, B uda (1969) c lassified  th e  grano­
d io rite s  of th e  reg io n  in to  tw o  groups. G ran ito id  rocks o f a n a te c tic  origin 
m ig h t h av e  been  d e riv ed  from  geosyncline sed im ents o f P re c a m b ria n  ( ?) age 
th ro u g h  am p h ib o lite -g rad e  reg ional m e tam o rp h ism  in th e  m a in  p h a se  of the  
H e rcy n ian  o rogeny . S u b seq u en tly , in  th e  la te  orogenic p h a se  th ro u g h  p o ta s­
sium  m etaso m atism  th e  m icrocline-rich  g ran o d io rites , as w ell as a p lite  and 
m ic ro g ran ite  dykes o f  la te -k in e m a tic  c h a ra c te r  h av e  d eve loped .

T he com prehensive  w ork  o f Jantsky (1974) based  on d e ta ile d  m apping  
an d  in te rp re ta tio n  w o rk  to o k  a s ta n d p o in t q u ite  d ifferen t in  a ssess in g  th e  tim e 
o f g ran itiz a tio n  in  th e  M ecsek M oun ta ins. C lassifying th e  b a se m e n t fo rm ations 
in to  th re e  te c to n ic  s ta g e s , he reg a rd ed  th e  g ran ito id  rocks as o f  u ltra m e ta -  
m orph ic  orig in , fo rm in g  a con tinuous genetic  sequence w ith  m ig m a tit ic  rocks 
in  th e  b o rd e r zone o f  th e  cen tra l g ran o d io ritic  m ass. T he u ltra m e ta m o rp h ic  
assem blage in c lud ing  th e  g ran o d io ritic  core w ith  its  a p litic  d y k e s  is tre a te d  
as L ow er to  M iddle P ro te ro zo ic  in  age, m etam o rp h o sed  an d  ev en  d iap h to rized  
d u rin g  th e  R ip h ean  orogeny . A ccord ing  to  his view s, fo llow ing  th e  R iphean  
o rogeny  no fu r th e r  p rogessive  m e tam o rp h ism  m an ifestin g  i ts e lf  in  new ly 
fo rm ed  m ineral asso c ia tio n s has ever o ccu rred  in  th e  area . T h e  e ffec ts  o f th e  
H e rcy n ian  orogeny  a re  reg a rd ed  as in s ig n if ican t ones, and  o u t  o f  th e  igneous 
rocks o f  th e  a rea  o n ly  th e  se rp en tin ite s  o f  th e  G örcsöny R id g e , su b o rd in a te  
a p litic  dykes b o rd e rin g  th e  C arboniferous sed im en ta ry  a rea s  an d  p roduc ts 
o f  th e  (subsequen t) P e rm ia n  q u a r tz  p o rp h y ry  volcan ism  are  a t t r ib u te d  to  it.

Szederkényi (1974a, b) d iv ided  th e  b asem en t fo rm a tio n s  o f  th e  Mecsek 
M o un ta ins and  i ts  su rro u n d in g  areas on  litho log ical an d  te c to n ic  grounds. 
A ccord ing  to  h is su m m ariz in g  conclusions, th e  com posite  b a se m e n t consists 
o f  genetically  an d  lith o lo g ica lly  defined  u n its  de lim ited  b y  E a r ly  Paleozoic 
s tru c tu ra l lines. T h e  o ld es t b asem en t fo rm a tio n  is re p re se n te d  b y  th e  m eta-
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m o rp h ite s  of the  G örcsöny  R id g e , th e  p rogressive  se rie s  o f  w hich leads in to  
th e  g ra n itic  m ass of M ó rág y  w ith  g radually  in c rea s in g  signs o f  an a tec tic  g ran- 
i t i z a t io n .T h e  p re -m e ta m o rp h ic  age of th e  m e ta m o rp h ic  sequence an d  hence  
t h a t  o f  th e  p ro to lith s o f  t h e  g ran itiz ed  region m ig h t h a v e  been P re c a m b ria n  
o r  L o w e r Palaeozoic. H e  to o k  n o  defin ite  s ta n d p o in t  w ith  re sp ec t to  th e  age 
o f  g ra n itiz a tio n . In  th e  P a le o -H e rc y n ian  te c to n ic  su b s ta g e  ch a rac te rized  b y  
r ig id  b lo ck  tectonics r e g io n a l em ergence has o c c u rre d , accom pan ied  b y  su b ­
o r d in a te  m agm atic a c t iv i ty  (dev e lo p m en t o f m ic ro g ra n itic  dykes and  ap lites) 
o n ly . T h e  igneous h is to ry  o f  th e  basem ent is c losed  b y  th e  (P erm ian ) q u a r tz  
p o r p h y r y  volcanism  a t t r ib u te d  to  th e  N eo -H ercy n ian  te c to n ic  su b stage .

R ecen t findings (S z e d e r k é n y i , 1977) s u p p o r t p re v io u s  assum ptions th a t  
th e  L o w er Paleozoic (?) p h y l l i te s  of th e  Ó falu  a re a  sh o u ld  be regarded  as th e  
p r o to l i th  of th e  g ra n o d io r itic  crysta lline . T h is a s su m p tio n  is s tro n g ly  su p ­
p o r te d  b y  th e  d iscovery  o f  c ry s ta ll in e  lim estones o f  th e  Ó falu  sequence in  th e  
fo rm  o f  inclusions w ith in  th e  g ran itized  rocks n e a rb y  (S z e d e r k é n y i , perso n a l 
c o m m ., 1978). I f  su p p o r te d  b y  fu r th e r  evidence, th is  f in d in g  w ould s tro n g ly  
s p e a k  ag a in s t an assu m ed  P re c a m b ria n  age o f g ra n itiz a tio n .

Iso to p ic  age d e te rm in a tio n s  carried  o u t so f a r  on  th e  g ran itic  rocks an d  
th e i r  m in era l co n s titu e n ts  d id  n o t  allow to  d raw  u n a n im o u s  conclusions w ith  
r e s p e c t  to  th e  po lyphase  h is to r y  of igneous d e v e lo p m e n t o f th e  reg ion . Ov ­
c h i n n i k o v  et al. (1961) o b ta in e d  K -A r ages b e tw e e n  335 and  260 m illion  
y e a r s  o n  to ta l  rocks a n d  b io ti te s . K o v á c h , B a l o g h  an d  Sá m s o n i  (1968) 
r e p o r t  a R b-S r isochron age  o f  284 10 m . y . fo r  b io ti te s , and  conclude th a t
th e  la s t  m ag m atic -tec to n ic  e v e n t  (except th e  P e rm ia n  vo lcan ism ) has occurred  
in  t h e  L a te  C arbon iferous. A ccord ing  to  s u b s e q u e n t re -ev a lu a tio n , h o w ­
e v e r , th e  sam ples ta k e n  a t  t h a t  tim e  as b io tite s  c o n ta in e d  also ch lo ritic  m icas 
in  co n sid e rab le  am o u n t d e v e lo p e d  from  b io tite  in  a re tro g ra d e  m e tam o rp h ic  
p ro c e ss . T hus, th e  age a t t r i b u t e d  to  th em  m o st p ro b a b ly  refers to  th e  la s t 
te c to n ic  even t acco m p an ied  b y  low -grade m e ta m o rp h ism  in  th e  given area . 
D e te rm in a tio n s  on to ta l  ro c k  sam p les  ra ised  th e  p o s s ib il i ty  o f assum ing  a p re ­
v io u s  e v e n t a t abou t 440 m . y . ,  as well. Som e r e s u lts  seem ed to  su p p o rt th e  
c o n c e p tio n  of P re c a m b ria n  d e sc e n t, b u t th e  s tro n g ly  a lte re d  c h a ra c te r  of th e se  
sa m p le s  w ith  ex cep tio n a lly  h ig h  model ages m ak es  p ro b ab le  th a t  th e  P re ­
c a m b r ia n  ages o b ta in ed  fo r  th e m  are acc id en ta l ones on ly , due to  th e  re d is ­
t r i b u t io n  of R b an d /o r s t r o n t iu m .

I n  th e  ligh t o f th e  p re v io u s  discussion i t  seem ed  h igh ly  d esirab le  to  
c a r r y  o u t  fu rth e r  m e a su re m e n ts  even on th e  re c o n n a issa n c e  level on care fu lly  
s e le c te d  to ta l  rocks an d  c o lle c t add itio n a l iso top ic  d a ta  p e r tin e n t to  th e  e s tim a ­
t io n  o f  th e  tim e of g r a n i t iz a t io n , which seem s to  be  th e  crucia l q u es tio n  in  
d e c ip h e r in g  th e  m e ta m o rp h ic - te c to n ic  d eve lopm en t o f  th e  M ecsek c ry sta llin e . 
I n  t h e  course of th e  p re s e n t  in v es tig a tio n s  we a im ed  a t  th e  d e te rm in a tio n  of 
p o s s ib le  age lim its fo r th e  re g io n a l m e tam o rp h ism  lead in g  to  g ra n itiz a tio n ;
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to  e s ta b lish  w h e th e r  th e re  were a n y  d isce rn ib le  d ifferences in  age b e tw een  
th e  in d iv id u a l p h ases  o f  igneous a c tiv ity  in  th e  M ecsek a rea , as well as b e tw een  
th e  in d iv id u a l u n its  o f  th e  b asem en t se p a ra te d  b y  d is tin c t te c to n ic  zones.

Experimental M ethods

In  d e te rm in in g  th e  basic  ex p e rim en ta l d a ta  used  in m odel age c a lc u la ­
tio n s  (c o n c e n tra tio n s  o f  R b  an d  Sr, iso top ic  r a t io s  o f s tro n tiu m ) m ass sp e c tro ­
m é trie  p ro ced u re s  w ere app lied . Sam ples o f  0.2 g w eight were d isso lv ed  in  
p la tin u m  crucib les in  th e  m ix tu re  o f  H F  a n d  Н С Ю 4 on a h o t p la te . F o llow ing  
d isso lu tio n  th e  d rie d  sam ples w ere d isso lved  in  a sm all am o u n t o f  3 n  HC1. 
T h e  so lid  re s id u e  o bserved  in  som e cases co n sis ted  o f zircon an d  som e ore 
m inera ls  (i.e. ru b id iu m - and  s tro n tiu m -free  p h ases) only , w hich w ere f il te re d  
o ff an d  w ere d isca rd ed .

C o n cen tra tio n s  o f  S r an d  R b  have b e e n  de te rm in ed  b y  s ta b le  iso to p e  
d ilu tio n  (see e.g. S m a l e s  an d  W a g e r , 1960) in  s e p a ra te  ru n s  by  ad d in g  h ig h ly  
en riched  87S r an d  87R b  spikes to  th e  sam ples p r io r  to  d isso lu tion . P u re  s tro n ­
t iu m  sam p les  fo r  m ass  sp e c tro m e try  w ere p re p a re d  on D ow ex 50 W  x  12, 
200—400 m esh  c a tio n  exchange co lum ns. S r sam ples ob ta in ed  in  th is  w ay  
w ere c o n v e rte d  in to  a n i tr a te  fo rm  and  lo a d e d  o n to  th e  side f i la m e n ts  o f a 
th re e -b a n d  ion  source  w ith  a rh en iu m  c e n tra l  f ila m e n t. All m ass sp e c tro m e tr ic  
m easu rem en ts  w ere ca rried  o u t w ith  an  M I-1309 ty p e  m ass sp e c tro m e te r . 
D isc rim in a tio n  effec ts in  th e  Sr iso top ic  r a t io  ru n s  were co rrec ted  th ro u g h  
n o rm aliz in g  to  th e  8eS r/88Sr =  0.1194 re fe ren ce  ra tio . In  th e  co u rse  o f  th e  
p re sen t series o f m easu rem en ts , e rro rs in  th e  87S r/86Sr ra tio s  w ere in  th e  o rd er 
o f  0 .3 % , th e  c o n c e n tra tio n  values are c o rre c t w ith in  ab o u t 2 % . T h e  erro rs 
assigned  to  th e  in d iv id u a l m odel ages w ere c a lc u la ted  on th e  basis o f th e  RMS 
erro rs o f  th e  u n d e rly in g  ex p erim en ta l d a ta .  I n  ca lcu la tin g  th e  m odel ages 
th e  ra d io a c tiv e  d ecay  c o n s ta n t o f 87R b  w as ta k e n  as A =  1.39 • 1 0 -11 y r - 1 .

Results and D iscussion

T h e  e x p e rim e n ta l iso top ic  d a ta  o b ta in e d  b y  th e  m ethods sk e tch ed  above 
are su m m arized  in  T ab le  I  to g e th e r  w ith  th e  ca lcu la ted  m odel ages b a se d  on 
an  in it ia l  87S r/86Sr ra t io  o f 0.7055 (as fo r  th e  ju s tif ic a tio n  of th is  v a lu e  see 
la te r) . B ea rin g  in  m in d  th e  reconnaissance  c h a ra c te r  of th e  p re sen t w o rk , th e  
d e ta iled  d esc rip tio n  o f  th e  sam ples has b een  o m itte d , giving sam pling  lo ca lities  
on ly . N o d e ta iled  p e tro g rap h ic  in v e s tig a tio n  h a s  been carried  o u t on  m ost 
o f  th e  sam p les  all th e  m ore because we d id  n o t  a im  a t  d iscerning o r  d isp ro v in g  
possib le  age re la tio n s  betw een  in d iv id u a l sam p les  in  de ta ils , b u t  c o n c e n tra te d  
o u r e ffo rts  to  o b ta in  in fo rm atio n  on p rocesses h av in g  affected th e  reg io n  in  
q u e s tio n  as a w hole.
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Table 1
Compilation o f analytical data

Se­
r ia l
N o .

L o c a li ty  o r  drilling
R b

^ g /g
S r

M S Is
e7R b
^ g /g

eeS r
Z'g/g

e7R b /eeSr
a to m ic
ra t io

• TS r/eeSr
ato m ic
ra t io

T
m.y.

l .
A. T o ta l rock samples 
Erdősm ecske, quarry 

(“ inclusion’1) 266 299 74.0 28.9 2.57 0.7175±0.0012 336± 52
2. Erdősm ecske, quarry 

(“ inclusion” ) 316 302 87.9 29.2 3.02 0.7179±0.0012 295± 46
3. Erdősm ecske, quarry 

(“ inclusion” ) 279 267 77.7 25.8 3.02 0.7185±0.0012 309 ± 4 5
4. Erdősm ecske, quarry 226 419 62.9 40.5 1.56 0.7159±0.0026 479± 117
5. Erdősm ecske, quarry 199 407 55.4 39.4 1.41 0.7131 ±0.0029 388± 164
6. Erdősm ecske, quarry 340 381 94.6 36.8 2.58 0.7175±0.0028 334± 88
7. Erdősm ecske, quarry 230 310 64.0 30.0 2.15 0.7163±0.0012 361 ± 4 2
8. M órágy, municipal 

quarry 138 198 38.4 19.1 2.01 0.7157±0.0038 365 ±153
9. M órágy, municipal 

quarry 164 201 45.6 19.4 2.36 0.7160±0.0013 320± 59
10. A lsónána-l; 235.0 m 238 388 66.2 37.5 1.77 0.7137±0.0010 333± 32
11. M ágocs-1; 369.5 m 286 210 79.6 20.3 3.92 0.7116±0.0015 295 ± 4 2
12. U im ecsekalia 1; 

114.0 m 225 618 62.6 59.8 1.06 0.7100±0.0023 306 ± 157
13. Szalatnak-3; 235.0 m 226 555 62.9 53.7 1.17 0.7101±0.0017 319±135
14. Szalatnak-3 ; 563.0 m 157 438 43.7 42.4 1.03 0.7108±0.0026 377 ± 210
15. N yugatszenterzsé- 

bet-1 ; 27.0 m 309 220 86.0 21.3 4.05 0.7278±0.0021 396± 60
16. N yugatszenterzsé- 

bet-1 ; 81.6 m 273 222 76.0 21.5 3.55 0.7248 ±0.0030 391 ± 7 0
17. Gyűrűfű-9800 ; 

298.0 m 232 464 64.6 44.8 1.44 0.7114±0.0015 295 ± 7 3
18. K orpád-9006; 682.0 m 168 147 46.8 14.2 3.30 0.7183±0.0010 279 ± 2 7
19. K orpád-9015; 520.0 m 283 148 78.8 14.3 5.54 0.7282±0.0012 295 ± 1 4

20.

B . R esults obtained 
bio tites 

Erdősm ecske, 
quarry  (4) 725 32.8 202 3.176 63.73 1.0156±0.0043 352± 25

21. Erdősm ecske, 
quarry  (4) 733 14.0 204 1.356 150.84 1.4701 ±0.0085 365± 41

22. Erdősm ecske, 
q u a rry  (6) 596 10.4 166 1.010 164.69 1.4496±0.0086 325± 38

23. Szalatnak-3; 
563. m  (14) 388 51.1 108 4.900 22.10 0.7752±0.0009 227± 59

24.

C. T o ta l rock samples 
— dyke rocks 

Erdősm ecske, 
q u a rry  (felsite) 469 10.4 131.5 1.010 139.60 1.3424±0.0013 354± 25

25. Erdősm ecske, 
quarry  (apHte) 212 124 59.0 12.0 4.94 0.7273±0.0015 317± 31

26. Erdősm ecske, 
q u a rry  (aplite) 244 200 67.9 19.3 3.52 0.7206±0.0029 309 ± 6 0

27. Nyugatszenterzsé- 
be t-2 ; 35.4 m 
(aplite) 271 88.8 75.4 8.05 8.61 0.7364±0.0013 252± 25

28. H elesfa-2; 275.0 m 
(m icrogranite) 316 177 87.9 17.1 5.16 0.7299±0.0022 340 ± 3 4

29. Pellérd-N -2; 14.4 m 
(m icrogranite) 434 13.4 120.8 1.25 93.64 1.0838±0.0063 291 ± 4 4

30. Pellérd-N -4; 18.0 m 
(m icrogranite) 416 17.3 115.8 1.67 69.49 0.9655 ±0.0024 269± 40
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T h e  f i r s t  p a r t  o f  T ab le  I  (Nos 1— 19) show s resu lts  o b ta in ed  o n  to ta l  
rock  sam ples ran g in g  in  com position  from  g ra n o d io rite  to  sy en ite  p o rp h y ry . 
S am ples lis ted  u n d e r  N o. 20— 23 are  b io t i te  sam ples sep a ra ted  fro m  to ta l  
rocks, th e  n u m b e r  o f  w hich  is g iven in  p a ra n th e se s  and  refers to  th e  seria l 
n u m b e r  o f  th e  co rresp o n d in g  to ta l  rock  sa m p le . T he th ird  p a r t  o f  T a b le  I  
(Nos 24— 30) lis ts  m easu rem en ts  ca rried  o u t  on  d y k e  rocks (m ic ro g ran ite s  and  
a p litic  dykes).

In  o rd e r to  fa c il i ta te  an  easy  co m p ariso n  o f  iso tope sy s tem a tic s  in  dyke 
rocks a n d  th e ir  h o s t g ran ite s  th e  re su lts  a re  p lo t te d  in  Figs 2 and  1, re sp e c tiv e ly , 
in  a N ico laysen  d iag ram  (N ic o l a y s e n , 1961). I t  is conspicuous a t  th e  f irs t  
s ig h t t h a t  in  th e  case o f th e  M ecsek rocks th e  isochron  concept is n o t  a p p li­
cab le  to  e ith e r  assem blage  on a reg ional sca le . I t  is rem ark ab le  e n o u g h , how ­
ever, t h a t  th e  p o in ts  rep re se n tin g  th e  m e asu red  iso top ic  ra tio s occupy  a w edge- 
sh ap ed  fie ld  in  th e  87S r/88Sr— 87R b /86Sr d ia g ra m .

I t  is q u ite  reaso n ab le  to  assum e t h a t  th e  p ro to lith  assem blage  o f  th e  
g ra n itiz e d  reg ion  could  n o t  h av e  h a d  la rg e  reg iona l inhom o g en eities  w ith  
re sp ec t to  th e  iso top ic  com position  o f s tro n t iu m , due to  its  basic  c h a ra c te r . 
T h u s, th e  d is tr ib u tio n  as seen in  F ig . 1 sh o u ld  be a ttr ib u te d  to  seco n d a ry  
effects h av in g  d es tro y ed  an y  isochrone a rra n g e m e n t developed in  th e  course 
o f a p r im a ry  g ra n itiz a tio n -u ltra m e ta m o rp h ic  process, i.e. w h ich  a c te d  as

Fig. 1. P lo t of rubidium  and  stron tium  isotopic d a ta  fo r the Mecsek M ountains granodiorites 
(dyke rocks excluded, da ta  ob tained  on to ta l rock samples)
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Fig. 2. R b  — Sr isochron plot of dyke rocks from the  M ecsek M ountains (aplites an d  m icro- 
granites, d a ta  obtained on to ta l rock samples)

p ro c e sse s  b reak in g  th e  closed sy s tem  c h a ra c te r  o f  th e  g ran itized  assem b lag e  
a n d  e n a b lin g  th e  m ig ra tio n  o f  ru b id iu m  a n d /o r  s tro n tiu m . T he m e a su re d  d is­
t r ib u t io n  o f  sam ple p o in ts  in  th e  d iag ram  o f F ig . 1 how ever, can  be d e lim ite d  
b y  tw o  s t r a ig h t  lines, w h ich  i f  reg a rd ed  as re fe ren ce  isochrons m ig h t su p p ly  
u p p e r  a n d  low er lim its  in  t im e  fo r th e se  se c o n d a ry  processes w hich led  to  th e  
(p a r t ia l)  re d is tr ib u tio n  of R b  a n d  Sr.

A  s im ila r  d is tr ib u tio n  h a s  been o b served  b y  H u r l e y  and  F a ir b a ir n  
(1970) in  o rogenic  rocks o f th e  N o rth e rn  A p p a la c h ia n  province. T hese a u th o rs  
c o n c lu d e d  t h a t  th is  d is tr ib u tio n  is th e  re su lt o f  sev e ra l d is tin c t, su p erim p o sed  
in t ru s iv e  o r  m e ta so m a tic  e v e n ts , tim e  lim its  fo r  w h ich  should  be g iven  b y  ages 
d e d u c e d  fro m  th e  lim itin g  isoch rons. T h e  s t r ic t ly  wedge-like d is tr ib u tio n  
a ssu re s  a t  th e  sam e tim e  t h a t  in it ia l  87Sr/8eS r ra t io s  a ttr ib u ta b le  to  th e  in d iv id ­
u a l s a m p le s  (or to  isoch rons h id d en  in th e  gen era l d is trib u tio n  a n d  r e p r e ­
s e n ta t iv e  fo r  an y  su b sy stem  w ith in  th e  orogene) a re  q u ite  sim ilar, so th e  in d i­
v id u a l  m o d e l ages based  on th is  assum ed  com m on  in it ia l  ra tio  are d ire c tly  co m ­
p a ra b le  w ith  each  o th e r.

I n  t h e  p resen t case th e  tw o  lim itin g  re fe re n ce  isochrons o f F ig . 1 y ie ld  
ages o f  403  a n d  273 m illion  y e a rs , re sp ec tiv e ly , w h ich  according to  th e  p re v io u s  
w ay  o f  in te rp re ta t io n  su p p ly  age lim its  for th e  orogenic dev e lo p m en t o f  th e  
re g io n , a t  le a s t as fa r as i t  is m an ifested  in  th e  R b -S r iso topic sy s tem  o f  th e
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g ran itized  m ass. (The co n cep t o f “ e rogen ic  d ev e lo p m en t”  is t a k e n  here , of 
course, as a series of ev en ts  causing  an d  re flec ted  in  th e  m ig ra tio n  o f  R b  and /o r 
S r.)

T h e  co incidence o f  th e  y o u n g e r age lim it deduced in  th is  w a y  w ith  th e  
age v a lu e  g iven  b y  K o vach  e t al. (1968) a n d  in te rp re te d  n o w  as th e  age of 
th e  la s t (re tro g rad e) m e ta m o rp h ic  e v e n t is q u ite  consp icuous, a n d  supp o rts  
th e  p rev io u s conclusion  th a t  fo llow ing  reg io n a l em ergence d u r in g  th e  L ate  
C arbon iferous th e  b a se m e n t m ass re sp o n d ed  to  all su b se q u e n t stre sses  by  
fra c tu re  te c to n ic s  on ly .

T h e  lim itin g  re fe ren ce  isoch rons su p p ly  in itia l 87S r/8eS r r a t io s  close to  
each  o th e r , th u s  in  c a lc u la tin g  th e  in d iv id u a l m odel ages as l is te d  in  T ab le  I  
th e  average  o f  th ese  tw o  v a lu es  (0.7055) h as  been  used as re fe re n ce . T h e  ac tu a l 
v a lu e  o f th e  com m on in it ia l  ra t io  d educed  in  th is  w ay  is in  c o m p lian ce  w ith  
th e  a ssu m p tio n  th a t  th e  g ra n ito id  rocks o f  th e  m o u n ta in  w ere  deve loped  in 
th e  course o f  th e  u ltra m e ta m o rp h ic  g ra n itiz a tio n  of a b a s ic  vo lcan ic -sed i­
m e n ta ry  geosyncline assem blage.

T h e  in te rp re ta t io n  o f  th e  second tim e  lim it o f ab o u t 400 m illio n  years 
deduced  fro m  th e  slope o f th e  u p p e r  re fe rence  isochron is b y  f a r  n o t  so sim ple 
a n d  u n am b ig u o u s. F ro m  th e  g enera l c h a ra c te r is tic s  of th e  p ro cess  o f  g ran itiz a ­
tio n  follow s th a t  e v e n tu a l local inh o m o g en eities  p resen t in  th e  p ro to l i th  m ight 
h a v e  b een  “ sm oo thed  o u t”  b y  m ig ra tio n  p h en o m en a  exceed ing  in  th e ir  scale 
th e  sam ple  d im ensions, th u s  th e  age supp lied  b y  th e  u p p e r l im itin g  isochron 
shou ld  n o t be  a t t r ib u te d  to  th e  p ro to lith , b u t  ra th e r  to  th e  g ran itiz a tio n  
process itse lf. I f  th e  u p p e r  p a r t  o f  th e  w edge-shaped  d is tr ib u tio n  com prised 
sam p les  w hose m odel ages w ould  h a v e  been  increased  b y  c h a n c e  th ro u g h o u t 
th e  su b se q u e n t ev en ts , in s te a d  o f  a lim itin g  isochron a “ d iffu se”  u p p e r  lim it 
w ould be  expec ted . T h u s , we a t t r ib u te  rea l significance to  th e  age deduced 
from  th e  u p p e r  lim itin g  reference  isoch ron , an d  ascribe i t  to  th e  declining 
perio d  o f  a “ p r im a ry ”  g ra n itiz a tio n  process, i.e. to  th a t  tim e  w h e n  following 
th e rm a l ac tiv iza tio n  th e  geochem ical sy stem s rep resen ted  b y  o u r  sam ples 
becam e fo r th e  f irs t  t im e  closed sy stem s w ith  respect to  th e  m ig ra tio n  o f R b 
a n d  Sr. A ccording to  th is  in te rp re ta tio n , th e  g ran od io ritic  su ite  o f  th e  Mecsek 
M o u n ta in s  s ta r te d  to  develop  n o t la te r  th a n  400 m illion y e a rs  ago . I t  follows, 
o f  course, t h a t  th e  p ro to lith  assem blage  o f  th e  m igm atitic  co m p le x  m u st have 
been  n o t y o u n g er th a n  S ilu rian , allow ing am ple  tim e  fo r su b sid en ce .

I t  shou ld  be m en tio n ed  here , t h a t  s im ila r  d is trib u tio n s  o f  iso to p ic  ra tios 
a re  know n  fo r regions w hich  h av e  u n d erg o n e  m ultip le  ig n eo u s, m etam o rp h ic  
an d  te c to n ic  re a c tiv a tio n  fo llow ing a p r im a ry  g ran itiza tio n  p ro cess . W e refer 
he re , fo r exam ple , to  re su lts  o f age d e te rm in a tio n s  carried  o u t  on  gran itic- 
g ran o d io ritic  rocks o f  th e  “ E a s te rn  b a se m e n t”  of New E n g la n d  in  M assachu­
se tts , U .S .A . (KovÁCH, H u r l e y  a n d  F a ir b a ir n , 1977) w h ere  th e  re a lity  of 
age deduced  from  th e  u p p e r  lim itin g  re ference  isochron o f  a s im ila r  wedge­
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s h a p e d  d is tr ib u tio n  h a s  b e e n  confirm ed b y  a re a l  iso ch ro n  age o b ta in e d  on 
sa m p le s  from  a single lo c a li ty .

T h e  ac tu a l tim e  o f  p r im a r y  g ran itiza tio n  m ig h t b e  som ew hat h ig h e r th a n  
th e  p re v io u s ly  d e te rm in ed  ag e . A n o th e r ap p ro ach  w o u ld  be  to  com pare re su lts  
o b ta in e d  on sam ples fro m  a  sin g le  locality . In  th is  re sp e c t, sam ples fro m  th e  
d r illin g  N y u g a tsz e n te rz s e b e t- l  seem ed to  be th e  m o s t  p rom ising , be ing  c h a ra c ­
te r is t ic  o f  g ran ites le a s t a f fe c te d  b y  secondary  e v e n ts . T h e  in d iv id u a l m odel 
ages b a s e d  on an  in it ia l  S r  iso to p ic  ra tio  o f 0 .7055 a re  391 and  396 m illion  
y e a rs  fo r  th e  tw o sam ples re sp e c tiv e ly . A ssum ing a co -gene tic  origin (to  w hich  
th e  p e tro g ra p h ic  s im ila r ity  o f  th e  sam ples an d  th e i r  sp a tia l p ro x im ity  g ives, 
a so u n d  basis) th e  co m m o n  iso ch ro n  age of th e  tw o  sam p les  tu rn s  o u t to  be  
432 ±  30 m illion years  w ith  a n  in itia l ra tio  o f 0 .7035 . T h is  in itia l ra tio  a lre a d y  
co rre sp o n d s  to  ac tu a l v a lu e s  fo u n d  in  th o le iitic  b a s a l ts  o f  th e  oceanic rea lm , 
s u p p o r t in g  again p rev io u s  a s su m p tio n s  on th e  g eo sy n c lin e  origin of th e  p ro to - 
l i th  su ite . A t th e  sam e t im e , b ea rin g  in  m ind  th e  a c tu a l  R b /S r ra tio s  o f  th e  
sa m p le s , th is  low v a lu e  ru le s  o u t  th e  p o ssib ility  t h a t  th e  observed com m on 
in i t ia l  ra t io  is th e  re su lt o f  a  re ju v e n a tio n  ev en t, b e c a u se  in  such a case neces­
sa r i ly  h ig h e r  87Sr/86Sr in i t ia l  ra tio s  would h a v e  b e e n  developed. T h u s , we 
co n c lu d e  th a t  p rim a ry  g ra n it iz a t io n  in  th e  N ÿ u g a tsz e n te rz séb e t area  m ig h t 
h a v e  com m enced  n o t so o n e r t h a n  abou t 430 m illio n  y e a rs  ago, i.e. n o t sooner 
th a n  d u r in g  th e  E a rly  S ilu r ia n . A ccordingly, th e  p r im a ry  age of th e  p ro to lith  
a ssem b lag e  m ight he L o w er S ilu rian  a t least. A llo w in g  am ple tim e  fo r  su b ­
s id e n c e  to  a level c o rre sp o n d in g  to  th e  th e rm o d y n a m ic  conditions o f  th e  
a m p h ib o l i te  facies n ec e ssa ry  fo r  g ran itiza tion , a so m e w h a t older age (C am bri- 
a n -O rd o v ic ia n , or even P re c a m b r ia n ? )  is h ig h ly  p ro b a b le .

T h e  n e x t d iscern ib le  e v e n t  following th e  p ro cess  o f  p rim a ry  g ra n itiz a tio n  
is re f le c te d  b y  th e  iso to p ic  ages m easured on  b io t i te s  from  g ran o d io ritic - 
g ra n it ic  rocks of th e  E rd ő sm e c sk e  q u arry , w ith  an  a v e ra g e  o f 347 ±  24 m illion  
y e a rs . T h e  re a lity  o f th is  age is  su p p o rted  by  K /A r d a t a  o b ta in ed  on th e  sam e 
sa m p le s . T h e  average o f  th e  K /A r  ages is 334 ± 1 1  m illion  years (B a l o g h ,
К . a n d  A r v a -S oÓs , Б . ,  p e rs o n a l com m unication). T h ese  co nco rdan t d a ta  
d e m o n s tra te  u n am b ig u o u sly  t h a t  following th is  d a tu m  no reg ional m e ta ­
m o rp h ism  has occurred in  th e  M ecsek area and  t h a t  th e  am b ien t te m p e ra tu re  
h a s  n o t  exceeded ab o u t 300 °C  on a regional sca le .

T h e  significance o f  th e  e v e n t arcund  335 m .y . gains fu r th e r  su p p o rt 
th ro u g h  th e  average R b -S r  m o d e l age of 333 ±  37 m illion  years o b ta in e d  
o n  to ta l  rocks from  th e  E rd ő sm e c sk e  area. M em bers o f  th e  “ older”  g en era tio n  
o f  d y k e  rocks supp lied  s im ila r  ages: for a fe ls itic  sa m p le  from  E rdősm ecske  
354 ±  25 m .y ., for th e  H e le s fa  m icrogran ite  340 ±  34 m .y . ages h a v e  been  
o b ta in e d . Ages o f ap litic  ro c k s  from  th e  E rd ő sm e c sk e  q u a rry  also exceed  
300 m .y . A ll these  lead  to  t h e  obvious conclusion  t h a t  a t  abou t 335 m .y . 
(i.e. d u r in g  th e  E a rly  C arb o n ife ro u s) an im p o r ta n t  e v e n t ch a rac te rized  b y

A cta  Geologica Academiae Scientiarum  H ungaricae 24, 1981



R b /S r  IS O T O P IC  S T U D IE S 305

te c to n ic  a c tiv iza tio n , in c rea se  o f te m p e ra tu re  on a reg iona l sca le , as well as 
b y  th e  in tru s io n  o f d y k e  rocks h as  affected  th e  g ra n o d io ritic  b a se m e n t o f th e  
M ecsek M ounta ins. T h is e v en t caused  th e  “ re ju v e n a tio n ”  o f th e  g ran o d io ritic  
rocks developed d u rin g  th e  f i r s t  s tag e  o f g ra n itiz a tio n , p ro d u c in g  th e  “ m ixed”  
m odel ages c h a ra c te r is tic  fo r  th e  M ecsek area . Since th is  e v e n t re su lte d  in  th e  
p ro n o u n ced  m ig ra tio n  o f  R b  an d /o r s tro n tiu m  as w ell, i t  is h ig h ly  p robab le  
t h a t  th e  d ev e lopm en t o f  p o rp h y ro b la s tic  m icrocline ty p ic a l fo r th e  rocks 
su p p ly in g  tra n s itio n a l (“ m ix ed ” ) m odel ages is to  be  a t t r ib u te d  to  p o tash  
m e ta so m a tism  acco m p an y in g  th is  ev en t o f ac tiv iza tio n .

I t  looks so m ew h at cu rio u s th a t  in  sp ite  o f th e  c o n c o rd a n t R b /S r and  
K /A r ages c lu ste rin g  a ro u n d  335 m .y . fo r b io tite s , sev era l to ta l  ro ck  sam ples 
y ie ld ed  m odel ages w ell below  th is  d a tu m  dow n to  270 m illion  y e a rs . S im ilarly , 
in  th e  g roup  o f d y k e  ro ck s  a “ y o u n g ”  gen era tio n  also occurs. T h e  low est ages 
co rresp o n d  to  th e  age d e te rm in e d  b y  K ovach  et al. (1968) on c h lo r itic  b io tite s , 
an d  coincide w ith  th e  low er lim it of K /A r ages d e te rm in ed  on to ta l  ro ck  sam ples 
(O v c h in n ik o v  e t ah , 1961).

A su itab le  k ey  fo r th e  in te rp re ta t io n  o f th e se  d a ta  is g iv en  b y  th e  fac t, 
t h a t  th ese  “ y o u n g ”  to ta l  ro ck  ages h av e  been  o b ta in e d  on  sam p les  w hich 
e ith e r  o rig in a te  from  th e  tec to n ized  b o rd e r zone o f th e  b a se m e n t c ry sta llin e  
w ith  its  h igh ly  fra c tu re d  a n d /o r m y lon itized  rocks (Ű jm ecsek a lja-1 , M ágocs-1) 
o r  rep re sen t d y k e  rocks in tru d in g  th e  m y lo n ite  zone. M oreover, som e o f th e  
sam ples s tem  from  th e  te c to n ic a lly  d issected  b lock o f  th e  W e s te rn  Mecsek 
a ffec ted  also b y  ex ten siv e  vo lcan ic  a c tiv ity  d u rin g  th e  E a r ly  P e rm ia n  (drill­
ings N o. 9800, 9006, re sp . 9015). T h u s, re c u rre n t te c to n ic  a c t iv i ty  d u rin g  th e  
S u d e tia n -A stu ria n  e rogen ic  p h ase  in  th e  L a te  C arboniferous le a d in g  to  regional 
em ergence and  d issec tion  in to  s e p a ra te  b locks o f  th e  M ecsek c ry s ta llin e  should 
be  considered  as th e  cause  o f  b o th  th e  ex tensive  re tro g ra d e  m e tam o rp h ism  
observed  on a reg iona l scale  an d  th e  local re ju v e n a tio n /p a rt ia l  re c ry s ta lliz a tio n  
o f  som e rocks in  th e  te c to n ic a lly  m o st ac tiv e  zones, as w ell as o f  th e  in tru sio n  
o f  som e dyke rocks u n d e r  te n s io n a l s tress  cond itions.

W ith o u t going in to  d e ta ils  o f large-scale co rre la tio n  w e shou ld  like only 
to  m en tio n  here  th a t  th e  age va lu es  a t tr ib u te d  to  th e  m a in  p e rio d s  o f ac tiv iza ­
t io n  in  th e  M ecsek c ry s ta llin e  as deduced  in  th e  p rev ious d iscussion  correspond  
w ell to  iso topic ages o b ta in e d  on c ry s ta llin e  rocks o f th e  N o r th e rn  a n d  E a s te rn  
C a rp a th ia n s  (cf. B o jk o , 1975).

Conclusion and Summary

C onfronting  in fo rm a tio n  d educed  from  iso to p ic  ages as in te rp re te d  in  
th e  p resen t p a p e r w ith  o th e r  ev idences on  th e  d ev e lo p m en t in  tim e  o f th e  
g ran ito id  rocks o f th e  M ecsek reg ion , th e  follow ing e v o lu tio n a ry  schem e m ight
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b e  c o n s tru c te d  for th e  m a in  e v e n ts  shaping  th e  c ry s ta llin e  b a sem en t of th e  
M ecsek  m o u n ta in s .

G ran itic -g ran o d io ritic  ro c k s  o f th e  M ecsek c ry s ta llin e  h av e  been  d evel­
o p ed  th ro u g h  the  p o ly p h ase  g ra n itiz a tio n  o f geosync line  rocks p ro b ab ly  of 
L o w er P aleozo ic  age. T h e  e v o lu tio n  of th e  g ra n itiz a tio n  p rocess as re flec ted  
b y  th e  iso to p ic  age re la tio n sh ip s  s ta r te d  in  th e  S ilu rian  (430— 400 m .y ., T acon- 
ia n  o ro g e n y ? )  w ith  severa l p e r io d s  of re a c tiv a tio n  d u rin g  th e  Paleozoic era. 
D u r in g  th e  E a rly  C a rb o n ife ro u s  (335 m .y.) th e  g ra n o d io ritic  b asem en t has 
u n d e rg o n e  extensive ch an g es in  th e  course o f p ro g ress iv e  processes ch a rac ­
te r iz e d  b y  m igration  p h e n o m e n a  in  a v o la tile -rich  e n v iro n m e n t (m e ta so m a t­
ism ), b y  th e  re c ry s ta lliz a tio n  o f  m in era l phases inc l. b io ti te , an d  b y  th e  d ev e l­
o p m e n t  o f  d yke  rocks d u r in g  in te n s iv e  tec to n ic  a c tiv iz a tio n  a t tr ib u te d  to  th e  
B re to n ia n  erogenic p h ase . F o llo w in g  regional em ergence, d u rin g  th e  L a te  
C a rb o n ife ro u s  in th e  te c to n ic a lly  m o st affected  reg ions o f  th e  c ry s ta llin e  m ass 
a lre a d y  d issec ted  in to  s e p a ra te  b locks some g ra n ito id e  ro ck s h a v e  been locally  
re c ry s ta lliz ed /re ju v e n a te d  in  th e  course of a ren ew ed  te c to n ic  a c tiv iza tio n  
a c c o m p a n ie d  by  su b o rd in a te  d y k e  in tru sions as w ell. T h is  re a c tiv a tio n , how ­
ev e r, c a u se d  only re tro g ra d e  m in e ra l changes in  th e  c ry s ta llin e  m ass as a w hole 
(270— 285 m .y .).

