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ALUMINIT IN DEN BAUXITLAGERSTÄTTEN 
YON SZŐC, UNGARN

Von

G y . B á r d o s s y  und Cs. S a j g ó

GEOCHEM ISCHES FORSCHUNGSLABORATORICM  D E R  UNGARISCHEN A K A D EM IE 
D E R  W ISSEN SCH A FTEN , B U D A PEST

In  den  B a u x itla g e rs tä tte n  des Szőcer B a u x itg e b ie te s  w urden  w eiße A lu m in it-  
n e s te r  gefunden . D ie A u th o re n  b e rich ten  ü b e r  d ie  chem ische, th erm ische  u n d  rö n tg en -  
d iffrak to m e trisch e  U n te rsu ch u n g  de r A lu m in ite . E s  w u rd en  auch  die P h a se n u m w a n d lu n -  
gen bei de r E rh itz u n g  des A lu m in its rö n tg en o g ra p h isch  bestim m t. S c h lie ß lic h  b e sc h ä f ti­
gen sich  die A u th o re n  m it den  B ild u n g su m s tä n d e n  des A lum inits.

E s  w u rd en  u n lä n g s t im  T ie fb au  N y íre sk ú t I I  im  ziegelro ten  p e lito m o r- 
p h en  B a u x it  1 — 3 cm  große, w eiße N este r g e fu n d en , die aus re in em  A lu m in it  
b este llen . Im  T ie fb au  F e lix  I I  fan d en  w ir im  m ittle re n  Teil des B a u x itk ö rp e rs  
im  z ieg e lro ten  B a u x it w eiße A usscheidungen , d ie sch ich ta rtig , fa s t  h o riz o n ta l 
liegend  in  e iner m eh r als 20 m  lan g en  S treck e  s ic h tb a r  w aren. Sie s in d  1 4  cm 
im D u rch m esse r, w eiß, k o m p a k t oder po rös, se lten  schw ach faserig . Sie b e ­
s teh en  au ch  aus reinem  A lu m in it  u n d  sin tl v o n  2 -  4 m m  b re ite n , fa se rig en  
G ips-A dern  beg le ite t.

A lu m in it, dieses se ltene  M ineral is t n a c h  den  A ngaben d er m in e ra lo g i­
schen H a n d b ü c h e r  aus T o n en , M ergeln u n d  L ig n ite n  als sek u n d ä re  A u ssch e i­
du n g  b e k a n n t. E s w urde  von  G e d e o n  (1955) aus den  H a n g e n d e sc h ic h ten  d er 
B a u x it la g e rs tä t te  G án t besch rieben . E s k o m m t d o rt zw ischen b ra u n e m  T on 
und  K a lk s te in  vo r. W ir h ab e n  es im  B a u x it-T a g e b a u  von Süm eg-S ző lőhegy  
nachgew iesen , wo es an  d er O berfläche des L iegendkalkes einige cm  d icke, 
lockere , w eiße Ü berzüge b ild e t (B á r d o s s y  1959). D ieser Ü berzug b e s te h t  aus 
60%  A lu m in it u n d  w ird  v o n  G ibbsit b e g le ite t. Im  eigentlichen  B a u x i t  w ar 
A lu m in it b ish e r u n b e k a n n t.

A us T abelle  1 is t  zu  ersehen , d aß  d ie  chem ische Z u sam m en se tzu n g  
des S zöcer A lu m in its  der th eo re tisch en  A lu m in it-Z u sam in en se tzu n g  se h r  n ah e  
s te h t. D ie w esen tlich ste  V erun re in igung  is t  d ie  K ieselsäure, die w ir m it  H ilfe  
u n se re r R ö n tg e n u n te rsu c h u n g e n  als K a o lin it b estim m en  k o n n ten . S e in e  aus 
dem  S i 0 2 b e rech n e te  M enge is t 1 ,5% . D er C aO -G ehalt is t an  G ips g e b u n d e n . 
D er rö n tg en o g rap h isch  b e s tim m te  A lu n itg e h a lt is t  1% ; er k an n  n u r  fü r  einen  
Teil d e r  chem isch  nachgew iesenen  A lkalien  v e ra n tw o rtlic h  sein. W ir  m üssen  
desw egen  a n n eh m en , d aß  d e r größere Teil d e r  A lkalien  an der O b e rflä c h e  
der M in e ra lk ö rn e r ad so rb ie rt is t.

U n se re  rö n tg en sp ek tro g rap h isch e  U n te rsu c h u n g e n  ergaben , d a ß  die 
A lum in it-A u ssch e id u n g en  keine S p u ren e lem en te  in  nachw eisbarer M enge en t-
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4 GY. BÁRDOSSY und CS. SAJG Ó

Tabelle 1

A ngaben der chemischen Zusam m ensetzung

Aluminit,
theoretische
Zusammen­

setzung

W eiße
N ester, Szőc- 
N yíreskút II

Weißer
Aluminit,

Gánt

A lum init, 
New H uven 

(Sussex, 
England)

Aluminit,
Gaal

Sachsen

Punjab
Salt-Range

(India)