T h is  evo lu tionary  sch em e  based  on iso to p ic  age d a ta  an d  geological 
e v id e n c e  show s th u s  th e  g ra d u a l  conso lida tion  o f th e  c ry s ta llin e  b asem en t 
o f  th e  M ecsek M ountains th ro u g h o u t  th e  en tire  P a leo zo ic , reach in g  f in a l con­
s o lid a tio n  w ith  th e  ceasing  o f  ac id  volcanism  o f f in a l c h a ra c te r  in  th e  Low er 
P e rm ia n .
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И ССЛЕДОВАНИЯ ГРА Н О Д И О РИ ТО В  И З ГОР М ЕЧЕН  (В Е Н ГРИ Я ) И ЗОТО ПН Ы М
МЕТОДОМ R b - S r

Э. ШВИНГОР-А. КОВАЧ

Р е з ю м е

Новые определения возраста гранодиоритовых пород фундамента в горах Мечек на 
юго-востоке Задунайского края, проведенные методом рубидия-стронция, подтвердили 
предположение о многофазовом развитии мечекских кристаллических пород. Как показы­
вают исходные изотопные соотношения стронция, протолит в гранодиоритовой ассоциации 
минералов полиметаморфического-анатектического происхождения был, по-видимому, 
сильно основным по составу. Процессы гранитизации начались примерно 430 млн лет 
назад. Таким образом, сообщество (осадочных) протолитов, подверженных гранитизации 
должны иметь минимум нижнесилурийский возраст. Рассеивание отдельных модельных 
возрастов, полученных для образцов горной породы в целом, отражает полиметаморфичес- 
кий-политектонический характер фундамента и указываетна возможность такого варианта, 
что после перивчной гранитизации вторичные события могли привести к полной или час­
тичной перекристаллизации рассматриваемых пород. Событие, имевшее место примерно 
335 млн лет назад (ранний карбон), имело по всей вероятности особое значение и характе­
ризуется калиевым метасоматозом, которому более или менее подвергалась вся масса фун­
дамента. Интерпретацию этого события как наступления регионального поднятия поддер­
живает факт, что полученные для биотита возрастные данные указывают на понижение 
окружающей температуры ниже «блокирующей» температуры изотопной системы Rb—Sr 
биотита.

Тектоническое развитие кристаллического фундамента по изотопным возрастным 
данным завершилось примерно 270 ±  20 млн лет назад процессами, вызвавшими ретро­
градные изменения в кристаллическом фундаменте в целом, но вместе с тем приведшими к 
образованию даек в тектонически активных частях массы фундамента.
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GENESIS OF THE HUNGARIAN 
GRANITOID ROCKS

By

G. B u d a
D E P A R T M E N T  O F  M IN E R A L O G Y , EÖ TV Ö S L O R Ä N D  U N IV . B U D A P E S T , H U N G A R Y

The granitoid rocks of Hungary classified into two main groups. The closed 
association with regional metamorphic rocks and lower temperature mineral assemblage 
of granitoids indicate an origin by anatexis and K-metasomatism in South Hungary. 
The granitoids of Balaton—Velence fault zone are characterised by higher temperature 
mineral assemblage with contact-metamorph aureole indicate magmatic origin.

T h e g ran ito id s  h a v e  been classified in to  tw o  m ain  groups acco rd in g  to  
m inera log ica l an d  p e tro lo g ica l cha rac ters , te c to n ic  occurrences an d  age of 
orig in .

I .  S y n k in em atic  a n a te x ite  and la te k in e m a tic  K -m etaso m atic  g ran ito id s  
(kata-m esozone).

I I .  P o s tk in e m a tic  q u a rtz -d io rite s  an d  g ra n ite s  (epi-zone).

I .  The S yn k in em a tic  A n a tex ite  and L a tek in em a tic  K -m etasom atic G ranites

T hese rocks a re  s itu a te d  in  S ou th  H u n g a ry  (F ig . 1). L arge  p a r t  o f  th is  
g ra n itic  an d  m e tam o rp h ic  b e lt, except o f  th e  M ecsek M ountains, is covered  by  
th ic k  sed im en ts. T h e  g ran ito id s  can be d iv id ed  in to  th ree  subgroups accord ing  
to  th e  m inera log ica l an d  chem ical ch a rac te rs .

a) B asites occu r as enclaves in  th e  sy n k in e m a tic  g ran o d io rite s , in  and  
a ro u n d  M ecsek M o u n ta in s , D an u b e—T isza In te r f lu v e  and  B ékés b a s in . T h ey  
a re  r ic h  in  b io tite , am p h ib o le  and  p lag ioc lase  (A n35). M icrocline is v e ry  ra re  
an d  occurs as a la te  c ry s ta lliz ed  m ineral. Q, O r, A b norm s are be tw een  55— 70%  
(T ab le  1). T he rocks a re  r ich  in  Mg and  Ca (F ig . 2).

b) S y n k in em a tic  p o rp h y ro b la s tic  g ra n o d io r ite  occurs in  a n d  a ro u n d  
M ecsek M o u n ta ins, D a n u b e — Tisza In te r f lu v e  a n d  B ékés basin . T h e  a n o rth ite  
c o n te n t o f p lag ioclase is h ig h  in  th e  g ra n o d io r ite  o f M ecsek M ts. T h e  re la tiv e ly  
d iso rd e red  s tru c tu re  an d  p red o m in an t co m p lex -tw in s  of p lag ioclases in d ica te  
a h ig h e r te m p e ra tu re  o f  fo rm atio n . The a n o r th i te  c o n te n t decreases fro m  M ecsek 
M ts. to w ard s th e  a rea  su rro u n d in g  o f M ecsek M o un ta ins and  D a n u b e — T isza 
In te r f lu v e . T he decrease  o f  a n o rth ite  c o n te n t  is followed b y  a h ig h e r  degree
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T a b le  1

South Hungarian granitoids and associated rocks 
Basic-Enclaves or Resistites 
(Q +  Ab +  Or =  55-70% )

O ccurrence
N o rm ativ e  ra t io s  (C IP W ) C a tio n  ra t io s  (N O C K O LD S )

A b /A n
N o. 

S am pl. 
+  to ta lQ A b O r A n A b O r T o ta l

Fe
T o ta l
A ik .

Mg T o ta l
F e

Mg Ca К N a Ca

Mecsek Mountains 18.7 34.4 46.9 17.3 35.1 47.6 23.2 49.4 27.4 33.5 39.1 27.4 39.9 32.7 27.4 2.7 10

Surroundings of 
Mecsek Mts. 18.0 39.2 42.8 11.9 44.1 44.0 19.9 55.3 24.8 28.7 34.9 36.4 32.5 36.4 31.1 5.5 5

Danube—Tisza Inter­
fluve 38.1 30.4 31.5 17.8 40.4 41.8 20.0 59.3 20.7 34.9 36.0 29.1 38.5 39.5 22.0 2.3 1

Békés basin 33.5 40.5 26.0 20.3 47.8 31.9 23.8 58.5 17.7 39.2 28.6 32.2 29.1 45.8 25.1 2.9 8

Average 27.0 36.2 36.8 16.8 41.9 41.3 21.7 55.6 22.7 34.1 34.7 31.2 35.0 38.6 26.4 3.3 24

Synkinematic anatexite (Granodiorites) 
(Q +  Ab +  Or =  70-80% )

Mecsek Mountains 34.6 31.7 33.7 13.4 41.4 45.2 18.8 61.9 19.3 36.3 37.5 26.2 41.9 40.7 17.4 3.6 7

Surroundings of 
Mecsek Mts. 19.3 42.0 38.7 10.2 46.1 43.7 16.8 66.9 16.3 36.7 35.5 27.8 38.5 45.7 15.8 4.5 16

Pécs-7 32.5 39.4 28.1 10.2 53.0 36.8 19.8 60.9 19.3 39.2 38.4 22.4 33.9 50.9 15.2 8.2 4

Danube—Tisza Inter­
fluve 46.2 25.8 28.0 6.4 45.0 48.6 27.6 63.3 9.1 58.7 19.0 22.3 43.4 42.4 14.2 8.2 6

Békés basin 38.1 39.2 22.7 9.9 56.4 33.7 17.7 69.4 12.9 41.7 30.5 27.8 30.8 54.6 14.6 9.5 11

Average 34.1 35.7 30.2 10.0 48.4 41.6 20.1 64.5 15.4 42.5 32.2 25.3 37.7 46.9 15.4 6.8 44
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Latekinematic K-metasomatic granites 
(Q +  Ab +  Or =  80-100% )

Mecsek Mountains 37.4 28.7 33.9 7.3 42.5 50.2 9.0 86.8 4.2 42.2 22.1 35.7 48.3 43.3 8.4 8.8 8

Surroundings of 
Mecsek Mts. 29.1 34.2 36.7 2.4 47.4 50.2 8.9 83.4 7.7 41.9 31.1 27.0 43.4 49.5 7.1 21.4 10

Pécs-7 35.3 31.2 33.5 6.0 45.6 48.4 9.6 80.3 10.1 33.8 35.9 30.3 45.3 45.1 9.6 8.2 2

Danube—Tisza Inter­
fluve 38.7 30.5 30.8 5.4 46.3 48.3 8.9 87.6 3.5 47.2 18.1 34.7 45.8 46.5 7.7 16.7 10

Békés basin 36.5 32.9 30.6 7.3 48.0 44.7 11.7 82.0 6.3 41.0 23.0 36.0 41.8 47.6 10.6 7.2 7

Average 35.4 31.5 33.1 5.7 45.9 48.4 9.6 84.0 6.4 41.2 26.0 32.8 44.9 46.4 8.7 12.4 37
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F ig . 1. Map showing the granitoid occurrences of Hungary. 1. Granite and granodiorite; 
2. quartzdiorite; 3. anatexitic granodiorite and granite

o f  o rd e r in g  and  decreasing  a m o u n t  o f  com plex-tw ins in d ic a tin g  a low er te m p e r­
a tu r e  o f  fo rm ation .

P o rp h y ro b la s tic  p o ta s s iu m  fe ld sp ar is com m on  c o n s titu e n t w ith  m ore 
o r  le ss  o rd e re d  s tru c tu re  (m a x im u m  or n ea rly  m a x im u m  tr ic lin ic ity ) . T h e y  are 
r ic h  in  inclusions of b io ti te  a n d  re lic t p lagioclase a n d  som etim es show  cross- 
h a tc h e d  tw in s. The c ry s ta l l iz a t io n  te m p e ra tu re  o f  m icrocline and  p lag ioclase  
w as a b o u t  550—590 °C (a t  5 k b )  coun ted  accord ing  to  W h it n e y  and  S t o r m e r ’s 
m e th o d  (1977). The K -fe ld sp a rs  occur in  th e  g ro u n d m ass to o . T h e ir tr ic lin ic itie s  
d iffe r  f ro m  th e  p o rp h y ro b la s ts . In  M ecsek M ts. th e  tr ic lin ic ity  is m ed iu m  in 
g ro u n d m a s s  and m ax im u m  in  p o rp h y ro b la s t. I n  D a n u b e —T isza in te rf lu v e  
m ic ro c lin e  has higher deg ree  o f  tr ic lin ic ity  in  g ro u n d m ass an d  p o rp h y ro b la s t  
h a s  t h e  sam e  degree of o rd e r in g  th a n  in  M ecsek M ts. A ro u n d  M ecsek M ou n ta in s  
th e  d o u b le  tric lin ic ities are  r a r e  (average A  =  0 .65). P e r th i te  of K -fe ld sp a r is 
c o a rse r  in  g ranodiorite  o f M ecsek  M ounta ins th a n  in  th e  D a n u b e —T isza  I n te r ­
f lu v e .

S u m  o f Q, Or, Ab n o rm s  is betw een  70— 8 0 %  (T able 1). T h e  rocks are 
c h a ra c te r iz e d  by  high a lk a li c o n te n t  (Fig. 2).

c) L a tek in em atic  g ra n ite s  occur as dykes a n d  sm all b a th o lith s  in  th e  
s y n k in e m a tic  granod io rite , t h e y  are  p ink ish , f in e -g ra in e d , e q u ig ra n u la r  and  
r a r e ly  c o n ta in  b io tite . P e r th i t i c  m icrocline o f h ig h  tr ic lin ic ity  (A =  0.90) is 
c o m m o n . T h e  plagioclase h a s  a n  ordered  s tru c tu re  a n d  its  h igher A b  c o n te n t 
in d ic a te s  a  low te m p e ra tu re  o f  fo rm atio n  (480 °C). T h e  c ro ss-h a tch ed  m ic ro ­
c lin e  p seu d o m o rp h s a fte r  p la g io c la se  suggests K -m e ta so m a tic  origin.
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Fe%Fe"(K)

Wo Ca
F ig. 2. Plots of К — Na — Ca and (Fe2+ +  Fe8+) —(Na -f- K)—Mg. 1. Mecsek Mountains 
2. surroundings of Mecsek Mts.; 3. Pécs-7 (borehole); 4. Danube—Tisza Interfluve; 5. Békés 

basin; 6. average (South Hungary); 7. average (Balaton—Velence fault-zone)

Sum  o f Q, O r, A b no rm s is be tw een  80— 100%  (Table 1). T h e  ro ck s  are 
rich  in  alkalies d u e  to  th e  a lkali m e ta so m a tism  (F ig . 2).

T h e  sy n k in em a tic  granod io rites o f  M ecsek  M ountains are  r ic h  in  A n  
no rm s (T able 1), w hereas g ranod io rites o f  D a n u b e —T isza In te rf lu v e  a n d  B ékés 
b as in  (T able 1) a re  r ic h  in  Q norm s in d ic a tin g  th a t  th e  fo rm er c ry s ta lliz e d  
u n d e r  h ig h er p re ssu re  th e n  la tte r .

T h e  h ig h er A n  c o n te n t of th e  la te k in e m a tic  g ran ites o f M ecsek M ts. 
an d  h igh  Q c o n te n t o f  g ran ite s  of D an u b e— T isz a  In te rf lu v e  in d ica te  a re la tiv e  
h ig h e r p ressu re  a n d  te m p e ra tu re  co n d itio n s in  th e  Mecsek M ts. co m p a re  w ith  
th e  D a n u b e —T isza  In te r f lu v e  (Table 1).
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Q

Fig. 3. A verage composition of g ran ites of different ages in  th e  system Q — O r—A b — H 20* 
P o in ts in d ica te  isobaric m inim a a t  w ater pressure betw een  0.5 and 10 K bar. (a fte r: T u t t l e  

an d  B o w e n , 1958 and L u t h  e t al., 1964). The figures in  brackets indicate the n u m b er
of samples

T h e  av erag e  Q, A b, O r n o rm s o f th e  g ra n ite s  are s trik in g ly  s im ila r  to  
th e  W e s t  E u ro p e a n  V ariscan  g ran ite s  (H a l l , 1971 , 1972, Fig. 3), th e r e b y  
su g g e s tin g  s im ila r age o f  o rig in . T his is also su p p o rte d  by  th e  iso to p ic  age 
d e te rm in a tio n  (K ovács e tc ., 1968).

Petrogenesis

Am eugeosyncline h a d  b e e n  filled  u p  w ith  sed im en ts  and  basic  v o lc a n ite s  
w h ich  w ere  reg iona lly  m e tam o rp h o sed . T h e  d e e p e s t p a r t  of th e  g eo sy n c lin e  
s u b je c te d  to  an a tex is  along th e  b e lt  o f M órágy— M iske— S o ltv ad k ert— K ecsk e-
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An

F ig . 4. An—Ab—Or proportions of Hungarian granitoid rocks. 1. Average composition of 
South Hungarian granitoids; 2. average composition of granitoids occurring along the Velence—

Balaton fault zone

m é t. T h e  te m p e ra tu re  an d  p ressu re  c o n d itio n s  prevailed  d u rin g  th e  an a te x ite  
fo rm a tio n  correspond  w ith  th e  am p h ib o lite  facies. This s y n k in e m a tic  ana tex is 
to o k  p lace in  a closed sy s tem  w ith  th e  p re sen ce  o f  vo latiles, a t  e le v a te d  te m p e r­
a tu re  an d  p ressu re  caused  b y  th e  su b sid en ce  o f  sedim ents.

F u r th e r  subsidence  o f  th e  rig id  sy n k in e m a tic  rocks ( a n a te x i te  gran ites) 
cau sed  К  m ob iliza tio n  in  th e  g ro u n d m ass w h ich  m igrated  to  th e  n e w ly  form ed 
fissu re s . T he in te n s ity  o f m ob iliza tion  w as g re a te s t in  th e  d e e p e s t p a r ts  o f the  
geosyncline . T h is К -m ig ra tio n  tra n s fo rm e d  th e  g ran ite  in to  g ra n o d io r i te  in  the  
M ecsek M ts. T he tra n s fo rm a tio n  o f g ra n ite  in to  granod io rite  in  t h e  D a n u b e — 
T isza  in te rf lu v e  w as in com ple te  due to  lo w er in te n s ity  o f K -m ig ra tio n .

Acta Geologica Academiae Scientiarum H ungaricae 24, 1981
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Table 2

Postkinematic intrusives of Balaton— Velence fault zone 
Q-diorites

O ccurrence
N o rm ativ e  ra t io s  (C IP W ) C atio n  ra tio s  (N o c k o l d s )

A b/A n
No.

S am pl. 
+  to ta lQ Ab O r A n A b O r T o ta l

Fe
T o ta l
A ik.

Mg T o ta l
F e

Mg Ca К N a Ca

Boreholes (1. 2.)* 25.6 45.5 28.9 35.6 39.4 25.0 29.1 50.5 20.4 34.1 23.8 42.1 21.9 36.5 41.6 í . i
4

Velence Mountains 26.8 42.7 30.5 16.8 47.8 35.4 34.2 46.4 19.4 51.4 28.0 20.6 31.6 45.1 23.3 3.7 2

Granodiorites

Buzsák (boreholes) 35.6 36.3 28.1 15.3 47.8 36.9 18.2 62.2 19.6 35.2 37.9 26.9 34.5 47.2 18.3 3.2 2

Velence Mountains 37.4 32.6 30.0 и . « 42.5 45.9 18.5

Jranitt

73.2

s

8.3 48.2 23.3 28.5 44.1 43.1 12.8 3 , 6

Velence Mountains 37.2 31.3 31.5 8.7 45.2 46.1 12.4 82.2 5.4 49.0 18.9 32.1 44.4 46.3 9.3 7.4 27

* 1. Dinnyés; 2. Gelse
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T h e m o b iliza tio n  o f  K , N a, Si e tc . p ro d u ced  th e  la te -k in e m a tic  K -m e ta -  
so m a tic  m ic ro g ran ite s  a n d  ap lite s  w hich  filled  u p  th e  fissures o f  th e  g ranod io - 
r it ic  b o d y .

I I .  P ostkinem atic  Q uartz-diorites and  Granites

T w o igneous rock  ty p e s  occur a long  th e  B a la to n —V elence fau lt-zo n e .
a) Q u a rtz -d io r ite  ( to n a lité )  has b een  reach ed  in  th e  boreholes a t  D in n y és, 

G else an d  also found  as enclaves in  th e  g ra n ite  o f  th e  V elence M ts. (F ig . 1). 
A n o r th ite  r ich  p lag ioclase (Anso) is th e  p re d o m in a n t c o n s titu e n t w ith  zoned 
te x tu re .  M ic ro p erth itic  o rth o c lase  is ra re . Q u a rtz  som etim es show s w avy  
e x tin c tio n . B io tite  is m o s tly  ch lo ritized . H o rn b len d e  is ra th e r  co m m o n  and  
z irc o n , t i ta n i te ,  a p a tite  an d  ru tile  occu r as accessory  m inerals.

C hem ical d ifferences h av e  been  o b serv ed  betw een  th e  q u a r tz -d io r ite  
fro m  boreho les (D innyés, Gelse) an d  th e  enc laves o f th e  V elence M ts. T he 
enclaves a re  r ic h  in  O r an d  p o o r in  A n  n o rm s in d ica tin g  K -m e ta so m a tism  
cau sed  b y  th e  huge  m ass o f  К -rich  g ra n ito id  p lu to n  (Table 2).

b) G ra n ite -g ra n o d io rite  in tru s io n s  h av e  been  stud ied  in  V elen ce  M ts., 
S ág v á r an d  B u zsák  areas (F ig . 1). T he av erag e  a n o r th ite  co n ten t o f  p lag ioclases 
a re  s im ila r (A n30). C om plex-tw ins are  p re v a ilin g  an d  Al/Si o rd e rin g  is m ed ium  
degree .

T he K -fe ld sp a r h a s  d iso rd e red  s tru c tu re . T h e  te m p e ra tu re  o f  fo rm a tio n  
w as a b o u t 630— 650 °C c o u n ted  acco rd in g  to  I .  C. St r o m e r ’s (1975) m e th o d .

T he av erag e  chem ical com p o sitio n  o f  th e se  rocks are g ra n itic , b u t  m in o r 
d e v ia tio n  h as  been  observed . T he g ra n o d io rite  occurs in  th e  b o reho le  o f  B u zsák  
a n d  in  th e  m arg in  of th e  g ran itic  p lu to n  o f V elence M ts. (T able 2).

G ran ite s  o f  th e  V elence M ts. a re  r ich  in  Q a n d  poor in  A n n o rm s  (T ab le  2) 
in d ic a tin g  low er p ressu re  co n d itions o f  fo rm a tio n  com pared  w ith  t h e  S o u th  
H u n g a ria n  la te k in e m a tic  g ran ito id s  (F ig . 3 an d  F ig . 4). T heir age, d e te rm in ed  
b y  iso to p ic  (S r/R b ) m e th o d , is V ariscan  (310— 330 m illion y e a rs ) . T h e y  are 
chem ica lly  v e ry  s im ila r to  th e  W e st-E u ro p e an  V ariscan  g ran ites (F ig . 3).

T h e re  a re  no d irec t ev idences to  e s ta b lish  th e  re la tio n sh ip  e x is tin g  be­
tw e e n  q u a rtz -d io rite s  an d  g ran ite s , how ever, enclaves in  th e  V elence g ran ites  
su g g est t h a t  th e  earlie r in tru s io n  w as q u a rtz -d io r ite  and  i t  w as fo llow ed  b y  
g ran o d io rite -g ran ite .
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К ГЕНЕЗИСУ ВЕНГЕРСКИХ ГРАНИТОИДОВ

ДЬ. БУДА

Р е з ю м е

Гранитоиды Венгрии относят к двум главным группам. Приуроченность гранитои- 
дов к регионально метаморфизованным породам и их низкотемпературный минеральный 
парагенез на территории Южной Венгрии свидетельствуют об образовании в результате 
анатектических и калиевометасоматических процессов. Гранитоиды зоны разломов Бала­
тон—Веленце характеризуются минеральным парагенезом повышенной температуры об­
разования с контактово-метаморфическим ореолом, что свидетельствует о магматическом 
происхождении пород.
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THE GEOLOGY AND CHEMISTRY OF THE GRANITE 
SOUTH WADI SIWIQAT EL SODA,

EASTERN DESERT, EGYPT

By

E . M. E l  S h a z l y , M. M. A l y ,
A. A. E l  S o k k a r y , A. F. K a m e l

NUCLEAR RAW MATERIALS AUTHORITY, CAIRO

The present w ork deals w ith the geology and chem istry of th e  gran ite  mass 
south W adi S iw iqat E l Soda of the E astern  D esert of E gypt. Chem ical stu d y  of the 
granite includes com plete chemical analysis of four samples beside th e  quantita tive 
determ ination of some trace  elem ents like R b, Sr, Y  and Zr. The petrochem ical charac­
teristics of the gran ite  are worked out.

The m ost im p o rtan t result of th is w ork is a change in  th e  id en tity  of the 
investigated granite on geological maps. T hus instead of being regarded  as old grey 
granite and granodiorite, th is rock proved to  be a mem ber of th e  younger low-Ca pink 
granites. Evidences from  th e  d istribution  of m ajor elements, petrochem ical charac­
teristics and trace elem ents are discussed.

In tro d u c tio n

T he g ran ite  m ass  u n d e r  s tu d y  is lo ca ted  betw een  la t i tu d e s  25°08 ' and 
25°10 ' N an d  lo n g itu d es  33°40 ' and  33°42 ' E . I t  is found  to  th e  s o u th  o f W adi 
S iw iq a t E l Soda w hich  is a b ra n c h  o f  W ad i E l M iyah  ly in g  in  th e  E aste rn  
D e se rt o f E g y p t (F ig . 1). T h is m ass occupies an  area  a b o u t 56 k m 2 an d  it  is 
b o rd e red  from  th e  n o r th  b y  s la te s  and  se rp en tin e  rocks w hile th e  w este rn  side 
o f  th e  m ass is in  c o n ta c t w ith  N u b ian  san d sto n e . To th e  s o u th  a n d  e a s t of the  
m ass th e  area  is covered  b y  san d y  p la ins.

T he g ran ite  b o d y  so u th  W ad i S iw iq a t E l Soda is su b je c te d  h e re  to  bo th  
geological and  chem ical s tu d y . T he chem ical w ork  includes c o m p le te  chem ical 
an a ly sis  o f four sam ples covering  th e  m ain  ty p e s  o f th is  g ra n ite  b o d y , besides 
c e r ta in  tra c e  e lem ents (R b , Sr, Y  and  Zr) are  q u a n ti ta t iv e ly  a n a ly se d  as well. 
T h is  s tu d y  helped  to  id e n tify  th e  c h a rac te r  o f th e  g ran ite .

Som etim es E g y p tia n  g ran ite s  suffer from  a serious p ro b le m  o f m isidenti- 
f ic a tio n  and  m any  m is id en tified  bodies a re  in d ica ted  on th e  geo log ical m aps. 
T h e  p re sen t s tu d ied  g ra n ite  is an  exam ple  o f th o se  m is id en tif ied  bod ies. Such 
bod ies should  be su b je c te d  from  tim e to  tim e  to  geological, p e tro g ra p h ic a l and 
chem ical stud ies in  o rd e r to  e luc ida te  th e ir  ex ac t n a tu re .
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G eology  of the G ranite

T h e  n o rth e rn  p a r t  o f  th e  g ra n ite  mass is fo u n d  as iso la te d  o u tc rops w hile 
th e  s o u th e rn  p a r t is so m e w h a t m ore  m assive a n d  i t  is  fo u n d  as tw o  n ea rly  
c irc u la r  ou tc ro p s in  c o n ta c t w i th  ea c h  other and  o c c u p y in g  an  a rea  ab o u t 15 k m * 2

A c ta  Geologica Academiae Scientiarum H ungaricae 24y 1981

Fig. 1. Geological map of th e  g ra n ite  South Wadi S iw iqat E l Soda. 1. Muscovite granite;
2. p in k  g ran ite ; 3. grey gran ite  a n d  granodiorite; 4. epidiorites and  diorites; 5. serpentines 

and related  ro ck s ; 6. sehist-m udstone-greywacke series
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Fig. 2. The granite mass South W adi S iw iqat E l Soda

(o u tc rops A -4- B , F ig . 2). T he tw o so u th e rn  o u tc ro p s are  found  sw am ped  in  a 
san d y  p lain  w hich  su rro u n d s  th em  from  all sides. E ach  o u tc ro p  has a m ore or 
less c ircu lar o u tlin e  b u t  th e  n o rth e rn  o u tc ro p  occupies a la rg e r a rea . T h e  h and  
specim ens re p re se n tin g  th e  tw o ou tcrops show  m ark ed  d ifference. T he h and  
specim en collected  from  th e  n o rth e rn  o u tc ro p  h as  lig h t g rey  color w hile th a t  
rep resen tin g  th e  so u th e rn  o u tc ro p  has red d ish  p in k  color.

T he photogeologic  s tu d y  of th e  m ass show s th a t  th e  n o r th e rn  p a r t  appears 
on aeria l p h o to g ra p h  as d a rk  grey iso la ted  o u tc ro p s  w ith  low re lie f an d  fine
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g ra in e d  su rface  te x tu re . T h e  tw o  o u tc rops to  th e  so u th  o f th e  m ass show  
m a rk e d  differences b e tw een  e a c h  o th e r . T hese d ifferences can  be d esc rib ed  in  
te rm s  o f  su rface  te x tu re  an d  to p o g ra p h y , d ra in ag e  an d  p h o to lin eam en ts .

T h e  tw o  so u th e rn  o u tc ro p s  (A  -j- Щ  h a v e  f in e  g ra in ed  su rface  te x tu re  
b u t  t h e  su rface  o f th e  n o r th e rn  o u tc ro p  (A )  h a s  f in e r  te x tu re  as co m p ared  
w ith  t h a t  o f  th e  so u th ern  o u tc ro p  (B) .  T he to p o g ra p h y  of th e  so u th e rn  o u tc ro p  
(jB) is h ig h e r  th a n  th a t  o f th e  n o r th e rn  o u tc rop  (A) .

T h e  d ra in ag e  in  th e  tw o  o u tc ro p s  is m a in ly  o f  th e  d e n d ritic  ty p e  b u t  th e  
d e n s ity  o f  d ra inage  varies g re a tly  in  each o u tc ro p . M easu rem en t o f th e  d e n s ity  
o f  d ra in a g e  p e r u n it a rea  w h ich  is 1 k m 2 in  each  o u tc ro p  show s th a t  th e  n o r th e rn  
o u tc ro p  ( A )  h as  low er d e n s ity  am o u n tin g  to  12 d ra in ag e  lines p e r  k m 2 w hile 
th e  s o u th e rn  ou tcrop  (B)  h a s  i ts  d en sity  26 d ra in ag e  lines p e r k m 2 (F ig . 3).

P h o to lin e a m e n ts  in  th e  g ra n itic  m ass re p re se n t m a in ly  jo in ts  an d  p ro b ­
ab le  f a u l ts .  T he m ain  tre n d s  o f  th e se  lin eam en ts  are  N  15° W , N  25° W  and  
N  65° W . I n  add ition  to  th e s e  tre n d s  th e re  are  th re e  less p ro m in e n t tre n d s  
w h ic h  a re  N  55° E , N 55° W  a n d  N  65° E . T hese lin eam en ts  are rep re sen ted  
m a in ly  in  th e  tw o ou tcrops ( A  +  В ) to  th e  so u th  o f th e  g ra n itic  m ass (F ig . 4). 
M o st o f  th e s e  lineam en ts a re  fo u n d  in  o u tc ro p  (J3) an d  c o n s titu te  62 %  o f all 
l in e a m e n ts  p resen t in  th e  w h o le  m ass (A  -j- B).  T h e  m ain  tre n d s  in  o u tc ro p  
( A)  a re  N  65° W , N 15° W  a n d  N  65° E , c o n s titu tin g  67 .5%  o f all lin eam en ts  
p re s e n t  in  th is  ou tcrop . O n th e  o th e r  h an d , lin eam en ts  in  o u tc ro p  (В ) t re n d  in  
th e  d ire c tio n s  N 25° W , N 55° E  an d  N 15° W . P ro b ab le  fa u lts  a re  few  in 
n u m b e r  b u t  m ost of th e m  a re  fo u n d  in  o u tc ro p  ( A)  w ith  th e  tre n d s  N  40° E — 
N  60° E  a n d  N 60° W —  N  70° W .

Fig. 3. D rainage in  granite South  W adi Siw iqat E l Soda. D ensity  of drainage is 12 drainage 
lines per 1 km* in m ass (A )  and  26 drainage lines per 1 km* in  mass (B )
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Fig. 4. Photo  lineam ents in  granite South W adi S iw iqat E l Soda. 1. Inferred fau lt; 2. fracture
line; 3. dykes

F o u r g ra n itic  sam ples are  co llected  from  th e  tw o so u th e rn  ou tcrops 
( A  +  Tw o sam ples w ith  grey ish  co lo r a re  co llected  from  o u tc ro p  (A) ,  one 
w ith  p in k  co lor from  o u tc ro p  (B)  and  one sam p le  only  w ith  p in k ish  co lo r from  
th e  c o n ta c t b e tw een  th e  tw o  ou tcrops. T h ese  sam ples covered th e  m a in  v a rie tie s  
o f  g ran itic  rocks p re se n t in  th e  in v e s tig a te d  a rea .

T he tw o  sam ples A1  and  A 2  look g rey ish  in  color, so m ew h at friab le , 
w ith  v a ry in g  b io ti te  c o n te n t h u t  th is  m in e ra l is m ore enriched  in  sam p le  A2 .  
S am ple  В  looks p in k  in  color w ith  th e  p resen ce  o f no rm al a m o u n t o f  m ica. 
S am p le  C w h ich  is ta k e n  from  th e  c o n ta c t zone  betw een  th e  tw o g ra n ite  m asses 
A  an d  В  looks p in k ish  in  color, has a low  m afic m inera l c o n te n t  and  is 
f in e r  in  g ra in  size th a n  th e  p ink  v a r ie ty .

Chem istry o f th e  G ran ite

M ajor E lem ents

T he fo u r sam ples collected  from  th e  g ra n ite  so u th  W adi S iw iq a t E l Soda 
a re  su b jec ted  h e re  to  com plete  chem ical a n a ly s is  fo r m a jo r and  m in o r e lem ents. 
A n a ly tica l te c h n iq u e s  are  described  e lsew here  (E l  S o k k a r y , 1970). R esu lts  
o f  th e se  ana lyses exp ressed  in  w eigh t p e r  c e n t o f  th e  oxides are  show n  in  T ab le  1
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Table 1

Complete chemical analyses (w t.% ) o f the investigated granitic rocks

Weight per cent

A l A 2 В c Low-Ca Typical
pink

Typical
grey

S i0 2 73.32 73.53 74.02 73.12 74.29 74.08 67.84

a i2o 3 13.01 13.26 13.01 14.03 13.61 13.14 14.34

Fe20 , 0.39 0.44 0.21 0.22 2.03* 0.30 —

FeO 0.63 1.02 0.39 0.31 — 1.13 3.53

MnO 0.01 0.04 0.04 0.04 0.05 0.02 0.05

MgO 0.41 0.30 0.41 0.36 0.27 0.29 2.32

CaO 1.82 0.95 1.63 1.63 0.71 0.82 1.95

Na20 4.30 3.85 4.03 4.00 3.48 4.24 3.65

K ,0 3.92 4.52 4.04 4.58 5.06 4.49 3.02

T i0 2 0.02 0.02 0.01 0.01 0.20 0.25 0.76

P A 0.04 0.01 0.01 0.01 0.14 0.05 0.18

h 2o + 1.06 1.09 1.06 1.05 — 0.62 1.33

H 2o - 1.02 0.68 0.82 0.50 — 0.10 0.06

T o ta l 99.95 99.71 99.68 99.86 99.84 99.53 99.03

* T o ta l iron is calculated as F e20 3

Table 2

C IP W  norms o f the investigated granite rocks

N orm ative
m ineral A l A 2 В C

Or 23.75 27.45 24.50 27.60
Ab 39.50 35.45 37.10 36.55
A n 4.68 4.75 5.58 6.88
c — 0.37 — —
Wo 1.72 — 1.04 0.50
11 0.02 0.02 0.02 0.02
M t 0.42 0.47 0.23 0.24
Hm — — — —

En 1.16 0.86 1.16 1.02
Fs 0.72 1.34 0.50 0.36
A p 0.08 0.03 0.03 0.03

Q 27.95 29.25 29.83 26.82
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w h ich  com pares th em  w ith  co rresp o n d in g  v a lu e s  o f  th e  low -Ca g ra n ite  of 
T u h e k ia n  an d  W e d e p o h l  (1961), ty p ic a l p in k  g ra n ite  and  ty p ic a l g re y  g ra n ite  
fro m  E g y p t ( E l  S o k k a r y , 1970). T ab le  2 gives th e  C IP W  norm s o f th e  in v e s ti­
g a te d  g ra n itic  rocks, w hile T ab le  3 show s th e ir  N ig g l i values.

Table 3

Niggli v a l u e s  o f  th e  i n v e s t i g a t e d  g r a n i t i c  r o c k s

N i g g l i  v a l u e A l A 2 В c

a l 4 3 .2 2 4 5 .6 3 4 4 .9 9 4 6 .3 9

fm 8 .1 4 9 .7 3 6 .6 5 5 .6 1

c 11.01 5 .9 5 10 .27 9 .8 2

a lk 3 7 .6 3 3 8 .6 8 3 8 .0 9 3 8 .1 6

m g 0 .4 3 0 .2 7 0 .5 4 0 .5 4

к 0 .3 8 0 .4 4 0 .4 0 0 .4 3

si 4 1 4 .0 7 4 3 0 .1 8 4 3 5 .1 5 4 1 0 .9 9

p 0 .0 9 0 .0 3 0 .0 4 0 .0 3

t i 0 .0 7 0 .0 8 0 .0 5 0 .0 4

C om parison  o f th e  analyses o f th e  fo u r in v e s tig a te d  rocks w ith  th o s e  o f 
th e  re fe ren ce  low-Ca g ran ite  rev ea ls  th e  p resen ce  o f  good co incidence b e tw een  
th e  tw o  se ts  o f d a ta  p a r tic u la r ly  ev id e n t fro m  th e  con ten ts of: S i0 2, A120 3, 
to ta l  F e20 3, M nO, MgO, CaO, N a20  a n d  K 20 .  H ow ever, to ta l  i ro n  seem s to  
show  so m ew h at lesser va lu es  w hile CaO te n d s  to  develop so m e w h a t h ig h e r 
v a lu e s  in  th e  an a lysed  rocks. N ev erth e less  th e  fo u r analysed  sp ec im en s  from  
S iw iq a t E l Soda develop th e  ty p ic a l c h a ra c te r  o f  low-Ca g ran ite s . T h u s  th e  
g ra n ite s  from  S iw iqa t E l Soda are  low -Ca g ra n ite s .

I t  shou ld  he  n o ted  th a t  analyses o f  th e  fo u r  g ran ite  specim ens a re  v e ry  
close to  each  o th e r  w hich m eans th a t  a ll o f  th e m  rep resen t one g ra n i te  ty p e , 
n a m e ly  low -Ca g ran ite . Color v a r ia tio n  o f  th e  specim ens from  g re y  to  p in k  
sh ad es is n o t  s ign ifican t an d  th e  g ran ite  m ass , a t  le a s t its  so u th e rn  p a r t s ,  looks 
hom ogeneous.

O n co m p arin g  th e  analyses of th e  fo u r  an a ly sed  g ran ites f ro m  S iw iq a t 
E l S oda w ith  th o se  of ty p ic a l p in k  g ra n ite  from  E g y p t as given b y  E l  S o k k a r y  
(1970), th e re  appears close s im ila rity  b e tw een  th e  tw o sets o f d a ta .  T h is  is 
c lea r from  th e  co n ten ts  of: S i0 2, A120 3, F e20 3, F eO , M nO, M gO, C aO , N a20 ,  
K 20  an d  H 20 .  T he alkali e lem ents N a20  an d  K 20  h a v e  s trik in g ly  close  values 
in  th e  tw o  sets o f d a ta . T h e  ferrous c o n te n t (FeO ) ten d s  to  be low er w h ile  th e  
CaO c o n te n t te n d s  to  be h ig h e r in  th e  a n a ly sed  rocks. D espite  o f  th e s e  m ino r 
v a r ia tio n s , th e  p resen t rocks re p re se n t m em b ers  of ty p ica l p in k  g ran ite s  
o ccu rrin g  in  v a rio u s  p laces in  th e  E a s te rn  D e se r t o f  E g y p t.
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MgO

Fig. 5. The te rnary  re la tion  (N a20  +  K20 ) —MgO—(F ejO j +  FeO) in the stud ied  granites

F ig u re  5 assu res t h a t  th e  s tud ied  g ran ites  a re  im poverished  in  th e  fe rro m ag - 
n e s ia n  e lem ents (F e20 3, F eO , MgO) and  a re  e n r ic h e d  in th e  a lk a li e lem en ts  
(N a20  +  K 20 ) ,  m o reo v e r th e y  occupy th e  sa m e  p o sitio n  p rev io u sly  assigned  
fo r  E g y p tia n  p in k  g ra n ite s  (El S o k k a r y , 1970).

F ig . 6 show s th e  a lk a lin e  n a tu re  of th e  s tu d ie d  g ran ites as p o in ts  re p re ­
se n tin g  th e m  lie a lm o s t m id -w ay  betw een  N a 20  a n d  K 20  ends, m o reo v er th e se  
g ra n ite s  te n d  to  be  re la t iv e ly  im poverished  in  lim e  (CaO).

H ow  close are  th e  an a ly sed  g ran ites f ro m  S iw iqa t E l Soda to  ty p ic a l 
g rey  o r  h igh-C a g ra n ite s  ? As a m a tte r  of fa c t t h e  an a ly sed  rocks can  n o t  re p re ­
se n t ty p ic a l  E g y p tia n  g re y  g ran ites because t h e i r  analyses are q u ite  d iffe ren t. 
T h e  an a ly sed  g ran ite s  show  decisively h ig h e r a m o u n ts  of S i0 2 an d  K 20  w ith  
c o n c o m ita n t low ering  tr e n d s  in  FeO , MgO a n d  CaO w ith  re sp ec t to  ty p ic a l  
g rey  g ra n ite . T he re fe ren ce  high-Ca g ra n ite  o f  T u r e k ia n  and  W e d e p o h l

N a 2 0

Fig. 6. The te rn a ry  relation  CaO —K 20 —N aaO in  th e  studied granites
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(1961) w hich is e ssen tia lly  a g ran o d io rite  h a s  CaO co n ten t t h a t  e q u a ls  3.54%  
w h ich  is qu ite  h ig h er th a n  th e  co rrespond ing  values o f th e  a n a ly se d  rocks.

I n  conclusion, th e  fo u r specim ens from  S iw iqat E l S o d a  a re  low-Ca 
g ra n ite s  being m em bers o f  ty p ic a l p in k  g ra n ite , th e y  can n o t re p re s e n t  typ ica l 
g rey  g ran ites. W ith  th e ir  an a ly ses  close to  each  o th e r, th e y  re p re s e n t  m em bers 
o f  a m ore  or less hom ogeneous g ran ite  m ass. R eferring  to  th e  geo log ica l m ap of 
F ig . 1, i t  is seen th a t  th e  g ra n ite  m ass ly in g  to  th e  so u th  o f W a d i S iw iqa t E l 
S o d a  is m arked  as grey  g ra n ite  an d  g ran o d io rite—a m a tte r  w h ich  is obviously  
u n fo u n d ed  and b e ing  a g a in s t th e  re su lts  o f  th e  p resen t in v e s tig a tio n . The 
c h a ra c te r  o f th is  g ra n ite  m ass should  be co rrec ted  on th e  geo log ica l m aps 
(e.g . E l  R a m l y , 1972) as p in k  g ran ite  an d  n o t g rey  g ran ite  a n d  g ran o d io rite .

Petrochemical Characters

T ab le  2 shows t h a t  n o rm a tiv e  p lag ioclase som ew hat ex ceed s n o rm ativ e  
o rth o c la se  in  th e  fo u r a n a ly sed  sam ples. O n th e  o th e r h a n d , th e  av e rag e  An 
c o n te n t o f th ese  n o rm a tiv e  p lag ioclases is fo u n d  to  be 13%  A n  i.e . th e  p la ­
gioclase is e ith er an  o ligoclase or m ay  be an  a lb ite  as th e  a n o r th i te  c o n te n t is 
v e ry  close to  th e  u p p e r lim it  o f  th a t  o f a lb ite  (10%  An). T h is p lag io c la se  excess 
m a y  be  due to  th e  p e r th i t ic  n a tu re  o f th e  p re se n t p o ta sh  fe ld p a rs  o r m ay  be 
d u e  to  th e  presence o f m u ch  a lk a li fe ld spars i.e. b o th  К  an d  N a  b e a r in g  feld­
sp a rs . H ow ever, th e  g ra n ite  o f  S iw iq a t E l S oda m ig h t be su b je c te d  to  a process 
o f  a lb itiz a tio n . P e r th ite s  o f  th e  v e in  ty p e  a re  rep o rted  in  th e  p in k  g ra n ite  mass 
o f  W  ad i S iw iqat E l so d a  (S a b e t  and  Z a a t o u t , 1955). T hese m ig h t be  form ed 
th ro u g h  a process o f a lb itiz a tio n .

N o rm ativ e  q u a r tz  ra n g e s  betw een  26.82— 29.83%  in  th e  fo u r  analysed  
sam p les  w ith  an av erag e  v a lu e  28 .46% . T h e  d is tr ib u tio n  o f  n o rm a tiv e  m afic 
m in e ra ls  follows closely th e  c o n te n t o f b io tite  in  th e  four sam p les . T h u s  sam ple 
A 2  w ith  a b u n d an t b io ti te  h as  2 .20%  m afic  m inera ls, sam ple  A 1  w ith  lesser 
b io ti te  has 1.88%  o f th e se  m in era ls , w hile th e  p in k  g ran ite  sa m p le  В  has its 
m afic  m inerals 1 .66% , sam p le  C w ith  scarce  b io tite  has 1 .3 8 %  n o rm ativ e  
m a fic  m inerals.

T he te rn a ry  re la tio n  b e tw een  th e  n o rm a tiv e  fe ld spars O r— A b — Anis 
su p erim p o sed  on H ie t a n e n  chem ically  c lassified  d iagram  (1963), F ig . 7, from  
w h ich  i t  is concluded t h a t  th e  in v es tig a ted  g ran ite s  from  S iw iq a t E l Soda are 
c la ssified  as norm al g ra n ite s .

W ith  respect to  N ig g l i  v alu es , th e  fo u r rocks from  S iw iq a t E l  S oda show 
s im ila r  values o f si, к  a n d  alk . T h e  fm  an d  m g values o f th e se  ro ck s  show 
c e r ta in  f lu c tu a tio n s : th e  fm  v a lu e  ranges b e tw een  5.61—9.73 w h ile  th e  m g value 
ra n g e s  betw een 0.27— 0.54 re flec tin g  f lu c tu a tio n s  in  th e  c o n te n t o f  th e  ferro- 
m ag n esian  m inerals.
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F ig . 7. T he  ternary relation b e tw e e n  the normative m inerals O r—A b—An in  the studied 
g ran ite s . A  =  kali granite; В =  g ra n ite ; C =  g ran ite-trondhjem ite; D =* trondhjem ite; E  =  
=  q u a r tz  monzonite; F  =* m o n zo n ite ; G =  tonahte; H  =  calcic gran ite ; I  =  granodiorite; 
J  =  q u a r tz  diorite; К  =  calcic m on zo n ite ; L =  grano gabbro ; M =  gabbro; N =  m afic gabbro

T race  Elements

T a b le  4 gives th e  c o n te n ts  in  p p m  of fo u r tr a c e  e lem en ts , n am ely  R b , Sr, 
Y  a n d  Z r  in  th e  analysed  f o u r  sam p les . These a re  c o m p a re d  w ith  co rrespond ing  
v a lu e s  o f ; ( l)T h e  re fe ren ce  lo w -C a  gran ite  o f T u r e k i a n  an d  W e d e p o h l  (1961), 
a n d  (2) T yp ica l p ink an d  g re y  g ran ite s  as g iven b y  E l  S o k k a r y  (1970).

Table 4

Trace elements (p p m ) o f the investigated granitic rocks

Element Al A2 В c Low-Ca Typical pink Typical grey

R b 165 134 195 221 170 66 76

Sr 145 183 132 51 100 56 578

Y 14 19 17 21 40 22 6

Z r 113 113 97 69 175 137 234

T h e  assigned t r a c e  e le m e n ts  in  the  fo u r sa m p le s  a re  com parab le  w ith  
th o s e  o f  th e  reference lo w -C a  g ra n ite  especially  R b  a n d  Sr, being  co m p arab le  
a s  w e ll w ith  those o f th e  ty p ic a l  p ink g ran ite  p a r t ic u la r ly  Y  and  Z r. T hese 
c o m p a r iso n s  reflect t h a t  t h e  g ran ite  from  S iw iq a t E l Soda is low -Ca p in k  
g r a n i t e .  W ith  respect to  ty p i c a l  grey g ran ite  f ro m  E g y p t, th e  in v e s tig a te d  
fo u r  g ra n ite s  show h ig h e r  R b  a n d  Y  w ith  a s im u lta n e o u s  drop  in  S r an d  Z r. 
T h is  a ssu res  th a t  th e  g r a n i te  fro m  S iw iqat E l  S o d a  c a n n o t be ty p ic a l  g rey  
g r a n i te .
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F ig u re  8 show s th e  re la tio n  b e tw een  S r a n d  R b  from  w hich  i t  is seen th a t  
som e g ran ite s  e. g. sam p le  C (w ith  scarce m a fic  m inerals) a re  en rich ed  in  R b  
an d  dep le ted  in  S r w h ich  m igh t suggest th e  p resen ce  o f a w eak d iffe re n tia tio n  
tre n d  w ith in  th e se  g ra n ite s .

Rb

200 - 

150 -

1001--------------------------- '-------------------------- '---------------------------1---------------------------1---------
50 100 150 200 Sr

Fig. 8. Sr versus Rb in  th e  stud ied  granites

D iscussion

T h e  p re se n t s tu d y  show ed th a t  th e  g ra n ite s  so u th  W ad i S iw iq a t E l Soda, 
E a s te rn  D e se rt, a re  fo u n d  as tw o  n ea rly  c irc u la r  ou tcrops in  c o n ta c t w ith  each 
o th e r . T h e  n o r th e rn  o u tc ro p  has lig h t g rey  co lo r w hile th e  so u th e rn  o u tc ro p  
has red d ish  p in k  co lor. T h e  to p o g rap h y  o f th e  so u th e rn  o u tc rop  is h ig h e r th a n  
th a t  o f th e  n o r th e rn  o u tc ro p .

T he d is tr ib u tio n  o f  m a jo r e lem en ts, th e  p e trochem ical ch a ra c te ris tic s  
an d  th e  tra c e  e lem en t p a t te rn  o f th e  in v e s tig a te d  g ran ites all p o in t to w ard s 
th e  fa c t th a t  th e se  ro ck s are  low-Ca g ra n ite s  b e ing  m em bers o f  ty p ic a l p ink  
g ra n ite , th e y  c a n n o t re p re se n t ty p ic a l g rey  g ran ite . T he c h a ra c te r  o f  th is  
g ra n ite  m ass shou ld  h e  co rrec ted  on th e  geological m aps as b e in g  y o u n g er 
p in k  g ra n ite  a n d  n o t  th e  old grey g ran ite  a n d  g ran o d io rite .

S ince ana ly ses  o f  sam ples re p re se n tin g  th e  tw o  c ircu lar g ra n ite  m asses 
a re  close to  each o th e r  an d  th e y  essen tia lly  in d ic a te  one g ran ite  ty p e , th e re fo re  
d ifferences alone in  pho togeological c h a ra c te rs  be tw een  th e se  tw o  g ran ite  
m asses a re  n o t co n c lu siv e  in  iden tify in g  each . T h e  g ran ite  w ith  g rey  color from  
th e  n o r th e rn  m ass h as  re la tiv e ly  h igh p e rc e n ta g e  o f  b io tite  and  its  fe ld sp a rs  are  
lig h te r  in  color, a m a t te r  w hich m ay  g ive  d ifferences in  p h o to g ra p h ic  to n e  
be tw een  th is  g ra n ite  an d  th e  p ink ish  so u th e rn  v a r ie ty  w ith  low er b io ti te  con­
te n t  and  w ith  fe ld sp a rs  colored red d ish -p in k .
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Г Е О Л О Г И Ч Е С К О Е  С ТРО ЕН И Е И Х И М И ЧЕСК И Е У С Л О В И Я  ГРАНИТОВ Н А  Ю ГЕ 
ВА ДИ -СИ ВИ КА Т-ЕЛЬ-СО ДА  В ВОСТОЧНОЙ П УСТЫ НЕ ЭГИПТА

Е. М. ЭЛ-ШАЗЛИ — А. А. Э Л -С О К К А РИ -М . М. А ЛЫ  -  А. Ф. НАМЕЛ

Р е з ю м е

В настоящей работе рассматриваются геологическое строение и химические условия 
гранитного массива в южной части Вади-Сивикат-Ель-Сода в Восточной пустыне Эгипта. 
Химическое изучение включает в себя полный серийный анализ четырех образцов, помимо 
количественного определения некоторых рассеянных элементов, а именно — Rb, Sr, Y и Zr. 
Определены петрохимические характеристики гранитов.

Важнейшим результатом данной работы является изменение идентичности иссле­
дованных гранитов на геологических картах. Таким образом, в отличие от их отнесения 
раньше к древним серым гранитоидам и гранодиоритам, эти породы теперь оказались чле­
ном ряда более молодых, розовых гранитов с пониженным содержанием кальция. Приво­
дится фактический материал относительно распространения главных элементов, петро­
графических характеристик и рассеянных элементов.
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ON THE OCCURRENCE OF SPHERULITIC 
STRUCTURE IN RASIC DYKE FROM 

DONI AREA, INDIA

By

N . W . G o k h a l e , S. C. P u r a n ik

DEPARTMENT OF GEOLOGY, KARNATAK UNIVERSITY, DHARWAD

A basic dyke containing unoriented an d  unusually  large sized xenoliths, traverses 
coarse grained am phibolites of Doni area. T he stu d y  reveals th a t i) q u a rtz  dom inates 
am ongst th e  xenoliths, ii) felspar xenoliths alone have developed spherulitic  struc tu re , 
iii) th e  basic dyke is a basalt and iv) i t  acqu ired  th e  xenoliths in i t  by  forcib ly  in trud ing  
in to  a pre-existing vein of quartz.

Field Characters

T h e x e n o lith  b e a rin g  basic  dyke  is s i tu a te d  a t ab o u t 2 k m s. so u th  o f 
D o n i v illage  ( la t:  15°17 ' N  and  long: 7 5 ° 4 3 '3 0 "  E .) o f M undarg i ta lu k a ,  D h a r-  
w ad  d is tr ic t, K a rn a ta k a  s ta te . I t  is c o n ta in e d  in  su rv ey  o f In d ia  T o p o sh ee t 
N o . 48M /11. T h e  d y k e  tre n d s  N 5 0 E — S 5 0 W , w hile  th e  coarse g ra in ed  a m p h ib o ­
litic  c o u n try  rocks s tr ik e  N 35E — S35W  w ith  a d ip  o f 20° due S 5 5 E . T h e  d y k e  
is 150 m ts . in  le n g th , 6— 7 m eters w ide a t  i ts  n o r th e a s te rn  end, w hile  i t  p inches 
to  a w id th  o f h a lf  a  m e te r  or so a t  its  so u th w e s te rn  end: i t  is th u s  w edge sh ap ed  
in  o u tlin e . T he x en o lith s  a re  m ain ly  o f q u a r tz  a n d  th ese  v a ry  in  size f ro m  a  few  
m illim e te rs  to  as la rg e  as 30 cen tim eters  in  le n g th ; and  from  a few  m illim e te rs  
to  6 c en tim e te rs  in  w id th . X en o lith s  are  so n u m ero u s and o f  d iv e rse  shap es 
an d  sizes t h a t  a t  f i r s t  s ig h t th e  rock  resem b les  a  b reccia  (P la te  1, F ig s  1 a n d  2). 
X e n o lith s  are  p re se n t th ro u g h o u t th e  d y k e  a n d  are  un o rien ted  (P la te  1, F igs 1 
a n d  2).

Petrography

T h e d yke  ro ck  is d a rk  g ray  in  co lou r a n d  m egascopically  x e n o lith s  alone 
a re  id e n tif ia b le . I n  th in  sections th e  rock  show s a fin e  g rained  te x tu re  (P la te  2, 
F ig . 2) and  is seen  to  b e  m ade up  d o m in a n tly  o f  plagioclases a n d  c lino  p y r ­
oxenes. M ag n e tite  is p re se n t in  sm all a m o u n t. S u b h ed ra l la th s  o f  p lag ioclases 
d isp lay  ty p ic a l m u ltip le  tw in n in g . C en tra l p o r t io n  o f th e  la th s  show  a lte ra t io n . 
T h e  la th s  are  u n o rie n te d . Clino py ro x en es a re  eu h ed ra l to  su b h e d ra l in  sh ap e  
an d  are  b igger in  size th a n  th e  la th s  o f  p lag io c lases . Clino p y ro x e n e s  show  
sim ple tw in n in g  and  a pleochroism  in  sh ad es  o f  green and pale  g reen  co lours. 
M ag n e tite  g ra ins a re  u n h ed ra l and  are  o p a q u e .
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Plate I

Figs 1, 2. H an d  specimens showing “ breccia-like”  d is trib u tio n  of xenoliths. N ote nno rien ted
na tu re  of xenoliths (Y3 n a tu ra l size)

Fig. 3. M icrophotograph of xenoliths. Big white m inerals a t  the base are feldspar, w hich 
show diffused  contact w ith the m atrix . Note granular, sm all pieces of quartz on th e  lower 
side o f cen tra l, lenticular quartz  xenolith . Note sharp  con tac t of quartz w ith th e  m atrix .

(Crossed Nicols 3.5 X )
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Plate II

Fig. 1. M icrophotograph of a very big quartz  xenolith . Q uartz  graine show mosaic te x tu re  and
granulation. (Crossed N icols 3.5 X)

Fig. 2. M icrophotograph of an oval shaped quartz  xeno lith . Note reaction rim  a ro u n d  it . The 
m atrix  displays basaltic tex tu re . (Crossed Nicols 10 X)

Fig. 3. M icrophotograph of a quartz xenolith. N o te  complete granulation of qu a rtz .
(Crossed Nicols 10 X )
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Plate III
Fig. 1. M icrophotograph of spherulitic structure. N ote singular black strip (ex tinction) w ith in

the mineral. (Crossed Nicols 45 X )
Fig. 2. M icrophotograph of spherulites. In  some com plete “ cross”  is seen, in  o thers, i t  is half 
developed. N ote restriction  of spherulitic structure to  fe lspar xenolith  only. (Crossed Nicols 10 X ) 
Fig. 3. M icrophotograph showing la th s  of felspar rad ia tin g  o u t from a stem of q u artz . I n  the 

low er rig h t hand side, spherulitic structure can be observed. (Crossed Nicols 10 X )
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T y p ica l b a sa ltic  te x tu r e  is n o t read ily  d iscern ib le . L a th s  o f  plagioclases 
s to p  ag a in s t th e  p la te s  o f  p y ro x en es w hich in d ica te s  th a t  th e  p y ro x e n e s  have 
c ry s ta llised  earlie r to  p lag ioc lases.

X eno lith ic  s tru c tu re  is n o ticed  even in  th in  sections (P la te  1, F ig . 3 and 
P la te  2, F ig . 2). X e n o lith s  a re  n u m ero u s, genera lly  le n tic u la r  in  sh ap e  and 
o ccu r as aggregates as w ell as in d iv id u a l g ra in s . Q u a rtz  d o m in a te s  am o n g s t th e  
x e n o lith s , tho se  o f fe lsp a rs  (P la te  1, F ig . 3) an d  som etim es o f  c a lc ite  a re  also 
seen . Q u artz  shows m osaic  te x tu re .  T he c o n ta c t betw een  th e  q u a r tz  xeno lith s 
an d  th e  su rround ing  ro ck  a lone  is sh arp  (P la te  1, F ig . 3). T in y  g ran u les  of 
p y ro x en es  are seen to  b e  deve loped  a ro u n d  x e n o lith s  of q u a rtz  (P la te  2, F ig . 2). 
I n  som e xeno liths, q u a r tz  is g ra n u la r  and  is v e ry  f in e  g ra ined  (P la te  2, F ig . 3), 
in  som e o thers g ra n u la tio n  is n o ticed  on ly  one side (P la te  1, F ig . 3). A t places 
th e  q u a r tz  xen o lith  a p p e a rs  to  be rec ry s ta lliz ed  (P la te  2, F ig . 1). U ndulöse 
e x tin c tio n  is d isp layed  b y  q u a r tz .

T he m ost im p o r ta n t  fe a tu re  is th e  d ev e lo p m en t o f sp h e ru lit ic  s tru c tu re . 
T h is is re s tric ted  to  th e  x en o lith s  fe lsp ar. I n  som e cases, c o m p le te  circle of 
sp h e ru lite  is developed , in  o th e rs  a p a r t  o f  th e  circle is p ro d u c e d  (P la te  3, 
F ig s . 1 and  2). A t m a n y  p laces la th s  of fe lsp a r  are  seen to  r a d ia te  o u t from  a 
g ra in  o f  q u a rtz  (P la te  3, F ig . 3), and  such  a g ro w th  is seen to  r e s u lt  is sp h eru ­
li t ic  s tru c tu re .

D iscussion

M ineralogical co m p o sitio n  an d  te x tu ra l  fea tu re s  described  ab o v e  in d ica te  
t h a t  th e  basic dyke is a  b a s a l t .  X en o lith s  en co u n te red  in  th e  d y k e  a re  o f  d iffer­
e n t d im ensions, u n o rie n te d , an d  are n o t n o ticed  o u tside  th e  d y k e . M a jo rity  of 
th e  xeno lith s  are  o f q u a r tz  an d  som e are o f fe lsp a rs . T hese are  th e re fo re  acidic 
in  com position . T hese  x en o lith s  are  e ith e r  “ co g n a te”  or are  a c q u ire d  b y  the  
b a sa lt ic  m agm a from  an  e x tran eo u s  source. I t  is q u ite  clear t h a t  th e s e  xeno lith s 
could  n o t belong to  th e  “ c o g n a te  ty p e ” , because  th ese  are acidic in  com position , 
an d  such  m inerals a re  n o t  p roduced  as th e  f i r s t  p ro d u c t o f c ry s ta lliz a tio n  of 
th e  b a sa ltic  m agm a” . A lte rn a tiv e  source fo r th e se  xeno lith s is th e i r  d eriv a tio n  
fro m  an  ex traneous so u rce . I t  is s ig n ifican t to  n o te  th a t  v e in s  o f  q u a r tz  are 
v e ry  freq u en tly  tra v e rs in g  rocks ad jacen t to  th e  dyke. All th e  f ie ld  an d  petro- 
g rap h ica l ch a rac ters  o f  th e  b a sa ltic  dyke su g g est th a t  i t  in tru d e d  in to  a p re ­
ex is tin g  vein of q u a r tz . G ra n u la r  q u a rtz , g ra n u la tio n  observed  on  th e  p e rip h ery  
o f  q u a r tz  xeno lith s, u n d u lö se  e x tin c tio n  o f q u a r tz , d iverse sizes a n d  shapes of 
x en o lith s , non o rien ted  n a tu re  of th e  x en o lith s , all th ese  fe a tu re s  to g e th e r 
c le a rly  p o in t to  th e  fo rcefu l in jec tio n  of th e  d y k e  in to  th e  p re -e x is tin g  vein  of 
q u a r tz .  As a re su lt o f  th is , th e  q u a rtz  v e in  w as sh a tte re d  to  sm a ll and  big 
pieces w hich are now  fo u n d  as xeno lith s w ith in  th e  basic d y k e . T h is  also sa tis­
fa c to r ily  explains th e  re s tr ic tio n  o f th e  x en o lith s  to  th e  dyke  ro ck  alone .
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T h e  basaltic  m ag m a  p ro b a b ly  had  no  tim e  o r  w as n o t h o t en o u g h  or 
b o th ,  to  assim ilate th e  x e n o li th s  of q u a rtz  an d  o f  fe lsp ars  to  any  e x te n t .  I t ,  
h o w e v e r , b ro u g h t a b o u t re c ry s ta ll is a tio n  of q u a r tz  a n d  developm ent o f  re a c tio n  
r im  a ro u n d  xenoliths o f  q u a r t z .  I t  also p ro d u ced  m o sa ic  te x tu re  in  th e  q u a rtz  
x e n o l i th s  and spheru litic  s t r u c tu r e  in  those o f  fe lsp a rs . G o k h a l e  an d  K o p p a d  
(1973) h a v e  described th e  o c c u rre n ce  of a s im ila r d y k e  w hich  con ta in s x en o lith s  
o f  q u art:}  and  felspars. T h e y  h a v e  po in ted  o u t  t h a t  th e  spheru litic  s t ru c tu re  is 
p ro d u c e d  only  in  th e  fe lsp a r  x e n o lith s  found in  t h a t  d y k e . T he dyke u n d e r  s tu d y  
a lso  c o u ld  be held re sp o n sib le  fo r  th e  developm ent o f  sp h e ru litic  s tru c tu re  in  i t .  
H o w e v e r , th e  p resen t d y k e  d iffe rs  from  th e  one d esc rib ed  b y  G o k h a l e  and  
K o p p a d  (op. cit.) in  c o n ta in in g  considerab ly  la rg e  sized  xeno liths a n d  th e se  
x e n o l i th s  being found th r o u g h o u t  th e  dyke.

I n  conclusion i t  m a y  b e  sa id  th a t  i) th e  d y k e  is u n iq u e  in  h av in g  ra th e r  
la rg e  s ized  xenoliths o f q u a r tz ,  ii) th e  x en o lith s  b e in g  acquired  b y  fo rc ib ly  
in t r u d in g  in to  a p re -ex is tin g  v e in  o f q u artz , iii) th e  c ry s ta llisa tio n  o f th e  b a sa l­
t ic  m  a g m a  has produced  th e  sp h e ru litic  s tru c tu re  in  th e  fe lspar xeno lith s alone.
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О П РО Я В Л Е Н И Я Х  СФ ЕРОЛИТОВОЙ С Т РУ К Т У РЫ  В ДА Й КЕ 
ОСНОВ НОГО СОСТАВА В РАЙОНЕ Д О Н И  В И НДИ И

Н. В. Г О К Х А Л Е  и С. К. П У РА Н И К

Р е з ю м е

Грубозернистые амфиболиты района Дони в Индии пересекаются дайкой основного 
состава, включающей в себя неориентированные ксенолиты необычайно больших размеров. 
В результате проведенных работы было установлено, что I) среди ксенолитов преобладает 
кварц; II) сферолитовая структура развита только лишь в полевошпатовых ксенолитах; 
III) дайка основного состава представлена базальтами и IV) она приобрела ксенолиты в 
ней путем форсированного внедрения в кварцевую жилу, которая там существовала 
раньше.
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A HYPOTHESIS ABOUT THE TERTIARY 
VOLCANIC ACTIVITIES OF THE 

MÁTRA MOUNTAINS, NE HUNGARY
By

Cs. B a k s a — J .  Cs il l a g — J .  F ö l d e s s y —T . Z e l e n k a
NATIONAL ORE AND MINERAL MINING CO., HUNGARY

The au thors have a ttem pted  to  sum m arise  the T ertiary evolution of th e  M átra 
M ountains by m eans of re-evaluation of availab le  field  data  adding th e ir recen t results 
of geological m apping, drilling and geophysics.

New d a ta  are given for the pre-T ertiary  basem ent of the M átra, followed by  a 
short outline of th e  U pper Eocene volcanic evolution .

Neogene form ations, especially the volcanics, are in terpreted  by  th e ir stru c tu ra l 
and  stra tig raphical setting . A reconstruction is g iven for the W estern M átra  by  adapting  
th e  previously published single volcano and  caldera  model of Szá d e c z k y -K a rdo ss  
(1959). New aspects for fu rther explorations are  provided by the connection of hydro- 
therm al activities and  acid volcanism w ith  a  geophysically indicated acid in trusion. 
Similar, b u t m ore ten ta tiv e  reconstruction is prov ided  for the E astern  M átra.

1. Introduction

T he M átra  M o u n ta in s  is one o f th e  la rg e s t  u n it  o f th e  In n e r  C a rp a th ia n  
vo lcan ic  arc  as w ell as th e  la rg est T e r t ia ry  v o lc a n ic  ran g e  o f  H u n g a ry . A m ong 
m a n y  o th e rs , Ma u r it z  (1909), N o s z k y  (1927), S z á d e c z k y -K a r d o s s  (1959), 
V id a c s  (1964), K u b o v ic s  (1970) w ere th e  m o s t sig n ifican t c o n tr ib u to rs  to  our 
geological know ledge a b o u t th is  a rea . In  th e  la s t  tw o  decades d e ta ile d  geological 
an d  geophysical su rv ey s  h av e  been ca rried  o u t , p ro v id ing  a g re a t n u m b e r  of 
new  d a t a  for b o th  th e  su rface  and  su b su rface  geo logy . V a r g a  a n d  o th e rs  (1975) 
h a v e  g iven  a co m p reh en siv e  su m m ary  o f  th e s e  in fo rm ations in  th e i r  M átra  
m o n o g rap h y . M ore re c e n tly  th e  R ecsk o re  e x p lo ra tio n s  supp lied  n u m e ro u s  new  
d rill-ho le  d a ta  fo r th e  N E -reg ion  o f th e  M á tra .

T he p re sen t s tu d y  is a tte m p tin g  to  re c o n s tru c t  th e  vo lcan ic  ev o lu tio n s  in  
th e  d iffe ren t phases  w ith  th e  aid o f re -e v a lu a tio n  and  new  a rra n g e m e n t o f th e  
e x is tin g  d a ta  as w ell as th e  in co rp o ra tio n  o f  m o re  recen t re su lts .

2. The B asem ent

U p to  th e  la te s t  y ea rs  only x en o lith s  h a v e  given scarce a n d  am biguous 
in fo rm a tio n s  o f  th e  p rev o lcan ic  b a se m e n t fo r  th e  m ost p a r t  o f  th e  M átra . 
T h ese  x en o lith s  in d ic a te d  m etam o rp h ic  b a s e m e n t in  th e  W este rn  M á tra , gran-
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i to id s  in  th e  C entral p a r ts . M esozoic lim esto n es —  shales, cherts  a n d  sp ilite s  
h a v e  b e e n  know n in  b o reh o les  in  th e  E a s te rn  M á tra  (V a r g a , 1965).

R e c e n tly  d irec t ev id en ces w ere p ro v id ed  b y  severa l bore  ho les fo r  th e  
c h a ra c te r is t ic s  of th e  b a se m e n t a t  N a g y b á to n y  (N b-324), and  in  th e  K é k e s— 
D is z n ó k ő  a rea  (R-92, R -103, R -1 0 9 ), show ing C en tra l-M o u n ta in s  ty p e  M esozoic 
s e d im e n ts ,  lim estones, sh a les , do lom ites an d  s ilts to n e s . G ran ito id  ro ck s  h av e  
also  b e e n  fo u n d , b u t o f m u ch  y o u n g e r  age, as la te r  w ill be discussed.

T h e se  d a ta  in d ica te  t h a t  in  th e  know n p a r t  o f  th e  M átra  tw o e sse n tia lly  
d if fe re n t  b a sem en t s tru c tu re s  a re  in  c o n ta c t w ith  each  o th e r: th e  fo lded  M esozo­
ic o f  t h e  E a s te rn  M átra  a n d  th e  fa u lte d  M esozoic s tru c tu ra l b e lt o f  C en tra l-  
M o u n ta in  ty p e  in  th e  C en tra l-  an d  W este rn  M á tra .

T h e  tw o  basem ents a re  s e p a ra te d  fro m  each  o th e r  by  a reg io n a l-sca le  
d e fo rm a tio n -z o n e  — kn o w n  as  D arnó -zone  —  a n d  i t s  c o n tin u a tio n  b e n e a th  th e  
T e r t i a r y  o f  th e  M átra , as re v e a le d  b y  geophysics (S z a l a y , 1975).

T h is  structural feature h ave been proved to  be a controlling factor  in  
each  o f  th e  later events in th e  evolu tion  h istory  (Ze l e n k a , 1973).

3. Paleogene Volcanism  and Sedim entation

T h e  post-T riassic  u p lif t in g  o f th e  M esozoic fo rm atio n s  has been  fo llow ed  
b y  a  lo n g  p erio d , du ring  w h ich  th e  w hole M á tra  a rea  w as a p a r t  o f th e  m a in ­
la n d , su b je c te d  to  in ten se  e ro s io n  and  w e a th e rin g , w ith  no tra c e  o f  m a rin e  
s e d im e n ta t io n  or volcanic p ro cesses  in  th e  J u ra s s ic  an d  C retaceous.

T h e  L a ram ian — P y re n e a n  p h ase  has re s u lte d  in  in ten se  s tru c tu ra l d e fo r­
m a tio n s ,  rep resen ted  b y  s tro n g  r if tin g  w ith in  th e  D a rn ó  zone, u p lif tin g  an d  
u n d e r th r u s t in g  along th e  b a se m e n t b o u n d a ry , w ith  s im ultaneous su b sid en ce  
a n d  m a r in e  ingression, sh o re lin e  ty p e  se d im e n ta tio n  o f  U pper E ocene age w est 
o f  t h e  D a rn ó  line. T hese m o v em en ts  h a v e  also  in it ia te d  an in te rm e d ia te  
v o lc a n ic  a c t iv i ty  in  su b m a rin e  e n v iro n m en t, re la te d  closely to  th e  D a rn ó  zone, 
in  th e  R e c sk  region.

T h e  volcanic  cycle i ts e lf  com prise  one sem i-co n tin u o u s e ru p tiv e  p e rio d  
w ith  fo u r  sub-stages. I ts  age is u n d o u b te d ly  d e te rm in ed  b y  th e  fo ss il-rich  
u n d e r ly in g , in te rm ing ling  a n d  overly ing  se d im e n ts , as in  th e  N u m m u lite s  
fa b ia n i i  h o rizo n  of th e  U p p e r  E ocene.

T h e  f i r s t ,  in itia l su b s ta g e  is rep resen ted  b y  e n tire ly  subaqueuos v o lcan ics , 
lik e  la v a  flo w s, lav a  ag g lo m era tes , tu ffs , m ixed  vo lcanogen ic  b reccias, p e p e r ite s , 
w itn e s s in g  freq u en t a lte rn a tio n s  o f  p h re a tic  ex p losions and  forceful e ffu sions. 
T h e  ro c k s  a re  ty p ica lly  b io tite -h o rn b le n d e  a n d es ite s , ex h ib itin g  s tro n g  in flu e n c e  
o f  t h e  c a rb o n a te  rich  b a se m e n t in  form  o f a ss im ila tio n  and  c o n ta m in a tio n . 
T h e  s im u lta n e o u s  s tru c tu ra l p ro cess  is a m ark ed  subsidence  of b o th  f la n k s  o f  a 
c e n tr a l  u p lif te d  zone in  w h ich  th e  cen tre  o f th e s e  e ru p tio n s  could p ro b a b ly  be
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F ig . 1. Block diagram  of the U pper Eocene volcanic d is tric t of Becsk. T2_s: T riassic  fold­
ed lim estone-shale series (B iikk-type). T2SP: Spilites, diabases. T2M: Triassic lim estone, 
qu a rtz ite , shale. E s: U pper Eocene limestones, m arls, clays. E jAj: U pper E ocene lower 
bio tite-hornblende-andesite series (1. substage). E 3A2: quartz-biotite-hornblende andesites, 
dacites (2. substage). E 3A3: biotite-hornblende andesites, (3. substage). E SA4: b io tite -py r- 
oxene-hornblendc andesite dykes, extrusions, laccoliths (4. substage). 0 2— 0 3: M iddle an d  U p­

per Oligocène siltstones, clays

lo c a te d . T h e  p e rip h eria l c h a ra c te r  o f th e se  subsidences is ev id en ced  b y  th e  
la te ra l ly  increasing  am o u n t of p rim a ry  a n d  rew orked  py ro c lastic  m a te r ia l .

T h e  second su b stag e  h as  g rad u a lly  d ev e lo p ed  by  th e  s tep -b y -s tep  d ec rease  
o f  a ss im ila tio n  and  co n tam in a tio n  as w ell as th e  b u ild  up  of a re la t iv e ly  ty p ic a l 
s tra to v o lc a n ic  c h a ra c te r . T he course o f s t ru c tu ra l  evolution  h a s  n o t  been  
ch an g ed  th o u g h  b y  th e  end o f th is  su b stag e  th e  r a te  o f accu m u la tio n  exceeded  
o v e r th e  m a g n itu d e  o f subsidence. T h is h a s  re su lte d  in a g rad u a l s h if t  from  
su b m a rin e  to  su b aeria l en v iro n m en t. F in a l e ru p tio n s  in th is  p e rio d  g a v e  rise  
to  th e  fo rm a tio n  o f ig n im b rite s , ty p ic a l su b a e r ia l  depositions.

T h e  chem ical c h a ra c te r  of th e se  v o lcan ics  w ere shifted to w a rd s  th e  m ore 
acid ic  ran g e , grving p lace to  d acites, a n d e s ito -d a c ite s  instead  o f  th e  o rig in a l 
an d esite s  (F ö l d e s s y , 1975). T he e ru p tiv e  c e n tre  o f this phase falls n o r th  from  
th a t  o f  th e  in itia l s tag e  along th e  axis o f th e  c e n tra l  hörst. O ur e a r lie r  s tu d ie s  
h a v e  p o in te d  to  th e  genetic  re la tio n sh ip  b e tw e e n  th is  volcanic s u b s ta g e  and  
th e  em p lacem en t o f  th e  shallow  in tru s io n  in  M esozoic co u n try  ro c k s  in  th e  
d e p th  (B a k s a  e t a l., 1977).

B y  fu r th e r  n o rth w a rd  sh ifting  o f th e  e ru p tiv e  centre, th e  th i r d  su b s ta g e  
h a v e  also  p ro d u ced  a s tra to v o lcan ic  seq u en ce  o f  b io ti te  — h o rn b len d e  an d esite s  
an d  p y ro c la s tic s  o f m uch  sm aller reg ional e x ten s io n  th a n  th e  p re v io u s  sub- 
s tag es , p a r t ly  overlapp ing  th e  earlie r v o lcan ic  sequences. This s u b s ta g e  h a s  re ­
la te d  to  th e  m ost in ten se  h y d ro th e rm a l a l te ra t io n s  in  th e  whole se rie s .

T h e  fo u rth , f in a l s tag e  w as in  re la tio n  w ith  th e  developm ent o f  a  c e n tra l  
exp losive  ca ld era  in  th e  th ird  s tage  s tra to -v o lc a n o , and  resu lted  in  th e  fo rm a ­
tio n  o f  ra d ia l and  irreg u la r  d y k e -p a tte rn  an d  sm all laccoliths w ith in  a n d  a ro u n d  
th e  c a ld e ra . B eef lim estones and  o th e r la c u s tr in e  sedim ents m a rk  th e  beg in -
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n in g  o f  a  re la tiv e ly  q u ic k  subsidence  of th e  v o lc a n ic  area . This su b sid en ce  h a v e  
re a c h e d  i ts  m ax im u m  b y  th e  m iddle O ligocène, w h en  th e  largest p a r t  o f  th e  
E o cen e  vo lcan ics h a v e  b een  covered by  m a rin e  sed im en ts  and only  th e  c e n tra l  
h ö r s t  h a s  escaped tra n sg re ss io n .

Fig. 2. R elationships of th e  U pper Eocene geological even ts . A t the direction of m ovem ent 
arrow s represen t uplifting and  subsidence; double lines in d ica te  development of fa u lt system s

T h e  U p p er E ocene v o lcan ic  ac tiv ity  h a s  a sso c ia ted  w ith v e ry  s ig n if ic a n t 
m in e ra liza tio n s  in  c o n n e c tio n  w ith  th e  sh a llo w  in tru s iv e  p o rphyric  b o d y  an d  
its  s k a rn  en v iro n m en t, g iv in g  rise  to  th e  lo c a lis a tio n  o f porphyric  co p p e r o res, 
sk a rn o u s  copper o res, a n d  m etasom atic  le a d -z in c  rep lacem ent o res  in  th e  
in tru s iv e s  and  a lte re d  c o u n try  rocks. T he th i r d  substage  of v o lcan ism  h as 
p ro d u c e d  in ten se  h y d ro th e rm a l a lte ra tio n s as w ell as fo rm ation  o f  s to c k w o rk  
co p p e r ores, w hile ex h a la tiv e -sed im en ta ry  c o p p e r  m inera liza tion  has d ev e lo p ed  
in  th e  ca ld e ra  area. 4

4. N eogene Volcanism  a n d  S ed im en ta tion

T h e  N eogene v o lcan ic  area  is iso la ted  a re a lly  from  th e  P a leo g en e  w ith  
o n ly  s lig h t overlap  a t  th e  D isznókő— K ékes a re a . T h e  pre-N eogene e v o lu tio n  
o f  th is  a rea  w as ended  b y  th e  gradual u p lif t in g  o f  th e  whole a rea  a f te r  th e  
sh a llo w -w a te r se d im e n ta tio n  in  th e  M iddle a n d  U p p e r  Oligocène, w ith  c lay s, 
m a rls , san d sto n es a n d  cong lom erates. T his se d im e n ta tio n  has been re s tr ic te d  to  
th e  W e ste rn  and  C en tra l M átra , while th e  e a s te rn  p a rts  rem ain ed  p a r t  o f 
th e  m a in la n d  u n til  th e  ea rlie s t Miocene.

I n  th is  recen t m odel w e separa te  th e  W e s te rn  an d  E aste rn  M á tra  b y  th e  
so u th w a rd  c o n tin u a tio n  o f  th e  D arnó  zone. T h is  sep ara tio n  is su p p o r te d  b y  
b o th  s t ru c tu ra l  d ifferences an d  p resen t m o rp h o lo g y  and drainage.
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Fig. 3. T ertiary  volcanics of th e  M átra  Mts. 1. B asem ent formations. 2. U p p er Eocene biotite- 
hornblende andesites. 3. Eggenburgian  andesites. 4. Lower Rhyolite T uffs (E ggenburgian— 
O ttnangian). 5. C arpathian pyroxene andesites. 6. M iddle Rhyolite Tuffs (C a rp a th ian —Badeni- 
an). 7. Badenian pyroxene andesites rhyolites. 8. D iatom ites (Caldera stagefsedim ents).

9. H ydroquartzites (Caldera stage)

a s  a  whole, th e  W e ste rn  M á tra  h as  p rese rv ed  its  o rig in a l v o lcan ic  s tru c ­
tu r e ,  so well e s tab lish ed  conclusions can  be  d raw n  from  m o rp h o lo g y , areal 
p a t te r n  o f d iffe ren t v o lcan ic  fo rm atio n s, a n d  th e  a l te ra tio n  p a t te rn .  The 
E a s te rn  M átra , h ow ever, h as  su ffered  s tro n g e r  tec ton ic  d e fo rm a tio n s  in  the 
p o st-v o lcan ic  tim es, a n d  i ts  p r im a ry  m orpho log ical e lem ents h a v e  b een  largely  
d e te r io ra te d . B u t, as a  re s u lt  o f  overa ll so u th w a rd  tiltin g , th is  a re a  prov ides a 
g re a t n u m b er o f in fo rm a tio n s  fo r th e  E a r ly  N eogene ev o lu tio n  in  th e  n o rth e rn  
p a r ts ,  w hich o therw ise cou ld  n o t be seen in  th e  W estern  M á tra  (F ig . 3).

4 .1 . Eggenburgian— O ttnangian Stage

T he beginning  o f  th e  N eogene is m ark ed  b y  th e  d ev e lo p m e n t o f  a re la tiv ­
e ly  sm all scale v o lcan ism . T h ere  are  c lea r ind ica tio n s o f  is o la te d  pyroxene 
a n d e s ite  flows and  re la te d  py roc lastics  in  th e  E a s te rn  M á tra  (P á lb ik k , R ák ­
h a lo m , etc .) w hich w ere  o v e rla in  b y  th e  pum iceous rh y o lite  —  d a c ite  tuffs 
b e lo n g in g  in to  th e  L o w er-R h y o lite -T u ff ho rizon  (F ö l d e s s y , 1973 ). Most 
a u th o rs  agree in  a tro u g h -lik e  explosive c e n tre  in  th e  N E -fo re g ro u n d  o f the  
u p p e r  N eogene vo lcan ics. T h e ir  op in ion  is b a sed  m ostly  on th e  size  d is trib u tio n  
o f  p u m ice  frag m en ts . O il w ild ca t d rillings in  th e  S E -fo re lan d  o f  th e  M átra
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(V e rp e lé t  —  1) ind ica te  t h a t  t h e  th ick n ess  of th e se  tu f f s  is s ig n ifican tly  in c re a s­
in g  s o u th w a rd s , perhaps p o in t in g  to  a sou thern  v o lc a n ic  cen tre .

I n  th e  higher levels o f  t h e  O ttn a n g ia n  s ta g e  te r r e s t r ia l  and  f lu v ia l sed i­
m e n ts ,  c o a l seams h av e  d e p o s ite d  in  th e  W este rn  M á tra , w hile se d im e n ta tio n  
g a p  h a s  b e e n  recorded in  th e  E a s te r n  M átra.