Gibbsit-
haltiger

A lum init,
Siimeg-

Szőlőhegy

a i2o , 29,6 29,59 31,82 29,9 30,5 30,1 44,68

so , 23,3 23,90 21,28 23,4 21,2 23,6 16,70

+ H , 0 ) 21,58 24,54 I 1 I 24,04
l 47,1 I 46,8 [ 46,0 } 46,4

- H . 0 j 23,18 22,80 1 1 12,17

SiO . 0,71 0,03 1.0 — 1,42

F e 20 3 — 0,07 0,00 — — — 0,55

T iO j — 0,17 0,00 — — — 0,03

N a ,0 — 0,50 0,00 — — — —

K 20 — 0,20 0,00 — — — —

CaO — 0,12 0,34 — 0,8 — —

MgO — 0,01 0,29 — 0,1 — —

M nO - 0,00 0,00 — — — —

P 2O ä — 0,00 — — — — —

CO. — 0,00 0,00 — — — —

100,0 100,03 101,10 100,1 100,2 100,1 99,59

h a l te n . D e r gesam te  G lü h v e rlu s t is t 6 8 ,8 % , in  Ü b ere instim m ung  m it  den 
A n g a b e n  des D e riv a to g ra m m s (A bb. 1). W ir k ö n n e n  aus dem  D eriv a to g ra m m  
fe s ts te lle n , d aß  bis u n g e fä h r  700° W asse rab g ab e , d a rü b e r S 0 3-A bgabe  s t a t t ­
f in d e t .  D ie  D T A -K u rv e  ze ig t bei 140 °C u n d  210 °C s ta rk e  e n d o th e rm e  R e a k ­
t io n e n . A n  d e r D T G -K u rv e  lö st sich d iese R e a k tio n sg ru p p e  noch  b esse r auf, 
es s in d  b e i 130°, 175°, 198 °C und  222 °C v ie r  T eileffek te  zu u n te rsc h e id e n . 
D e r S O s-A bgabe e n tsp r ic h t d ie  doppelte  e n d o th e rm e  R eak tio n , d ie  an  der 
D T A -K u rv e  bei 920 °C u n d  950 °C e in tr i t t .  D ie  schw ache exo therm e R e a k tio n  
be i 850  °C d e u te t eine U m k ris ta llisa tio n  an , d ie  w ir  sp ä te r rö n tg en o g rap h isch  
n a c h w e ise n  k o n n ten .

W ir  h ab e n  von  den  A lu m in it-A u ssch e id u n g en  eine R eihe von  R ö n tg e n ­
d if f ra k to m e te r-A u fn a h m e n  h e rg este llt m it  e in em  P h ilip s -D iffra k to m e te r  in  
C u K a-S tra h lu n g . D ie E rg eb n isse  sind m it d en  A n g ab en  der A S T M -K arte i im  
g u te n  E in k la n g  (T abelle 2). D ie A ufnahm en  zeigen  m ehrere R eflex io n en , die 
a n  d e r  A S T M -K arte  n ic h t angegeben  sind. D a  d iese  R eflexionen an  a llen  u n se ­
re r  A lu m in it-A u fn ah m en  m it denselben »d«-W erten  u n d  derselben  I n te n s i tä t  
a u f t r e te n ,  u n d  da sie m it k e in em  anderen  M in era l zu  iden tifiz ieren  sin d , n eh m en  
w ir  a n , d a ß  diese R eflex io n en  auch vom  A lu m in it  h e rrü h ren . U n sere  n eu en
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ALUM IN IT IN DEN BAUXITLAGERSTÄTTEN VON SZŐC 5

Abb. 1. D e riv a to g ram m  eines A lu in in it-N e stes  (Szőc, N y íresk ú t I I )
(A u fnahm e É .  P é c s i - D o n á t h  u n d  D. F e j é r )

A lu m in it-A n g ab en  b ed eu ten  eine V erfe in eru n g  d er A STM -W erte, d a  u n se re  
»d«-W erte g en au e r b e rech n e t sind , u n d  die In te n s i tä te n  s ta t t  d e r v isu e llen  
E in sc h ä tz u n g  a u f  w elcher die A S T M -K arte  b a s ie r t  is t, a u f  Im p u lsz ä h lu n g e n  
b e ru h en , die w ir m it dem  Z äh lro h rg o n io m ete r vo rgenom m en  h ab e n .

W ir u n te rsu c h te n  auch  die m inera lo g isch en  V orgänge, die bei d e r  E r h i t ­
zung  des A lu m in its  e in tre te n . W enn  w ir das M inera l 3 S tu n d en  la n g  a u f  100° 
e rw ärm en , erfo lg t ein G ew ich tsv erlu st von  2 0 ,9 % . S äm tliche  A lu m in it-R eflex io - 
nen  ve rsch w in d en , auch  jen e , die w ir a u f  G ru n d  d er obigen E rw ä g u n g e n  dem  
A lu m in it zu g eo rd n e t h ab en . D ie allgem eine R eflex io n sd ich te  u n d  I n te n s i t ä t  
d er A ufn ah m e n im m t s ta rk  ab. D er g rö ß te  T eil d er R eflex ionen  e n ts p r ic h t  
dem  AI..SO,, • 5 H 20  (T abelle 2). D ieselbe P ro b e , a u f  200°( e rw ärm t, z e ig t e inen  
to ta le n  G ew ich tsv e rlu st von  29 ,74% . D abei h a b e n  die R eflex ionszah l u n d  die 
In te n s i tä t  so abgenom m en , daß  w ir an n eh m en  k ö n n e n , daß  etw a 80 — 9 0 %  d er 
P ro b e  in  einen  am o rp h en  Z u s ta n d  ü b erg eg an g en  is t. D em  e n tsp r ic h t a u c h  eine 
flach e  A ufw ölbung  des D iffrak to g ram m s zw ischen  4,8 — 3,2 Â , w as d ie  A nw e­
sen h e it am o rp h en  M ateria ls a n d e u te t. D ie 'R eflex io n en  des A12SO,j • 5 H 20  sind  
v e rsch w u n d en ; es k ö n n en  s ta t t  dessen einige R eflex io n en  des A12( S 0 4)3 • 6 H 20  
id en tif iz ie rt w erden .