4 .1 . C a rp a th ia n  Volcanism  a n d  Sedim entation

T h e  C arpath ian  s ta g e  h a s  b ro u g h t an  o v e ra ll subsidence  an d  m a rin e  
t r a n s g re s s io n  in  th e  w hole M á t r a  area , w ith  th e  fo rm a tio n  o f siltstones, c lays, 
s a n d s to n e s  o f th e  Slir fo rm a tio n  . In  th is  m arin e  e n v iro n m e n t ex tensive  p y r ­
o x e n e  a n d e s ite  volcanism  h a s  t a k e n  place and p ro d u c e d  a th ic k  s tra to  vo lcan ic  
p ile  in  t h e  w estern  p a r ts , r e la t iv e ly  th in  lava flow s, co n tem p o ran eo u s p y ro c la - 
s tic s  in  th e  east. I ts  su b m a rin e  c h a ra c te r  is ev id en ced  b y  several fea tu re s , lik e  
f r e q u e n t  g lauconite in  th e  g ro u n d m a ss  (Ó vár), c o n n e c tio n  w ith  m arin e  se d i­
m e n ts  (Som hegy), w id esp read  a rg illitiz a tio n  (R ó zsaszá llá s). T he surface d a ta , 
m a in ly  fro m  th e  w estern  f la n k  o f  th e  W estern  M á tra , a n d  scarce drill ho le  d a ta  
(G y ö n g y ö so ro sz i — 2) in d ic a te , t h a t  th e  C arp a th ian  a n d e s ite s  p ro b ab ly  fo rm ed  
a c e n tr a l- ty p e  single la rg e  s tra to v o lc a n o , w ith  a  c e n tre  n e a r  to  V ilágoshegy , 
w h ic h  h a s  fin ished its  a c t iv i ty  b y  an explosive c a ld e ra  stage, w hich  h a v e  
re m o v e d  th e  m ost p a r t  o f  t h e  volcanic  s u p e rs tru c tu re , and  deposited  th is  
m a te r ia l  as fine grained  a n d e s i te  tu ffs, in te rm in g lin g  w ith  th e  C a rp a th ia n  
s e d im e n ts .  F issu re-type m o n o g e n ic  sm all vo lcanoes a n d  laccoliths m a rk  th is  
p e r io d  o f  a c tiv ity  in  th e  E a s t e r n  M átra  (Som hegy, C sák án y k ő , G yörke).

T h e  andesites h av e  b e e n  fo llow ed  by  a d iffe re n t ty p e  o f vo lcanism , g iv ing  
r is e  t o  t h e  fo rm ation  of rh y o l i te ,  rh y o d a c ite  tu ffs , k n o w n  as th e  M iddle R h y o lite  
T u f f  H o r iz o n . Very l i t t le  is k n o w n  abo u t th e  fo rm a tio n  o f  th ese  tu ffs , w h ich  
e x te n d  w ell over the  a rea  o f  th e  M á tra  M ountains, to  t h e  n o rth w este rn  side an d  
s o u th e r n  foreland  of th e  B ü k k  M o u n ta in s . T h e ir  u n ifo rm  th ickness and  g ra in - 
size d is t r ib u t io n  th ro u g h o u t t h e  M á tra  ind icates a n  e x te rn a l  source. H ow ever, 
s e v e ra l rh y o lite -d ac ite  e x tru s io n s  have been d e sc r ib e d  in  prev ious s tu d ie s  
(M e z ő s i , 1950; Varga , 1975). S om e of these h a v e  b e e n  re in v es tig a ted , an d  
fo u n d  t h a t  instead  of e x tru s iv e  fea tu re s , th e y  e x h ib it  ty p ic a l  ig n im b rite  c h a r ­
a c te r .  W ith  th is  in  m ind , w e c a n  conclude th a t  th is  v o lcan ic  phase has ta k e n  
p la c e  in  su b aeria l cond itions a n d  i ts  centre shou ld  n o t  h a v e  fallen to o  fa r  fro m  
th e  E a s t e r n  M átra.

4 .2 . B a d e n ia n  Stage

T h e  p resen t m orpho logy  a n d  geology o f th e  M á tra  is la rgely  d o m in a te d  
b y  t h e  B a d e n ia n  volcanic fo rm s  a n d  s tru c tu re s . T h re e  m a in  phases o f vo lcan ism  
h a s  b e e n  know n in th e  B a d e n ia n  s tage , tw o a n d e s itic  a n d  one rh y o litic  ones.
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E a c h  o f th ese  in c o rp o ra te s  severa l lav a  an d  p y ro c la s tite  v a r ie tie s  as  w ell as 
com positional and  te x tu ra l  ty p e s , re flec tin g  d iffe ren t steps in  th e  co u rse  o f th e  
vo lcan ic  evo lu tion .

B asically  tw o  m a in  g roups o f  th eo rie s  h a v e  been  developed  co ncern ing  
th e  B ad en ian  v o lcan ism  o f th e  M á tra ; S zÁd e c z k y -K a r d o ss  a n d  h is col­
leagues h av e  w orked o u t a single s tra to v o lc a n o  m odel w ith  a co llap sed  ce n tra l 
ca ld e ra  (SzÁd e c z k y -K a r d o s s , 1959). T his m odel has been  la te r  m o d ified  by  
K u b o v iCs (1971), w ith  th e  assu m p tio n  o f a co m p ac tio n  ca ld e ra  d ev e lo p m e n t. 
I n  th e  co n tra ry , V a r g a  an d  o th e rs  (1975) h a v e  described  a v o lc a n ic  range  
m odel, m u ltip le  e ru p tiv e  cen tres  along fissu re  sy s tem s. W e, in  o u r  r e c e n t h y p o ­
th e s is , sep a ra te  th e  e a s te rn  and  w este rn  p a r ts  o f th e  M átra , m a in ly  b ecau se  of 
th e ir  s tru c tu ra l d ifferences, and  a tte m p t to  g ive a m orpho log ica l as w ell as 
s tru c tu ra l ap p ro ach  to  th e ir  genetic  in te rp re ta tio n .

4 .21 . W estern M átra

In  accordance  w ith  th e  earlie r a ssu m p tio n s  of S zÁd e c z k y -K a r d o s s  
(1959), th e  W este rn  M á tra  ex h ib its  s tr ik in g  fe a tu re s  o f a la rg e  s tra to v o lc a n o , 
w ith  well developed ca ld e ra  s tru c tu re  in  its  c e n tra l  p a r ts . S evera l f ie ld  evidences 
su p p o rt th is  th e o ry , w h ich  o therw ise could  n o t  be f i t  in to  a v o lcan ic  range 
m odel.

T he f irs t o f  th e se  is p ro v id ed  b y  th e  u n ifo rm ity  o f th e  to p o g ra p h ic  posi­
t io n , th icknesses an d  p e tro lo g y  of th e  im m e d ia te  b asem en t fo r  th e  B ad en ian  
vo lcan ics, i.e. th e  u n ifo rm  c h a ra c te r  an d  to p o g ra p h y  o f th e  M idd le  R h y o lite  
T u ff  H orizon . T h is sh o u ld  be h a rd ly  possib le  in  th e  case o f s t ru c tu ra l ly  con­
tro lled  m u ltip le -cen tre  v o lcan ism , w here co n sid e rab ly  la rg e r h o r iz o n ta l an d  v e r­
t ic a l  d isp lacem ents sh o u ld  h av e  been ex p ec ted .

T he B ad en ian  v o lcan ic  series is su b d iv id ed  in to  a low er p y ro x e n e  andesite  
series (Ma2) and  an  u p p e r  m ore basic  p y ro x en e  andesite  series (M a3), w hich 
h a v e  been  sep a ra te d  b y  th e  rh y o litic  v o lcan ism . T he second ev id en ce  fo r th e  
sing le  s tra to v o lcan o  m odel is g iven b y  th e  th ick n ess  d is tr ib u tio n  o f  th e  M a2 
vo lcan ics.T h is p a t te rn  s tro n g ly  resem bles to  th e  doub le  S om m a-ring  as described  
b y  R it tm a n n  (1962). I n  th e  o u te r  rin g , i.e . in  th e  assum ed  b a se m e n t o f th e  
s tra to v o lcan o , 200— 400 m  th icknesses h av e  b een  reco rd ed . I n  th e  in n e r  ring  
d rill hole in te rsec tio n s  an d  seism ic d a ta  re v e a le d  900— 1300 th ic k n e sse s . This 
a rran g em en t is c o n cen tr ic  a ro u n d  th e  c e n tra l ca ld era  (F ig . 4 ). F in a lly , w ith in  
th e  ca ldera  th e  a n d es ite s  ex h ib it a p p ro x im a te ly  400 m  a v e ra g e  th ick n ess , 
re flec tin g  th e  u p lif te d  n a tu re  o f  th is  c e n tra l zone.

I f  th e  a rea l d is tr ib u tio n  o f  scoriaceous p y ro c lastics  is co n sid e red , a 
fu r th e r  evidence can  b e  o b ta in e d  fo r th e  sing le  vo lcano  m odel. T h e se  pyroclas- 
.tics are  lim ited  to  th e  o u te r  rin g  area  —  i.e . th e  o u te r f la n k s  o f  th e  volcanic 
cone. T he p ro p o rtio n  o f  th e  py roc lastics  co m p ared  to  th e  la v a  flow s is rang ing
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F ig . 4. B adenian volcanism of M á tra . 1. Radial and concentric dyke systems. 2. A pproxim ate 
iso p ach  controls of volcanics. 3. H ydrotherm al vein  system s. 4. Areas of intense potash- 
m etasom atism . 5. Surface p ro jec tio n  of geophysically in d ica ted  intrusives. 6. R hyolitic  ex- 

trusives; 7. A rea  o f intense solfatara ac tiv ity . 8. D iatom ites

b e tw e e n  60—80 p e r c e n t in  t h e  o u te r  ring, an d  re m a in s  below  40 p e r c e n t in  th e  
c a ld e r a  a rea .

T h e  recognized d y k e  sy s te m s  can also be  f i t  in to  th is  p a tte rn , w ith  re m ­
n a n t s  o f  recognizable c o n c e n tr ic , rad ia l and  con ic  a rra n g e m en ts , in  th e  n o r th ­
w e s te rn  side of th e  a rea .

T h e  g reat v a r ia b il i ty  o f  petro logical a n d  te x tu r a l  fea tu res  a p p a re n tly  
c o n t r a d ic t  to  th is  u n ifo rm ity  o f  volcanic s t ru c tu re .  K ü B o v ics  (1971) have  
e n c o u n te re d  14 d iffe ren t p y ro x e n e  andesite  v a r ie t ie s , b u t  has n o t  offered 
re l ia b le  genetic e x p la n a tio n  fo r  th e ir  re la tio n sh ip . T hese  v a rie tie s  inc lude  
m a in ly  te x tu ra l,  g ra insize  d iffe ren ces, and  d iffe re n t r a te s  o f  o x id a tio n , th o u g h  
th e i r  b a s ic  petro logical s im ila r it ie s , like m in era lo g ica l an d  chem ical com posi­
t io n s ,  b y  no m eans e x is t. T h is  problem  needs f u r th e r  d e ta iled  in v es tig a tio n s , 
in  o r d e r  to  f i t  th e  p e tro lo g ic a l p a t te rn  in to  th e  s t r u c tu r a l  m odel. H ow ever, we 
p re fe r  reg io n a l scale re la t io n s h ip s  to  re la tiv e ly  m in o r  a n d  local d ifferences, and  
c o n s id e r  th is  petro logical v a r ia b i l i ty  of secondary  im p o r ta n c e  com pared  to  th e ir  
s t r u c tu r a l  connections.

T h e  Low er B ad en ian  v o lc a n ism  has been  fo llow ed  b y  a series o f s tru c tu ra l  
a n d  v o lc a n ic  processes w h ic h  f in a lly  have led to  th e  d ev e lo p m en t of th e  c e n tra l 
c a ld e ra .  T h e  existence o f  th i s  ca ld e ra  is p rim a rily  ev id en ced  b y  its  ex ce llen tly  
p re s e rv e d  m orphology, b u t  a lso  b y  th e  ab o v e  lis te d  fea tu re s , o u tlin in g  a 
S o m m a - ty p e  s tru c tu re .
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T h e age o f th e  ca ld e ra  is re liab ly  d e te rm in e d  b y  th e  space ly  connected  
h y d ro th e rm a l a c tiv ity , w h ich  h as  a lread y  n o t  a ffec ted  th e  y o u n g e r an d esite  
series (M a3). T h is p laces th e  d ev e lopm en t o f th e  ca ld e ra  stag e  to  th e  in te rv a l 
b e tw een  th e  fo rm a tio n  o f  th e  tw o  an d esite  series.

F o r th e  fo rm a tio n  o f  th is  ca ldera  exp losion  o r erosional p rocesses can  be 
suggested . C ollapsion o r co m p ac tio n  is u n p ro b a b le  since th e  p re -vo lcan ic  b a se ­
m en t is co n sid e rab ly  u p lif te d  w ith in  th e  ca ld e ra , an d  th is  is coupled  w ith  
s ig n ifican t loss o f  m a te r ia l  from  th is  area. E x te n s iv e  К  anom alies in  th e  so u th ­
ern  fo re lan d  o f th e  W e s te rn  M á tra  have  p ro b a b ly  assoc ia ted  w ith  th e  erosion 
an d  tr a n s p o r t  o f  th e  h y d ro th e rm a lly  a lte red  v o lcan ics  from  th e  ca ld e ra  a rea  to  
th e  p e rip h e rie s .

In  th e  ca ld e ra  s ta g e  severa l processes h a v e  ta k e n  p lace w hich  p e rm it 
th e  tim e-an d -sp ace  re c o n s tru c tio n  of its  d e v e lo p m en t.

R h y o lite  dom es, e x tru s io n s  and  asso c ia ted  p y ro c lastic s  h a v e  long been  
recognised  in  th e  c a ld e ra  a rea , b u t  these  w ere co n sid e red  as th e  y o u n g est o f  th e  
vo lcan ic  p h ases . In  F ig . 4 is w ell seen th a t  th e i r  d is tr ib u tio n  is lim ited  w ith in  
th e  ca ld e ra  c o n to u rs . O n th e  o th e r  h an d , th e se  rh y o lite s , u n like  th e  f in a l an d e ­
sites, h av e  been  reg io n a lly  affec ted  by  h y d ro th e rm a l a lte ra tio n s , co n seq u en tly  
th e se  are p ro b a b ly  o ld e r th a n  th e  fresh , u n a lte re d  an d esite s .

T he reg iona l h y d ro th e rm a l a c tiv ity , a n o th e r  c h a ra c te r is tic  fe a tu re  o f th e  
ca ld era  a rea , has re su lte d  in  in ten se  rock a lte ra tio n s  as well as severa l sm all 
P b — Zn v e in - ty p e  m in e ra liza tio n s . The m ost s ig n if ic a n t of th e se  a lte ra tio n s , 
in  close a ssoc ia tion  w ith  th e  o re -m in era liza tio n , is th e  p o ta ss iu m  m e ta so m a­
tism . A irbo rne  ra d io m e tr ic  su rveys h av e  rev ea led  severa l K -en rich ed  areas, 
show ing  th e  reg io n a l e x te n t o f th is  a lte ra tio n  process (Gé r e s i  an d  W é b e r , 
1970). T h e  p rev ious s tu d ie s  o f th e se  К -rich  v a r ie tie s  p re te n d e d  e ith e r  o rth o - 
m ag m a tic  source (S z é k y -F u x  and  H e r m a n n , 1951) o r h y d ro th e rm a l leach ing  
(K u b o v ic s , 1971). T h e  10— 13 p e r  cen t К  c o n te n t, how ever, can  n o t be  a t t r ib u t ­
ed solely to  p o rp h y ric  fe ld sp ars  or re la tiv e  e n ric h m e n t from  a s ta n d a rd  an d esite  
com position , b u t  to  a v e ry  in ten se  m e ta so m a tism  o f b o th  felsic an d  m afic  
co m p o n en ts , p ro d u c in g  6 0 —80 p e r cen t К  fe ld sp a r  in  th e  w hole rock  m ass .

T he recen t seism ic m easu rem en ts m ig h t p ro v id e  a re liab le  k ey  fo r th e  
genetic  ex p la n a tio n  o f  th e se  coincidences. In  th e  n o r th e rn  side o f  th e  in n e r 
zone o f th e  ca ld era  seism ic re frac tio n  profiles h a v e  in d ic a te d  an  in tru s iv e  b o d y  
su rro u n d ed  by  N eogene sed im en ta ry  c o u n try  ro ck s a t  1000— 1500 m  d e p th , 
w ith  average  velo c ities  o f 5500 m /sec, c h a ra c te r is tic  to  acid  p lu to n ic  rocks. 
I f  we assum e th e  ex is ten ce  o f such  an  acid in tru s iv e  b o d y , w hich  has been  
em placed  s im u ltan eo u sly  w ith  th e  ca ldera  d e v e lo p m en t, all o f th e  recognised  
su rfac ia l p h en o m en a  c a n  be linked  to g e th e r  as re m o te  effects o f  th is  em place­
m e n t.

T he f in a l s tag e  o f th e  ca ldera  dev e lo p m en t is m ark ed  b y  ex ten s iv e  solfa- 
t a r a  a c tiv ity  an d  co n tem p o ran eo u s  m arine  in g ressio n  in to  th e  ca ld era  a rea ,
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d u r in g  w h ich  lacustrine  a n d  fre sh -w a te r  d ia to m ite s  h av e  d ep o sited  a t  G yön­
g y ö s p a ta  an d  S zu rd o k p ü sp ö k i, g ey sirite s  a t  severa l p laces, like A sz tag k ő  or 
G y ö n g y ö sso ly m o s. T he in te rh e d d e d  rh y o lite  tu ffs  in  th e se  rocks also  su p p o rt 
t h e  c o n te m p o ra n e ity  o f  c a ld e ra  fo rm a tio n  an d  th e  rh y o litic  v o lcan ism .

T h e  f in a l andesite  v o lc a n ism  p ro d u ced  m ore basic  p y ro x en e-o liv in e  an d e­
s i te s .  T h e  volcanism  is c o n fin e d  to  th e  rim s o f th e  ca ld era  s tru c tu re , an d  its  
m o d e  w as  p robab ly  s tro n g ly  effu sive , re su ltin g  in  th e  fo rm a tio n  o f  re la tiv e ly  
u n ifo rm  sheets  o f b asa ltic  a n d e s ite  lav as  w ith  su b o rd in a te  p y ro c la s tic s . T hese 
s h e e ts  h a v e  la te r  sep a ra ted  in to  p a r ts  b y  erosional effects.

B y  th e  end o f th e  (T o rto n ia n )  B ad en ian  th e  p re se n t v o lcan ic  s tru c tu re  
a n d  m o rp h o lo g y  has been  a lm o s t  co m p le te ly  developed . P o s t-v o lc a n ic  m ove­
m e n ts  h a v e  strongly  a ffec ted  th e  so u th e rn  fo re lan d s, w here s ig n if ic a n t su b ­
s id e n c e s  h a v e  tak en  place, in d ic a te d  b y  th e  600— 700 m  th ro w d o w n  o f th e  
B a d e n ia n  andesites, now  o v e r la in  b y  P a n n o n ia n  sed im en ts .

4 .2 .2 . E a ste rn  M átra

T h is  area  exh ib it m o re  co m p lex  fea tu re s , co n seq u en tly  m ore  te n ta t iv e  
a p p ro a c h  to  its  genesis is o n ly  p o ssib le . F ie ld  d a ta  c learly  o u tlin e  i ts  in te g r ity  
as o n e  s in g le  volcanic s t ru c tu re ,  b u t  from  th is  p o in t tw o in te rp re ta tio n s  are 
e q u a l ly  possib le :

(1) P re se n t surface d a ta  d e lin ea te  an  e lo nga ted , W S W -E N E  tre n d in g  
f is s u re  co n tro lled  vo lcan ism .

(2) D rill holes in  th e  s o u th e rn , so u th -w este rn  p e rip h e ry  reco rd ed  sign if­
ic a n t  B a d e n ia n  an d esite  th ic k n e sse s  u n d e r  y o u n g e r N eogene se d im e n ta ry  
c o v e r . T h is  fac t m ay lead  to  t h e  conclusion , th a t  th e  p re se n t su rfac ia l ex ten sio n  
o f  th e  E a s te rn  M átra  B a d e n ia n  vo lcan ics re p re se n t on ly  th e  n o r th e rn , n o r th ­
w e s te rn  p a r t  of a c o n sid e rab ly  la rg e r, p ro b a b ly  c e n tra l ty p e  s tra to v o lc a n o .

L ik e  th e  w estern  v o lc a n ic  s tru c tu re , th is  one h as  also been  a ffec ted  b y  
la te  N e o g e n e  fau lting , w h ich  h a s  also  shaded  its  o rig inal s u p e rs tru c tu re .

T h e  low er B aden ian  p y ro x e n e  andesites  are  m u ch  alike as th o s e  in  th e  
W e s te rn  M á tra .The p y ro c la s tic  la y e rs  can  w ell b e tra c e d  th o u g h o u t th e  so u th e rn  
su rfa c e  o u tc ro p s , th u s f u r th e r  su p p o rtin g  th e  single e ru p tiv e  c e n tre  m odel. 
T h e  m u d -flo w s  and  lah ars  n e a r  M ark az  give th e  w este rn  slopes o f  th is  vo lcan ic  
s t r u c tu r e .

W h ile  th e  existence o f a  c a ld e ra  s tru c tu re  h as  n o t been  c learly  e s ta b lish e d , 
d r il l in g  ev idences are a v a ila b le  fo r  th e  ex istence  an d  ap p ro x im a te  p o s itio n  o f 
a N e o g e n e  in tru siv e  fac ies. T h is  has been  p ro v id ed  b y  R 92, a n  e x p lo ra ­
to r y  b o re h o le  w hich h ad  b een  se t to  a g ra v ity  an d  geom agnetic  an o m a ly , w hich  
c o in c id e d  w ith  a seism ic u p l i f t .  T h e  hole h as  in te rse c te d  th e  tw o  B ad e n ia n  
a n d e s i te  series and found a c o n ta c t  zone o f an d a lu s ite -d io p sid e  ho rn fe lses  from  
N e o g e n e  a n d  Oligocène se d im e n ts . T hese h av e  b een  in tru d e d  b y  d y k es of
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Fig. 5. Relationships of the  M iocene geological events

an d e s ite  and  h o lo cry sta llin e  q u a rtz  d io r ite s . Seismic profiles h a v e  show n a 
p o te n tia l  in tru s iv e  em placem en t w est f ro m  th is  bore-hole. T he o n ly  K -an o m a ly  
in  E o cen e  vo lcan ics (a t  Ilona-völgy) is  r e la te d  to  a sm all d y k e  o f  g ran ito id  
o rig in  —  a possib le  rem o te  effect o f th is  in tru s iv e  m ass.

A b so lu te  age d a ta  are  availab le  fo r  t h e  in tru s iv e  rocks, g iv in g  a n  age of 
13.8 i  2.0  m .y . w hich  is younger th a n  t h e  L ow er B aden ian  v o lc a n ic s  (15.7 ±  
2.7 m .y .)  b u t  o ld e r th a n  th e  u p p er b a sa ltic  a n d es ite s  (11.8 i  0.8  m .y .)  ( B a l o g h , 

1975).
T h e  f in a l basic  andesites show  s im ila r  ch aracteristics to  th o s e  in  th e  

W este rn  M á tra , w ith  re la tiv e ly  th in  la v a  flo w s and  pyroclastics (F ig . 5). 5

5. C onclusions

T h e  p re -T e rtia ry  basem en t of th e  M á tra  ind ica tes th e  ex is te n c e  o f  a m ajo r 
d e fo rm a tio n a l zone across th e  M átra , in  th e  co n tin u a tio n  o f th e  D a rn ó  zone. 
T h e  s tru c tu ra l  d ifferences betw een  th e  tw o  u n its  separa ted  b y  th is  zone  have 
b een  m a in ta in e d  th ro u g h o u t th e  T e r t ia ry  p e rio d .

T h e  f ir s t  T e r tia ry  volcanic a c t iv i ty  is c learly  connected  w ith  th e  m ove­
m en ts  along th e  D arn ó  zone, and  re s u lte d  in  a  fo u r stage v o lc a n ism , s tra tin g
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in  s u b m a r in e , and  v a n ish in g  in  te rre s tr ia l c o n d itio n s  in  th e  U pper E o c e n e . 
T h e  v o lc a n ism  has co u p led  w ith  th e  e m p la c e m e n t of andesite—d io r ite  
in tru s iv e s  in  T riassic  se d im e n ta ry  rocks. T h e  s ig n if ic a n t m in era liza tio n  a t  
R ecsk  w e re  connected  to  th e  lo ca lisa tio n  of th e  in tru s iv e  m ass and  th e  s u b ­
s e q u e n t a lte ra t io n  p rocesses. O n th e  surface th e s e  p rocesses have been  a s s o c ia t­
ed b y  th e  fo rm a tio n  o f  a n  exp lo siv e  caldera , a n d  v o lcan o g en ic -co p p er-p y rite  
m in e ra liz a tio n .

T h e  N eogene v o lcan ism  is n o t co n tro lled  b y  th e  D arnó zone i ts e lf ,  
th o u g h  th e  in flu en ce  o f th is  s t ru c tu ra l  zone is r e le v a n t  in  th e  N eogene v o lc a n ic  
s tag es  to o .  T h ree  m ain  p e rio d s  o f  volcanism  h as b e e n  recognised in  th e  N eo g en e , 
in  th e  E g g e n b u rg ia n —O ttn a n g ia n , in  th e  C a rp a th ia n  and  in  th e  B a d e n ia n  
s tag es . E a c h  o f th ese  in c ludes a n  andesitic  an d  a  rh y o li t ic  phase. T h ro u g h  th e s e  
th re e  p h a s e s , th e  in itia l rh y o li te  p redom inance  h a s  b e e n  changed to w a rd s  th e  
a n d e s ite  s id e . T he f i r s t  tw o  stages re flec t a l te rn a t in g  m a r in e - te r re s tr ia l  
e n v iro n m e n ts , w hile th e  th i r d  one  has ta k e n  p la c e  in  te rre s tr ia l e n v iro n m e n t.

G e n e ra lly  speak ing , th e  B ad en ian  s t ru c tu re  o f  th e  M átra  M o u n ta in s  
in c lu d es  tw o  volcanic  s tru c tu re s ,  th e  W este rn  M á tra  an d  th e  E a s te rn  M á tra ,  
each  o f  th e m  ex h ib itin g  a m a rk e d  s tra to v o lcan ic  c h a ra c te r .

T h e  m o s t s ig n ifican t e v e n ts  in  th e  W e ste rn  M á tra  have been a sso c ia te d  
b y  th e  d e v e lo p m en t o f  a  c e n tra l  caldera  su b s e q u e n t to  th e  low er B a d e n ia n  
a n d e s ite  v o lcan ism . T h is c a ld e ra  stage  is c o n n e c te d  w ith  acid v o lcan ism , in ­
te n se  h y d ro th e rm a l a lte ra tio n s , K -m e ta so m a tism  a n d  p o ten tia lly  w ith  th e  
e m p la c e m e n t o f a shallow  in tru s iv e .

T h e  sc a rc ity  o f d a ta  does n o t  allow sim ila r re c o n s tru c tio n  for th e  E a s te r n  
M á tra . D r i l l  hole d a ta  in d ic a te , t h a t  m uch o f i ts  B a d e n ia n  volcanic s t ru c tu re  is 
now  c o v e re d  b y  y o u n g er se d im e n ts , and its  v o lc a n ic  ch a rac te r can  o n ly  b e  
in te rp re te d  to g e th e r  w ith  th e  covered  subsided  p a r t s .  O n its  n o rth e rn  side  d r i l l ­
hole e v id e n c e s  becam e a v a ila b le  concerning th e  e x is te n c e  of in tru s iv e  fo rm a ­
tio n s , w h ic h  re la te d  to  th e  L o w er B aden ian  v o lc a n ic s .

B a s e d  on  th e  above m e n tio n e d  h y p o th esis  fo r  th e  caldera d e v e lo p m en t, 
w ith  t h e  co n n ec tio n  o f th e  v e in  ty p e  P b — Zn m in e ra liz a tio n  and K -m e ta so m a ­
tism  to  in tru s iv e  a c tiv ity , th e se  considera tions p ro v id e  new  dim ensions fo r  th e  
e x p lo ra tio n  p o te n tia l o f th e  M á tra  M ountains.
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ПОПЫТКА РЕКОНСТРУКЦИИ ТРЕТИЧНОГО ВУЛКАНИЗМА ГОР МАТРА
(СВ ВЕНГРИЯ)

Ч. Б А К Ш А - Й .  Ч И Л Л А Г - Й .  Ф Е Л Д Е Ш Ш И  и Т. З Е Л Е Н К А

Р е з ю м е

Авторы настоящей работы попытались восстановить ход третичного геоисторичес- 
кого развития гор Матра на основании переоценки имеющихся полевых наблюдений, гео­
логосъемочных материалов, буровых данных и геофизических материалов.

Они сообщают новые данные о древнем фундаменте гор Матра. Затем они дают крат­
кое изложение вулканической деятельности, имевшей место в позднеэоценовое время.

Оценка неогеновых образований — преимущественно вулканитов — была проведена 
на основании учета структурных и стратиграфических особенностей района. Модифициро­
вав модели, установленной Э. Садецки-Кардошшем (1959), в основе которой легла кон­
цепция вулкана и кальдеры с единственным центром извержения, авторы статьи дают но­
вую реконструкцию истории Западной Матры.

Предполагая существование связи между гидротермальной деятельностью и вулка­
низмом кислого состава, с одной стороны, и образованием кальдеры и присутствием геофизи­
чески выявленного кислого интрузивного тела, с другой, авторы открывают новые пер­
спективы для дальнейших исследований.

Аналогичные реконструкции даются и для Восточной Матры, но они основываются 
на ряде гипотез.

A d a  Geologica Academiae Seientiarum Hungaricae 24, 1981
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STATISTICAL ANALYSIS 
OF MAJOR ELEMENT PATTERNS 

IN BASALTIC ROCKS OF HUNGARY
By

A . E m b e y - I s z t in
MINERALOGICAL AND PETROLOGICAL DEPARTMENT 

OF THE HUNGARIAN NATURAL HISTORY MUSEUM

D iscrim inant diagram s ( P e a r c e , 1976) have been employed to  estab lish  the most 
likely tectonic setting  of four different basaltic  rock-associations in  H ungary . The young 
U pper Pliocene-Pleistocene basalts (B alatonfelvidék, Cserhát) have  m arked  within 
p late  basalt affinities th e  eruptions of w hich are connected w ith  re c e n t m antle-dia- 
pirism  and con tinen ta l rifting. The Lower Cretaceous basic rocks (M ecsek Mts.) plot 
also as w ith in-plate basalts and therefore th ey  are in terpre ted  as w itnesses of a Lower 
Cretaceous rifting  process. The Mesozoic diabases of the B ükk M ts. show  ocean-floor 
basalt affinities and  i t  has been argued th a t  th e y  were emplaced tectonicaH y along the 
most im portan t tecton ic  line of the P annonian  Basin. F inally, th e  b asa ltic  andesites 
of the C arpathians show shoshonitic affinities and  they  could have been  generated by 
a la te  Oligocène early  Miocene subduction process occurred in  th e  C arpath ian  region.

In tro d u c tio n

E v e r since th e  p la te ,te c to n ic  m odel o f  tec togenesis h as  g a in e d  a  general 
a c c e p ta tio n  am ong  e a r th  sc ien tis ts , an d  o u r u n d e rs ta n d in g  as to  th e  m agm a 
genesis has becom e as deep  as never before , pe tro lo g is ts  h a v e  b e e n  seeking  for 
an  ev en tu a l c o rre la tio n  b e tw een  th e  e lem en t p a tte rn s  o f  lav as  a n d  th e  tecton ic  
e n v iro n m en t in  w hich  th e y  w ere e ru p te d . I n  th is  re sp ec t se v e ra l successful 
m e th o d s, especia lly  in  th e  case o f b asic  v o lcan ic  rocks h a v e  b e e n  proposed, 
e .g . th a t  o f P e a r c e — -Ca n n  (1973) w hich uses m ino r e lem en t p a t te r n s ,  as well 
as P e a r c e ’s (1976) m e th o d  w hich on th e  c o n tra ry  m akes use o f  m a jo r  elem ent 
p a tte rn s  to  e s tab lish  th e  m ost like ly  te c to n ic  se ttin g s o f b a s ic  v o lc a n ic  rocks. 
A  s im ila r ap p ro ach  to  th e  second one has b een  p roposed  b y  N i s b e t — P ea r c e  
(1977), th e  g re a te s t d ifference being  th a t  th e y  used  m ajo r e le m e n t p a tte rn s  of 
c linopyroxene in s te a d  o f  w hole rocks.

In  th e  p re se n t p a p e r  I  em ployed  P e a rc e ’s m ethod , t h a t  is  I  ca lcu la ted  
d isc rim in an t fu n c tio n s  on th e  basis o f m a jo r e lem en t d a ta  to  re p re s e n t  v isually  
th e  sep ara tio n s o f  fo u r  w ell-defined b a sa ltic  rock  asso c ia tio n s o f  H u n g ary . 
D e ta ils  and  th e o re tic a l b ack g ro u n d  o f th e  ca lcu la tions w ith  a c o m p le te  lis t of 
references can be  fo u n d  in  P e a rc e ’s w ork. I n  th e  follow ing, geo logy  a n d  pe tro l­
ogy  o f th e  rock  asso c ia tio n s w ill be sh o rtly  d iscussed.
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Geology and P etro logy  o f the Basic R ock  A ssociations

A . Y o u n g  A lk a li  Basalts

T h e  f i r s t  basa ltic  fo rm a tio n  to  be considered is  t h a t  o f th e  young  b a sa lts  
e ru p te d  p a r t ly  n o rth  o f th e  L a k e  B a la to n  (B a la to n fe lv id ék ) and  p a r t ly  in  th e  
C se rh á t H ills  (Fig. 1). H o w e v e r , b a sa ltic  e ru p tio n s  o f  th e  sam e vo lcan ic  a c t iv ­
i ty  c a n  b e  iden tified  w ell b e y o n d  th e  fron tiers o f  t h e  c o u n try , so th e  C se rh á t 
b a s a l t  a r e a  is con tinu ing  to  t h e  N o r th  in  S lovak ia  a n d  th e re  is an o th e r b a s a lt  
a re a  n e a r  G raz in  A u s tr ia  a n d  severa l o thers in  T ra n s y lv a n ia . The vo lcan ic  
a rea s  a re  m a in ly  com posed o f  l a v a  flow s, scoriacious la v a s  an d  tu ffs . A t sev e ra l 
lo c a litie s  th e y  con ta in  n o d u le s  o f  p e rid o tite , m e g a c ry s ts , an d  xeno lith s  o f  cu m ­
u la te  o r ig in . L avas show  ty p ic a l  alkaline a ffin itie s , th e y  are fresh , a lth o u g h  a t 
som e lo c a litie s  zeo litiza tio n  is w idesp read . D iffe re n tia tio n  processes could  n o t 
h a v e  o p e ra te d  to  any  la rg e  e x te n t ,  since the  c h e m is try  o f  in d iv id u a l la v a  flow s 
is r a th e r  un ifo rm  (Ma u r it z  e t  a l.,  1948). T he age o f  th e  eru p tio n s is U p p e r 
P lio cen e-P le is to cen e , an d  i t  seem s th a t  th e  C se rh á t b a sa lts  are  y o u n g e r 
( ~ 2  m .y .)  th a n  those  o f  th e  B a la to n  area ( ~ 3 — 5 m .y ., B a lo g h  K a d o s a ’s 
p e rso n a l com m unication ). S ee in g  th a t  since U p p e r  P lio cen e  tim e  o n ly  a few  
m illio n  y e a rs  have passed  w e c a n  expect th a t  te c to n ic  co n d itions a t t h a t  tim e  
cou ld  n o t  h a v e  been v e ry  d if fe re n t  from  th a t  p re v a ilin g  a t  p re se n t. T he e ssen tia l

Fig. 1. V olcanic regions of H ungary . 1. Y oung basalts; 2. Low er Cretaceous basalts; 3. Miocene
an d esite s; 4. Mesozoic diabases

A cta  Geologica Academiae Scientiarum  H ungaricae 24, 1981



BASALTIC ROCKS O P H U N G A RY 353

ch a ra c te ris tic s  in  th e  P a n n o n ia n  B asin  a re  as follow s: th e  presence o f a  co n ti­
n e n ta l- ty p e  c ru s t, th o u g h  th in n e r  th a n  in  a n o rm a l case, b lock te c to n ism  th a t  
re su lts  in  a h ig h ly  v a r ia b le  degree of s in k ing  in  d iffe ren t p a r ts  o f  th e  basin .

B . A lk a li  Basalt-trachybasalt-trachyandesite-phonolite Series

M em bers o f th is  ro ck  series were d esc rib ed  in  d e ta ils  b y  M a u r it z  (1913) 
as a “ tra c h y d o le r ite -p h o n o lite ”  association . T h e y  w ere e ru p ted  in  th e  M ecsek 
M o un ta ins (F ig . 1) w h ere  th e y  form  num erous d y k e s , s tocks, sills an d  p ro b ab ly  
lacco lith s . T he age o f  th e  beg in n in g  of e ru p tio n s  ca n  he  defined  unam b ig u o u sly , 
as th e  igneous bod ies c u t  th e  U pper J u ra s s ic  sed im en ts  an d  synchronous 
vo lcan ic  a c tiv ity  can  b e  deciphered  in  th e  B e rr ia s ia n  ( ~  136 m .y .)  a t  th e  base 
o f th e  C retaceous ( P a n t o , 1961).

A p p a ren tly  d iffe re n tia tio n  processes m u s t h a v e  b een  o p e ra tin g  on a large 
scale , since lim b u rg ite -lik e  cu m u la tiv e  rocks an d  co m p lem en ta ry  tra c h y b a sa lts , 
tra c h y a n d e s ite s  an d  p h o n o lite s  are  well re p re se n te d  in  th is  a rea . I t  is obvious 
t h a t  th e  p a re n t m ag m a m u s t h av e  h ad  a m a rk e d  a lk a lic  a ff in ity  to  be  ab le to  
y ie ld  such h ig h ly  u n d e rs a tu ra te d  d iffe ren tia ted  p ro d u c ts . R ocks o f  th is  igneous 
series are  b y  no m ean s so fre sh  th a n  tho se  o f  th e  p reced in g  sec tion : zeo litiza tio n  
is v e ry  in ten se , esp ec ia lly  in  th e  case o f th e  m o re  ac id  m em bers, o th e r  a lte ra ­
t io n  p ro d u c ts  such  as ca lc ite , seric ite  and  ch lo rite  a re  n o t ra re .

C. Diabase-gabbro-oreperidotite Association

T his rock  asso c ia tio n  is s itu a te d  in  th e  w e s te rn  p a r t  o f th e  B ü k k  M oun­
ta in s  (F ig . 1) an d  i t  is com posed m ain ly  o f a  N E -S W  s tr ik in g  d iab ase  body  
a b o u t 10 k m  in  le n g th  a n d  2— 4 km  in w id th . S m alle r bodies o f  g ab b ro  and 
p e r id o tite  w ith  an  u n u su a lly  h igh  c o n te n t o f  m a g n e tite  and  ilm en ite  were 
fo rm ed  a t low er levels, v e ry  p ro b ab ly  due  to  g ra v ita tiv e  d iffe re n tia tio n . V ery 
su b o rd in a te  acid  d iffe re n tia tio n  p ro d u c ts , n e s ts  o f  g ab b ro  p e g m a tite , n es ts  and 
v e in s  of a lb ite  g ra n ite  o ccu r in  th e  gabbro  itse lf . T h e  w hole series w as in tru d ed  
in  a slig h tly  m e tam o rp h o sed  shale  of T riassic  age. T h e  age o f  th e  in tru sio n  
its e lf  could n o t be  d e te rm in ed  exactly , i t  m a y  be  T riassic  or C retaceous as 
well.

T he p e tro g ra p h y  o f th e  rock  associa tion  w as described  a t  a considerab le  
le n g th  b y  S z e n t p é t e r y  (1953). T here are  som e lo ca lities w here th e  rocks are 
q u ite  fresh , th e  m in era lo g y  and  chem istry  o f  w h ich  enables us to  conclude  th a t  
th e  p a re n t m agm a m u s t h av e  been  th o le iitic  in  c h a ra c te r .

Acta Geologica Academiae Scientiarucim Hungarae 24 , 1981



354 E M B E Y -IS Z T IN , A .

D . B a s a ltic  Andesites

A s i t  is ind ica ted  b y  th e  n a m e , th ese  rocks a re  b y  no m eans t r u e  b a sa lts  
th o u g h  t h e y  approach  th e  b a s a l t ic  com position . T h e y  rep re sen t th e  m o s t basic  
m e m b e rs  o f  th e  a n d e s ite -d a c ite -rh y o lite  a sso c ia tio n  o f  th e  In t r a c a rp a th ia n  
V o lcan ic  C hain . In  H u n g a ry  th e  P ilis , B örzsöny , C se rh á t, M átra  an d  th e  Z em p ­
lén  M o u n ta in s  (Fig. 1) are  b u i l t  o f  th is  rock asso c ia tio n . A t th e  w e s te rn  p a r t  of 
th e  c h a in  rocks are ab o u t 15 m .y . o ld, to  th e  E a s t ,  in  th e  Z em plén  M ts. th e y  
a re  o n ly  12 m .y . old an d  in  T ra n sy lv a n ia  th e y  a re  even  y o u n g er. T h e re  are  
m a n y  re c o rd s  of b asa lts  a c c o m p a n y in g  andesites  in  th e  case o f is la n d  a rc -ty p e  
v o lc a n ism , and th is  k in d  o f  b a s a l t  can  be d is tin g u ish ed  ch em ica lly  from  
b a s a lts  o f  o th e r tec to n ic  s e t t in g s . I n  th e  fo llow ing , u sing  th e  d isc r im in a n t 
d ia g ra m s  o f Pearce, I  in te n d  to  te s t  w h e th e r or n o t  th e  b a sa ltic  a n d e s ite s  in  
q u e s tio n  fa ll in  one of th e  f ie ld s  o f  vo lcanic  arc  b a sa lts .

Choice o f  A n a lyses

P e a r c e  (1976) has sh o w n  t h a t  a sm all n u m b e r  o f analyses m a y  b e  su ff i­
c ie n t i f  w e need to  classify  la v a s  o f  u nknow n  orig in  b y  th e  aid  o f  h is d isc rim in ­
a n t  f u n c t io n  diagram s. W h ere  i t  w as possible I  s tr ic t ly  resp ec ted  h is re c o m m e n ­
d a tio n s :  analyses of sam ples d e sc rib e d  as a lte red  or w ith  F eO /F e2O 3< 0 .5  w ere 
r e je c te d , th e  to ta l  of all m a jo r  e lem en t oxides in c lu d in g  H 20  w as b e tw een  99 
an d  101 p e r  cen t everyw here, a n d  th e  range o f CaO +  MgO w as b e tw e e n  12 
a n d  20  p e r  cen t. F rom  th e  y o u n g  a lk a li b a sa lts  describ ed  u n d e r  sec tio n  A, as 
w ell a s  f ro m  th e  diabases (S ec tio n  C) a h igher n u m b e r  o f analyses w as p u b lish ed  
fro m  w h ic h  30 and 22 h a v e  b e e n  chosen. A nalyses o f  th e  y o u n g  a lk a li b a sa lts  
w ere  c h o se n  so as to  re p re se n t a ll th e  b a sa lt e ru p tio n s  o f th e  c o u n try . T h o u g h  
i t  is o b v io u s  th a t  th e  d is c r im in a n t d iag ram s can  be used  exc lu siv e ly  fo r  la v a  
ro ck s , I  p lo t te d  th ere  d is c r im in a n t fu n c tio n s o f  som e gabbros a sso c ia ted  w ith  
d ia b a se s  (Section  C) to o . S ince  th e re  are tra n s i t io n a l  rocks b e tw een  d iab ases  
an d  g a b b ro s  of th e  B ükk  M o u n ta in s , th e  ev en tu a l co m positiona l sh if tin g  caused  
b y  in c re a s in g  gabbroic c h a ra c te r  m a y  th u s  be dec iphered .

U n fo rtu n a te ly , th e re  is o n ly  a sm aller n u m b e r o f  analyses p u b lish e d  from  
th e  L o w e r  C retaceous a lk a li b a s a l ts  o f  th e  M ecsek M o u n ta ins. T h u s , I  h a d  to  
p lo t ro c k s  w ith  g rea te r an d  le s se r  am oun t o f MgO -|- CaO th a n  th e  n o rm a l 
b a s a lt ic  ra n g e , too . In  th is  w a y , com p o sitio n a l sh if tin g  caused  b y  th e  d iffe ren ­
t ia t io n  c o u ld  he eva lua ted . As th e s e  rocks are  p a r t ly  zeo litized  an d  ch lo ritiz ed , 
o x id a tio n  ra te  and H 20  is h ig h e r  th a n  in  fresh  b a sa lts .

F in a l ly  th e  b asa ltic  a n d e s ite s  are  m uch  low er in  MgO th a n  a re  av erag e  
b a s a l ts  a n d  th e  sum  o f M gO -j- CaO  is a ro u n d  th e  low er lim it (12 p e r  cen t), in  
som e c a se s  only  app roach ing  th is  va lue .

T h e  lis t  of analyses an d  th e  sources o f d a ta  a re  sum m arized  in  T ab le  1.
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T a b le  1

Sources o f  m a jo r  elem ent ana lyses used  in  the d is c r im in a n t diagram s

L o ca tio n
N o. o f

A nalyses R eferences

M e c s e k  M ts . 8 M a u r i t z  ( 1 9 1 3 )

2 T a k á c s  ( 1 9 3 3 )

2 S z é k y - F u x  (1 9 5 2 )

B a la to n f e l  v id é k  a n d  C s e r h á t  M ts . 2 P o j j á k  (1 9 4 4 )

4 R e i c h e r t  (1 9 2 5 )

2 E m b e y - I s z t i n  (1 9 7 7 )

2 V i t á l i s  (1 9 1 1 )

12 M a u r i t z — H a r w o o d  (1 9 3 6 , 1 9 3 7 , 1 9 3 8 )

8 M a u r i t z  e t  a l .  (1 9 4 8 )

B ü k k  M ts . 25 S z e n t p é t e r y  (1 9 5 3 )

7 E m b e y - I s z t i n  ( u n p u b l i s h e d )

V a lle y  o f  B ó d v a 4 P a n t ó — F ö l d v á r i-V o g l  (1 9 5 0 )

M á t r a  M ts . 4 K u b o v ic s  (1 9 7 0 )

Z e m p lé n  M ts . 2 S z é k y - F u x  (1 9 7 0 )

B ö r z s ö n y  M ts . 4 P a n t ó  (1 9 7 0 )

P i l is  M ts . 2 K o r p á s  e t  a l .  (1 9 6 7 )

B asalts of Different Tectonic Settings

In  P e a r c e ’s d iag ram s th e re  are six m ag m a ty p e s  th a t  can  he d e fin ed  on 
th e  basis  o f  m o d ern  p la te  te c to n ic  p rocesses acco rd ing  to  P e a r c e — Ca n n  
(1973):

1. O cean-floor b a sa lts  (O FB ) are e ru p te d  a t  d iv erg in g  p la te  m arg in s , 
e ith e r  w ith in  la rg e  oceans (m id-oceanic ridges) o r  w ith in  th e  sm all ocean  b asin s  
b eh in d  is lan d  a rcs .

2. Is la n d  arc  th o le iite s  (L K T ) are e ru p te d  on  oceanic c ru s t a t  co n v erg in g  
p la te  m arg in s . T h e y  a re  ty p ic a lly  e ru p ted  close to  th e  deep-ocean  tre n c h e s .

3. C alk -a lkali b a sa lts  (CAB) are  e ru p te d  on  c o n tin e n ta l c ru s t a t  co n v erg ­
ing p la te  m arg in s , an d  on oceanic c ru s t w ell b e h in d  th e  deep-ocean  tre n c h e s .

4. S hosh o n ites  (SH O ) are  e ru p ted  a t  co n v erg in g  p la te  m arg in s , e ith e r  a 
long w ay  b eh in d  th e  deep-ocean  trenches in  m a tu re  arcs, o r in  post-o rogen ic  
s itu a tio n s  a f te r  su b d u c tio n  h as  ceased.

5. O cean -is lan d  b a s a lts  (O IB ) are e ru p te d  as ocean  is lands w ith in  ocean  
basin s, la rg e ly  w ith in  p la te s  b u t  occasionally  as is lan d s  on ridge  c rests .

6. C o n tin en ta l b a s a lts  (CON) are e ru p te d  th ro u g h  c o n tin e n ta l c ru s t , 
la rge ly  a t  c o n tin e n ta l r if ts  in  a w ith in -p la te  s e t t in g .
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I n  th e  d isc rim in an t d ia g ra m s  ocean -island  and  co n tin e n ta l b a s a lts  form  
o n ly  o n e  fie ld  (W PB ) t h a t  is  th e  fie ld  o f  w ith in -p la te  b a sa lts , s ince  th e y  
c a n n o t  b e  sep ara ted  on th e  b a s is  o f th e ir  m a jo r e lem ent ch e m is try . T h is fac t 
m a y  p ro v e  th a t  th e  n a tu re  o f  th e  c ru s t, oceanic  o r  co n tin e n ta l does n o t  m odify  
th e s e  b a s a lt ic  rocks b y  ch em ica l in te ra c tio n  o f  th e  m agm a a n d  w all-rocks.

D iscussion  of the Results

T h e  ca lcu la ted  d isc r im in a n t fu n c tio n s  (F 15 F 2, F 3) h av e  b een  p lo tte d  one 
a g a in s t  th e  o th e r in  F igs 2, 3 a n d  7.

Y o u n g  A lk a li  Basalts

F ig u re  2 te s tifie s  t h a t  p ro je c tio n  p o in ts  o f th e  young  a lk a li b a s a lts  fall 
a lm o s t in v a ria b ly  in  th e  W P B  (w ith in -p la te  b a sa lt)  fie ld , ow ing to  th e  low 
S i0 2 a n d  h igh  T i0 2 c o n c e n tra tio n s  o f th e se  rocks, so ty p ic a l o f W P B -b a sa lts  
(T a b le  2). In  respect o f m a jo r  e lem en t c o n te n t, th e  y o ung  a lk a li b a s a lts  are

Table 2

Means and standard deviations o f major element oxides

N o. =  30
young a lk . 

b asa lts

N o . =  12 
C re taceo u s 
a lk .  b a sa l ts

N o . =  22 
d iab ases

N o. =  10 
g abbros

N o . =  12 
b a sa ltic  

a n d e s ite s

SiO, 47.19 44.83 48.64 44.76 53.92

TiO , 2.04 2.91 1.86 3.73 1.02

A l/)3 15.69 15.11 15.47 15.81 18.03

FeO 9.60 10.91 11.62 14.53 7.18

MgO 7.45 6.36 5.96 6.06 3.31

CaO 9.24 8.38 9.11 9.46 8.47

N a ^ 3.76 4.21 3.74 2.52 2.73

K ./J 1.92 1.16 0.21 0.16 2.07

Standard Deviations

S i0 2 1.71 2.84 1.94 1.88 1.98

T i0 2 0.47 1.15 0.55 1.10 0.22

a i 20 3 1.40 2.47 1.85 1.95 1.66

F eO 1.08 2.13 2.65 2.15 0.92

M gO 1.11 3.97 0.79 1.17 1.09

CaO 0.75 2.68 1.22 1.52 0.92

N ajO 0.69 3.21 0.70 0.69 0.45

K 20 0.53 0.50 0.16 0.15 0.67
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Fig. 2. D iscrim inant d iagram  ( P e a r c e ,  1976). Open circles: young alkali basalts, triangles : 
basaltic andesites; crosses: diabases; x : gabbros, dots: soda gabbros from  the Valley of th e

River Bódva

Table 3

C IP W  norms of the magma-types calculated on the basis o f average concentration 
values given in Table 2

Y oung
b a sa lts

C retaceous
b a sa lts D iab ases

B asa l tic  
an d esites

Q — — — 6.26
or 10.04 6.23 1.03 12.76
ab 14.65 19.58 29.03 24.05
an 18.31 17.66 23.1 29.28
ne 7.68 7.42 — —

Fe 3.33 3.57 3.65 3.16
di Mg 5.79 4.87 3.89 2.93

Ca 9.63 8.78 7.72 6.17

hy
Fe — — 2.31 5.91
Mg 2.41 5.65

ol
Fe 9.92 11.03 10.9 —
Mg 15.35 13.79 10.39 —

m t 1.88 1.94 2.35 1.48
U 3.42 5.1 3.12 2.37

Fes+/Fe*+ =  0.15 theoretical value was used in every calculation.
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r a t h e r  hom ogenous ju d g in g  fro m  th e  sm all va lu es  o f s ta n d a rd  d e v ia tio n s . T he 
C IP W  n o rm s (Table 3) c a lc u la te d  from  th e  m eans o f m a jo r e lem en t d a ta  
(F e s+ / F e 2+ w as a rb itra ry  t a k e n  to  be  e q u a l to  0.15) show  a ty p ic a l o l-ne  com ­
p o s it io n  a n d  since ne > 5  p e r  c e n t , th e  com position  m a y b e  regarded  as b a sa n itic  
a c c o rd in g  to  R in g w o o d ’s n o m e n c la tu re .

A lk a li b asa lts  of c o n tin e n ts  a n d  oceanic is lan d s could  n o t be d is tin g u ish ed  
f ro m  e a c h  o th e r by  s ta t is t ic a l  p ro ced u re s  (P e a r c e , 1976). T he ch em ica l fea ­
tu r e s  o f  th e  alkalic  b a sa ltic  l iq u id s  are  la rg e ly  d ep en d en t o f tw o  fa c to rs : th e  
p h y s ico ch em ica l conditions o f  th e  p a r tia l  m e ltin g  (P ,T , P Hj0, Pco,) an<  ̂ th e  su b ­
s e q u e n t  f ra c tio n a tio n  of th e  c ry s ta lliz in g  m ag m a. In d eed , lavas o f  th e  y o u n g  
a lk a lin e  b a sa ltic  series in  H u n g a ry  seem  to  re p re se n t e ith e r  p r im a ry  m elts , 
t h a t  is  m a n tle -d e riv ed  m ag m as t h a t  h av e  been  u n m o d ified  b y  c ry s ta l  f ra c tio n ­
a t io n  o r  b y  o ther p rocesses, o r  in  a  lesser a m o u n t, liq u id s  t h a t  h a v e  been  
m o d if ie d  b y  olivine and p e rh a p s  p y ro x en e  f ra c tio n a tio n . T he id e n tif ic a tio n  of 
b a s a l t ic  liq u id s  as p rim a ry  o r  d e r iv a te d  m ay  be  ca rried  o u t b y  u s in g  th re e  
c r i te r ia  (e .g . F r e y  et al., 1978). F ir s t ,  th e  occurrence  o f sp inel lh e rz o lite  n o d ­
u le s  in  a  b a sa lt  proves t h a t  th e  m ag m a has ascended  from  d e p th  >• 30 km  
w ith o u t  c ry s ta l f ra c tio n a tio n  o r  chem ical in te ra c tio n  w ith  w all-rock  e n v iro n ­
m e n ts .  I n  H u n g ary , m ost o f  th e  p e r id o te  nodu les com e from  b a sa ltic  tu ffs , 
h o w e v e r , la v a s  of B o n d o ró h eg y , B ad acso n y  (B a la to n fe lv id ék ), as w ell as 
E r e s z tv é n y  and  M ag y a rh án y a  (C serh á t) do c o n ta in  such  nodu les ( E m b e y - 
I s z t i n , 1976 A; 1976 B ; 1977; 1978) so th e y  can be  reg a rd ed  as p r im a ry  b y  th e  
f i r s t  c r i te r io n . Secondly, th e  ev id en ce  from  m an tle -d e riv ed  rocks (lh e rzo lite  
x e n o l i th s  fro m  b asa lts  an d  k im b e rlite s , d iap iric  in tru s iv e s  o f h igh  P  a n d  h ig h  
T  p e r id o t i te s ,  p e rid o tite  b o d ies  exposed  in  m o d ern  m id-oceanic  rid g e  a n d  old 
o p h io lite  com plexes) in d ica te s  t h a t  th e  le a s t re fra c to ry  u p p e r m a n tle  co m p o si­
t io n s  h a v e  100 Mg/Mg -f- F e 2+ (M g-values) a ro u n d  88— 89. I f  su ch  a source  
m a te r ia l  becom es m elted  (u p  to  a b o u t 30 p e r  cen t) th e  b a sa ltic  m e lt m u s t  h av e  
M g -v a lu es  ~ 6 8 — 75 using  = 0 - 3  p u b lish ed  b y  R o e d e r  E m s l ie

(1970). C onsidering  th is  c r ite r io n  in  th e  case o f th e  y o ung  a lk a li b a sa lts , 
w e c a n  s a y  th a t  th e  b a sa lt  o f  B ad acso n y  w ith  a  M g-value o f 67— 70, an d  
t h a t  o f  S ág h eg y  (68— 71), N a g y láz  (70), S a rv a ly  (68), P écskő  (71) can  be  id e n ­
t i f ie d  as  p r im a ry  p a r tia l m e lts . T h e  b a sa lt  o f P á lh eg y  (P au liberg ) w ith  a v e ry  
h ig h  c o n c e n tra tio n  of MgO ( ~ 1 2  p e r  cen t) an d  N iO  ( ^ 3 0 0  p pm , M a t jr it z  e t  al. 
1948, S c h a r b e r t ’s perso n a l co m m u n .)  m u s t be reg a rd ed  as a v e ry  p r im itiv e  
p a r t ia l  m e lt .  On th e  c o n tra ry , b a s a lts  o f T á tik a  (Mg =  51— 67), H a lá p  (64— 65) 
a n d  K a b h e g y  (63 —68) as w ell a s  som e C serh á t b a sa lts  a re  to  be co n sid e red  as 
f r a c t io n a te d  liqu ids. T he d e p th  o f  th e  f ra c tio n a tio n  c a n n o t be d e fin ed  w ith  
c e r ta in ty ,  i t  m ay  have o ccu rred  e i th e r  in  th e  m a n te l i ts e lf  or a t  lo w er c ru s ta l  
lev e ls .

T h e  th ird  crite rion  w h ich  is lik e ly  u sefu l in  d is tin g u ish in g  b e tw e e n  p r i­
m a ry  m e lts  an d  d e riv a tiv e  m a g m a s  invo lv es  co m p a tib le  tra c e  e lem en ts  such
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as Sc, Cr, Co, an d  N i. Since th ese  e lem en ts  h a v e  solid /liquid  p a r t i t io n  coef­
f ic ien ts  g re a te r  th a n  u n ity  for a t least o n e  o f  th e  m ajor m an tle  p h a se s , th e ir  
co n cen tra tio n s  in  a m agm a are v e ry  s e n s it iv e  to  frac tio n a l s e p a ra tio n  of 
m afic  m inera ls. C o n sequen tly , rocks h a v in g  th e  h ighest c o n c e n tra tio n s  from  
th e se  e lem ents h a v e  lik e ly  experienced  v e r y  l i t t le  frac tio n a tio n  o r  n o t  a t  all. 
E spec ia lly  N i a b u n d an ces  have  been u se d  to  id en tify  m agm as w ith  v e ry  low 
fra c tio n a tio n  ra te  o f  o liv ine (G a s t , 1968; K a y  et al., 1970; A l l è g r e  e t al., 
1977; F r e y  e t  a l., 1978). E vidence  fro m  N iO  concen tra tions p u b lish e d  b y  
M a u r it z  e t a l. (1948) is n o t alw ays in  ac c o rd a n ce  w ith  th e  one w e ca n  o b ta in  
from  M g-values. W h ile  th e  P álhegy  b a s a l t  h a s  b o th  a high M g-value  an d  N iO  
ab u n d an ce  (300 p p m ) an d  th e  T á tik a  b a s a l t  w ith  a low M g-value o n ly  0— 100 
p p m  N iO , th e  H a lá p  b a sa lt  th o u g h  low er in  M g-value co n ta in s  a lso  300 ppm  
N iO . T he b a s a lt  o f  K ab h eg y  has an in te rm e d ia te  am ount o f N iO  (200 p p m ).

S um m ing  u p , th e  re su lt o f th e  d is c r im in a n t analysis has sh o w n  th a t  th e  
y o u n g  a lkali b a s a lts  o f  H u n g a ry  are  ty p ic a l  W P B  basalts th a t  w ere  e ru p ted  
th ro u g h  a c o n tin e n ta l- ty p e  c ru s t n o t to o  d iffe ren t from  th e  p re s e n t  one, 
ju d g in g  from  geological and  geophysical ev id en ces. The b a sa ltic  m a g m a  has 
n o t been  m odified  b y  chem ical in te ra c tio n s  w ith  wall-rocks to  a n y  sensib le  
e x te n t. A m ong th e  la v a s  som e rep re sen t p r im a ry  m elts, w hile o th e rs , liqu ids 
m odified  b y  o liv ine an d  perhaps p y ro x en e  f ra c tio n a tio n .

Lower Cretaceous A lk a li  Basalts

O nly fo u r o f  th e se  rocks h av e  MgO +  CaO  betw een 12 a n d  20 , th e re fo re  
analyses w ith  m ore  an d  less MgO -)- CaO  h a v e  also been p lo tte d  (b y  d iffe ren t 
sym bols) to  e v a lu a te  th e  effect of d if fe re n tia tio n  (Fig. 3). I t  is re m a rk a b le  th a t  
all th e  fo u r “ t ru e ”  b a sa lts  fa ll in th e  W P B -f ie ld  and  so do som e o f  th e  tra c h y -  
an d esitic  d iffe re n tia te s  th o u g h  a p a r t  o f  th e m  lies in  th e  sh o sh o n itic  (SH O ) 
fie ld  of th e  d iag ram . O n th e  c o n tra ry  th e  cu m u la tiv e -ty p e  ro ck s (w ith  m ore 
MgO -j- CaO th a n  20 p e r cent) have  v e ry  low  values of F 2 w ith  re sp e c t to  
th e ir  F j-v a lu es , co n seq u en tly  th e y  do n o t  fa ll in  any  of th e  f ie ld s , how ever, 
th e ir  v ic in ity  to  th e  W P B -fie ld  is s ig n if ic a tiv e . T he analyses ro u g h ly  follow 
tw o  lines, one w ith  increasing  F j and  F 2 a n d  a n o th e r  one w ith  s lig h tly  in creasin g  
F x an d  decreasing  F 2. T he f irs t line re p re s e n t  th e  tra c h y a n d e s itic  tre n d  of 
d iffe ren tia tio n  w hich  leads to  th e  h ig h ly  u n d e rs a tu ra te d  p h o n o lite s , th e  second 
one m ay  be a co m p lem en ta ry  d iffe re n tia tio n  process essen tia lly  d u e  to  oliv ine 
an d  c linopyroxene  accu m u la tio n . C o n sid e rin g  all these  fac ts , w e can  q u ite  
safe ly  say  th a t  th e  p a re n ta l  m agm a o f th e  L ow er Cretaceous v o lc a n ism  m u st 
be  defined  as a W P B -b a sa lt. Since P e a r c e  g iv es  a set o f scaled e ig e n v e c to rs  too , 
w e are able to  e v a lu a te  th e  c o n tr ib u tio n  o f  a g iven  m ajor e lem en t to  th e  to ta l  
d isc rim in a tin g  pow er expressed  b y  F t , F 2, a n d  F 3. For ex am p le , th e  la rg es t 
scores on th e  second  fu n c tio n  (F 2) are  fo r  MgO (—0.74) an d  K 20  ( +  0.70).
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Fig. 3. D iscrim inan t diagram  ( P e a r c e ,  1976) for the M ecsek volcanic rocks. Open circlest 
“ tru e”  b a sa lts ; triangles: cum ulative rocks; crosses: trachyandesites; lines b and c rep resen : 

two com plem entary  d ifferentiation  trends

T h e re fo re  th e  h igh  m agnesium  a n d  low p o ta sh  c u m u la tiv e  rocks have ty p ic a lly  
low  F 2-v a lu e s  and  th e  h igh  p o ta s h  an d  low  m ag n e s iu m  trach y an d esitic  ro ck s  
h ig h  F 2-v a lu e s .

T h e  ca lcu la ted  m ean  o f  th e  analyses (T ab le  2) can  provide only  a ro u g h  
e s t im a te  as to  th e  com position  o f  th e  p a re n ta l m a g m a . T h e  s tan d a rd  d e v ia tio n s  
a re  v e r y  h ig h  since th e  co m p o sitio n a l range  o f th e  ro c k  analyses is also  la rg e . 
T h e  “ m e a n ”  com position  is t h a t  o f an  a lka li b a s a l t  v e ry  low in S i0 2 a n d  h ig h  
in  T iO a. T h e  ca lcu la ted  n o rm s (T ab le  3) re p re se n t a ty p ic a l ol-ne c h a ra c te r iz e d  
b a s a n i te .  T h e  a lkaline n a tu re  o f  th e  M ecsek b a s a lts  a n d  trach y an d esites  is a lso  
o b v io u s  i f  w e p lo t th em  in  th e  d iag ram  of M a c d o n a l d  and K a t s u r a  (1964). 
I t  is re m a rk a b le  th a t  all th e  an a ly ses  fall to  th e  le f t-h a n d  side of th e  H a w a ii  
a lk a lic - th o le ii t ic  division line  (F ig . 4), and  n one  o f  th e m  fall in  th e  en c irc led  
a re a  (F ie ld  o f analyses fro m  m id -A tlan tic  R id g e  a t  45° (A u m e n t o , 1968). 
In  th e  tr ia n g le  A lk-Fe-M g (F ig . 5) th e  d if fe re n tia tio n  tre n d  of th e  M ecsek  
a lk a li b a sa lt- tra c h y a n d e s ite -p h o n o lite  series is v e ry  sim ilar to  th e  H a w a ii  
a lk a lic  t r e n d  o f d iffe ren tia tio n , how ever, in  th e  tr ia n g le  N a— К — Ca (F ig . 6) 
d if fe re n tia t io n  tre n d  seem s to  be d is tu rb ed . E sp ec ia lly  in te rm ed ia te  a n d  
h ig h ly  d iffe re n tia te d  m em bers w ere  m odified  b y  som e process of so d a -e n ric h ­
m e n t. T h is  process w as p ro b a b ly  a zeo litiza tio n , since  according to  M a u r it z  
(1913) th e  phono lites a n d  in te rm e d ia te  ro ck s c o n ta in  a great a m o u n t o f  
n a tro l i te  a n d  analc ite .

100 M g/M g -(- F e2+ (M g-values are) g en e ra lly  to o  low except fo r  th e  
c u m u la tiv e  rocks, co n seq u en tly  even th e  m o st “ p r im it iv e ”  basa lts h a v e  b e e n  
m o d ifie d  b y  oliv ine fra c tio n a tio n . No x en o lith s  o f  p e rid o tite  was d e sc rib e d
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Fig. 4. A lkali-silica diagram  for the Mecsek basa ltic  and  trachyandesitic rocks (open circles). 
A lkali-tholeiitic division line after M a c d o n a l d  —  K a t s u r a  (1964), encercled a rea  is th e  field 
of analyses from  m id-A tlantic Ridge a t  45° N  afte r A u m e n t o — L O N C A H E V i d  (1969), A u m e n t o  
(1968). Triangle is average spilite from  P o l d e h v a a r t  (1955). Square: average oceanic tholeiite

after E n g e l  e t al. (1965)

Fe

Fig. 5. A lk—F e —Mg diagram . Open circles: a lkaline basaltic  trachyandesitic  — phonolitic 
rock series of th e  Mecsek M ts.; crosses: diabases and  acid differentiates of th e  B ü k k  Mts.; 
S-S: d ifferentiation  trend  in the Skaergaard in tru sion  a fter W a g e r — M i t c h e l l  (1951); D-D: 
diabase -*■ granophyre series, D illsburg, P ennsy lvania  after H o t z  (1953); A -Á : H awaiian 

alkaline basa lt -* trachy te  series a fte r  N o c k o l d s — A l l e n  (1954)

from  th e se  ro ck s. P 0i o f  th e  c ry sta lliz in g  m ag m a  was p ro b ab ly  h ig h , lead ing  
to  an  ea rly  se p a ra tio n  o f iron  ore, w hich  is th o u g h t to  be th e  f i r s t  p h ase  to  
s e p a ra te  on  te x tu ra l  g rounds (see: M a u ritz , 1913).

T h e  h ig h  d iffe ren tia tio n  ra te  o f  th is  ro ck  series is in  sh a rp  c o n tr a s t  w ith  
th e  n o n -d iffe re n tia te d  y o u n g  alkali b a s a lts  d iscussed  in th e  p re c e d in g  section .
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к

D iabase-gabbro-oreperidotite series o f  the B ü k k  M ts .

A n aly ses  of d iab ases  h a v e  been p lo tte d  on  th e  d iscrim inan t fu n c tio n  
d ia g ra m s  in  Figs 1 a n d  7. B o th  diagram s re v e a l t h a t  th e  analyses h a v e  c le a r  
O F B  (ocean -floo r b a sa lt)  a ff in itie s . T he gabbros p lo t  as tv ith in -p la te  b a s a lts  in  
F ig . 1 a n d  islan d  arc  th o le ii te s  (LK T) in  F ig  7, a n d  th is  inconsistency  p ro v es  
t h a t  t h e  o rig in a l c o n s tra in ts  m u s t be resp ec ted  a n d  th e  use of th e  d isc r im in a n t 
d ia g ra m s  shou ld  be re s tr ic te d  to  lava  rocks. T h e  m e a n s  and  stan d a rd  d e v ia tio n s

Fig. 7. D iscrim inant diagram  ( P e a r c e , 1976). Crosses: d iabases; dots: gabbros; open circles: 
soda gabbros; triangles: basaltic  andesites
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o f th e  e ig h t oxides are  g iven  in  T ab le  2. T h e  low  p o tassiu m  c o n te n t  is re m a rk ­
ab le  an d  th is  is one o f th e  c h a ra c te r is tic s  o f  ocean -floo r b asa lts . S ince  p o ta ss iu m  
h a s  th e  h ighest score (+ 0 .7 0 )  on th e  d isc rim in a n t fu n c tio n  F „  ocean -floo r 
b a s a lts  p lo t on th e  low est p a r t  o f th e  d iag ram . O th e r fea tu res , h o w e v e r, show  
c e r ta in  differences b e tw een  th e  B ü k k  d iab ases  an d  average o cean -flo o r b a sa lts . 
N o ta b ly  th e  h igh MgO an d  CaO c o n c e n tra tio n s  o f  ocean-floor b a s a lts  a re  con­
tr a s te d  w ith  re la tiv e ly  low  c o n cen tra tio n s  in  th e  d iabases. On th e  o th e r  h an d , 
th e  d iab ases  are h ig h er in  to ta l  F e th a n  a re  ocean -floo r b asa lts . W e m a y  th in k  th a t  
th e  B ü k k  diabases w ere m od ified  b y  o liv ine a n d  clinopyroxene f ra c tio n a tio n . 
M g-values are indeed  r a th e r  sm all (52— 61). T h e  sep ara ted  o liv in e  a n d  clino­
p y ro x e n e  crysta ls  a ccu m u la ted  a t  low er levels o f th e  igneous m ass  fo rm ing  
sm all p e r id o tite  bodies. E v id en ce  fo r th e  p resence  of cu m u la tiv e  te x tu r e  in  th e  
la rg e s t p e rid o tite  b o d y  w as g iven b y  N o s k e - F a z e k a s — E m b e y - I s z t in  (1978).

T h e  C IP W -norm s (T ab le  3) show  th a t  w e a re  dealing  w ith  a  h y -o l rock- 
co m p o sitio n  th a t  m ay  be d es ig n a ted  b y  th e  n am e  o f olivine th o le i i te  accord ing  
to  R ingw ood’s n o m en c la tu re . In  th e  d iag ram  o f M a c d o n a l d  an d  K a t s u r a  (F ig. 
8) d iab ases  p lo t a t  e ith e r  side o f th e  H aw aii a lka lic -tho le iitic  d iv is io n  line  an d  in  
th e  f ie ld  of m id -A tlan tic  R idge  b a sa lts . T he d iffe ren tia tio n  tr e n d  o f  th e  B ükk  
ro ck  association  is a p e c u lia r  one. S ince th e  co n cen tra tio n s o f p o ta s s iu m  are 
v e ry  low , th e  d iffe re n tia tio n  proceeds along  th e  jo in  N a—-Ca o f  th e  tr ia n g le  
N a — K — Ca (Fig. 6). A  sm o o th  d escen t line c a n n o t be a sc e r ta in e d  in  F ig . 5, 
th o u g h  i t  shows som e th o le iitic  a ff in ity .

C onsidering th e  O F B -a ff in ity  o f  th e  B ü k k  diabases i t  seem s a p p ro p ria te  
to  exam ine w h e th e r sp ilitiz a tio n  cou ld  h av e  p lay ed  a role in  th e  c h e m is try  of 
th e se  rocks. Low p o ta sh  an d  h igh  so d a  c o n cen tra tio n s  are  c h a ra c te r is t ic  of 
sp ilite s , how ever, th e re  is on ly  a s lig h t d efic iency  in  Ca and  n o n e  in  A l, th o u g h  
th e  la t te r  is considered  to  be v e ry  m obile d u rin g  sp ilitiza tio n  (C a n n , 1969; 
M e l s o n  v a n  A n d e l , 1966), f in a lly  th e re  is n o  excess Si. C o n seq u en tly  d iabases 
o f  th e  B ü k k  M ts. could  n o t h av e  been  m od ified  b y  sp ilitiza tio n  to  a n y  g rea te r 
e x te n t .

F ig .^8 . Alkali-silica diagram after Ma cd o n a ld  —K a tsu r a  (1964). Dots: diabases; crosses: 
gabbros; x: soda gabbros. For other symbols and explications see: Fig. 4
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S um m ing  u p , w e c a n  sa y  th a t  th e  m esozoic  d iab ases  o f th e  B ü k k  M ts. 
a re  o liv in e  th o le iitic  in  co m p o s itio n  and th e y  sh o w  O F B -affin ities . T h e  ab yssa l 
th o le i i t ic  n a tu re  o f  th e s e  ro c k s  w as earlier e m p h a s iz e d  b y  O n u o h a  (1977) an d  
N o s k e - F a z e k a s  —  E m b e y - I s z t in  (1978). T h e  p r im a ry  m agm a m u s t  h av e  
b e e n  m od ified  b y  o liv ine  a n d  c linopyroxene f ra c t io n a tio n  and m o d ifica tio n s  
d u e  to  sp ilitiz a tio n  co u ld  n o t  be  ascerta ined .

B a sa ltic  Andesites
f

T h e  sum  o f MgO +  C aO  in  th e  analyses p lo t te d  in  Figs 2 an d  7 is o n ly  
11— 13 p e r  cen t, so th e y  a re  close to  th e  low er l im it  o f  b asa ltic  co m p o sitio n . 
B o th  in  F igs 2 and 7 th e y  la rg e ly  p lo t as sh o sh o n ite s . A n in te restin g  fe a tu re  o f  
th e s e  ro ck s is th a t  w h ile  t h e i r  F x and  F 3-va lues re m a in  essen tia lly  c o n s ta n t, 
F 2 is  ch an g in g  c o n sid e rab ly . A lte ra tio n  o f th e  ro c k s  could  p roduce th is  effect 
( P e a r c e , 1976) b u t  o n ly  a n a ly se s  o f fresh  rocks w ere  u sed . On th e  o th e r  h a n d , 
w e c a n  exp la in  th e  e ffec t f ro m  th e  a n tip a th e tic  v a r ia t io n  of K 20  an d  MgO, 
o x id es  t h a t  have  th e  la rg e s t scores on th e  second  d isc r im in a n t fu n c tio n  (-)— 0.70 
a n d  — 0.74, re sp ec tiv e ly ).

T h e  100 MgO/Mg +  F e 2+ (M g-values) o f th e  b a sa ltic  pyroxene an d esite s  
a re  lo w , because o f th e  low  co n cen tra tio n s in  M gO . In  th is  resp ec t th e y  are  
v e ry  s im ila r to  th e  a m p h ib o le  an d  b io tite  a n d e s ite s  an d  even to  th e  d ac ites  
w h ic h  th e y  are in tim a te ly  a sso c ia ted  w ith . H o w ev e r, a  p rim ary  an d  p ro b a b ly  
a n  u n d iffe re n tia ted  n a tu re  c a n n o t be ca teg o rica lly  ex c lu d ed  for these  m agm as 
s ince  ex p e rim en ta l w o rk  b y  N ic h o l l s  (1974), K u s h ir o  (1974) a n d  o th e rs  
in d ic a te  t h a t  hyd ro u s p e r id o t i te  can  yield an d e s itic  m e lts  a t w a te r p ressu res  o f
10— 15 k b a r . A t th e  sam e  t im e  andesites a n d  d a c ite s  can  be co nsidered  as 
p a r t ia l  m elts  derived  fro m  ec log ite  or am p h ib o lite  (su b d u c ted  oceanic c ru s t; 
G r e e n — R in g w o o d , 1968; T . G r e e n , 1972).

T h e  chem ical c o m p o s itio n  o f th e  b a sa ltic  a n d e s ite s  from  d iffe ren t v o l­
c a n ic  m o u n ta in s  are  r a th e r  hom ogeneous an d  C IP W -n o rm s ca lcu la ted  on  th e  
b a s is  o f  m ean  values re v e a l a  h y -q u  ch arac terized  q u a r tz  tho le iitic  com position  
(T ab le  3).

Tectonic Im plica tions

I t  h as  been su g g ested , t h a t  p resen t-d ay  g eo p h y sica l p ecu lia ritie s  (high 
h e a tf lo w -v a lu es , M oho d is c o n tin u ity  and LYZ in  e le v a te d  position , g ra v ita tio n a l 
an o m a lie s  etc.) o f th e  P a n n o n ia n  B asin  m ay  b e  e x p la in e d  if  we supp o se  th e  
p re se n c e  o f  a th e rm a l m a n t le  d iap ir below th is  t e r r i to r y .  A ccording to  SzX- 
d e c z k y - K a r d o ss  (1971) a n d  S t e g e n a  e t al. (1975) an d  G é c z y  e t a l. (1975) 
th e  m a n tle  d iap ir is a c o n seq u en ce  o f th e  la te  O ligocène— early  M iocene su b ­
d u c tio n  o f  th e  oceanic b a s e m e n t o f th e  C a rp a th ia n  f lish  tro u g h . In  th e  la te
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M iocene and  especially  d u rin g  P liocene tim es  th e  P an n o n ian  B a s in  w as form ed 
b y  subsidence. A t th e  sam e  tim e  th e  earlie r com pressional te c to n is m  g av e  way 
to  an  essen tia lly  e x te n s io n a l te c to n ic  reg im e. T h u s , th e  y o u n g e s t tec to n ic  
e v o lu tio n a ry  stage  o f  th e  P a n n o n ia n  B asin  is s im ila r  to  th a t  o f  c o n tin e n ta l  r if t 
zones, such  as A uvergne an d  th e  R hein  G rab en  in  E u ro p e  or t h e  B a ik a l dis­
t r i c t  in  S iberia. T h e  p resen ce  o f p rim itiv e  p e r id o tite  n o d u le -h e a rin g  alkali 
b a s a lts  w ith  m ark ed  W P B -a ffin itie s  are u b iq u ito u s  in  th e  r if t  zo n es  th e  gener­
a tio n  o f  w hich m u s t be  co n n ec ted  w ith  th e  m a n tle  d iap irism . S om e fea tu res  
o f  th e  lherzo lite  x en o lith s  an d  especially  an  am p h ib o lite /lh e rzo lite  com posite  
n o d u le  seem  to  s u p p o r t th is  suggestion  (E m b e y - I s z t in , 1976/a  ; 1977 ; 1978).

T he basa ltic  (p y ro x en e) andesites a lo n g  w ith  o th e r a n d e s ite s , dacites 
an d  rh y o lite s  could h a v e  b een  form ed d u rin g  th e  M iocene due to  th e  su b d u c tio n  
m en tio n ed  above. T h e  S H O -affin itie s  o f b a sa ltic  andesites m a y  b e  in  accord­
an ce  w ith  th is  su g g estio n . Since th e  ocean ic  o r suboceanic  a re a  su b d u c ted  
co u ld  n o t  h av e  been  to o  la rg e  in  th e  case o f  th e  C arp a th ian  a rc , ju d g in g  from  
g eo lo g ica l cond itions, m a g m a tic  ev o lu tion  m a y  h av e  reached  a  m a tu re  stage 
c h a rac te rized  b y  S H O -a ffin ity  v e ry  soon o r else m agm as o f e a r lie r  s tag es  w ith 
L K T  an d  C A B -affin ities w ere  com plete ly  lack in g .

T h e  d isc rim in an t an a ly sis  and  fea tu re s  o f  th e  d iffe ren tia tio n  t r e n d  s tro n g ­
ly  su g g est a w ith in -p la te  o rig in  fo r th e  M ecsek vo lcan ic  su ite . T h is  suggestion  
is su p p o rte d  b y  th e  geological and  sed im en to log ica l co n s id e ra tio n s  proposed 
b y  V a d á sz  (1935) w ho c la im ed  th a t  th e  M ecsek a rea  was a s in k in g  co n tin e n ta l 
p la tfo rm  a t  th e  tim e  o f  th e  vo lcan ic  e ru p tio n s . T h u s  th e  ex is ten ce  o f  a  rift-zone 
in  la te  Ju ra ss ic  an d  e a rly  C retaceous tim es  seem s to  be e s ta b lish e d . W h eth e r 
o r n o t  th is  r if tin g  passed  in to  an  oceanic s tag e  o f  evo lu tion  re m a in s  a  question  
to  be  solved.

I t  m u st be m e n tio n e d , how ever, th a t  th e  p resen t in te rp re ta t io n  is at 
v a r ia n c e  w ith  th e  ideas p ro p o sed  b y  Sz e p e s h a z y  (1977) w ho th in k s  t h a t  the  
M ecsek volcanic a lk a li b a s a lt  associa tion  is a  m em ber o f an  o p h io litic  suite 
c o n tin u in g  to  N E  below  th e  G rea t H u n g a r ia n  P la in . T he la c k  o f  m an tle- 
d e riv ed  u ltrab as ic  ro ck s, pillow  lavas, ch e rts  a n d  b asa lts  w ith  O F B -affin itie s  
in  th is  zone does n o t  seem , how ever, to  s tre n g th e n  his view s.