Acta Geologien Academiae Scientiarum Hungaricaв 12, 1968



6 GY. BÁRDOSSY und CS. SAJG Ó

Tabelle 2

Ergebnisse der

A lu m in it
ASTM

(8 — 55 K arte i 
en tsp rechend)

Aluminit D urchschnitt 
von 4 Proben, 

(Felix II)  
Zim m ertem peratur

Alum init 
(N yíreskút I I)  

Z im m ertem peratur

Aluminit 3 S tunden 
lang auf 100 °C e rh itz t

d I d 1 Mineral d I M ineral d I M ineral

9,0 100 9,040 432 A 9,036 448 A 8,420 20
7,8 100 7,938 480 A 7,922 496 A 7,570 157 ALSO , • 5 H..O
6.33 80 6,402 172 A 6,402 171 A 7,332 103
5.40 70 5,473 181 A 5,473 180 A 7,036 155 A L SO , ■5 H 20
5,20 30 5,300 62 A 5,298 56 A 6,486 23 A L S O ,• 5  H .O

5,169 44 A 5,169 45 A 6,146 19 A L SO , ■ 5 H .,0
4,96 70 5,029 158 A 5,029 146 A 5,901 15 A LSO , • 5 H..O
4,70 80 4,752 362 A 4,751 370 A 5,288 14 A LSO , • 5 tL O

4,500 32 A 4,494 30 A 4,971 20 A LSO , • 5 IL O
4,300 89 A 4,298 80 A 4,507 40

4,18 70 4,211 113 A 4,203 107 A 4,392 95 A LSO , • 5 IL O
3,72 100 3,726 320 A 3,726 312 A 4,187 75 A LSO , • 5 H .,0

3,620 50 A 3,618 44 A 3,983 300 A LSO , • 5 H .,0
3,54 30 3,558 44 A 3,553 40 A 3,767 37 A L S O ,• 5  H .O
3,41 70 3,448 133 A 3,442 128 A 3,682 30 ALSO , • 5  H .O
3,31 50 3,366 58 A 3,363 50 A 3,490 25
3,16 50 3,204 78 A 3,200 77 A 3,431 20
3,06 60 3,104 70 A 3,098 70 A 3,320 17
3,01 60 3,040 112 A 3,035 109 A 3,108 8

2,955 11 A lunit 2,947 10 A lu n it 2,959 8 A lu n it
2,86 50 2,879 42 A 2,881 42 A 2,928 7

2,799 10 A 2,795 8 A 2,846 9
2,730 93 A 2,726 90 A 2,767 10

2,68 60 2,696 90 A 2,694 87 A 2,695 18

2,647 26 A 2,646 24 A 2,629 9
2,620 27 A 2,616 25 A 2,606 8

2,60 30 2,556 12 2,556 12 2,569 18
2,510 36 A 2,506 35 A

2,49 30 2,476 19 A 2,470 17 A

2,439 12 2,439 9 2,435 7
2,403 35 A 2,402 37 A 2,396 10

2,38 30 2,368 36 A 2,365 34 A
2,343 36 A 2,343 34 A 2,346 26

2,32 30 2,313 17 A 2,309 16 A 2,265 32
2,222 68 A 2,222 68 A 2,229 12
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ALUM I NIT IN DEN BAUXITLAGE «STÄTTEN VON SZŐC

Röntgenuntersuchungen

A luminit 3 Stunden 
lang auf 200 °C erhitzt

Aluminit 3 S tunden 
lang auf 700 °C erh itzt

A luminit 3 
lang au f 945

Stunden 
( erhitzt

A lum init 2 S tunden 
lang au f  1045 °C erhitzt

«' ! 1 1 Mineral d I Mineral d 1 Mineral d 1 Mineral

9,090 6 9,584 6

8,665 5

6,910 9

6,602 15 A12(S 0 4)3 • 6 11,0

6,245 9

5,816 8

4,924 4

4,652 8 AI,(SO.,)., ■ 6 H ,0 4,795 4 4,706 6

4,329 8

4,037 7

4,410 8

3,948 13

3,900 10

3,767 8 A l,(SO ,)., ■ 6 H „0

3,508 5 A12(S 0 4)3 3,490 6 a A 1,03

3,479 70 a  A12O j

3,343 5

3,204 7 3,230 6

2,946 5 A lunit 3,097 и 3,259 5

3,033 6

2,813 5 2,761 6d У A L 0 3 2,830 11 © A l.,0 ,

2,760 17d V A120 3
2,702 16 0  A l.,0 ,

2,630 14

2,554 6 a  A 1,03 2,551 115 a  ALÓ.,

2,503 4 2,501 5

2,387 24d V A 1 ,0 3 2,378 67 a ,/A L O :

2,278 13d у  a i 20 3 2,280 18d У A120 3

Acta Geologien Academiae Scientiarum Hungaricae 12, 1()Ы1



8 GY. BÁRDOSSY und CS. SA JG Ó

A lum in it 
ASTM 
( 8 - 5 5  

K a rte i e n t ­
sp rechend)

Alum init D urchschn itt 
von 4 P roben, 

(Felix I I)  
Z im m ertem peratu r

Aluminit 
(N yíreskút I I )  

Z im m ertem peratur

A lum init 3 S tunden 
lang au f 100 °C erh itz t

d I d I M ineral d I M ineral d I M ineral

2,19 60 2,203 49 A 2,203 46 A

2,13 30 2,148 31 A 2,148 30 A 2,127 6

2,08 30 2,098 31 A 2,098 30 A

2,048 30 2,068 26 A 2,067 27 A 2,056 7

1,960 60 1,990 84 A 1,988 80 A 1,982 9

1,908 30 1,917 31 A 1,916 30 A 1,963 11

1,879 30 1,897 39 A 1,895 40 A 1,890 23

1,840 30 1,857 34 A 1,856 31 A 1,851 12

1,829 18 A 1,829 12 A 1,817 7

1,810 2 0 1,801 2 2 A 1,800 24 A 1,787 10

A =  A lu m in it

D re is tü n d ig e  E rh itz u n g  a u f  700 °C erg ab  4 2 ,8 8 %  G ew ich tsverlu st. D er 
g rö ß te  T e il des W asse rg eh a ltes  is t also e n tsc h w u n d e n . D ie R e fle x io n s -In te n ­
s i tä t  h a t  w e ite r ab g en o m m en , die am orphe  A u fw ö lb u n g  h a t  sich e rw e ite r t:  
die P ro b e  is t  n u n m e h r fa s t  vö llig  am o rp h . E s k o n n te  n u r  w enig A12(S Ö 4)3 
id e n tif iz ie r t  w erden .

B ei w e ite re r E rh itz u n g  b eg in n t die A b g ab e  des S 0 3 G ehaltes u n d  die 
R e k ris ta llis ie ru n g  des zu rü ck b le ib en d en  M a te ria ls . D em en tsp rech en d  e rh ä lt  
m an  be i 945° einen G ew ich tsv e rlu s t von 67 ,14% . M it b re iten , diffusen R e flex io ­
n en  e rsc h e in t das y  A120 3 u n d  daneben  w en ig  x  A120 3. D ie E rh itz u n g  a u f  
1050° e rg a b  n u r  1 ,68%  zu sä tz lich en  G ew ich tsv e rlu s t, ab e r die R e k ris ta llisa tio n  
is t s ta r k  fo r tg e sc h ritte n . D ie M enge des x  A120 3 h a t  s ta rk  zugenom m en; se ine  
sch m a len , sp itzen  R eflex io n en  d eu ten  eine w o h len tw ick e lte  K r is ta l ls tru k tu r  
an . D ag eg en  h a t die M enge des y  A120 3 s ta rk  a b g en o m m en . W ir nehm en  an , d aß  
sich  d as  x  A120 3 d a rau s  b ild e te . E nd lich  k o n n te  d ie  A nw esenheit von  ein igen  
P ro z e n te n  0  A120 3 au ch  nachgew iesen  w erden .

D ie  E n ts te h u n g  des A lu m in its  w ird in  d en  m inera lo g isch en  H a n d b ü c h e rn  
e in d e u tig  d u rch  die O x y d a tio n  von  P y rit o d e r M a rk a s it e rk lä r t, w obei sich  
S ch w efe lsäu re  b ild e te , die a u f  A lum osilika te  e in w irk t. T a tsäch lich  w aren  in  d e r 
o b eren  B au x it-Z o n e  d er Szőcer L a g e rs tä tte n  P y r i t -  u n d  M ark asit fü h re n d e  
g rau e  B a u x ite  allgem ein  v e rb re ite t . D a sie g rö ß te n te ils  n ah e  zu r O b erfläch e  
liegen , w u rd e n  sie m e istens ep igenetisch  o x y d ie r t. Im  F elix  I I  T ie fb au  fa n d e n  
w ir in  e tw a  4 m H öhe ü b e r  den  A lu m in it-A u ssch e id u n g en , in  der o b eren  
B a u x it-Z o n e , P y rit-M a rk a s it-N e s te . W ir n e h m en  a n , d aß  die d u rch  die O x y ­
d a tio n  e n ts ta n d e n e  S chw efelsäu re  nach  u n te n  s ic k e r te  u n d  a u f  den B ö h m  it
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A LU M IN IT IN  D EN  HAI X ITI.A I,ERSTA TTEN  VON SZÖC

Alum init 3 S tunden 
lang au f  200 °C erh itzt

Alum init 3 S tunden 
lang au f  700 °C erh itzt

A luminit 3 
lang au f 945

Standen 
°C erh itz t

A um n it 
lau au 1045

S tunden  
°C erh itzt

d ! I Mineral <i I M ineral d I I Mineral d I M ineral

2,204 4

2,025 5 2,087 8 a  A L 0 3 2,086 114 oc A L 0 3

1,977 55d У A L 0 3 1,977 40 d V A L 0 3

1,788 5 1,740 53 а  A 1,03

1,601 5 a A I ,0 3 1,602 94 а  A 1 ,0 3
1,541 7 1,545 8

1,517 lOd У A L 0 3 1,511 15d V A L 0 3

bzw . G ib bsit e inw irkend , A lu m in it b ilde te . G leichzeitig  h ab e n  d ie schw efel­
sä u reh a ltig en  L ösungen  aus dem  K a lz it des B a u x its  G ips g eb ild e t. D esh a lb  
sind  die A lu m in it-A u ssch e id u n g en  von  Gips b eg le ite t. E in e  V o ra u sse tz u n g  
d er A lu m in itb ild u n g  w ar au ch  die A lk a lien -A rm u t des M ilieus — so n s t h ä t te  
sich A lu n it g eb ilde t, der in  den  B a u x itla g e rs tä tte n  allgem ein  v e rb re i te t  ist. 
W ir n eh m en  an , d aß  der in  d e r chem ischen  A nalyse angegebene A lk a lien g e lla lt 
d e r A usscheidungen  w esen tlich  jü n g e r  is t, als die e ig en tlich e  A lu m in it-B ild u n g . 
E r  w urde  aus dem  d u rch s ick e rn d en  G rundw asser an  d er O berfläche  d e r M ine­
ra lk ö rn c h e n  ad so rb ie rt.

G e d e o n  (1955) e rk lä r te  die B ildung  des G á n te r  A lu m in its  als eine s ieb en ­
s tu fig e  chem ische R e a k tio n , w obei die S chw efelsäure a u f  T o n m in era le  e inw ürk te ; 
d er A l-G ehalt s ta m m t also aus den  T onm inera len . D ie v o n  u ns b esch rieb en e  
B ild u n g sa rt des Szőcer A lu m in its  is t ein an d ere r P ro zeß , w obei die S chw efe l­
sä u re  u n m itte lb a r  a u f  A l-H y d ro x y d e  einw irk t.
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1 0 G Y . BÁRDOSSY und CS. SAJGÓ

A L U M IN IT E  IN  T H E  B A U X IT E  D E P O S IT S  O F  SZŐC. H U N G A R Y

By

Gy. Bárdossy—Cs. Sajgó 

A b s t r a c t

W h ite  inclusions o f  p u re  a lu m in ite  were fo u n d  in th e  b a u x ite  m ines o f  th e  Szoc region. 
T h e  a u th o rs  studied  th e ir  c h em ica l com position, th e ir  th e rm a l p ro p e rtie s  an d  perform ed th e ir 
d e ta i le d  s tu d y  w ith  an  X - ra y  d iffrac to m e te r. F in a lly  th e y  m ak e  suggestions concern ing  th e  
o r ig in  o f  these m inerals.