F in a lly , th e  re su lts  o f  th e  p re sen t p a p e r  suggest an  o cean -flo o r orig in  for 
th e  d iabase-gabbro  co m p lex  o f  th e  B ü k k  M o u n ta in s . I  should  lik e , how ever, to  
em p h asize  th a t  th is  su g g estio n  does n o t n ecessa ry  im ply  th a t  th e  B ü k k  vol­
can ic  com plex shou ld  be  a  “ ty p ic a l”  o p h io lite  zone (e.g. On u o h a , 1977) and 
even  less th e  ex istence  o f  a n o th e r  ty p ic a l oph io litic  zone b u r ie d  in  g reater 
d e p th  betw een  Z agreb  a n d  th e  B ü k k  M o u n ta in s  (e. g. Sz e p e s h a z y , 1977). 
I t  m u s t be em phasized  t h a t  m a n tle -d e riv ed  u ltra b a s ic  rocks a re  com pletely  
la ck in g  in  th e  B ü k k  M ts., an d  th o u g h  a t  som e (v ery  re s tr ic te d )  p laces  pillow ­
lik e  s tru c tu re s  can  be  seen , th e  ex ac t n a tu re  o f  th is  s tru c tu re  h a s  n e v e r  been 
in v e s tig a te d . C herts  on  th e  to p  o f d iabases a re  also lack ing  a n d  th e  re la tio n  of
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t h e  ig n e o u s  and se d im e n ta ry  ro c k s  is a ty p ica l in tru s io n  w ith  a m ark ed  c o n ta c t 
m e ta m o rp h  aureole in  th e  se d im e n ta ry  m em ber. T h e  la s t  fea tu re  seem s to  be 
la c k in g  in  th e  case of re a l ly  ty p ic a l  ophiolite su ite s  su c h  as th e  T roodos M assif 
in  C y p ru s . These d ifficu ltie s  a n d  available ev idence  o n  th e  n a tu re  o f th e  igneous 
a c t iv i t ie s  detected  in  th e  b a s e m e n t of th e  P a n n o n ia n  B asin  does n o t  fa v o u r  
th e  h y p o th e s is  o f tw o s u b p a ra l le l  ophiolite zone (su p p o sed  to  be in  m ore  o r less 
o r ig in a l  s itu a tio n  !) ru n n in g  th ro u g h  H u n g ary . O n th e  o th e r h an d , i t  h a s  been  
r e c e n t ly  proposed th a t  t h e  C arp a th o —P a n n o n ia n  reg ion  was fo rm ed  as a 
r e s u l t  o f  a collision o f tw o  m ic ro p la te s  of E u ro p e a n  a n d  A frican o rig in  re sp ec ­
t iv e ly  (G é c z y , 1973; C h a n n e l  an d  H o r v á t h , 1976). C onsidering th is  h y p o th e ­
sis w e  c a n  say  th a t  th e  M ecsek  rift-vo lcan ism  is s i tu a te d  ju s t  a t th e  b o rd e r  o f  th e  
E u ro p e a n  m icroplate, th u s  i t  m a y  be a w itness o f  th e  beg inn ing  of r if t in g , th a t  
is , t h e  in d iv id u a liza tio n  o f  th i s  sm all p o rtio n  o f  lith o sp h e re  as a m ic ro p la te . 
T h e  B ü k k  d iabase-gabbro  co m p le x  along w ith  o th e r  basic  (in S lo v ak ia  also 
u l t r a b a s ic )  occurrences a re  s i tu a te d  on th e  A fric a n  m ic ro p la te  along a m a jo r 
te c to n ic  line, th e  B a la to n  —  D a rn ó  line w hich  is s e p a ra tin g  th e  A u s tro a lp in e  
u n i t  f ro m  th e  S ou thern  A lp in e — D inaride u n i t .  I t  seem s th u s , t h a t  te c to n ic  
e m p la c e m e n t of b a sa ltic  ro c k s  w ith  a possible o cean -flo o r origin or u ltra b a s ic  
ro c k s  p ro b a b ly  of th e  sa m e  o r ig in  (both  of th e m  m a y  p e rh ap s re p re se n t desin- 
t e g r a te d  p a rts  of an e a r lie r  o p h io lite  com plex) to o k  p lace along th is  te c to n ic  
lin e , a t  le a s t in  th e  n o r th e r n  p a r t  o f th e  P a n n o n ia n  region. I t  c an  n o t  be 
c a te g o r ic a lly  excluded t h a t  th i s  em placem ent h a d  som e analogous fe a tu re s  
w ith  th e  m echanism  of t r u e  o p h io lite  form ing p ro cesse s , b u t  availab le  ev idence  
s t ro n g ly  suggest, h o w ev er, t h a t  i t  could n o t h a v e  c e r ta in ly  been a “ ty p ic a l”  
o n e .
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СТАТИСТИЧЕСКОЕ ИССЛЕДОВАНИЕ ГЛАВНЫХ ЭЛЕМЕНТОВ ВЕНГЕРСКИХ
БАЗАЛЬТОВ

А . ЭМ БЕИ-ИСТИН 

Р е з ю м е

На основании статистического изучения различных по возрасту типов магм основно­
го состава из Венгрии автор статьи с помощью диаграмм Пирса (Pearce) определил наиболее 
вероятное тектоническое положение этих типов магм. Плио-плейстоценовые базальты Бала­
тонского нагорья и Черхата обнаруживают сродство с магмами внутри континентальных 
плит, и таким же образом следует оценить и нижнемеловой вулканизм гор Мечек. В проти­
воположность этому, толща диабазов и габбро гор Бюкк обнаруживает ярко выраженное 
сродство с магмами, приуроченными ко дну океанов. Базальтовые андезиты в свою оче­
редь сродны шошонитам.
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EL-MORGAN OIL FIELD CRUDE OIL AND 
CYCLES OF OIL GENERATION, MIGRATION AND 

ACCUMULATION IN THE GULF OF 
SUEZ PETROLEUM PROVINCE, A. R., EGYPT

By

M. H a m e d  M e t w a l l i , G. P h i l i p , E l -S a y e d  A. A. Y o u s s if
CAIRO UNIVERSITY, FACULTY OF SCIENCE, DEPARTMENT OF GEOLOGY, GIZA, A. R. EGYPT

Crude oils producible from the Gulf o f Suez petroleum  province, oil fields have 
variable specific gravities in  different lith os tra tig raph ic  horizons from the  u pper Paleo­
zoic upw ard to  th e  Miocene. Some oil fields show vertical gradation from  heavy  oil to 
relatively  ligh ter one upw ards; while others show th e  reverse. El-Morgan oil fie ld  as the 
o ther off-shore oil fields differ from the on-shore fields in  the same province as regard ing  
th e ir oil gravities a ttitu d es. The study  and  in te rp re ta tio n  of the geochemical charac­
teristics and  th e  variab ility  of the crude oils g rav ity  would result in two sign ifican t and 
distinct categories o f crude oils as well as tw o cycles of oil generation, m ig ra tion  and 
accum ulation in  th e  G ulf of Suez petroleum  province.

Introduction

T h is  p a p e r  dea ls  w ith  some oil-geological investig a tio n s o f  E l-M o rg an  
off-shore oil f ie ld , G u lf  o f  Suez p e tro leu m  p ro v in c e , A. R ., E g y p t. T h e  fie ld  
lies in  th e  G ulf w a te r  b e tw een  long itudes 33° 1 7 ' an d  33° 30 ' E , a n d  la t i tu d e s  
28° 05 ' and  28° 3 3 ' N  (F ig . 1), covering  an  a re a  o f  ab o u t 46 k m 2.

E l-M organ  oil f ie ld  lies some 220 k m  so u th  o f  Suez tow n, a b o u t 40  km  
so u th e a s t of R a s-G h a rib  an d  20 k m  from  R a s -S h u k e ir  w here th e  la n d  in s ta l­
la tio n s  an d  m a rin e  te rm in a l are set u p . T h e  f ie ld  is some 13 k m  to  th e  w est 
o f  E l-T o r v illage  w here , in  th e  off-shore a re a , a  r ich  deve lopm en t o f  co ral 
reefs know n as E l-T o r B an k s are p re se n t, th is  gave  rise to  th e  A ra b ic  nam e  
“ E l-M organ”  to  th e  f ie ld . E l-M organ oil f ie ld  lies w ith in  an  a rea  t h a t  com ­
prises a g roup  o f  oil fie ld s  in  th e  G ulf o f Suez p e tro le u m  province, e.g . B e lay im  
off-shore and  on -sho re  (know n as B elay im  m a rin e  and  land  or B e lay im  w est 
and  ea s t) , F e ira n  an d  A bu-R udeis oil f ie ld s  to  th e  n o rth ; and  A m er, B ak r, 
R as-G h a rib , K a re e m , U rn E l-Y usr, K h e ir , S h u k e ir , Ju ly  and  R a m a d a n  oil 
fields to  th e  n o r th w e s t an d  w est (F ig . 1).

T h e  G u lf o f  S uez, th e  G ulf o f A q a b a  a n d  th e  R ed  Sea p ro p e r re p re s e n t 
th re e  d iffe ren t s t r u c tu r a l  e lem ents t h a t  a re  g en e tica lly  re la ted  to  one  o f  th e  
p rin c ip a l s tru c tu ra l  fe a tu re s  of th e  A frican  c o n tin e n t, th e  g rea t r i f t  v a lle y  
sy stem  o f e a s t A frica  (S a i d , 1969). T h e  G u lf  o f  Suez w hich is s i tu a te d  w ith in  
th e  s ta b le  sh e lf  o f  E g y p t, c o n stitu te s  a zone o f  subsidence  th ro u g h o u t i t s  geo­
logical h is to ry  an d  h a s  been  th e  site  o f an  im m en se  accum ulation  o f  sed im en ts . 
T he c u m u la tiv e  th ic k n e ss  o f  th e  se d im e n ta ry  sec tio n  is 10 000 m. a n d  th e  G ulf
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is e s s e n tia lly  a tap liro g eo sy n c lin e . T he reg io n  possesses a un ique  s e d im e n ta ry  
h i s to r y  w h en  com pared  w ith  th e  b o rd e rin g  reg io n s  or w ith  R ed  S ea  p ro p e r 
o f  w h ic h  i t  is to d a y  a p a r t .  T h e  G u lf o f Suez b a s in  s ta r te d  a t  le a s t  as e a r ly  
as t h e  U p p e r  Paleozoic in  th e  fo rm  of a g ra b e n  th a t  p ro b ab ly  en co m p assed  
p re s e n t-d a y  so u th e rn  S in a i. T h e  basin  d ev e lo p ed  as a resu lt o f  a  m a s te r  
f a u l t  p a t t e r n  along th e  o v e rs teep en ed  sides o f  tw o  in te rb asin  arches t h a t  are  
a s su m e d  to  h av e  p e n e tra te d  in to  th e  m a jo r se d im e n ta ry  basin  o f th e  u n s ta b le  
s h e lf  o f  E g y p t and th e  L e v a n t. T h is s i tu a tio n  co n tin u ed  to  th e  end  o f  L ow er 
E o c e n e  tim e . D uring  th is  in te rv a l  th e  in te r m it te n t  ac tiv a tio n  o f th e  b locks 
t h a t  c o n s ti tu te s  th e  sides k e p t  re ju v e n a tin g  th e  g raben .

T h e  b ir th  of th e  G u lf o f  Suez g raben  in  i ts  p re sen t form  (Sa i d , op . c it.)  
d a te s  b a c k  to  th e  O ligocène w hen th e  G u lf  re p re se n te d  an  u p lif t reg io n  on 
to p - o f  w h ich  th e  m odern  g ra b e n  w as fo rm ed  in  L a te  Oligocène tim e . B y  co n ­
t r a s t ,  th e  R ed  Sea p ro p er fo rm ed  p a r t  of th e  s ta b le  she lf th ro u g h o u t its  h is to ry  
a n d  is  a  fe a tu re  w hich dev e lo p ed  in  L ow er M iocene tim e .

S a id  (1964) s ta te d  t h a t  th e  m o v em en ts  t h a t  affected th e  G u lf  w ere 
te n s io n a l .  T h e  G ulf is b o rd e re d  b y  an d  is m a d e  u p  o f large n u m b er o f  b locks 
t h a t  w e re  co n tinuously  r is in g  and  sink ing  w ith  v a ry in g  m ag n itu d es a n d  in ­
te n s i t ie s .  Som e of th e se  b locks are  so sm all a n d  old a t  one lo ca lity  (e.g . 82 k m  
a lo n g  th e  Suez— R as G h arib  ro ad ) tw o  a d ja c e n t b locks, have d iffe ren t s t r a t i ­
g ra p h ic  successions.

A b d e l -G a w a d  (1969) s ta te d  th a t  th e  G u lf  o f Suez area h as  g en e ra lly  
b e e n  re g a rd e d  as a g raben  s tru c tu re  c o n tro lle d  b y  N V — SE n o rm a l fa u lts . 
T h e re  is  considerab le  ev idence , how ever, t h a t  i t  is p rofound ly  in flu e n c e d  b y  
in te r s e c t in g  system s o f fa u lts  tre n d in g  E — W , N E — SW , N W — S E  an d  
W N W — E S E . The N — S an d  W N W — E S E  fa u lts  are p a rtic u la rly  re sp o n s ib le  
fo r  t h e  Z igzag  shape o f th e  c o a s t lines, th e  o u tlin e  o f  th e  P re -C am b rian  sh ie ld , 
a n d  m a jo r  d ra inage  lines w e s t o f Suez G u lf. T h e  influence o f th e s e  fa u lts  
o n  th e  sh ie ld  rocks o f  S in a i is equ a lly  e v id e n t. A long m any  o f th e s e  fa u lts  
la te r a l  d isp lacem en ts  are  o b serv ed , a n o ta b le  exam ple  is th e  left —  la te ra l  
o ff-se t o f  gebei A rab a  b lock  in  w este rn  S in a i a lo n g  N — S fau lts  a re  in fe rre d  
ac ro ss  E s h  E l-M ellaha ra n g e  w est o f th e  G u lf  o f  Suez.

T h u s  th is  p ap e r is in te n d e d  fo r a re g io n a l oil geological in v e s tig a tio n  
on  E l-M o rg a n  fie ld  in  r e la tio n  to  th e  o th e r  su rro u n d in g  fields in  th e  G u lf 
o f  S u ez  P e tro le u m  P ro v in ce .

M e t w a l l i  et al. (1978) in v e s tig a te d  a n d  e lab o ra ted  th e  s tr a t ig ra p h ic  
a n d  te c to n ic  se ttin g  o f E l-M organ  fie ld , w ith  sp ec ia l reference to  th e  s tru c tu re s  
p ro d u c e d  b y  th e  sa lt m o v em en ts  in  th e  a re a , w h ich  affected  to  som e e x te n t  
th e  h y d ro c a rb o n  accu m u la tio n  and  th e  so u rce— rese rv o ir re la tions a n d  s ta n d  
as a  p u z z lin g  p roblem  to  th e  ex p lo ra tio n  a c tiv it ie s  in  th e  G ulf o f  Suez reg io n  
t i l l  t h e  p re se n t. In  ad d itio n , th e  geochem ical c h a rac te ris tic s  of th e  c ru d e  oil 
p ro d u c ib le  from  th e  tw o  p ay -zo n es in  E l-M o rg an  fie ld  w ith in  th e  M iocene
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successions n am ed : B elay im  an d  K areem  F o rm a tio n s  (pay-zones) a re  in v es­
t ig a te d  in  a tr ia l  to  th ro w  m ore lig h t on th e  p roblem  o f oil m ig ra tio n  and  
a c c u m u la tio n  in  th e  fie ld . T he geochem ical c h a rac te ris tic s  of th e  o il p ro d u ced  
from  sam e  n e a rb y  oil fie lds are also d iscu ssed  in  an  a tte m p t to  c la r ify  th e  
so u rce -reserv o ir re la tio n s  in  th e  G ulf o f Suez p e tro leu m  p ro v in ce .

T h e  G ulf o f Suez area  w as e x te n s iv e ly  explored  by  su rface  geological 
a n d  geophysica l m ethods; ex p lo ra to ry  d rillin g  has been ac tive  in  th e  p rov ince  
since 1838. M ost o f th e  reserves o f E g y p t in  th e  G u lf of Suez a rea  w ere  th o u g h t 
to  h e  fo u n d  in  th e  M iocene rocks, e.g. san d s  in  E l-M organ and  B e la y im  fie ld s, 
also o th e r  re la tiv e ly  m in o r accu m u la tio n s in  M iocene sands a n d  san d s to n es  
in  S u d r , U m  E l-Y u sr, S huke ir, K areem , F e ira n  and  R u d e is-S id ri o il fie lds. 
H o w ev e r, th e  M iocene sed im en ts of ree fa l fac ies  are  o il-bearing  in  R a s -G h a rib , 
B a k r , K a reem , an d  G em sa oil fields.

P re-M iocene rese rv o ir  rocks ra n g in g  in  age from  E ocene to  Paleozo ic  
are  a lso  o il-bearing  in  H u rg a d a , R as-G h a rib , B a k r, A m er, K a re e m , S u d r , Asl, 
R a s -M a ta rm a  an d  B elay im  off-shore oil f ie ld s . A ccordingly, M iocene sa n d ­
s to n es  a n d  reefa l sed im en ts to g e th e r  w ith  P re-M iocene sands a n d  lim estones 
are  th e  m a in  o il-b earin g  rocks. T he M iocene sha les, m arls an d  e v a p o r ite s  form  
th e  sea lin g  rocks fo r  th e  m a jo rity  o f oil t r a p s  in  th e  G ulf o f  S uez  p e tro le u m  
p ro v in c e .

A  considerab le  p a r t  of th e  off-shore a rea s  in  th e  G ulf o f  S uez  reg ion  
w itn essed  an d  co n q u ered  th e  fo rm er se ism ic  techn iques fo r m a p p in g  below  
th e  M iocene sa lt sec tio n  rep resen ted  b y  th e  S ou th -G harib  F o rm a tio n . H o w ­
ever, h o p efu l an d  ex p ec ted  p rosp ec ts  (M e t w a l l i  e t al., op. c it.)  a re  th o u g h t 
to  b e  tr a p p e d  in  th e  Pre-M iocene fa u lte d -b lo c k s , w hich a re  p ro v e d  to  be
o il-b e a rin g  ho rizons in  m an y  localities in  th e  G u lf as a re su lt o f  th e  e x p lo ra tio n  
a c tiv it ie s  b y  G PC an d  o th e r oil com pan ies. A ccord ing ly , th e  p ro d u c tio n  o f  oil 
an d  gas com es from  d iffe ren t l i th o s tra tig ra p h ic  horizons o f M iocene, E ocene 
a n d /o r  M esozoic o r o lder rocks.

The General Geochemical Setting o f E l-M organ Crude Oil in  R elation  
to other Oil Fields in the Gulf o f Suez Petroleum Province

C rude oils in  th e  G ulf o f Suez p e tro le u m  p rov ince  oil fie lds h a v e  v a ria b le  
sp ec ific  g rav ities  in  th e  d iffe ren t l i th o s tra tig ra p h ic  horizons, th e s e  m a y  also 
v a ry  w ith in  th e  sam e ho rizon  (Tables 1— 6). T h e  crude oil g ra v ity  is th e  sum  
o f th e  chem ical changes accom pany ing  its  m a tu ra t io n  and m o d if ic a tio n  d u rin g  
genesis in  th e  source rock , an d /o r th e  re s u lt  o f  th e  geochem ical ch an g es  re su lt­
in g  fro m  m ig ra tio n .

S il v e r m a n  (1965), on th e  basis  o f  th e  sum  o f th e  ch em ica l changes 
acco m p an y in g  p e tro leu m  m ig ra tio n , su g g ested  th a t  th e  m ig ra tio n  o f  a w hole
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Table 1

Geochemical characteristics o f crude oil from  El-M organ oil field

Well No. 1 1 1 1 2 5 6 7 7 8 8

Interval 
in ft.

5043
5090

5870
5920

6045
6109

6247
6322

6270
6325

6369
6416

6000
6030

5175
5226

5965
5999

5142
5160

5680
5710

Stratigraphic
Horizon

Hammam Faraim
Kareem

H.
Faraun Kareem

H.
Faraun Kareem

Age Middle
Miocene

Lower Miocene M. M. L. M. M. M. L. M.

Sp. gr. a t  
60 °F 0.911 0.885 0.878 0.875 0.873 0.894 0.891 0.878 0.871 0.869 0.882

A PI G rav ity 23.70 28.40 29.50 30.20 30.50 26.65 27.50 29.70 30.80 26.30 28.8

V iscosity 
Red. I  a t  

37.8 °C 183 71 69 61 61 117 83 68 55 118 51

A sphaltenes
W t% 6.20 1.50 1.22 1.21 1.1 5.8 1.68 1.55 0.47 3.23 1.45

P araffin
W t% 4.51 4.48 4.5 6.73 5.0 3.2 5.2 5.88 9.92 7.5 6.7

Sulfur W t% 2.40 1.60 1.60 1.60 1.55 1.90 1.75 1.90 1.60 2.20 1.55

Table 2

Geochemical characteristics o f crude oil from  B elayim  on-shore oil field

Well. No. 112-21 112-23 112-31 113-10 1 13-1 1 13-2 112-3 112-1 1 1 2 -4

D epth in ft. 8050 8230 7860 7380 8000 8000 7580 7110 4940

Stratigraphic
Horizon

Sidri Feiran Zeit

Age Middle Miocene

Sp. gr. a t  60 °F 0.95 0.927 0.939 0.910 0.918 0.919 0.924 0.92 0.913

A P I G rav ity 17.44 21.4 18.98 24.05 22.63 22.48 20.55 22.3 23.48

V iscosity a t 
100 °C in  E . 31.7 11.4 19.4 3.65 10.3 10.8 11.34 8.59 8.25

A sphaltenes
W t% 13.0 9.1 10.6 10.3 12.2 12.4 12.54 9.42 12.0

P araffin  W ax 
W t%

Carbon residue
2.9 2.8 3.9 3.6 3.85 2.83 4.5 2.4 3.9

W t%
Sulfur con ten t

12.9 9.8 10.9 6.6 9.05 9.5 9.6 8.4 8.6

W t% 3.59 3.30 3.58 2.60 2.81 2.85 2.89 2 .2 0 2.12

N .B . The crude oil in  Belayim  on-shore (So-called B elayim  land) oil field is proposed in 
this w ork  to  be of Miocene Source rock; and the successive a tt itu d e  of the gravities of oil w ith in  
dep th  in tervals shows clearly the m igration differentiation m echanism  i.e. lighter oil overlies 
vertically  relatively heavier one.
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p e tro le u m  re su lts  in  an  increase  in  th e  c o n te n ts  o f  paraffin ic  h y d ro c a rb o n s  
an d  a decrease  in  th e  c o n te n t o f a sp h a lte n e s , re s in s , p o rp h y rin s , n o n -h y d ro ­
c a rb o n s , an d  h ea v y  m eta ls  (nickel, v a n a d iu m  a n d  copper), as w ell as a s lig h t 
decrease  in  C13/C12 ra t io . I f  som e o r all o f  th e s e  changes occur, th e  m ig ra te d  
p e tro le u m  shou ld  u n d erg o  an  increase in  A P I  g ra v ity  (decrease in  d e n s ity ) . 
H e  concluded  th a t  th e  p o s tu la te d  changes r e s u lt in g  from  th e  se c o n d a ry  m ig ra ­
t io n  a re  s im ila r, if  n o t id en tica l to  th e  ch em ica l changes o ccu rrin g  d u rin g  
m a tu ra t io n  o f p e tro leu m . S il v e r m a n  (op. c it .)  gave  th e  n o rth -so u th  s t ru c tu re  
o f  th e  Q u ireq u ire  oil f ie ld , V enezuela, w h ich  p ro v id es  an exam ple o f  chem ical 
d ifferences o f c ru d e  oils, p ro b a b ly  in d u ced  b y  m ig ra tio n . The p ro d u c tiv e  zone 
lies in  th e  n o n -m arin e  Q u irequ ire  F o rm a tio n  o f  P le istocene-P liocene  age, 
w h ich  u n co n fo rm ab ly  overlies tru n c a te d , fo ld ed  an d  fau lted  m a r in e  s t r a ta  
o f  C re taceous, E ocene, O ligocène an d  M iocene ages.

M a t h e w s  e t al. (1970) gave th e  tw o  M oonie crude oils (S u ra t  b a s in , 
Q u een slan d , A u stra lia ) as an  exam ple  w h e re  th e  M oonie lig h te r  oil o f  th e  
u p p e r  zone could  h av e  been  derived  from  J u ra s s ic  shale, b y  s e p a ra tio n  m ig ra ­
tio n  a long  fra c tu re s  from  th e  low er re se rv o ir . T h e y  review ed th a t  th e  p ro d u c ­
t io n  in  th e  M oonie oil f ie ld  is from  tw o  zo n es in  th e  fresh  w a te r  P rec ip ice  
sa n d s to n e  o f e a r ly  Ju ra s s ic  age, w here a few  w ells p roduce  from  th e  u p p e r  u n it .

Metwalli (1974), c ited  th e  tw o U m  E l-Y u sr crude oils (G u lf  o f  Suez 
reg ion , lo n g itu d e  33° 30 ' W  and  la titu d e s  38°— 28° 3 ' N), as an  e x a m p le  w here  
th e  u p p e r  c ru d e  in  A y u n  M em ber (M iocene) o f  29.9° A P I has b e e n  d e riv ed  
from  a low er one in  Y u sr M em ber (M iocene) o f  21° A P I by  se p a ra tio n  m ig ra ­
tio n  a long  fa u lts  an d  u n co n fo rm ity  su rfaces  u p  d ip . The tw o  o il zones are 
s e p a ra te d  b y  a b o u t 300 f t  o f shales an d  m a rls  w here  a few wells p ro d u c e  oil 
from  th e  u p p e r zone.

B arton (1934), P ratt(1934), H lauschek (1936), B rooks (1948 and 1949), H a eber le  
(1951), ZoB ell (1952), H un t  (1953), H en g stebec k  (1959), E rdmann (1961, 1964), Smith 
(1963), K artesv  (1964), L o u is  (1964), Silverm an  (1964), L ong et al. (1964), K er ta i (1962 
and  1967), H olmquest (1966), F louria (1967), Lan des (1967), Mathew s e t  al. (1970), 
Metw a lli (1970), Metw alli e t al. (1972), Metw a lli (1974), and Metw alli an d  A bdel- 
H ady  (1975) and  others, have all contributed  on th e  origin of petroleum  hydrocarbons and 
th e  causes of the variab ility  o f their composition.

In  E l-M organ  oil fie ld  tw o m ain  p ro d u c tiv e  zones are re c o rd e d  w ith in  
th e  M iocene F o rm a tio n s  b y  G U PCO . T h e  u p p e r  zone is in  th e  B e lay im  F o rm a ­
tio n  (H am m am  F a ra u n  M em ber) an d  p ro d u c e s  o il o f 23° A P I  (M organ  well 
no . 1, M -l), 26° A P I (M -8), and  29.7° A P I  (M -7). T he low er zo n e  is in  th e  
K a re e m  F o rm a tio n  an d  p roduces oil o f  30 .8° A P I  (M -l); 28.8° A P I  (M -8) and 
30.8° A P I  (M -7). G U PC O  p ro d u c tio n  sec tio n  subd iv id ed  th e  K a re e m  F o rm a ­
tio n  (pay-zone) in  E l-M organ  oil fie ld  in to  tw o  te rr ito r ia l gen era l p o rtio n s ; 
a n o r th e rn  p o rtio n  an d  a so u th e rn  one d e p e n d in g  on th e ir  fo llow ing  o b se r­
v a tio n s :

1. T h ere  is ab o u t 400 psi p ressu re  d iffe ren ce  betw een  th e  tw o  p o rtio n s , 
in  sp ite  o f  th e  fa c t t h a t  th e  o rig inal re se rv o ir  p ressu re  is th e  sam e.
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Table 3

Geochemical characteristics o f  crude

Bakr

Oil Field Bakr South

Age
Middle

Miocene
Lower

Miocene Eocene Turonian Turonian

Sp. gr. a t  15 °C
60 °F 0.9176 0.9190 0.9351 0.9265 0.9314

A P I G rav ity 22.7 22.45 19.8 21.25 20.4
Sulfur co n ten t W t% 4.11 4.00 4.75 4.03 3.33
Carbon residue W t% 9.70 8.90 9.90 9.80 10.80
Ash co n ten t W t% 0.03 0.03 0.02 0.03 0.13
A sphaltenes W t% 8.55 8.10 9.70 9.40 9.10
V iscosity a t  :37 °C., Sec. 590 625 1520 957 1260

60 °C., Sec. 201 209 480 305 372
93 °C„ Sec. 62 68 140 97 105

N .B . From  Table 3, i t  can be seen th a t the stra tig raph ic  succession of oil gravities could 
im ply tw o cycles of oil m igration and accumulation in  B akr oil field. An upper cycle for the 
T ertia ry  rocks and a lower cycle for Mesozoic and older oil-bearing rocks. While the miscella­
neous oil g rav ity  is th a t of the Devonian (Sp. gr. 1.0126; 8.2° A P I) which reflects a very  heavy

Table 4

Some geochemical characteristics o f crude oil from  Ras-Gharib oil fie ld

Age Miocene U. Cretaceous L. Cretaceous Carboniferous

Sp. gr. a t  60 °F 0.895 0.895 0.920 0.903
A PI g rav ity 26.1 26.1 22.3 23.0
V iscosity R ed . I  a t 100 °F 46.5 39.0 52.5 68.0
Paraffin  w ax  W t% 6.3 6.1 3.6 6.6
Sulfur co n ten t W t% 3.1 3.1 4.2 3.7

N .B . The crude oils from  Ras-G harib oil field are of in terest where an upper Cretaceous 
lim estone is truncated  and overlapped by  organic fossiliferous m arl and shale. This upper C reta­
ceous lim estone trapped oil of 26.1° A PI, th a t m igrated la tera lly  into sandstone of N ukhul- 
R udeis F orm ation  (Miocene).

T he  source rock is proposed to  he of pre-Miocene; Cretaceous age and th e  successive 
a ttitu d e  o f oil gravity  w ithin depth  o r stratigraphic in tervals shows clearly the migration differen­
tia tio n  m echanism  i.e. lighter oil overlies laterally and vertically  relatively heavier one.
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oils from  Bakr and Amer oilfields

Oil Field

Bakr North Amer

Ceno­
manian

Lower
Crete.

Upper
Carbon. Devonian

Lower
Miocene Eocene Turonian Turonian

0.9365 0.9405 0.9651 1.0126 0.9304 0.9309 0.9276 0.9197
19.6 18.95 15.15 8 .2 2 0 .6 20.5 21.05 22.3

3.41 3.70 4.60 3.87 5.13 5.15 3.81 3.50
10.60 10.63 10.60 12.60 1 0 .0 0 9.70 9.50 1 0 .0 0

0.28 0.28 0 .1 1 0.07 0 .0 2 0.01 0.03 0.03
10.28 10.35 11.50 12.31 10.15 10.05 8.20 7.00
4950 3700 17590 30.88 7.95 860 725 338
1 0 1 0 860 2690 4840 2.62 290 225 —

240 150 400 1300 90 95 82 —

oil in  comparison w ith the other oils produced from the Gulf of Suez oil fields. B u t the Carbonif­
erous? oil seems to be derived by m igration from th e  underlying one. W hile th e  Turonian oil 
in  A m er oilifield seems to bear nearly the same geochemical characteristics as th e  Turonian oil 
in B akr oil field.

Table 5

Geochemical characteristics o f  crude oil from  Kareem o ilfie ld

Stratigraphic Rudeie Rudeie — Nukhul
Horizon

Age L. Miocene L. Miocene Turonian

Sp. gr. a t 60 ° 0.9504 0.9485 0.9733
A PI Gravity 17.3 17.7 13.9
Sulfur content W t% 3.88 3.93 3.39
Viscosity Red I a t 100 °F 7480 4530 22300 ?
Asphaltenes W t% 10.00 9.29 11.90
Carbon residue W t% 12.4 12.0 12.8

N.B. The crude oils in  Kareem  oil field are producible from two pay-zones, the upper 
one from  the Lower Miocene (oil of 17.3° A PI) and  the lower one is from M iddle Cretaceous 
(Turonian) oil of 13.9° A PI i.e., the Miocene oil is of considerably varying geochem ical charac­
teristics than  the Cretaceous one. The source rock can no t be located in one age simply.
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Table 6

Some geochemical characteristics o f crude oil from  Hurgada oil field

Well No. 131 136 144 144 74

Depth in ft. 1780 1500 2125 2706 1700

Age
Middle

Miocene
Lower

Miocene Carboniferous Devonian

Sp. gr. a t  60 °F 0.873 0.8735 0.865 0.880 0.896
A P I G rav ity 30.55 30.5 32.0 29.3 26.4

V iscosity  R ed a t 50 °C in E 1.8 1.75 1.58 1.57 1.95

Ash co n ten t W t% 0.4 0.4 0.02 0.92 0.76
Sulfur con ten t W t% 1.4 1.4 1.4 1.3 1.5

N .B . The Lower and M iddle M iocene pay-zones bear oil of th e  same chemical characteristics 
w hich is relatively lighter than  th e  underly ing oil in the C arboniferous and may be older ? pay- 
zones.

2. T h e  existence o f  a  g a s-c a p  in th e  n o r th e rn  p o r tio n  only p e n e tra te d  
b y  th e  d iscovery  well no . 1 (M -l) .

3 . T h e  m easured re s e rv o ir  an d  production  d a ta  show  th a t  oil is o f  h ig h e r  
A P I  q u a l i ty  in th e  n o r th e rn  p o rtio n .

T h e  subdivision  o f  th e  f ie ld  in to  n o rth e rn  a n d  so u th e rn  portions m ig h t 
b e  a  re flec tio n  of th e  te c to n ic  m ovem ents t h a t  a ffe c te d  th e  s tu d y  a rea  an d  
m o d e lle d  th e  m ain re se rv o ir  t r a p s  in to  a g roup  o f  f a u l t  b locks, recognized a n d  
t r a c e d  o n  isopachous a n d  s t ru c tu ra l  co n to u r m a p s  an d  cross sec tions b y  
M e t w a l u  e t al. (1978). T h e se  fault-b locks w h ich  m a d e  u p  th e  oil re se rv o ir  
a n d  t r a p s  in  El-M organ o il f ie ld  a re  dragged a long  t h e i r  boundaries (M e t w a l l i  
e t  a l . ,  o p . c it.), so t h a t  th e y  a re  erroneously in te rp re te d  as folds b y  H a s s a n  
(1974 , 1975) and K h a l e d  (1974).

T h e  gas cap reco rd ed  in  th e  no rth ern  p o r tio n  o f  th e  field  is a t  a low er 
s t r u c tu r a l  a ttitu d e , on th e  o th e r  hand , th e  wells t h a t  p e n e tra te d  th e  K a reem  
F o rm a tio n  in  th e  so u th e rn  p o r t io n  are a t h ig h er s t r u c tu r a l  a ttitu d e s  an d  th e  
r e s e rv o ir  tra p s  are w ith o u t g a s  cap . Also, th e  g as-o il c o n ta c t in th e  n o r th e rn  
p o r t io n  o f  th e  field is a t  — 5 8 0 0  f t  which is in  a lo w e r a tt i tu d e  th a n  t h a t  in  
th e  s o u th e rn  portion .

T h e  la te ra l v a r ia b il i ty  o f  crude  oil g ra v ity  w ith in  th e  sam e fo rm a tio n  
in  E l-M o rg an  oil field cou ld  b e  sim p ly  re la ted  to  th e  e ffec t of la te ra l m ig ra tio n  
u p  d ip  from  one fau lt b lo ck  t o  ano ther. The q u e s tio n  t h a t  arises here  is: A re 
th e  tw o  E l-M organ c ru d es o f  t h e  sam e source o r o f  d if fe re n t sources? I f  th e se  
tw o  c ru d e  oils are of th e  s a m e  source, we m ig h t f in d  th a t  th e  u p p e r c ru d e  
o f  t h e  B elay im  F o rm a tio n  re la t iv e ly  ligh te r th a n  t h a t  o f  th e  K areem  p ay - 
zo n e , a s  i t  is used by  th e  w ell accep ted  rules o f p e tro le u m  m igration  (S i l v e r - 
m a n , 1965; M e t w a l l i, 1974), b u t  th is  is n o t th e  ca se . I n  El-M organ oil f ie ld
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a  re la tiv e ly  h eav y  oil overlies a lig h te r one, i.e . “ th e  deeper th e  o il, th e  lig h te r 
th e  o il” . T his o b se rv a tio n  leads to  a n o th e r in te re s tin g  q u es tio n : A re  th e  tw o 
c ru d e  oils in  E l-M organ  oil fie ld  (B elay im  an d  K a reem  pay -zones) o f  d iffe ren t 
so u rces?  To answ er th is  in te re s tin g  q u estio n  th e  follow ing m u s t b e  d iscussed: 
F igs 2 and  4, w h ich  g ive  th e  re la tio n  b e tw een  th e  specific g ra v itie s  aga in st 
d e p th ;  and  th e  to ta l  S w t%  ag a in st d e p th , re sp e c tiv e ly  for E l-M o rg an  crudes, 
sho w  m ore th a n  one  lin e  o f  re la tio n . O ne line is c lea r fo r th e  oil in  th e  B elay im  
p ay -zo n e  and  tw o  in te rse c tin g  lines of re la tio n  fo r  th e  oil in  th e  K a re e m  pay- 
zone . T he d isloca tion  o f  th e se  lines o f re la tio n  m ig h t be fa irly  r e la te d  to  differ­
e n t  sources for B e lay im  an d  K areem  c ru d e  oils in  E l-M organ  oil f ie ld . This
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Depth in feet

F ig. 2 . T h e  relation of Miocene oil specific gravity to  d ep th  of oil-bearing rock, El-M organ oil 
field. О  Belayim  pay -zo n e ; •  Kareem pay-zone; ô 7 well num ber

F ig. 3. T h e  relation of Miocene oil su lp h u r w t%  to dep th  of o il-bearing rock, El-M organ oil field

Fig. 4. T h e  relation of Miocene oil specific gravity to dep th  of oil-bearing rock, B elayim  on-shore 
oil field. ▲ Zeit pay -zo n e ; Q  Feiran pay-zone; •  S idri pay-zone

Acta Geologica Academiae Scientiarum Hungaricae 24, 1981



EL-MORGAN O IL  F IE L D 379

v iew  is in  h a rm o n y  w ith  H o lm QUEST (1966). T h e  in te rse c tio n  o f  th e  tw o  
lines o f re la tio n  o f  th e  K areem  crude oil c a n  b e  considered  as a p ro b a b le  in d i­
c a tio n  o f  m ix ing  o f  th e  K areem  crude oil as a re su lt o f th e  a c tiv e  fa u ltin g  
m o v em en ts  t h a t  m o d ified  E l-M organ fa u lt-b lo c k  t r a p s .

A ccord ing ly , th e  E l-M organ  tw o m a in  c ru d e  oils in  th e  B e lay im  an d  
K areem  F o rm a tio n s  can  be considered  as d e r iv e d  from  tw o p ro b a b le  sep a ra te  
sou rces. T he tw o  p ay -zo n es are  se p a ra te d  b y  th e  a n h y d rite  o f  th e  B elay im  
F o rm a tio n  ( th a t  u n d e rlie s  th e  B elay im  p ay -zo n e ) w hich  seals th e  low er pay - 
zone, w hile  th e  u p p e r  pay -zo n e  is roofed  a n d  sealed  b y  th e  th ic k  s a lt  o f  th e  
s o u th  G h arib  F o rm a tio n .

T h e  cru d e  oil g ra v ity , be ing  th e  su m  o f  th e  geochem ical c h a ra c te ris tic s  
o f  p e tro leu m  d u rin g  its  life h is to ry , is a se n s itiv e  an d  im p o r ta n t  c rite rio n . 
T h e  p re se n t a u th o rs  u sed  th e  specific g ra v ity  a n d  th e  to ta l  su lp h u r  w t%  am ong 
th e  genera l geochem ical ch a rac te ris tic s  g iv en  in  T ab les 1— 6 fo r com parison  
an d  in te rp re ta tio n  o f  th e  s tu d ie d  oils, s ince  th e se  a re  th e  tw o  c r ite r ia  u su a lly  
d e te rm in e d  fo r m o st o f  th e  crudes in  th e  G u lf  o f  Suez p e tro le u m  p rov ince . 
H o w ev er, th e y  re f le c t o th e r  geochem ical c h a ra c te r is tic s  o r th e y  are  re la te d  
to  th e m .

B ased  u p o n  th e  geochem ical d a ta  c ite d  in  T ables 1—-6, in te re s tin g  
q u es tio n s  concern ing  th e  cause o f th e  v e r t ic a l  v a r ia b ili ty  o f  specific  g rav ities 
o f  th e  c rude  oils in  tim e  an d  space, an d  i ts  c o n tro llin g  fa c to r  o r  fa c to rs  arise . 
T o  p ro m o te  th e  so lu tio n  o f th is  in te re s tin g  p ro b lem  F igs 2, 4 , 5 w h ich  show  
th e  re la tio n  b e tw een  sp .g r. an d  d e p th  o r  t im e  o f th e  o il-b earin g  ro ck s; and  
F igs 3 an d  6, w hich  show  th e  v a r ia tio n  o f  th e  to ta l  su lp h u r c o n te n t w ith  tim e  
a re  co n s tru c te d .

T h e  an a ly sis  an d  in te rp re ta tio n  o f  th e  ab o v e  tab le s  an d  fig u re s  re su lted  
in  tw o  s ig n if ic a n t an d  d is tin c t categories o f  c ru d e  oils in  th e  G u lf  o f  Suez 
p e tro le u m  p ro v in ce :

(A): In  th e  o ff-shore oil fie lds (G ulf o f  S uez), th e  genera l ru le  “ th e  deeper 
th e  o il; th e  lig h te r  th e  o il”  is c lear. In  E l-M o rg an  w ell no . 1 (M -l) in  its  tw o 
successive oil h o rizons w ith in  th e  d e p th  in te rv a l  5000— 6406 f t ;  fo u r  d is tin c t 
specific  g rav itie s  are  reco rd ed  fo r th e  c ru d es  fro m  to p  dow n w ard s. T hese are 
0 .9110, 0.8848, 0.8784 an d  0.8745. T hese fo u r  v a lues o f specific  g rav itie s  in  
M -l do n o t conform  w ith  v alues from  o th e r  w ells in  th e  sam e fie ld , e.g . M-5, 
M-7 an d  M-8. In  F ig u re  2 th re e  lines o f  r e la tio n  betw een  sp. gr. a n d  d e p th  can 
be  seen fo r th e  B e lay im  an d  K areem  p ay -zo n es  (crude oils). I n  F ig . 5, w hich 
re p re se n ts  th e  re la tio n  be tw een  specific g ra v ity  an d  d ep th  fo r th e  c ru d e  oils 
in  E l-M organ , J u ly  a n d  B elay im  off-shore oil fie lds, fo u r lines o f  re la tio n  
o f  specific  g rav itie s  a g a in s t d e p th  can  be  seen .

M e t w a l l i e t a l. (1978) show ed t h a t  th e  w ells M -l an d  M -8 in  E l-M organ  
f ie ld  are  lo ca ted  in  h ö rs t  b locks; M-5 an d  M -6 are  located  in  s te p  fau lt-b lo ck s, 
w hile  M-7 is lo c a te d  in  a  g raben  fa u lt-b lo c k .
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F ig. 5. T h e  relation of Miocene and  U p p er Paleozoic oil specific g rav ity  to dep th  of oil-bearing 
rock  in  E l-M organ, July, and B elay im  off-shore oil fields, G ulf of Suez region. О  B elayim  
(H a m m a m  F  araun) pay-zone; •  K areem  pay-zone; X R udeis pay-zone; =  N ubia pay-zone;

О- l ,  Ш J-4 , X А-l: well num ber

Depth in feet

Fig. 6. T he  relation  of Miocene oil su lp h u r w t%  to dep th  of oil-bearing rock, Belayim  on-shore
oil field

A lso  J u ly  wells N o. 4 a n d  N o . 9 (J-4  an d  J -9 )  in  J u ly  oil fie ld  are  lo c a te d  
in  o n e  h ö r s t  block. B elay im  w ell no . 1 (А- l )  in  B e lay im  oil f ie ld  is lo c a te d  
also  in  a  fau lt-b lock . A c co rd in g ly , from  th e  ab o v e  c ited  o b se rv a tio n s , one 
c o u ld  s t a t e  th a t  th e  v e r tic a l v a r ia b i l i ty  o f specific  g rav itie s  of th e  c ru d e  oils 
in  t h e  G u lf  o f Suez p e tro le u m  p ro v in ce  is c o n tro lled  b y  th e ir  s t ru c tu ra l  a t t i ­
tu d e ,  i .e .  th e  ty p e  o f fa u lt t r a p s  e ith e r  h ö rs t, g ra b e n  o r step  fa u lte d  b locks. 
T h e  d i s t in c t  d isp lacem ent o f  lin e s  o f  re la tio n s (F igs 2 an d  5) in d ica tes  d iffe r­
e n t  fa u lt-b lo c k s . H ow ever, in  F ig . 2, th e  d isp lacem en t o f  th e  lines o f  re la tio n s  
does n o t  o n ly  show d is tin c t fa u lt-b lo c k s , b u t  also d istin g u ish es  th e  o il-b ea rin g  
ro c k s  in  t h e  B elayim  p ay -zo n e  (M iocene) from  t h a t  o f  th e  u n d erly in g  p ay -zo n e .
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(В ): In  th e  on-shore oil fie lds, G u lf  o f  Suez petro leum  p ro v in c e , e.g. 
B e lay im  on-shore  (so-called B elay im  la n d ) , U m  E l-Y usr, B ak r, G h a r ib  and  
H u rg a d a  oil fie ld s , th e  se p a ra tio n  m ig ra tio n  m echan ism  of S il v e r m a n  (1965), 
o r th e  m ig ra tio n  d iffe ren tia tio n  m ech an ism  o f M e t w a l l i (1974) is  c learly  
re p re se n te d  in  th e  G u lf o f Suez off-shore oil f ie ld s , i.e. a ligh te r c ru d e  o il over- 
lies a re la tiv e ly  h eav ie r c rude  oil in  th e  re se rv o ir  trap s  in th e  sa m e  a n d  in 
d iffe re n t ages.

T h e  specific  g ra v ity  o f B elay im  o n -sh o re  oils and  to ta l s u lp h u r  w t%  in 
re la tio n  to  d e p th  are  p lo tte d  in  F igs 4 a n d  6. Also th e  A P I g ra v it ie s  o f  an 
ex am p le  o f th e se  crudes are  p lo tte d  d ia g ra m a tic a lly  against t im e  in  F ig . 7, 
fo r  th e  so u th e rn  p a r t  o f B a k r  oil fie ld .

I t  is o f in te re s t  to  n o te  th a t  E l-M o rg an , J u ly  and  B elay im  o ff-sh o re  oil 
fie ld s  w h ich  fu lfil th e  ru le  “ th e  deeper th e  o il, th e  lig h te r th e  o il”  a re  lo ca ted  
in  th e  off-shore concession, i.e . in  th e  m a jo r  g raben  th a t  fo rm e d  th e  G ulf 
o f  Suez. Oil fie lds o f th e  second ca teg o ry , e .g . U m  E l-Y usr, B e la y im  on -sho re , 
K a re e m , B a k r  an d  H u rg a d a  oil fie lds w h ic h  show  th e  chem ical d ifferences 
in d u c e d  b y  m ig ra tio n  are lo ca ted  in  th e  o n -sh o re  concessions, i.e . a t  th e  fo re­
la n d  sides o f  th e  G u lf o f Suez m ajo r g ra b e n .

T h e  f ir s t  ca teg o ry  is th e  tra d it io n a lly  accep ted  rule in  p e tro le u m  geol­
ogy, h ow ever, th e  second ex cep tiona l ru le  is a d irec t concept o f  t h e  changes 
acco m p an y in g  th e  phases o f th e  seco n d a ry  m ig ra tio n  of p e tro le u m .

M e t w a l l i (1974) v isualized  th e  M iocene subsurface sec tio n  in  U rn  El- 
Y u sr oil fie ld  a rea  as a huge g eo ch ro m a to g rap h  (acting  as c h ro m a to g ra p h ic  
co lum n) fo r th e  d iffe ren tia tio n  of an  u p p e r  l ig h te r  crude (29.9° A P I )  d eriv ed  
from  a  low er re la tiv e ly  h eav ie r one (21° A P I)  across fau lts an d  u n c o n fo rm ity  
su rfaces . In  ad d itio n , M e t w a l l i and  B a s h a t  (1974) s ta ted  th a t ,  t h e  p resence  
o f  n u m ero u s  h y d ro ca rb o n  accu m u la tio n s o f  m in o r dim ensions in  U rn  E l-Y u sr

Middle Miocene 
Lower Miocene 
Eocene
Tur onion

Cenomanian 
Lower Cretaceous 
Upper Carboniferous 
Devonian

API gravity AT 15°C

F ig . 7. Crude oil gravities and geologic time in B ak r oil field, south p art; th e  G ulf of Suez
region A. R. E g y p t
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oil f ie ld , w hich  is o f  th e  ty p ic a l  lithologic ty p e , a n d  th e  d irection  o f  m ig ra tio n  
o f  oil a re  p o sitiv e  c r ite r ia  fo r  considering th e  G h a ra n d a l  G roup (L ow er M iocene 
sh a les  a n d  m arls) as th e  sou rce  rocks.

T h e  sam e case o f  U rn  E l-Y usr oil f ie ld  c a n  h e  considered fo r  th e  o il­
b e a r in g  M iocene ro ck s in  B elay im  on-shore a n d  B a k r  oil fields.

T h e  o il-bearing  M esozoic rocks in  B a k r , H u rg a d a , and R a s-G h a rib  oil 
f ie ld s , w here  th e  c ru d e  oils p a rtic ip a ted  in  th e  m igration  d if fe re n tia tio n  
m e c h a n ism , also show  th e  sam e p henom enon . H o w ev er, one shou ld  b e  c o n ­
se rv a tiv e  in  v isu a liz in g  th e  source rocks fo r  th e  pre-M iocene oil in  th e s e  fie ld s  
an d  s im ila r  concessions.

The P ro b lem  o f the  Source—R e se rv o ir  Relations

T h e  p ro d u c tio n  o f  oil a n d  gas from  th e  G u lf  o f  Suez petro leum  p ro v in c e  
com es as m en tio n ed  b efo re  from  d ifferen t i i th o s tra tig ra p h ic  h o rizo n s. M ost 
o f  th e  p ro d u c tio n  com es fro m  th e  Miocene su ccessio n s m ain ly  th e  s a n d s to n e s  
e.g. E l-M o rg an , J u ly ,  B e lay im , U m  E l-Y usr a n d  o th e r  fields. H ow ever, o th e r  
oil f ie ld s  p ro d u ce  fro m  ree fa l and  c ry sta llin e  lim e s to n e s , e.g. B a k r a n d  R as- 
G h a rib  oil fie ld s. T h e  E o cen e  an d  U pper C re ta c e o u s  lim estones and  th e  N u b ia  
S an d s to n e s  are  o il-b ea rin g  a n d  p roduc tive  in  so m e  oil fields.

W e e k s  (1952) co n sid e red  th a t  th e  sou rce  o f  th e  oil accum ulations in  th e  
G u lf o f  Suez co as ta l reg io n  is w ith in  th e  M iocene sed im en ts w hich w ere  a c c u ­
m u la te d  in  a b asin  w ith  fav o u rab le  co n d itio n s fo r  oil occurrences.

G h o r a b  (1960) s ta te d  t h a t  th e re  h a v e  b e e n  tw o  co n trad ic tin g  schoo ls 
re g a rd in g  th e  source o f oil in  th e  gu lf of Suez re g io n . One claims th e  E o c e n e —  
U p p e r  C retaceous as th e  source  rocks; th e  o th e r  favouring  th e  M iocene as 
th e  so u rce  rocks, in  w h a t is called  th e  G lo b ig e rin a  m arls  of E a rly  an d  M idd le  
M iocene age.

H o l m q u e s t  (1966) s ta te d  th a t  th e  so u rce  b e d s  of R as-G harib  o il f ie ld  
can  b e  re la te d  re a d ily  to  o v erly in g  beds, w h ere  a n  u p p e r  Cretaceous L im e s to n e  
is t r u n c a te d  and  o v e rla p p e d  b y  organic m a rl a n d  sha le .

M e t w a l l i  a n d  B a s h a t  (1974) located  th e  so u rce  rocks for th e  M iocene 
oils in  U rn  E l-Y u sr o il f ie ld , G ulf of Suez re g io n  in  th e  G h a ran d a l G ro u p  
(L ow er M iocene shales a n d  m arls).

H o w ev er, th e  oil m ig ra tio n  and a c c u m u la tio n  in  th e  G ulf of Suez reg io n  
seem  to  be  co n tro lled  in  m o s t p a rts  of th e  re g io n  b y  th e  evaporites (m a in ly  
sa lt) . O il occurs in  th e  p o s t S ou th -G harib  F o rm a tio n , i.e. in th e  Z e it F o rm a ­
tio n , in  th e  on-shore fie ld s  on ly , e.g. B e lay im  o n -sh o re  oil field . I n  th e  o ff­
sho re  f ie ld s  th e  oil p ay -zo n es and  occurrences a re  re s tric ted  to  p re  S o u th -  
G h a rib  F o rm a tio n , i.e . p re -sa lt deposition  a n d  f lo w ag e , e.g. E l-M organ , J u ly  
an d  s im ila r  s tru c tu re s . T h e  S ou th -G harib  F o rm a tio n  (salt and  o th e r  e v a p o -
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rite s )  is th ick e r in  th e  m a jo r  graben  o f  th e  G ulf, i.e. in  th e  o ff-sho re  area 
th a n  on th e  fore-land  sides o f  th e  G ulf. Also th e  litho logy  o f th e  Z e it  F o rm atio n  
chan g es to  becom e s a n d y  a t  th e  fo re-land  sides o f th e  G ulf. A cco rd in g ly , the  
th in n in g  of th e  sa lt o f  th e  S o u th -G h arib  F o rm a tio n  and  th e  in c re a se  o f th e  
s a n d y  facies p ro m o te  an d  cause  th e  accu m u la tio n  o f oil in  th e  Z e it  F o rm atio n  
b u t  in  a re s tric ted  d im en sio n  and  m in o rity  o f p ro d u c tio n . I t  is a lso  o f in te r ­
e s t to  m en tion  th a t  th e  B elay im  e v ap o rite s  in  E l-M organ o il f ie ld  become 
in te rc a la te d  w ith  sa n d s to n e s  and  c lastic  sed im en ts  lan d w a rd s , e .g . B elayim  
o n -sho re  oil fie ld . I n  th is  re sp ec t i t  m ig h t be  c ited  th a t  th e  c h a n g e  in  facies 
o f  deposition  m ig h t h a v e  p ro m o ted  th e  m ig ra tio n  and  a c c u m u la tio n  of oil 
fro m  B elayim  F o rm a tio n  to  Z eit F o rm a tio n .

M e t w a l l i an d  A b d  E l -H a d y  (1975) u sed  th e  v a r ia b ili ty  a n d  successive 
c h a rac te ris tic s  o f c ru d e  oil g rav ities as w ell as th e  successive gas reservoirs 
in  th e  n o rth e rn  p a r t  o f  th e  W este rn  D e se r t o f  E g y p t as c r i te r ia  an d  th ey  
c lassified  th e  tim es o f  oil gen era tio n  and  accu m u la tio n  in  t h a t  p a r t  o f E g y p t 
in to  th re e  m ain cycles: A low er cycle “ I ”  fo r th e  Ju ra ss ic  a n d  o ld e r rocks; 
an  in te rm ed ia te  cycle “ I I ”  fo r th e  C retaceous o ils; and  an  u p p e r  cycle  “ I I I ” 
fo r  th e  T e rtia ry  oils. M e t w a l l i  and  A b d  E l -H a d y  (op. c it .)  zones of oil 
g en e ra tio n  and  a c c u m u la tio n  are  su p p o rte d  b y  E l -S h a z l y  e t  a l. (1975), 
p a r t ly  by  using C13/C 12 fo r  th e  d is tin c tio n  an d  lim ita tio n  o f th e  lo w er cycle “ I ”  
o f  Ju ra ss ic  from  th e  in te rm e d ia te  cycle “ I I ”  o f C retaceous ag e . H ow ever, 
E l -S h a z l y  e t al. (op . c it .)  ana ly sed  th e  ca rb o n  iso topic d a ta  (C13/C 12) from 
re se rv o ir  rocks (san d sto n es  and  lim estones) ran g in g  from  M iocene to  C reta­
ceo u s or older age an d  fo u n d  th a t  all possess th e  sam e iso top ic  v a lu e s . A ccord­
in g ly , E l -Sh a z l y  e t a l., a re  in  fav o u r o f  a single source fo r  o il in  th e  G ulf 
o f  Suez petro leum  p ro v in c e  m ain ly  th e  M iocene rocks. H ow ever, th e y  neglected 
t h e  change in p ro p e rtie s  o f  oil th a t  are ex p ec ted  follow ing p e rc u la tio n  th ro u g h  
a d so rp tiv e  m edia, sp ec ia lly  th e  ra tio  o f th e  s ta b le  carbon  iso to p e  (C12 and  C13)

S il v e r m a n  a n d  E p s t e i n  (1958) show ed  th a t  a ro m a tic s  h a v e  slightly  
h ig h e r  C13/C12 ra tio s  th a n  do th e  asp h a ltic  h y d ro ca rb o n s (p a ra f f in s  an d  n ap h ­
th e n e s )  from  e q u iv a le n t b o ilin g  ran g es. T h u s , from  th e  s ta n d p o in ts  o f  selective 
a d so rp tio n  on m in e ra l g ra in s  th e  C13/C 12 ra t io  o f  p e tro leu m  sh o u ld  decrease 
s lig h tly  w ith  in c reas in g  d is ta n c e  o f m ig ra tio n  (S il v e r m a n , 1965).

F igu re  8, show s t h a t  th e  c rude  oils p ro d u ced  from  th e  d iffe re n t litho- 
s tra tig ra p h ic  h o rizo n s in  th e  G ulf o f Suez oil fie lds h av e  v a r ia b le  oil gravities 
b o th  v e rtica lly  and  la te ra lly . T he v e rtic a l v a r ia tio n s  occur w ith in  th e  different 
su ccessive  pay-zones o f  th e  sam e or v a ry in g  rese rv o ir c h a ra c te r is tic s . T h e  crude 
o ils in  th e  on-shore  oil fie ld s  a t th e  e a s te rn  and  w estern  c o a s ts  in  th e  Gulf 
h a v e  th e ir  d is tin c t oil g rav itie s  as co m p ared  w ith  th e  o ff-sh o re  oil fields, 
i.e . th e  general ru le  “ th e  deep er th e  oil, th e  lig h te r  th e  o il”  is c le a r  an d  repre­
se n te d  b y  th e  off-shore oil fie ld s. H ow ever, th e  sep a ra tio n  m ig ra tio n  differ­
e n tia tio n  of S il v e r m a n  (1965), o r th e  m ig ra tio n  d if fe re n tia tio n  m echanism
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o f Metwalli (1974) ap p lie s  to  th e  in th e  o n -sh o re  oil fields in  th e  G u lf  o f  Suez 
p e tro leu m  prov ince .

T he c ited  oil g ra v itie s  (F ig . 8) can  be  seen  an d  observed  in  a  v e rtic a l 
successive geologic a t t i tu d e  w ith  ce rta in  d is t in c t  dev ia tions re p re se n te d  by  
arrow s in  th e  fig u re . T h ese  arrow s m ig h t re p re s e n t  th e  d irec tio n  o f  o il m ig ra ­
tio n  (phases o f  m ig ra tio n ) w ith in  th e  geologic sec tion  in  th e  G u lf  o f  Suez 
p e tro leu m  p ro v in ce . A ccord ing ly , th e  re la tio n sh ip  betw een  th e  d iffe re n t ty p es 
o f  oil m u s t be con sid ered . T h e  successive c h a ra c te r is tic s  o f  oil g ra v itie s  w ith in  
th e  sam e an d  in d iffe re n t ages, w ould re f le c t m o re  th a n  one cycle o f  o il genera­
t io n  as w ell as m ig ra tio n  an d  accu m u la tio n .

A ccord ing ly , th e  fo llow ing cycles a re  p ro p o sed  in  th e  G u lf  o f  Suez 
p e tro leu m  p ro v in ce : A  low er cycle “ I ”  fo r th e  M esozoic an d  o ld e r ro ck s; and  
an  u p p e r cycle “ I I ”  fo r  th e  T e rtia ry  c ru d e  o ils . H ow ever, as can  b e  seen from  
fig u re  8, cycle “ I I ”  m ig h t be a collective cycle o r  could  rep resen t m o re  th a n  one 
cycle o r rh y th m s  o f th e  sam e cycle. T h is in te re s t in g  problem  c re a te d  in  th e  
p re se n t w ork  w ould  be  so lved  or a t  le a s t c la r if ie d  if  ad d itiv e  d rillin g  an d  geo­
chem ical d a ta  becom e av a ilab le  in  fu tu re .

T he p rob lem  o f  th e  d e fin itio n  an d  re c o g n itio n  o f th e  so u rce  rocks of 
h y d ro ca rb o n s  in  th e  G u lf  o f  Suez p e tro leu m  p ro v in ce  is a t p re se n t th e  su b jec t 
m a t te r  o f  c u rre n t re se a rc h  b y  M etw alli a n d  h is  co-w orkers. E v e n tu a lly  fu tu re  
deep er d rilling  in  th e  G u lf  o f Suez and  a d jo in in g  regions w ill c la r ify  m an y  of 
th e  concep ts a t  p re se n t con tro v ersia l. T h e  p re se n t w rite rs  b e liev e  an d  are 
o p tim is tic  th a t  la rg e  a m o u n ts  o f oil are  p re s e n t  b e  s tru c k  in  th e  th ic k  sed im en­
ta r y  sequence u n d e rly in g  th e  M iocene ro ck s in  th e  G ulf o f Suez reg io n  based  
on th e ir  p roposed  s e p a ra te  cycle o f oil g e n e ra tio n , m ig ra tion  an d  accu m u la tio n  
fo r th e  M esozoic an d  u n d e rly in g  rocks “ Cycle I ,  F ig . 8” .
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О НЕФТЕНОСНОСТИ ПРОМЫСЛА ЭЛЬ-МОРГАН И ЦИКЛИЧНОСТИ 
ОБРАЗОВАНИЯ, МИГРАЦИИ И НАКОПЛЕНИИ НЕФТИ В НЕФТЕГАЗОНОСНОЙ 

ПРОВИНЦИИ СУЭЦКОГО ЗАЛИВА (А. Р. ЕГИПЕТ)
М. Г А М Е Д  М Е Т В А Л Л И -Г . Ф И Л И П -Э Л Ь -С А Й Е С  А. А. ЮССИФ

Р е з ю м е

Нефть, добываемая в пределах нефтегазоносной области Суэцкого залива, показывает 
изменение удельного веса по различным литостратиграфическим горизонтам от верхнего 
палеозоя вверх по стратиграфической колонке вплоть до миоцена. Некоторые нефтепро­
мыслы обнаруживают постепенное изменение по вертикали от тяжелой нефти в низах 
разреза до относительно легкой в верхах, в то время как на других промыслах наблюдает­
ся как раз обратная тенденция уменьшения удельного веса вниз по разрезу. Подобно дру­
гим морским нефтепромыслам, промысел Эль-Морган отличается от наземных промыслов 
внутри той же самой нефтегазоносной области в отношении поведения удельного веса нефти. 
В результате исследований и интерпретации геохимических характеристик и изменчиво­
сти нефти по удельному весу можно выделить две значительные и выраженные категории 
нефти, а также два цикла формирования, миграции и аккумуляции нефти на терри- и 
акватории нефтегазоносной области Суэцкого залива.
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PALAEOLITUONELLA MAJZONI 
NOV. GEN. NOV. SP. (FORAMINIFERA) 

FROM A WETTERSTEIN REEF LIMESTONE 
IN NE HUNGARY*

B y

A . Bérczi-Makk
HUNGARIAN HYDROCARBON INSTITUTE, BUDAPEST

The Palaeolituonella m ajzoni nov. gen. nov. ep. is a new F oram in ifera  species 
w hich shows a frequent occurrence in  th e  U pper L adinian—Carnian, N orian  reef lime­
stone facies of the Alsóhegy M ount (N E  H ungary).

T h e  ag g lu tin an t F o ram in ife ra  species encoun tered  f r e q u e n tly  in  th e  
U p p e r  L ad in ian -C arn ian , N o ria n  W e tte rs te in  re e f  lim esto n e  o f  A lsóhegy 
M o u n t (N o rth e a s t H u n g ary ) is P alaeolituonella  m ajzoni nov . gen . n o v . sp . and 
belo n g s to  th e  F am ily  A ta x o p h ra g m iid a e  Schwager.

T h e  assem blage o f  m icrofossils accom pany ing  i t  is c h a ra c te r iz e d  by  
a m a ss iv e  ap p earan ce  o f  th e  In v o lu tin id a e  an d  b y  a f re q u e n t o ccu rren ce  of 
species belong ing  to  th e  F am ily  M ilio lidae (O p h th a lm id iu m , G a lean e lla ) and 
V a r is to m a tid a e  (D uostom ina, V a rio s to m a). T h is fauna l a ssem b lag e  is ch a rac ­
te r is t ic  o f th e  re e f  p la tfo rm . In  th is  zone th e  b ig , th ick  w alled  F o ram in ife rae  
a re  m o s t a b u n d a n t. T he d o m in a tin g  species o f  th is  facies are  A u lo to r tu s  sinuo- 
su s  Weynschenk, Galeanella pan ticae  Zaninetti e t Brönnimann, Palaeolituo­
nella  m a jzo n i Bérczi-Makk, n o v . gen . n o v . sp .

T h e  h o lo ty p e  of th e  F o ra m in ife ra  Palaeolituonella m a jzon i n o v . gen . nov. 
sp . w as fo u n d  in  th e  sam e sam p le  fro m  w hich  th e  new S p h in c to z o a  species 
V ertic illites triassicus  h a d  been  d esc rib ed  b y  Kovács, S. (1978).

T h e  ch a rac te ris tic  F o ram in ife ra  species o f th e  U p p er L a d in ia n -C a rn ian  
N o r ia n  W e tte rs te in  re e f  facies in  th e  A lsóhegy  M ount (F ig . 1) a re  as follow:

Tolypam m ina gregaria Wendt 
Gaudryina  sp.
Palaeolituonella majzoni nov. gen. nov. sp.
Endothyra  nov. sp.
Endothyranella cf. robusta Salaj 
Endothyranella cf. pentacamerata Salaj 
Agatham mina  sp.
Agathamminoides spiroloculiformis Oravecz—Scheffer 
Ophthalmidium plectospirus Oravecz—Scheffer 
Ophthalmidium exiguum  Koehn — Zaninetti 
Ophthalmidium  sp.
Galeanella panticae Zaninetti et Brönnimann 
Frondicularia uioodwardi Howchin

* M anuscript received: 1979. 10. 19.
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Fig. 1. Position  of the Alsóhegy M ount in  NE-H ungary, along th e  H u n g arian —Czechoslovakian
border

Mesodiscus eomesozoicus (Oberhäuser) 
Aulotortus sinuosus Weynschenk 
Aulotortus friedli (Kristan—T ollmann) 
Duostomina alta Kristan —Tollmann 
Duostom ina biconvexa Kristan—Tollmann 
D iplotremina  sp.
Variostoma acutoangulata K ristan—Tollmann 
Variostoma cf. pralongense Kristan—Tollmann 
Variostoma sp.

Paleontological d e s c r i p t i o n

P h y l u m :  R H IZ O P O D A  
C 1 a s s i s: F o ra m in ife ra

I n  defin ing  th e  ta x o n o m ic  position  th e  s y s te m  o f  Loeblich, R . A. e t 
Tappan , H . (1964) w as u sed .

F a m i l y :  A T A X O PH R A G M IID A E
S u b f a m i l y :  A ta xo p h ra g m iin a e  Schwager, 1877

G e n u s :  Palaeolituonella  Berczi-Makk, nov. gen.

D e r i v a t i o  n o m i n i s :  th e  ancien t form  o f  th e  Pseudolituonella  Marie, 
1954

G e n o t y p e :  Palaeolituonella  m ajzon i nov. sp .
D e s c r i p t i o n :  T h e  sh e ll is  elongated , co n ifo rm  a n d  in  its  in itia l fo rm  

i t  consists  o f 4 to  5 co iled  cham bers. L a te r  o n  i t  tu rn s  to  a lin e a r  fo rm  
c o n s is tin g  o f w ide  a n d  low  cham bers w ith  f a in t  s e p tu m -ru d im e n ta
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h a rd ly  to  observe  even  in  th in  sec tions. T h e  one-layer w all is th ic k , 
a g g lu tin a ted . T h e  a p e r tu ra  is n o t k n o w n .

R e m a r k s :  I t  d iffers  from  th e  P seu d o litu o n e lla  b y  th e  fa c t t h a t  th e  inner 
se p ta  has h a rd ly  been  developed, m ore  e x a c tly  th e y  a re  m issin g  in 
a lm ost ev e ry  case. O n th e  basis o f th e  m issing  o r u n d e rd ev e lo p ed  inner- 
se p ta  i t  can  be  considered  as th e  an c ie n t fo rm  o f th e  P seu d o litu o n e lla .

Palaeolituonella  m ajzoni Bérczi-Makk, nov. sp .
P la te : I , F igs 1— 8

D e r i v a t i o  n o m i n i s :  a f te r  th e  late d r. L. Majzon, H u n g a r ia n  m icro- 
p a leo n to lo g is t .

L o c u s  t y p i c u s :  S am ple  N o. Т -42Ц 1975) from  A lsóhegy M o u n t (Silica 
N appe , N E  H u n g a ry ) .

S t r a t u m  t y p i c u m :  W e tte rs te in  r e e f  lim esto n e , U p p e r L ad in ian -
C arn ian , N o rian .

H o l o t y p e :  In  th e  m icropaleon to log ical co llec tion  o f  th e  H u n g a r ia n  S ta te  
G eological I n s t i tu te .

M a t e r i a l :  S evera l in d iv id u a ls  in  th e  fo llow ing  sam ples: 223/50, 4(1972)B , 
7(1972)A, 8(1972)12, 9(1972), 9(1972)A, 11(1972)E , 19(1972)1, 35(1973)F , 
fig . 6. G -9(1974)A , G-23(1974), T -66(1975)A , T -66(1975)F , T -188(1975)2, 
Т -21Ц 1975), Т -4 2 Щ 9 7 5 ) =  H o lo ty p e , T -477(1975), T -484(1975)A . 

S y n o n y m a :
1 9 6 6 /6 7 . L itu o lid a  —  P a n t iü , S. pi. 3 , f ig . 7.
19 7 1 . A m m obacu lites  sp . —  H o h e n e g g e r , J . e t H . L o b it z e r , p i. 2 , fig. 6. 
1971/72. L ituo lidae  — P antkü, S. p i. 12 , f ig . 4 .
1978. “L itu o sep ta ”  sp . — Schäfer, P . e t Senowbari-Daryan, B.

pi. 2, fig . 7.
1978. D u o tax is  sp . — Trifonova, E k . p i. 3 , f ig . 3.

D e s c r i p t i o n :  T h e  shell is free, e lo n g a ted  fo rm ing  a s lig h tly  f la tte n e d  
cone. In  its  in it ia l  s tag e  i t  consists o f  4— 5 cham bers co iled  u p  in  a 
tro ch o sp ira l w ay . D u rin g  its  grow , th e  she ll su d d en ly  ch an g es  in to  
a lin ear fo rm . T h e  ch am b ers  sp read  an d  fo rm  a low re v e rse d  tru n c a te d  
cone, w hich , h o w ev e r, grows du ring  its  d ev e lo p m en t. In s id e  th e  cham bers 
h a rd ly  p e rc e p tib le  ru d im e n ts  o f s e p ta  can  he  observed . T h e  one layer 
w all is th ic k , a g g lu tin a te d . T he a p e r tu r a  is n o t know n. 

D i m e n s i o n s  o f  th e  te s t :  T he len g th  o f  th e  shell 0.5— 0.8 m m . T h e  d iam ­
e te r  o f th e  co iled  u p  in itia l sec tion  0.26— 0.33 m m . T h e  th ic k n e ss  o f 
th e  sep ta  0.04— 0.08 m m . The th ic k n e ss  o f  th e  w all 0 .04— 0.06 m m . 

O c c u r r e n c e :  I t  is v e ry  a b u n d a n t in  th e  U p p e r  L a d in ia n -C a rn ian , N orian  
W e tte rs te in  re e f  lim estone  o f th e  A lsóhegy  M ount (Silica N a p p e , N E  
H u n g ary ).
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PALAEOLITUONELLA MAJZONI NOV. GEN. NOV. SP. —
НОВАЯ Н АХ ОДКА  Ф О РА М И Н И Ф ЕР И З В Е Т Т Е РШ Т Е Й Н С К И Х  РИ Ф О Г Е Н Н Ы Х  

И ЗВ Е С Т Н Я К О В  СЕВЕРО -ВО СТО ЧН О Й  В ЕН ГРИ И

А. БЕРЦИ-МАКК 

Р е з ю м е

Из верхнеладинских-карнийских рифогенных известняков на горе Альшохедь в 
северо-восточной части Венгрии описан новый вид фораминифер, часто встречающийся 

рассматриваемых отложениях.

Палеонтологическое описание 
P h y l u m :  RHIZO PO D A  
C l a s  s i s :  Foram inifera

При систематическом отнесении рассматриваемой формы была применена система 
Р . А. Лёблиха и Г. Таппана (1964).
С е м е й с т в о :  ATAXOPHRAGM nDAE 
П о д с е м е й с т в о :  Ataxophragmiinae Schwager, 1877.

Р о д :  Palaeolituonella — Palaeolituonella BÉRCZI — Ma k k , nov . gen.
D e r i v a t i o  n о m i n  i s : Д ревняя форма 
G e n o t y p u s :  Palaeolituonella majzoni nov. sp.

Plate I

Palaeolituonella majzoni nov. gen. nov. sp.

1 .  T-421 (1975) No. sam ple. М: 100 X. Holotype
2. T-421 (1975) No. sam ple. M: 60 X
3. 22 (1972) No. sam ple. M: 80 X
4. T-66 (1975)F No. sam ple. M: 90 X
5. 8 (1972) 12 No. sam ple. M: 70 X
6. 9 (1972) No. sam ple. M: 90 X
7. T-66 (1975)A No. sam ple. M: 90 X
8. G-23 (1974) No. sam ple. M: 90 X
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О п и с а н и е :  Раковина вытянутой, конической формы, в ранней стадии завитая, состоя­
щая из 4 —5 камер. Впоследствии она становится однорядной с широкими и низкими 
камерами. Внутри камери имеются слабые зачатки столбиков, которые не всегда 
видны в шлифах. Стенка толстая, агглютинированная, однослойная. Устье неиз­
вестно.

П р и м е ч а н и е :  От Pseudolituonella рассматриваемый род отличается тем, что внутрен­
ние столбики еще едва развиты, они почти полностью отсутствуют. Из-за недоразви­
тых или еще неразвитых внутренних столбиков его можно принимать за древней­
шую форму Palaeolkuonella B é r c z i — М а к к , nov. gen.

Фототаблица 1, фиг. 1—8
D e r i v a t i o  n o m i n i s :  по покойному микропалеонтологу д-ру Ласло Майзону
L o c u s  t y p i c u s :  Альшохедь (Силицкий покров, СВ Венгрия), образец Т-421 ,(1975)
S t r a t u m  t y p i c u m ;  Веттерштейнские рифогенные известняки, верхнеладин- 

ский-карнийский норийский ярус
Г о л о т и п :  в микро палеонтологической коллекции Венгерского Геологического ин­

ститута.
М а т е р и а л :  Ряд экземпляров в образцах 223/50, 4/1972/В, 7/1972/А, 8/1972/12, 9/1972, 

9/1972/А, 11/1972/Е, 19/1972/1, 35/1973/F, 8 -  9/1974/А, G-23/1974, Т-66/1975/А, 
T-66/1975/F, Т-188/1975/2, Т-211/1975, Т-211/1975, Т-421/1975-= голотип, Т-477(1975), 
Т-484(1975).

С и н о н и м и к а :  1966/67 L itu o l id a  =  Р a n t i c , S. pl. 3, fig. 7
1971. Ammobaculites sp. =  H o h e n e g g e r , J.et L o b i t z e r , H. Pl. 2, Fig. 6.

I97I/72 . Lituolidae  — P a n t ió , S. pl. 2, fig. 4.
1978. “Lituosepta” sp. — Schäfer, P. et Senowbari-Daryan, B . pl. 2, fig. 7.
1978. D uotaxis  sp. — Trifonova, Ek . pl. 3, fig. 3.

О п и с а н и е :  Раковина свободная, вытянутой, слегка уплощенной конической формы, 
В ранней стадии она состоит из 4 —5 камер, завитых трохоспирально. В процессе 
роста раковина становится однорядной совме внезапно. Камеры растилаются. 
образуя перевернутый усеченный конус с высотой, увеличивающейся в процессе ро­
ста раковины. Внутри камер имеются зачатки столбиков, которые не всегда видимы. 

(Фототаблица I, фиг. 1). Стенка толстая, агглютинированная, однослойная. Устье 
неизвестно.

Р а з м е р ы  р а к о в и н ы :  Длина раковины — 0,5—0,8 мм. Диаметр завитой ранней 
части — 0,26—0,33 мм. Толщина перегородок камер — 0,040—0,080 мм, толщина 
стенки раковины — 0,040—0,060 мм.

Р а с п р о с т р а н е н и е :  Очень часто встречается в верхнеладинско-карнийских рифо- 
генных веттерштейнских известняках горы Альшохедь (Силицкий покров, СВ 
Венгрия)
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THE ESTABLISHMENT OF OPTIMAL TIME 
SCALES AND THEIR USE

B y

I . D i e n e s
HUNGARIAN CENTRAL STATISTICAL O FFICE, BUDAPEST, HUNGARY

In  geology events m ay be exactly  defined  by  the changes in th e  a tt r ib u te s  of the 
rocks along the  space. Geologists concludes from  the existence of an  o rder in  space 
betw een certa in  geological bodies the ex is tence  of a relation of order in  tim e  between 
certain  events. The correctness of th e  conclusion depends on the m easure  of corre­
spondence betw een th e  applied type of sp a tia l order and on the invariancy  o f th e  spatial 
order tow ards com m on geological transfo rm ations.

Several spatia l and tem poral re la tions betw een formalized b io s tra tig rap h ic  and 
chronostratigraphic units and their in v a rian cy  have been investigated in  th e  general 
situation  and  w hen rock bodies are norm al deposited.

Then optim al tim e scales and m eth o d s to  construct those h av e  been  defined. 
Conditions w hich adm it to solve problem s are  discussed. A m ethod to  estim ate  the 
relative age of a sam ple has been shown.

M ethodology has been applied succesfully  to  Eocene sediments o f D orog Basin, 
T ransdanubia , H ungary . Different fossil g roups as nannofossils, M ollusca, Foram ini- 
fera and lithological da ta  were together u sed  to  obtain a complex scale an d  diagnostic 
rules for sam ple age determ ination.

Introduction

In  th e  p a s t  decade  a rem ark ab le  w o rld w id e  p ro liferation  o f  geological, 
p a leo n to lo g ica l, m ag n e tica l and  g eo p h y sica l d a ta  for geological e v e n ts  could 
be  observed . T h e  h a n d lin g  of d a ta  b y  c o m p u te rs  prom ises th e  b e s t  w ay  to  
sy n th e tiz e  e le m e n ta ry  observations. F o rm a l  m an ipu la tions p ro v id e  th e  possi­
b i l i ty  to  se t u p  tim e  scales w hich a re  o p tim a l in  a certa in  sen se . I f  once an 
e x a c t tim e  scale  h as  been  co n stru c ted , th e  position  of new sa m p le s  on  th e  
scale (d e te rm in a tio n  o f th e  age) can  b e  e s tim a te d  by a lg o rith m ic  ap p ro ach . 
F o rm alized  s tr a t ig ra p h y  in troduced  b y  th e  p re sen t au tho r ( D i e n e s  I . ,  1974, 
1977a, 1977b) is su ita b le  to  fo rm ula te  a n d  so lve  th e  above p ro b lem s. T h e  algo­
r ith m ic  and  fo rm a l w ay  is th e  single o n e , w h ich  m ay provide th e  co rrec tn ess  
an d  v e r if ic a b ility  o f th e  results.

T he fo llow ing discussion assum es t h a t  a su itab le  physical tim e  scale (a to m ­
ic , as tro n o m ic  etc .) has been defined  e a r lie r  and  it  shows b a c k w a rd s  in  th e  
t im e . A ny  se t o f ev en ts  ordered so, as t h e i r  ages on th e  physical sca le  is called

M anuscript received: 1978, January ; references updated: 1980, O ctober.
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a t im e  sca le . W e d e n o te  th e  area o f  investigation  b y  T , the  points  o f T  b y  t, 
th e  coordinates o f  the p o in t  t in  a norm ally  o r ie n ta te d  system  b y  x , y  a n d  z. 
W e d e n o te  th e  age o f  o rig in  o f  a p o in t t by  r( t) . T h is  is  understood  as a p o s it iv e  
n u m b e r  w ith  p hysica l u n its ,  as y ear etc. T h e  f u n c t io n  fj( t)  is defined  so t h a t  
its  v a lu e  is equal to  1 a t  le a s t  one specim en o f  t h e  ta x o n  j  is p re se n t i f  th e  
e e n v iro n m e n t of th e  p o in t  t, an d  zero else. T h e  v a lu e  of the  fu n c tio n  f j ( t ( t )) 
is e q u a llin g  1 if  a t le a s t one liv in g  specim en w as p re s e n t  in  the  m o m en t r  a n d  
in  th e  e en v iro n m en t o f  th e  p o in t t(r). T he fu n c tio n  t(r) describes th e  o rb i t  o f  
th e  p o in t  w ith  p re se n t p o s itio n  t(o).

I n  o u r s tud ies fo rm a l taxa  have been u sed . A  specim en belongs to  th e  
fo rm a l ta x o n  n am ed  b y  {{A }, {B}, {C}}, if  th e  sp ec im en  has been id e n tif ie d  
in  th e  d o cu m en t C b y  th e  a u th o r  В as th e  ta x o n  A .  T h e  tax o n  code c o n ta in s  
in fo rm a tio n  also fo r th e  co n se rv a tio n  s ta te  a n d  th e  precision of th e  id e n t i f i ­
c a tio n  .

U n c e rta in tie s  in  th e  d efin itio n  of th e  t a x a  a n d  in  the  reco g n itio n  o f  
fossil spec im ens are n o t  d iscussed . In  connection  w ith  our topics i t  seem s to  b e  
n e c e ssa ry  to  assum e o n ly  th e  possib ility  to  d e f in e  classes of fossil o b je c ts  
u s in g  re s tr ic tio n s  fo r th e i r  a ttr ib u te s , and i t  is n o t  den ied . E rra tic  d iag n o ses  
on ly  re s u lt  in  in co rrec t d e te rm in a tio n  of th e  e x te n t  of s tra tig rap h ic  u n i ts ,  
an d  th is  effect easily  can  be  s tu d ied  by  fo rm a l m e th o d s .

W e define th e  m o m e n ts :

г ) = i n f  { in f  { r m )  u m ,  =  I »  ( l )
0  t i T

ij =  sup { sup { r m )  I f j m  = i n  (2)
о  t e r

th e  f i r s t  a n d  la s t a n d  a p p e a ra n c e  of th e  ta x o n  j  a n d

T; =  in f  w o  | / / * ) =  i } ,  (3)
t

t]  =  sup  {r(t) \fj{ t)  =  1} (4)
t

th e  age  o f th e  o ldest a n d  th e  youngest p o in ts , s u c h , th a t  contain  in  th e i r  s 
e n v iro n m e n t a t leas t one spec im en  of th e  ta x o n  j .

1. O ptim a l B iostratigraphic T im e  Scales

I n  th e  follow ing p a r t  th e  m ost im p o r ta n t ty p e s  of the  b io s tra tig ra p h ic  
an d  c h ro n o s tra tig ra p h ic  u n its  w hich have b een  u se d  in  th e  rigorous fo rm u la ­
tio n  o f  th e  problem s a re  d e fin ed .