АЛЮМИНИТ В БОКСИТАХ СЕЦКОГО РАЙОНА, ВЕНГРИЯ
Дь. БАРДОШШИ и Ч. ШАЙГО

Р е з ю м е

В красных пелитоморфных бокситах Сецкого района авторы нашли белые гнезда 
чистого алюминита. Они определили химический состав, термические свойства алюмини- 
товых образцов и детально изучили их способом рентгеновской дифрактометрии. Наконец, 
они занимаются вопросами генезиса этих алюминитов.
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CORRELATIONS OF RATE OF COOLING, 
TEXTURE AND MINERALOGICAL COMPOSITION 

IN THE PYROXENE ANDESITE COMPLEX 
OF THE CSERHÁT HILLS

By

P.  Á r k a i

GEO CHEM ICA L R ESEA R C H  LABORATORY, H U N G A RIA N  ACADEMY OF SCIENCES, B U D A PE ST

S ev era l m e th o d s o f th e  q u a n tita tiv e  e x a m in a tio n  of tex tu res  an d  th e ir  a p p lic a ­
b ility  a re  d iscussed . V o lum e-percen tage  te x tu re  g rap h s  a n d  seed n u m b er g ra p h s  p e r­
m it to  d is tin g u ish  be tw een  q u ick ly  cooling v o lcan ic  facies on  the  one h a n d , a n d  slow ly 
cooling su b v o lcan ic  facies, on  th e  o th er. I f  ro c k  bodies o f know n size a re  ex am in ed , 
th e  co rre la tio n s  be tw een  th e  s ta tis t ic a l  c h a ra c te ris tic s  o f th e  te x tu re  (a v e ra g e  g ra in  
size o f p lag ioc lase , a u g ite  and  m ag n e tite , th e  to ta l  n u m b er o f th e ir  nuclei), th e  vo lu m e- 
p e rcen tag e  m inera lo g ica l com position  an d  th e  r a te  o f cooling, re sp ec tiv e ly , c an  he 
ca lcu la ted . O n  th e  basis o f th e  average  g ra in  size an d  th e  tim e of cooling, th e  r a te  of 
g ro w th  o f th e  p a r tic u la r  rock fo rm ing  m in erals c an  be  e s tim a ted . B y using  th e  re la tio n ­
ships d esc rib ed  h e rew ith , th e  ra te  o f cooling o f a n y  sam ple  of sim ilar ch em ica l com ­
positio n , th e  te m p e ra tu re  o f p re -h ea tin g  o f th e  d ik es an d  ind irectly , th e  e x te n t  of 
d e n u d a tio n  c an  be de te rm in ed .

T h e in v e s tig a tio n s  concerned  w ith  th e  r a te  o f cooling of ig n eo u s rock  
b o d ies  an d  w ith  th e  in te rp re ta tio n  o f c ry s ta lliz a tio n  can he su b d iv id e d  in to  
th re e  g roups:

1. Q u a lita tiv e  an d  q u a n ti ta t iv e  e v a lu a tio n  o f rock  te x tu re .
2. D e te rm in a tio n  of th e  tim e  o f cooling.
3. C ry s ta lliz a tio n  ex p erim en ts.
T h e  g ra n u lo m e try  o f rocks w as s tu d ie d  am ong  th e  earliest w o rk e rs  b y  

Q u e n e a u  [1] a n d  L a n e  [2]. F irs t  sy s te m a tiz e rs  o f th e  te x tu ra l p ro p e r tie s  of 
igneous rocks w ere  R o s e n b u s h  [3] an d  I d d i n g s  [4]. T he in tro d u c tio n  o f  th e  
degrees o f c ry s ta ll in ity  (d is tin c tio n  of th e  p a r t ic u la r  te x tu re  ty p e s  acco rd in g  
to  th e  a b u n d a n c e  o f  vo lcan ic  glass by  Sz á d e c z k y - K a r d o s s  [5]) w as a  m a rk e d  
p rog ress a f te r  th e  q u a lita tiv e  in te rp re ta tio n s . A m ong  th e  s tu d e n ts  o f  th e  m a ­
th e m a tic a l p ro b lem s o f g ra in  size d e te rm in a tio n s  in  th in  sections w ere  R o s e n ­
f e l d  e t al. [6] a n d  G r e e n m a n  [7]. T he use o f  cu m u la tiv e  te x tu re  cu rv es  b ased  
up o n  th e  v o lu m e  p e rcen tag e  o f g ra in  size (S z á d e c z k y - K a r d o s s ; P e s t y  [8]) is 
a c le a r-c u t m e th o d  fo r th e  re c o n s tru c tio n  o f  th e  h is to ry  of c ry s ta lliz a tio n . 
As show n b y  H e r m a n n  [9], th e  one-peak  te x tu re  g raphs in d ic a te  u n ifo rm  
co n d itio n s o f c ry s ta lliz a tio n . D urin g  th e  e x a m in a tio n  of te x tu ra l c h a ra c te r ­
is tics, th e  o rig inal d e p th  o f c ry s ta lliz a tio n  o f th e  rocks can also be d e te rm in e d  
(Sz á d e c z k y - K a r d o s s  [10]). W ith  th e  c la ss ifica tio n  o f  th e  17 fa c to rs  re s p o n ­
sib le fo r ro c k  te x tu re ,  g ra in  size an d  c ry s ta l h a b i t ,  w ith  an analy sis  o f  th e ir
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e ffec ts , th e  rock te x tu re s  could  be d iscussed  u p o n  m erits (Sz á d e c z k y - K a r - 
d o s s  [11 ]) .