Acta Geologica Academiae Scientiarum Hungaricae 24, 1981



O P T IM A L  T IM E  S C A L E S 397

1.1. D efin ition  o f  special stratigraphic u n its

T ? '  =  ( t  | t£ T ; xj <  t ( t )  <  г )}  (5)

is  the A  type chronozone o f  the taxon j ,

Tf  =  { t 11 e T ; r(t) e 0  ; 0  =  { r(o  11 € r f } }  (6)

is tAe В  type chronozone o f  the taxon j ,

T Ax =  {r ] t 6 T ; t $ T Al} (7)

is  tAe type absence chronozone o f  the taxon j ,

T f  — {t \ tj £ T ; f ( t )  =  1} (8)

is  the В  type taxon range biozone o f  the taxon j ,

T f  = { * | * €  T ; tj, t j  e T; f j ( t ’) = / y( f )  =  1;
x 'j — xj  ~  x; y'j = y  =  y j ;  z j < , z <  г ’} (9)

is  the A  type taxon range biozone o f  the taxon j ,

Г ? 'C =  {* I t £ T ; / / « )  =  1 ; fo r  any  j  £ 7} (10)

is  tAe В  type concurrent range biozone o f  the taxa  j ;  j  £ 7,

T f c =  {* I *; < : r  <  zy, f j ( t )  = / ; ( t )  =  l ;

tj , t j ,  t Ç T ; x j  =  x  =  x j;  y j  =  y  =  y j ; f o r  a n y  j  £ 7 } (11)

is the A  type concurrent range biozone o f  the taxa j  £ 7,

T f Cx = { t \ t j ^  r  (tj) <  rJ  ; t É T ; fo r an y  j  ç 7} (12)

is  the A  type concurrent range chronozone o f  the taxa j  £ 7,

T f A =  {t I t £ T ; f j( t)  =  1; fo r  at least one j  Ç 7} (13)

is  the В  type assem bly biozone o f  the taxa j  Ç 7,

T ? A =  {t 11 6 T ; tj, t j  € Г ; zj <. z  <  z j ;

/o r  ot least one j  £ I ;  x j — x  — x j; y j  =  y  =  y j } (14)
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is  the A  typ e  assembly biozone o f  the taxa j  £ I ,

T AA =  {t I t Ç T ; Tj =  z(t)  <  z j;  fo r  a t least one j  £ /}  (15^

is  the A  type  assembly chronozone o f  the taxa I ,  J , K ,

T?j k  =  {* I t € T , zj < ; z{t) <  z j;  i e I ; r(t) <  Tj; jf £ J ;  r ( t)  ^  r£; fe £ X } (16)

p o s itiv e  p a r t  n e g a tiv e  p a r t
of th e  d efin itio n

C ty p e  O ppel chronozone o f  the tr ip le t o f taxa I , J , K ,  ,*

* As i t  is usual, the re la tion  “ contains” is denoted by  d  , “ common p a r t”  by  П, 
“ u n io n ”  b y  U and “ element”  b y  Ç.

T?J.K =  (U T?) n (П T f )  n (n T A) (17)
16/ Ю _________ fc€K

p o s itiv e  p a r t  n eg a tiv e  p a r t  
of th e  d e fin ition

is  the C typ e  Oppel biozone o f  the triplet o f taxa  I ,  J ,  K .  C hronozones above 
a re  a p p a ren t. Chronozones d e f in e d  b y  z j  or z j  a re  in tr in s ic . A  su m m ary  o f th e  
d e f in i t io n  o f d ifferen t s t r a t ig r a p h ic  u n its  can  be fo u n d  in  D i e n e s  I . 1977c.

1 .2 . The Relation  “ C o n ta in in g ”  between Geological Bodies

T h e  ta x o n  j  is nam ed p a rtia lly  redeposited, if  T ?  Ф T B. T a xo n  j  is nam ed  p a r tia lly  
red ep o sited  into another age, i f  T Bj  ф T Br. T ab le  1 show s re la tio n  of “ c o n ta in ­
in g ”  b e in g  tru e  betw een  d if fe re n t  s tra tig ra p h ic  u n its  d efin ed  by  th e  sam e 
ta x o n  j .

I t  is ev iden t, th a t

T°jj K =  (П T Ax) П (CCTAx) П (CCTAr) (18)
/6/ j e  j  к е к

T h e  geo log ica l body T  is n a m e d  upper absence zone o f th e  geological b o d y  T'»

T* =  {* 11 $ T ';  t Ç T ; z Ç p r 12 T ';  z >  sup [z  | x  =  x ; у  =  у ;  I £ T ’} } U

U {t I t $ 7” ; t <E T ; z $ P r l2T )  (19)

T h e  o p e ra t io n  “ p ro jec tion  o n to  th e  x  — у  p la n e ”  is d e n o te d  b y  p r vl. T he  geo­
lo g ica l b o d y  T  is nam ed th e  low er absence zone o f  the geological body T .

T '  —  {f I t £ T ,  t £ T , 2 £ p r l2T' ,  z <  in f } z I x  — x ; y  = y ;  t £ T ’}} U

U {t | t $  T 'i  t<LT; z < tp r 12T '}  (20)
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Tabic 1

Truth of the relation “ containing”  between different geological bodies defined by the same taxon. 
I f  the geological body in the heading of the column contains the geological body in the heading of 
the row, then the respective item is one and zero else. Columns on the left for thegeneral case, columns 
on the right i f  the geological bodies are not partially redeposited. Normal deposition is assumed. 
T  is o f normal deposition, when i f  z >  z " , then t ( x ,  y , z ) <  t ( x , y , z') for each (x, y,\z), (x , y , z ') Ç  T

This  geol.  body  

c o n ta in s  th is  body T Aj
T A / T  1 J T Bi T Bjr ^ТА ~тАГ ^ Bi

^в .Г
i

T Aj 1 1 A
* i

0 ^ 0 0  0
I

0  1 
I __ ° l 1

I0 0
I

0  0

-  I

<1- 0 , 0
T

1 j 1 0.0
I

0 , 0 0 , 0 ° I1
0  I 0 0 10

T Bi 1 1 1
° | 1 1 г

1 11 o |i 0  1 o l  1 0  * 1

T B t *  
1 J

o l o i l l o l o 1 1
I

I
0  0 

I
oj 0 0  1

I

T Ai
I0 0

° °

0*0
I .

I
0 , 0

I
1 11

V
o } 0 0 | 0

T Ajr 0|0 0 | 0 0 | 0 o | o 0 10 1 1 1 O'O
■ .

o l o
_ 4 ___

T Bi
0 10 o l o o l o 0 * 0

I
1M

I
0 ^ 1

I 1 I 1
I

1 I1

тв,г 0 0 
I 0 0

I
« 0

I
0 0

___ I___

I
0 ,0 i p o l o

I
i l l

1

T h e  geological b o d y  CCTj is nam ed  th e  vertical convex cover o f th e  geological 
bod ies T p  j  £ J ,  i f

CCTj =  ( i  I 3 j i ,  j 2i tjp lj,\ jp>j2 £ J  ! tj, £ T;

x h  =  x u  =  *Î Ун = У ] .  =  У ’ zh < z <  zj . )  (21)

T h e follow ing re la tio n s  are of essen tia l im p o rta n c e  in  th e  use o f  fo rm alized  
s tra tig ra p h ic  u n its  a n d  a re  tru e , if  p a r tia l  red ep o sitio n  is ex c lu d ed :

T°'jiK С  n ((C C T f  ) n (CCT*)) (22)
X  j e j '  k £ K ’

T fj ,K  => U (П T f )  (23)
X '  / € / '

X  co n ta in s  a rb itra ry  co m bina tions { J \  K '}  w ith  p j  an d  p k ind ices; p j  =  1, . . 
m j, p k = 1 ,  . . . , m k. X '  co n ta in s  a rb itra ry  co m b in a tio n s I '  w ith  p t indices, 
p t =  1, . . .  ,ТП( i f  Г  П I s =  0  fo r th e  p o sitiv e  p a r t  I s o f an y  o th e r  in v es tig a ted  
ch ro n o s tra tig ra p h ic  u n i t  T f* , J '  C  J ,  K ’ d  К , Г  (Z I .
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Table 2

Code numbers of respective definitions of time order can be obtained adding 5 to each number in the Table. Summary of different precedence relations between 
two geological bodies Ti and Tj. Tj is above Tj in sense of the item in r-th column and s-th row, iff. quantity in the head of the column r is greater, 

than the quantity in the head of the rows. The number in each item denotes the code number of the definition in the text. (  After I. Dienes, 1977)

T j  is above

T{ in sense: 

if », >  »,

t £ К  П TjT* common part of T and a * direction lines

T* arbitrary if T* has common part with T j  and T j

К  =  T * 1! < K  = 3T* K =  VT* P* II LU

sup I inf 
{*> ! {«}

mean
{*}

sup
{*}

inf
и

mean
w

sup
{*}

inf
{«}

mean
w

sup
{■}

inf
{*}

mean
{*>

sup
{«}

inf
<•>

mean
w

sup {z’} 3 2 - 13 12 — 23 22 33 32 43 42 -

in f  {z’} l 4 - 11 14 21 24 - 31 34 - 41 44 —

m ean {z’} - - 5 - - 15 - - 25 — - 35 — - 45

4
0

0
 

D
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1.3. R ela tions o f  S p a tia l Order between Geological Bodies

T h e T ab le  3 show s th e  in te rre la tio n s b e tw e e n  d iffe ren t re la tions o f  sp a tia l  
o rd e r b e tw een  geological bodies.

T a b le  3

How follows the spatial orderedness of two geological bodies in sense r from that in sense p . Left 
column in general case, right column for a vertical line form  T. I f T j  ,,p” Tj, then Ti ,,r” Tj

r
1 2 3 12 3 2

1 1 l l l 0 1

2 0 l 0 l 0 1

3 0 l l l 0 1

12 0 l 0 l 1 1

32 0 l 0 l 1 1

T he T ab le  2 co n ta in s  th e  sh o rt fo rm  o f  th e  defin itions of th e  re la tio n s  of 
sp a tia l o rd er d e n o te d  b y  “ 1” — “ 45” .

1.5. In v a r ia n c y  o f  the Spa tia l Order tow ards Common Geological T ra n s fo r­
m ations

L e t T , { T J ,  T ( d  T , T ',  {i}, T j  d  T '  be  a rb itra ry , fixed . A ssum e th a t  
T '  d  T , T j  d  T t an d  if  t (£ T j  and t £ T, th e n  fo r  any  tx £ T „ zx >  z y z — y ,  
x  =  X ,  shou ld  be t ru e  tx T j. T hen  we call T j ,  { T j}  to be deducible fro m  T ,  {Т,-} 
by an ideal denudation.

L e t T , { T J ,  T \  T x be fixed  such  t h a t  T, d  T , T x d  T , T '“ 32” T X, 
T \T xli32” T X. L e t T j  =  T  U (T, f] T x) i f  T ,  f | (T \T x) ^ 0  and  T j  =  T ,  else. 
T h en  we nam e T ’, { T J  to be deducible fr o m  T ,  { T J  by an ideal redeposition.

L e t T , { T J ,  T ',  { T j} ,  T, d  T, T i  d  T '  be  a rb itra ry , fixed . W e assum e, 
t h a t  T  has b een  d issec ted  b y  th e  p lane S  in to  tw o  d isjo in t, n o t e m p ty  p a r ts  
T x an d  T |T x, an d  T ' m a y  be g enera ted  fro m  T  b y  m oving of T x, T X“ 32” T |T X 
along  th e  p lane  S  in  d irec tio n  v. I f  I f  v3 is n e g a tiv e , th e n  we call T ',  {T{} to be 
deducible fro m  T , { T J  by an  ideal normal fa u lt in g .

T h e defin itio n s above are of fo rm al a n d  s ta tic  ch arac ter. T h e y  define 
re la tio n s b e tw een  se ts  o f rea l num ber tr ip le ts .

W e n am e th e  relation  “ p ”  invarian t tow ards ideal denudation, redeposi­
tion , norm al fa u ltin g ,  if  fo r an y  a rb itra ry  T , { T J ,  T, “p ”  T j follows Т / “ p ”  T j  if
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Table 4

Attributes o f different relations of precedence between geological bodies. For relations 6 — 10,

R e l a t i o n  o f  o r d e r

A t t r i b u t e
1 2 3 4 5 6 7 8 9 1 0 11 12 1 3 1 4 1 5 1 6

A n t i s y m m e t r i c i t y 0 1 l l l 0 1 l l 1 0 1 1 1 l 0

T r a n s i t i v i t y 0 1 l l l 0 1 l l 1 0 1 1 1 l 0

I r r e f l e x i v i t y 0 1 l l l 0 1 l l 1 0 1 1 1 l 0

A s c e r t a i n a b i l i t y 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

P r e c l u d i b i l i t y 0 1 0 0 0 0 1 0 0 0 1 1 1 1 1 1

t o w a r d s  d e n u d a t io n 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

In
v

ar
ia

n
cy t o w a r d s  r e d e p o s i t io n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

t o w a r d s  n o r m a l  f a u l t in g 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

t o w a r d s  r e c o n n a is s a n c e 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0

T ',  {T 'j} is deducib le  from  T , {T,} b y  an  idea l d e n u d a tio n , red ep o sitio n , n o rm a l 
f a u lt in g . W e nam e th e  relation  “p ”  ascertainable w ith  knowledge o f  T 1 c I T ,  if  
th e re  e x is ts  a t  least one r, r £ [1, 45] so, t h a t  T t “p ”  T j follows fro m  T 1 П 
n T t  “ r ”  T 1 П T j  for an y  T h T j  cZ T .

W e  n a m e  th e  relation  “p ”  precludible w ith knowledge o f T 1 CZ T , if  th e r e  ex is ts  
a t  le a s t  one  r, r £ [1, 45] so, t h a t  (T " p "  T j) fo llow s from  T 1 f | T t “ r ”  T 1 f) T j  
fo r e a c h  Г,- an d  T j.

V iew in g  to  th e  geological p rax is , th e  re la tio n s , w hich are p re c lu d ib le  or 
a s c e r ta in a b le  b y  boreholes or su p e rf ic ia l o u tc ro p s  b e a r  th e  g rea test im p o r ta n c e .

G eo log ica l cogn ition  is g e tt in g  dow nw ards in  th e  space w ith  t im e . I n  a 
g eo lo g ica l co lum n, i f  an y , o n ly  th e  to p  ap p e a ra n ce  o f a fea tu re  m ay  b e  re c o rd e d  
c e r ta in ly ,  i.e . th e  u p p e r b o u n d a ry  o f th e  geological bodies. T herefo re  o n ly  th e  
re la tio n s  d efin ed  b y  th e  u p p e r  b o u n d a rie s  m a y  b e  s ta te d  certa in ly , i f  a u x ilia ry  
in fo rm a tio n  is n o t availab le .

L e t  T , {T t} , T ,  {T }} be f ix e d , such , th a t  T '  <= T , T ; e  T, Т / : =  T t П T . 
T h e  re la tion  “p ”  is n am ed  in va r ia n t towards a n y  reconnaissance w h ich  is 
getting  o n  downwards if  T{  “p ”  T f o l lo w s  from  T, “p ”  T j, w hen T ' “ 32”  Т \ Т ’.

T a b le  4 shows how  in v a r ia n t  th e  m o st im p o r ta n t  re la tions o f o rd e r  are  
to w a rd s  th e  tran sfo rm a tio n s  d e fin ed  here.
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18 — 20, 26 — 30, 38 — 40, assuming normal deposition before transformation

17 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1 3 2 3 3 3 4 3 5 3 6 3 7 3 8 3 9 4 0 4 1 4 2 4 3 4 4

l l l l 0 0 0 0 0 0 0 0 0 0 0 l l l l 0 l l l l 0 0 0 0

l l l l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

l l l l 0 1 1 1 1 0 1 1 1 1 0 1 1 1 1 0 1 1 1 1 0 1 1 1

0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1

l 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1 0 0 0 0 0 0

T h e m en tio n ed  tra n sfo rm a tio n s  also  p reserve  the  n o rm a l d ep o s itio n .

A ssum e th a t  T , { T f}  h av e  been  fo rm e d  from  T , { T f }  b y  a n  id e a l d en u d a­
tio n , red ep o sitio n  or no rm al fau ltin g . T h e n  —  following from  th e  T a b le  4 —  if 

f f  “ 32”  T f ,  th e n  also T f  “ 32”  T f  com es tru e .

1.5. Problem 1 o f  the Relative B iostra tigraph ic  Geochronology

U sing  defin itio n s in  D ienes I . ,  1977a an d  in  th e  p rev io u s t e x t  th e  m ost 
e ssen tia l p rob lem  of th e  re la tiv e  geoch rono logy  (problem  1) m a y  b e  fo rm u la ted  
as follow s.

Problem 1. T here  ex ists a se t o f  o u tc ro p s and b o reh o les  {
T hose  are  sam pled  in  th e  po in ts  {tik}iei.keKp an<  ̂ presence o r  ab sen ce  of the 
t a x a  j  =  1, , n  have  been  re c o rd e d , i.e . th e  value of th e  fu n c tio n s  f j  has 
b een  d e te rm in ed . T h en  we shou ld  lik e  to  f in d  a tim e scale, w h ic h  consists of 
m o m en ts  o f th e  ty p e : r j ,  x", i f  r". T h e  tim e  scale should be o p t im a l ,  i t  should 
c o n ta in  a m ax im al n u m b er o f ev en ts .

P ro b lem  1 is in d e fin ite , an d  f u r th e r  cond itions are n ec e ssa ry  to  o b ta in  a 
so lu tio n . C onditions and th e  so lu tio n  a re  in  th e  following th e o re m .

Theorem  1. L e t T , f k, f k, r(t), к  =  1, . . . , n  be fixed.
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L e t  T  be a geological body o f  normal deposition  t h a t  is le t th e  age x  b e  a 
m o n o to n o u s  decreasing fu n c tio n  o f vertica l c o o rd in a te  z . A ssum e th a t :

sup  { r( t)  I (x , y )  £ p r 12 T f  П p r 12 T f } ^  sup {r(t) | {x, y )  $ p r 12 T f  fl p r 12T f }  (24) 
t 4

in f  ( r ( í )  I (* ,y )  £ p r n T f  fl p r 12T f } ^  in f (t(í ) I (x , y ) <J pr12T f  f | pr12T f }  (25)
t t

T h e n  fo r  a n y  ( i , j ) ,  if  T f  “ 32”  T f ,  th e n  t"  <{ x" a n d  x'j <{ x[.

P roo f:

I t  is  ev iden t th a t  fo r  a n y  (x , y ) ,  such, t h a t  (x , y )  Ç p r 12 T f  f) P ri2T f  th e  
r e la tio n  z >  z ' is tru e  fo r a n y  t £ T(xv yv> f| T f ,  t ' £ T&v-yv), p) p f m

W e f ix  such a p a ir  (t , t ') .  T h en  x(t) <  r ( t ')  is t r u e ,  since T  is o f n o rm a l 
d e p o s itio n . So i t  follow s:

in f  { inf ( r  ( x ,y ,  z) I z £ p r 3 T (y'x) fl T f }  I (x , y ) £ p r 12T f }  <  r ( t ')  (26)

an d  so:

in f  { in f [x (x , y ,  z ) | z £  p r 3T (x'y) n  T f }  I (x, y )  £ p r 12T f }  <  in f  { r(t’) | T f $ t ' }  (27) 

S im ila rly  i t  is tru e

su p  {-r(t)} <  sup {r(i')}  (28)

C o n d itio n s  (24)— (25) p ro v id e  t h a t  relations (27) a n d  (28) are tru e , w h en  
x , y )  $ p r 12T f  П p r12T f ,  to o .

q .e .d .

Corollary 1. L e t us d en o te

T fL : =  { ( x ,y ,  z) I ( x , y ,  z) € T f ,  z  ^  z ' for a n y  (*, y ,  z ') £ T f  f| T (x,y>} (29)

T f u '■ =  {(*> 2) ( (x i У 1 z ) € T f ,  z > z '  for a n y  (x , y ,  z ') Ç T f  П T°*’y)} (30)

th e  lo w er an d  u p p er b o u n d a rie s  o f th e  geological b o d y  T f .  Assum e th e  co n d i­
tio n s  o f  th e  T heorem  1.

T h e n  i t  is ev iden t t h a t :

sup  {t (í ) I t £ T fu }  =  sup {x{t) j t Ç T f }  (31)

in f  { r (t) I t 6 T fL} =  in f {r(t) I t £ T f }  (32)
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T herefo re  i t  is t ru e  t h a t

x ’j  <  x\ follow s from  T fL “ 32”  T fL (33)

Xj <  TÍ an d  xj  <  x 1 follow  fro m  T fL “ 32”  T fa (34)

Xj <  < follow s fro m  T fu  “ 32”  T fu (35)

xj <  *; follow s from  T fu  “ 32”  T fL (36)

T h is  theorem  show s th e  ty p e  of sp a tia l o rd e r t h a t  m ay  be ap p lied , w h e n  th e  tim e 
o rd e r  of th e  re sp ec tiv e  ev en ts  is to  be s tu d ie d . O ne can also e a s ily  sho w  th a t

г;  >  T; follow s from  T JM “ 32”  T tN, M , N  =  {L, U} (37)

1.6. Solution o f  Problem  1

A precedence m a tr ix  { {eiy}} w hich h a s  b een  m ade ap p ly in g  re la tio n s  (33), 
(34), (35), (36), (37) d efin es  a ne tw ork , ay =  1 i f  ev en t /  p recedes e v e n t  i.

T hen  b y  an  a lg o rith m  fo r find ing  a m a x im u m  tra n s itiv e  p a th ,  a  m ax im um  
o rd e red  se t o f e v e n ts , i.e . an  ap p ro x im a te  t im e  scale m ay  be se le c te d  b y  th e  
a lg o rith m s of K o v á c s  L . B ., D i e n e s  I ., 1977. E a c h  even t of th e  sca le  is know n 
exp lic ite ly . T he sco ring  tim e  scale is o p tim a l in  sense of th e  m a x im a li ty  of the  
n u m b e r o f even ts.

A n o th er tim e  scale  m ay  be defined  a p p ly in g  th e  sam e se t o f  e v e n ts  and 
d e fin in g  th e  fo llow ing re la tio n  of o rder b e tw een  th e m : A n e v e n t is ca lled  firs t 
w h ich  is no t follow ed b y  o th e r  even ts an d  its  se ria l n um ber is m in im a l. A n event 
is called  second, if: e i th e r  n o t followed b y  o th e r  even ts and  its  s e r ia l  n u m b e r is 
m in im al excep ting  th e  f i r s t  ev en t, or i f  su ch  does n o t ex ist, a n  e v e n t  w hich is 
follow ed b y  one e v e n t a n d  its  serial n u m b e r is m in im al. A n a lo g o u sly  m ay  be 
d efin ed  even t m, 2 <  m  N .  T his tim e  scale  co n ta in s  N  e v e n ts , a lth o u g h  th e  
e v e n ts  o f th e  scale a re  n o t  know n exp lic itly . O n ly  an  upper a n d  lo w er estim a­
tio n  m ay  be m ade fo r  th e  positio n  k(i) of each  e v e n t i on th is  scale  b y  sum m ing :

2 < 4 j < k ( i ) < N - 2 a jl (38)
j = i i=i

H ow ever, th e  p reced en ce  m a tr ix  of th e  geological bodies T p t, P  Ç { U , L }  is no t 
k n o w n , only its  e s tim a tio n  b y  re la tions o f ty p e  T /P f) ( U T x,y) “ 32”  T,q П 
П (U T x'y). T herefo re  o n ly  re la tio n  (37) m a y  he  used  w ith o u t l im ita t io n s  when 
te m p o ra l o rder is to  be  de te rm in ed , an d  re la tio n s  (33)— (36) o n ly  lim ited . 
T h e  theorem  g u a ra n te e s  th e  a sy m p to tic  u n d is to rted n ess  o f th e  m a tr ix  m ade 
b y  ap p lica tion  o f th e  re la tio n s  of ty p e  (33)— (37).

Problem  also m a y  b e  re fo rm u la ted  a n d  th e n  a whole fa m ily  o f  problem s 
o f ty p e  “ problem  1”  m a y  be view ed in s te a d . W e f ix  a set o f a re a s  {T a}, x  £ a , 
th e  boreholes an d  o u tc ro p s  of th e  areas th e  geological b o d ies  to  be
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in v e s t ig a te d  on th e  a reas  { { T i0[}}i £ I x U J a U K a. L e t  us denote  p ro b a b ili ty  
d is t r ib u t io n s  of ty p e  Щ х , y )  \ T ? ’»  fl Т ы “ 32”  П T jay) by  i ,  j =
=  1, . . . , N .  Let P a be  a  p ro b a b ili ty  m easure o n  th e  space « an d  IVa b e  а 
r a n d o m  variab le  on th e  sp a c e  (a , P a). T hen we a re  in te re s te d  in  th e  sea rch  o f a 
se q u e n c e  o f  the  indices k la, . . . ,  kpjaa such, th a t  e i th e r

a) P x(T k,x “ 32” T k„z for a t least one Î  >  n  I

I и  ( Г ^ >  Л  Tkl ,)  “ 32”  U  (T(*,y) n  T b J  1 ^  n  > j  ^  N a) =  m a x , (39)
(X,y) (x.y)

M N a >  const (40)
or

b) Р ш >  const, M iVa =  m a x  (41)

M  is t h e  e x p e c te d -v a lu e -o p e ra to r . T hen th is  p ro b le m  m a y  be solved b y  d iffe re n t 
m e th o d s .

P a rt I I

2. A p p lic a tio n  o f O ptim al T im e  Scales

I f  once an o p tim al t im e  sca le  has been d e f in e d , i t  can  be ap p lied  in  th e  
s o lu t io n  o f  a num ber o f r e la te d  problem s. Two o f th e m  w ill be d iscussed  below . 
D i e n e s  I . ,  1978 discusses a  tfaird  problem , t h a t  o f  au to m a tic  p lo tt in g  of 
te m p o r a l  range charts.

2 .1 . The smallest b iostra tigraphic  unit which con ta in s  and the greatest bio- 
stra tig ra p h ic  unit which is  con ta in ed  in  a chronostratigraphic unit, defined  by  the 
m o m en ts  o f  the time scale

T h e  sm allest c h ro n o s tra tig ra p h ic  u n its  w h ic h  can  be defined  b y  th e  
m o m e n ts  o f a tim e scale a re  th o s e  which m ay  be  d e f in e d  b y  tw o n e ig h b o u rin g  
m o m e n ts . As fa r as th e  c h ro n o s tra tig ra p h ic  u n its  d e f in e d  b y  a tim e  scale  can  
n o t  b e  con tou red  e x p lic itly , geologists are in te r e s te d  in  th e  c o n s tru c tio n  of 
c o n to u ra b le  b io s tra tig rap h ic  u n i ts ,  such, w hich a re  in d ic a te d  in  th e  t i t le  o f  th e  
p r e s e n t  p arag rap h .

T h e se  geological b o d ie s  m a y  be view ed as th e  b est lower an d  u p p e r  
e s t im a tio n s  of the  c h ro n o s tra tig ra p h ic  u n its  o f th e  d iscussed  type .

I f  a  constructed  t im e  sca le  is fac tua lly  a  sc a le , th a n  one can  f in d  an  
eq u iva len t C type Oppel chronozone  for each c h ro n o s tra tig ra p h ic  u n it  d e fin ab le  
b y  th e  m om ents of th e  sca le . T w o defin itions a re  ca lled  eq u iv a len t i f  th e y  
b o th  d e f in e  th e  sam e g eo lo g ica l body . A ssum e, t h a t  m a xim u m  d e fin itio n s  are
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LE ME VE

1 Nummufftes anom alus DE LA HARPE

2 Nummulites burdígafensis DE LA. HARPE

3  Nummulites g lobulus LEYM.

4 Nummulites nitidue DE LA HARPE 

6 Nummulites partschi /D E LA HARPE/"

6 Nummulites aff. p em otus SCHAUB-

7 Nummulites aff. pustu losus DOUVILLÉE

8  Nummulites praelucasi DQUVILLÉE

9 Nummulites aff. p lanulatus' /LAMARCK/

10 Nummulites rotularius DESHAYES

11 Nummul i t es  subplanulajLUS HANTKEN ET MAD.

12 Nummulites subram ondi DE LA HARPE

13 Nummulites atacicus LEYM. stratiformis КАСЯ.

14 Nummulites böckhi ROZLOZSNIK 

‘16 Nummulites brongniarti D ARCH. ET HAIMÉ

16 Nummulites garnieri DE LA HARPE 

T7- Nummulites m illecaput BOUBÉE

18 Nummulites perforâtes /MONTFORT/

19 Nummulites s tr ia tu s  /BERGUIÉRE/

20 Nummulites s tria tu s  /BERG./ inflatus R02L

21 Nummulites stria tus /BERG./ pannonicus ROZ.

22 Nummufites g izehensis  FORSK.I lászlói

23 Nummulites uroniensis HEIM

24 Nummulites varîolarius /LAMARCK/

25. Nummulites chavannfesi DE LA HARPE 

26 ’ Nummulites inc rassa tus DE LA HARPE 

274 Nummulites aff. fabiani /PREVER/

28  Nummulites pulchellus. DE LA HARPE

29  Operculina am m onea LEYMERIE 

30 - Opôroillina granulosa LEYMERIE

31 Assilifia laxi&pi/a /D E LA HARPE/

32 Assîlina exponens /3ÖW ERBY/

33 Discocyclina douviHeî'/SCHLUMB./

34 Discocyclina pratti /MICHELIN/'

35 Discocyclina sella /D’ARCHIAC/

36 Operculina subam m opea LEYMERIE

37  Operculina parva DOUV.

Fig. 1. H aem era tab le  of some im portan t Eocene Foram inifera. M. J ámbor-K ness 1973 
Dorog Basin. T ransdanubia, H ungary
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Tabic 5

D efin ition  o f a maximum number o f chronostratigraphic

m JP kp b

l
3, 9 , 11, 29, 30, 36, 37 1, 2, 4, 5, 6, 7, 8, 10, 12, 13, 

14, 15, 16, 17, 18, 19, 20, 
21, 22, 23, 24, 25, 26, 27, 
28, 31, 32, 33, 34, 35

2
3, 8, 9, 11, 12, 29, 30, 36, 

37
1, 2, 4, 5, 6, 7, 10, 13, 14, 

15, 16, 17, 18, 19, 20, 21, 
22, 23, 24, 25, 26, 27, 28, 
31, 32, 33, 34, 35

3
1, 2, 4 , 5, 6, 7, 3, 8 ,9 ,1 0 ,1 2 , 

29, 30, 31, 32, 33, 35, 36, 
37, 11

13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 
27, 28, 34

4
1, 2, 4 , 5, 6, 7, 3, 8, 9, 10, 

12, 29, 30, 31, 32, 33, 35, 
36, 37

13, 14, 15, 16, 17, 18, 19, 
20, 21, 22, 23, 24, 25, 26, 
27, 28, 34

11

5
1, 2, 3, 4, 5, 6, 7, 10, 18, 

28, 29, 30, 31, 32, 33, 34, 
35, 37

13, 14, 15, 16, 17, 18, 19, 
20, 21, 22, 23, 24, 25, 26, 
27

8, 9, 11, 12

6

1, 2, 3, 4, 5, 6, 7, 10, 14, 18, 
19, 20, 21, 22, 23, 29, 30, 
31, 32, 33, 34, 35, 37

13, 15, 16, 17, 25, 26, 27, 28 8, 9, 11, 12, 36

7
1, 13, 14, 15, 18, 19, 20, 21, 

22, 23, 24, 29, 30, 31, 32, 
33, 34, 35, 10

16, 17, 25, 26, 27, 28 2, 3, 4, 5, 6, 7, 8, 9, 12, 
36, 11

a p p lie d , t h a t  is each ta x o n  is m e n tio n e d  in  each d e fin itio n , an d  in  th e  m ost 
p o w e rfu l possib le  res tric tio n s. I n  re sp ec t to  th e  D orog  B asin , T ra n sd a n u b ia , 
H u n g a r y  M . J a m b o r - K n e s s , 1973 p u b lished  th e  F ig . 1 w here th e  h a e m e ra  
( te m p o ra l  ran g e ) of th e  m ost im p o r ta n t  N u m m u lite s  h a v e  been  p lo tte d . B ased  
on  F ig . 1 , 15 events and 14 d if fe re n t  chrons and  re sp ec tiv e  c h ro n o s tra tig ra p h ic  
u n its  c a n  b e  defined. The e q u iv a le n t  m ax im um  C ty p e  O ppel ch ronozones are  
th e  fo llo w in g : Fig. 1. T able  5.

D e f in it io n s  above fo r e ach  m  a re  co rrec t, in d e p e n d e n tly  from  th e  c o rre c t­
ness o f  t h e  ra w  range c h a rt, a p p lie d  as a basis a t  i ts  se ttin g  u p . H o w ev er, if  
th e  h a e m e r a  ch a rt were n o t c o r re c t ,  th a n  th e  defined  c h ro n o s tra tig ra p h ic  u n its  
m a y  n o t  f i l l  in  T , or th e  d if fe re n t  c h ro n o s tra tig ra p h ic  u n its  m ay  h a v e  com ­
m o n  p o in ts .

T w o  C type Oppel zones are nam ed discernible, i f  de le tin g  com m on  ta x a  
fro m  t h e  p o s itiv e  p a rt of th e ir  d e f in it io n , b o th  p o sitiv e -m em b er-rests  a re  n o t 
e m p ty . A  C type  Oppel zone T 1 is  not discernible fr o m  the C type O ppel zone T 2,
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units Т 0т based on the haemera table by M. JÁMBOH-K.NESS, 1973

m Jp

8
1, 10, 13, 14, 15, 16, 17, 18, 

19, 20, 21, 22, 23, 24, 25, 
26, 29, 30, 32, 33, 34, 35

27, 28 2, 3, 4, 5, 6, 7, 8, 9, 11, 
12

9
1, 13, 10, 16, 17, 18, 19, 24, 

25, 26, 29, 30, 32, 33, 34, 
35, 15

27, 28 2, 3, 4, 5, 6, 7, 8, 9, 11, 
12, 14, 20, 21, 22, 23, 
31, 36, 37

10
1, 10, 13, 15, 16, 17, 18, 19, 

24, 25, 26, 27, 28, 29, 30, 
32, 33, 34, 35

2, 3, 4, 5, 6, 7, 8, 9, 11, 
12, 14, 20, 21, 22, 23, 
31, 36, 37

11
1, 10, 13, 15, 16, 17, 19, 24, 

25, 26, 27, 28, 29, 30, 32, 
33, 34, 35

2, 3, 4, 5, 6, 7, 8, 9, 11, 12, 
14, 18, 20, 21, 22, 23,
31, 36, 37

12
13, 24, 25, 26, 27, 28, 29, 

30, 34
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 

11, 12, 14, 15, 16, 17, 
18, 19, 20, 21, 22, 23, 
31, 32, 33

13

25, 27, 28, 29, 30, 34 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, 
17, 18, 19, 20, 21, 22, 
23, 26, 31, 32, 33, 34, 
35, 36, 37

14

25, 27, 28, 29, 30 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, 
17, 18, 19, 20, 21, 22, 
23, 24, 26, 31, 32, 33, 
34, 35, 36, 37

i f  each  ta x o n  in  th e  positive  m em ber o f  th e  d efin itio n  of Т г is p re s e n t  also in  
t h a t  o f T 2. A  stratigraphic un it  c o n s is tin g  o f C ty p e  O ppel zo n es  is nam ed 
discernible, i f  a ll zero o rder co m p o n en t u n i ts  a re  p a ir-b y -p a ir d isc e rn ib le .

C h ro n o stra tig rap h ic  u n its  T ]  d e f in e d  b y  a tim e scale fo rm  a chrono- 
s tra tig ra p h ic  u n it  o f th e  f ir s t  o rder, B . I f  i t  is n o t discernible, t h e n  th e re  occur 
c h ro n o s tra tig ra p h ic  u n its  in  B , t h a t  c a n  n o t  con ta in  e x p lic it ly  co n to u rab le  
b io s tra tig ra p h ic  u n its , Т,- £ В  such , w h ic h  are  ce rta in ly  c o n ta in e d  in  T t.

In  reg a rd  o f  th e  T ab le  1 th e  c h ro n o s tra tig ra p h ic  u n its  Т 1? T 2 (d esp ite  of 
th e  possib le  erro rs in  th e  range ch a rt)  a re  n o t  discernible, T x a n d  T 7 a re  discern­
ib le  an d  T г is n o t d iscern ib le  from  T 2, b u t  T 2 is discernible f ro m  T v  T h e  equa­
tio n s  (22) an d  (23) define  th e  la rg es t b io s tra tig ra p h ic  u n it , w h ic h  is ce rta in ly  
a p a r t  o f a c h ro n o s tra tig ra p h ic  u n it  T ss , a n d  th e  sm allest b io s tra t ig ra p h ic  u n it 
w h ich  c e rta in ly  co n ta in s  Tss. T he sam e  e q u a tio n s  hold fo r T 0r w h e n  ta x a  are 
n o t  p a r tia lly  red ep o sited  an d  T  is o f n o rm a l deposition.
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2 .2 . E stim a tion  o f  the R e la tive  Age o f  a S a m p le

W e  assum e th a t  a p reced en ce  m atrix  is a v a ila b le , and  a tim e scale h a s  
been  d e f in e d . The ta x a  i  £ I '  h a v e  been found  in  a sam p le  around th e  p o in t  
( Ç T , a n d  th e  m om en ts o f  th e  scale r ;, t i+m a re  search ed , w hich s a tis fy  
r t r ( t)  <  Ti+m b u t  V r k <  X(, r(t) ^  г,, an d  V т i+m, r ( i)  «К t k. T h is is th e  
d u a l p ro b le m  of th e  p ro b le m  w hich has b een  d iscu ssed  in  th e  p a ra g ra p h  
2.1 . T h e  sm a lle s t c h ro n o s tra tig ra p h ic  u n it T  w h ich  c o n ta in s  a b io s tra tig ra p h ic  
u n it  T  is to  be found . T h is  p ro b lem  will be ca lled  P ro b le m  2 of th e  re la tiv e  
b io s tra t ig ra p h ic  c h ro n o s tra tig ra p h y .

I f  no  fu r th e r  o b se rv a tio n  is available a b o u t t h e  presence of fossils in  
o th e r  sam p le s  of th e  sam e v e r t ic a l ,  th e n  th e  sm a lle s t z e ro  o rder b io s tra tig ra p h ic

u n it  T  w h ich  con ta in s a sa m p le , w here th e  t a x a  i  Ç I  have  been id e n tif ie d , 
an d  th e  la c k  of th e  ta x a  j  Ç J  a n d  к  Ç К  has b e e n  e s ta b lish e d  is th e  fo llow ing :

г  =  ( n  T f )  n  (ТПг?) n  (U T f )  (42)
1er j t f  k£K'

I f  th e  p resen ce  of th e  ta x a  к  £ К '  under th e  sa m p le  a n d  th e  presence o f  th e  
ta x a  j  £ J '  above th e  sam p le  a n d  th e  presence o f  t h e  ta x a  l £ L ' u n d e r  a n d  
ab o v e  th e  sam ple h av e  b een  o b serv ed , th en  also  th e  sm a lle r  geological b o d y

T  =  ( n  T f )  n  (П  T f )  n  (n  T f )  n  ( n  T f )  n  ( n  T f )  (43)
ter, ter, jeK' je j ' pep•

c o n ta in s  t h a t  sam ple. T h e  t a x a  p  Ç P ' have n o t b e e n  id e n tif ie d  a t all. F u r th e r ­

m ore w e d e fin e  C ty p e  O p p el chronozones, T  w h ich  c e r ta in ly  contain  th e  b io ­

s t r a t ig ra p h ic  u n its  T  d e fin e d  ab o v e . So we o b ta in  c h ro n o s tra tig rap h ic  u n i ts ,  
w h ich  c e r ta in ly  co n ta in  t h a t  sam ple . I f  no f u r th e r  o b se rv a tio n  is av a ila b le  
a b o u t th e  presence of fossil t a x a  along the  sam e  v e r t ic a l ,  th en  the  fo llow ing  
re la tio n  m a y  be used fo r  th e  age estim ation :

T e n  F f ,  T f  =  (fl T f )  П ( C C T f )  n  ( C C T f )  (44), (45)
s tei, tej, ieK,

г  П (K s U J s) =  0  , K s C  K ' ,  J s <r J ' ,  (46), (47), (48)

I f  f u r th e r  observ a tio n s a re  a v a ilab le , th en  th e  fo llo w in g  relations m a y  b e  
u sefu l:

T  о  П T f  , w here o v e r (49)
e

{ I \  U Г2) П (K s U J s) =  0  , (50)

K ' n J = 0 ,  (51)

K s n  J '  =  0 , (52)
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3. C om plex Scales

T h e  t r u th  o f th e  p rev io u s s ta te m e n ts  is n o t re s tr ic te d  to  b io s tra tig ra p h ic  
u n its . I f  th e  analogous fo rm a l con d itio n s are  fu lfilled , th e n  a n y  o th e r  (litho- 
s tra tig ra p h ic  or m ixed) u n it  is a p p ro p ria te  fo r se ttin g  u p  a  co m p le x  tim e  
sca le , a n d  also th e  ru les  for th e  e s tim a tio n  o f  th e  re la tiv e  age o n  t h a t  scale 
a re  th e  sam e.

C onclusions

T h e  m ain  prob lem s o f th e  re la tiv e  geochronology, n am ely  th e  e s ta b lish ­
m e n t o f  o p tim a l tim e  scales u sin g  e lem en ta ry  observ a tio n s an d  th e  e s tim a tio n  
o f  th e  re la tiv e  age o f a sam p le  in  re g a rd  o f th e  scale m ay  be fo rm u la te d  as 
fo rm a l p rob lem s, an d  m a y  be  so lved  b y  log ically  co rrec t s te p s  accep tin g  
ra t io n a l  geologic supp o sitio n s fo rm u la te d  in  a fo rm al w ay.
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СОЗДАНИЕ ОПТИМАЛЬНЫХ ХРОНОЛОГИЧЕСКИХ ШКАЛ И ИХ ПРИМЕНЕНИЕ

И. ДИЕНЕШ

Р е з ю м е

События в геологоческой истории могут быть определены изменениями характерис­
тик город в пространстве. Из существования порядка в пространстве между определен­
ными геологическими телами можно сделать вывод о соотношении между определенными 
событиями в отношении порядка их времени. Правильность и временна вывода зависит 
от степени соответствия между примененными типами пространственного порядка и 
от инвариянции пространственного порядка по отношению к общим геологическим 
преобразованиям.

Исследовались некоторые пространственно-временные связи между формализован­
ными био- и хроностратиграфическими единицами и их инвариянцией применительно к 
всеобщей ситуации и к случаю нормально отложившихся тел горных пород.
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Определялись оптимальные хронологические шкалы и методы их построения. Рас­
сматриваются условия, позволяющие решение проблем. Показан метод подсчета относи­
тельного возраста образца.

Рассматриваемая методика была с успехом применена для эоценовых отложений 
Дорогского бассейна (Задунайский край, ВНР). Для создания комплексной шкалы и пра­
вил диагностики для определения возраста образцов совместно применялись различные 
группы ископаемых организмов, например, нанноформ, моллюсков, фораминифер и лито­
логические данные.
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