D u rin g  th e  a u th o r ’s in v es tig a tio n s  in  th e  ce n tra l an d  so u th w e s t p a r ts  
o f  th e  C se rh á t H ills th e  te x tu ra l  c h a ra c te r is tic s  an d  v o lu m e-p ercen tag e  m iner- 
a lo g ica l co m position  o f th e  p y ro x en e  a n d e s itic  lav as  of th e  L ow er T o r to n ia n  
v o lc a n ic  com plex  w ere d e te rm in ed .

N o s z k y  [12] considered  th e  andesites o f  th e  C serhát as u n ifo rm  p ro d u c ts  
o f a v o lc a n ic  a c tiv ity  o f sh o r t d u ra tio n . S c h a f a r z i k  [13] d is tin g u ish ed  th re e  
ty p e s :  au g ite -m ic ro litic  au g ite  andesites, a u g ite -h y p e rs th e n e  an d  h y p e rs th e n e  
a n d e s ite s . A ccord ing  to  Y e n d l  [14], co u n tless  tra n s itio n s  be tw een  th e  th re e  
g ro u p s  m a y  ex ist. B u d a  [15] fo u n d  th re e  e ru p tio n  phases. W ith  his in v e s tig a ­
tio n s  in  th e  W este rn  an d  N o rth e a s te rn  M átra  M o u n ta in s , K u b o v ic s  [16] la id  th e  
fo u n d a tio n s  fo r th e  c o rre la tio n  o f th e  a n d e s ite s  o f  th e  M átra  M o u n ta in s  an d  
C se rh á t H ills [17, 18]. In  th e  p re se n t p a p e r  th e  te rm s  p roposed  b y  K u b o v i c s  
a re  u se d  on th e  basis  o f th e  n o m e n c la tu re  d ev e lo p ed  b y  S z a d e c z k y - K a r d o s s  
P a n t o  — S z é k y - F u x  [19]. T h e  co rre la tio n  o f  th e  volcanic fo rm a tio n s  o f  th e  
C e n tra l a n d  S o u th w este rn  C se rh á t w ith  th o se  o f  th e  W estern  M á tra  M o u n ta in s  is 
p re s e n te d  in  T ab le  I.

Table I

Central and SW -Cserhát W estern M átra

W este rn  p a r t E as te rn  p a r t

v esicu lar
a n d es ite

am a fitic
a n d es ite

b ro n z itic  au g ite  
a n d es ite

m icroandesite  

vesicu lar andesite

am afitic  andesite

andesite  tu ff, 
agglom erate

b ronzitic  aug ite  
andesite

andesite  tu ff?

rh yo lite  tu f f

andesitogenic p o ta sh  
trach y te

m icroandesite

vesicular an d esite

am afitic  an d esite

andesite  w ith  a u g itic  
g roundm ass

fine-grained  a n d es ite  tu ff

bronzitic  p y ro x en e  
andesite

lapilli-bearing , pum iceous 
andesite  tu f f

hypersth en e  a n d es ite  

an d esite-dac ite  tu f f

p lagioclase-bearing  
m iddle rh y o lite  tu f f

A
s
ои

О

43

43
"Г

hypoandesite  
andesite  tu f f

04

s
О
u

43
43

Lower L ow er
A ndesite  V olcanic
G roup Com plex
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COOLING, TEX TUR E AND COMPOSITION IN THE PYROXENE ANDESITE 13

T h e co rre la tio n  can  be  e x te n d e d  over th e  e n tire  C serhá t H ills. T h e  te rm  
a m a fitic  an d esite  covers th o se  an d esite s  th a t  co n ta in  v e ry  ra re  p h e n o c ry s ts  of 
p y ro x e n e  or none a t  all (au g ite  m icro litic  an d esite  of th e  earlie r n o m en c la tu re ).

C oncern ing  th e  rocks o f th e  C se rh á t H ills to  be d iscussed in  th e  p re sen t 
p a p e r , th e  fo llow ing genera l conclusions can he  d raw n : 1. th e  s tu d ie d  vo lcan ic  
c o m p le x  o f th e  C serhát H ills can  be  p ara lle lized  w ith  th e  M iddle  A ndesite  
G roup  o f th e  M á tra  M o u n ta in s , rep re sen tin g  a m arg in a l facies; 2. th e  an d esite  

d ik es  a n d  th e  volcanic  lav a  shee ts  are  fo rm atio n s o f  th e  sam e age, re a d ily  p ara lle l- 
izab le  w ith  one an o th e r; 3. s tr ik in g  as i t  is, th e  co rrespondence  w ith  th e  M átra  
vo lcan ics  can  be ex p la ined  b y  th e  s im u ltan eo u s ascension of m ag m as form ed 
u n d e r  id en tica l geological co n d itio n s, in d iffe ren t places, w ith  d iffe re n t in te n ­
s ity  an d  p ro d u c tiv ity .

In te rp re ta tio n  o f th e  cu m u la tiv e  vo lum e-percen tage  tex tu re  g rap h s

In  s tu d y in g  th e  v o lu m e-p e rcen tag e  com position  of th e  te x tu re s ,  tw o 
d iffe re n t m ethods h av e  b een  used . O n th e  one h a n d , th e  av erag e  c ross-sec tions 
o f  th e  c ry s ta ls  m easu rab le  in  th in  sec tions, on th e  o th e r  h an d , th e  le n g th s  of 
th e  c ry s ta l  g rains m easu red , h a v e  been  ta k e n  in to  co n sid e ra tio n  in  p lo ttin g  
te x tu re  g raphs. C oun ting  w as p e rfo rm ed  b y  using  a ca lib ra te d  o cu la r on a 
c ro ss-carriag e  stage . In  o rd e r to  red u ce  e rro r in  cou n tin g , th e  a u th o r  used  
o r ie n te d  th in  sections. I t  seem ed reaso n ab le  to  select — as e q u iv a le n ts  o f th e  
o r ie n ta tio n  of lav a  or m ag m a m o v em en t, re sp ec tiv e ly  — p lanes p a ra lle l w ith  
th e  co n tem p o ran eo u s la n d  su rface  (p a ra lle l w ith  th e  b ed d in g -p lan es a n d  p e r­
p e n d ic u la r  to  th e  p lanes o f co lu m n ar jo in tin g ) fo r lav a  sh ee ts , a n d  planes 
p a ra lle l w ith  th e  d ike w alls fo r d ikes. In  th is  case, th e  only in flu en c in g  fac to r  
is th e  v a ria tio n  of th e  m easu re  o f o r ie n ta tio n  w hich  involves a s ta n d a rd  d ev ia ­
tio n  con sid erab ly  low er th a n  th e  e rro r  due to  th e  use of th in  sec tio n s o f  d if­
f e re n t  o rien ta tio n .

I .  T he co u n ting  o f te x tu re s , re ly in g  on th e  average  c ross-sec tions of 
c ry s ta l  g ra ins co u n ted  in  th in  sec tions, is a v e ry  useful m e th o d  fo r d is tin g u ish ­
in g  vo lcan ic  an d  subvo lcan ic  rock  facies (of h igh  an d  low ra te s  o f cooling) [17, 
18]. I t  co rresponds to  th e  m e th o d  o f p lo ttin g  of th e  longest a n d  sh o rte s t 
c ry s ta l  d iam eters  [10, 11]. A co m p ariso n  of 70 cu m u la tiv e  te x tu re  g rap h s  from  
th e  C se rh á t H ills an d  o f n u m ero u s ones from  th e  M átra  M o u n ta in s  [16] has 
le d  to  th e  follow ing conclusions:

1. T h e  g raphs o f th e  m ore  slow ly cooling subvo lcan ic  rocks h a v e  a single 
p e a k  each  and  a re  steeper.

2. T he m ore q u ick ly  cooling volcanic  rocks h av e  y ie ld ed  tw o -p eak  
cu rv es , w hich are  m ore p ro tra c te d .

O f th e  in d iv idua l m in era l c o n s titu e n ts , i t  is f irs t o f all th e  p lag ioclases, 
h a v in g  th e  h ighest a b u n d an ce  o f  all th e  m inera ls  p re sen t, th a t  show  g ra in  size
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d is tr ib u tio n s  revea ling  th e  m o s t s trik in g  d ifference  b e tw een  vo lcan ic  an d  sub- 
v o lc a n ic  facies:

F  acies
M ajor, po rphyry  

generation
In term ediary

generation Groundmass

V olcan ic m ax im u m  be tw een m ax im um  be tw een m axim um  betw een
1000 an d  5000 /1 200 an d  500 /л 10 and 100 1и

S u bvo lcan ic m ax im u m  betw een m inim um  be tw een m axim um  betw een
1000 a n d  5000 /i 200 an d  500 /л 50 and  200 /л

In  som e ty p es  th e  m in im u m  betw een  th e  m a jo r  a n d  in te rm e d ia ry  g en era tio n s 
c a n n o t be  de tec ted . T h e  m e th o d  has th e  a d v a n ta g e  o f in d ica tin g  th e  changes 
in  h a b i t  betw een  th e  c ry s ta ls  o f th e  in te rm e d ia ry  g en era tio n  belonging  to  th e  
p h e n o c ry s ts  on th e  one  h a n d , and  th e  g ro u n d m ass on th e  o ther.

I I .  T he g rain -size  d is tr ib u tio n  d iag ram s p lo tte d  on th e  basis of th e  
le n g th s  o f c ry sta l g ra in s  m easu rab le  in  th in  sec tio n s show , in  genera l, tw o 
p e a k s , th e  m in im um  o c c u rrin g  w ith in  th e  ran g e  o f  200 to  1000 /л. T h e  single 
te x tu r e  g raphs do n o t  in d ic a te  th e  change in  h a b i t  be tw een  th e  in te rm e d ia ry  
g e n e ra tio n  and  th e  g ro u n d m a ss , th e  b o u n d a ry  b e tw een  th e  tw o bein g  flu sh  
(e x c e p t fo r th e  sam ples o f  a v e ry  h igh ra te  o f cooling). F o r th is  reason , th e y  
a re  less su itab le  fo r q u a l i ta t iv e  co m p ara tiv e  s tu d ie s  th a n  th e  fo rm er m ethod . 
I t s  a d v a n ta g e s  are  h ig h e r  accu racy  an d  ease in  m a th e m a tic a l p rocessing  o f 
a g re a t  n u m b er o f m e a su re m e n ts .

A pplication of seed number graphs

F ro m  th e  com plex  g ran u lo m e tric  cu rves show ing  th e  d is tr ib u tio n  o f th e  
lo n g e s t an d  sh o rte s t c ry s ta l  d iam eters, one can  ca lcu la te  th e  seed n u m b er 
g ra p h s  w hich  d irec tly  re f le c t th e  m ain  fac to rs  o f c ry s ta lliz a tio n . In  c o n tra s t 
w ith  th e  d is tr ib u tio n  o f  g ra in  sizes in  vo lum e p e rc e n ta g e , w h a t is d e te rm in ed  
fo r  p lo tt in g  th e  seed n u m b e r  is th e  freq u en cy  o f  th e  in d iv id u a l c ry sta ls  
o f  d iffe re n t size p er u n i t  v o lu m e  (or, p ra c tic a lly , u n i t  len g th ). B y  d e te rm in in g  
th e  n u m b e r  of in d iv id u a l c ry s ta ls  =  n u m b e r o f n u c le i accord ing  to  g ra in  size 
ca teg o rie s , we o b ta in  v a lu e s  w hich  allow us to  p rec ise  th e  h is to ry  o f cooling 
o f igneous rocks an d  th e  d iffe ren tia tio n  o f vo lcano log ie  facies as well as to  
re c o n s tru c t  th e  p h y sico -ch em ica l agents o f d iffe re n tia tio n . S everal w ays of 
d e te rm in in g  th e  fre q u e n c y  o f  nuclei are possib le . In it ia lly , re la tiv e  seed 
n u m b e rs  w ere used  [17]. U n d e r  re la tiv e  seed n u m b e r  we u n d e rs ta n d  th e  ra tio  
o f  th e  vo lum e p e rc e n ta g e  o f  m inerals in  th e  in d iv id u a l g ra in  size categories
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to  th e  em pirical av e rag e  g ra in  size of th e  re sp ec tiv e  ca teg o ry , m u ltip lied  b y  
a fa c to r  know n fo r d iffe ren tia l g ran u lo m etric  cu rv es:

D uring  co u n tin g , th e  n u m b e r o f c ry s ta ls  =  n ucle i p er u n it  le n g th  in  th e  
te x tu re  can  also be  d e te rm in e d  [18]. T he re la tio n sh ip  b e tw een  th e  seed n u m b er

Seed number!cm 
volume percent

100 1000 10000/1 
---------- grain size

100.0

Fig. 1. V aria tio n  o f seed n u m b ers  p e r u n i t  v o lu m e-p ercen tag e  as a  fu n c tio n  o f  g ra in  size

p er 1 cm  and  th e  re la tiv e  seed n u m b e r can be  a p p ro x im a te ly  describ ed  in  th e  
follow ing form : 100 jR ^  1 seed n u m b er/cm . N ucleus frequencies a re  p lo tte d  
a g a in s t g ra in  size on a b ilo g a rith m ic  d iagram . T h ey  can  be  ca lcu la ted  from  th e  
v o lu m e-p ercen tag e  te x tu re  analyses. T he v a r ia tio n  o f  p lag ioclase n u c le i p e r 
u n it  vo lum e p e rc e n ta g e , b y  g ra in  size ca tegories, is
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y  =  100 ж“ 0'88

w h e re  у  is th e  freq u en cy  o f  th e  nuclei, x  th e  g ra in  size (leng th ) in  ц  (F ig . 1). 
T h e  coeffic ien t of c o rre la tio n  betw een  th e  lo g a rith m  of nucleus frequencies 
p e r  u n i t  volum e p e rc e n ta g e , on  th e  one h a n d , a n d  th e  lo g a rith m  o f th e  co r­
re s p o n d in g  grain size, on th e  o th e r, is 0.96.

I .  F o r d is tingu ish ing  volcanologie  facies a n d  fo r th e  q u a lita tiv e  in te r ­
p r e ta t io n  of th e  ra te  o f  co o lin g , v o lu m e-p ercen tag e  g ran u lo m e tric  an d  nucleus 
f re q u e n c y  curves, c a lc u la te d  from  counting  o f av e rag e  cross-sec tions, can  be 
u s e d  (F ig . 2). The sh a rp e s t d iffe rence  occurs in  th e  m idd le , 100 to  500 fi range  
o f  t h e  nucleus frequency  c u rv e s . T he ra tio  o f th e  a m p litu d e  of th e  m in im a  to  
th e  m a x im a  is p ro p o rtio n a l to  th e  ra te  of coo ling  o f th e  m ag m a th a t  has

--------------volcanic
-------------- su b v d c an ic

F ig . 2 . V o lum e-percen tage t e x tu r e  a n d  nucleus frequeno.y cu rv es o f qu ick ly  cooling vo lcanic
a n d  slow ly  cooling su b v o lcan ic  ty p es
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reach ed  its p lace  o f  so lid ifica tion  [18]. T he cu rv es  o f subvolcanic rocks in  th e  
m idd le  range  a re  su b lin ea r.

I I .  L ike th e  v o lu m e-p ercen tag e  v a lu es , th e  seed n u m b er cu rves based  
upon  th e  m ax im u m  len g th s  in th in  sec tions do  n o t  re flec t th e  d iffe rence  in 
h a b it  be tw een  g ro u n d m ass an d  p h en o cry sts . (H a b it  differences a re  ex p ressed  
by  th e  com plex  d is tr ib u tio n  curve  of th e  lo n g est an d  sh o rtest d ia m e te rs .)  
T he seed n u m b e r cu rves o f plagioclases, p lo t te d  th is  w ay , are m ore re g u la r , 
w ith  tw o  m ax im a  o r, less freq u en tly , w ith  o n e  m ax im u m . O n e-m ax im u m  
curves are  c h a ra c te r is tic  fo r th e  m ost p a r t  o f ro ck s  developed in  d ik e  facies.

F igs 3 to  8 i llu s tra te  th e  v a r ia tio n  o f th e  te x tu ra l  and  m inera log ica l 
ch a ra c te ris tic s  o f  som e ty p ic a l volcanic la v a  flow s an d  subvolcanic d ik es  as

M

Fig. 3. V a ria tio n  o f te x tu ra l c h a rac te ris tic s  and  m inera lo g ica l com position in th e  re m n a n t 
o f an  am a fitic  an d esite  lava  sheet a t  S z a n d a , C en tra l C serhát H ills

p lo tte d  ag a in s t th e  d is tan ce  from  th e  c o n ta c t o r th e  original lav a  su rface , 
re sp ec tiv e ly . T h e  d iag ram s include th e  m ed ian  o f  th e  v o lum e-percen tage  c u m u ­
la tiv e  cu rves o f th e  m ax im um  leng ths m e a su re d  in  th in  sections, th e  a r i th ­
m etica l m ean  o f th e  seed n u m b er curves o f  th e  in d iv id u a l m inerals (av e rag e  
g ra in  size), a n d  th e  v a ria tio n  of th e  v o lu m e-p e rcen tag e  m inera log ica l com ­
positio n . T h e  fo llow ing conclusions can be  d ra w n  th e re fro m :

1. In  lav a  sheets  th e  larg est m ed ian  a n d  av erag e  gra in  sizes o ccu r above 
th e  c o n ta c t a t  th e  h e ig h t co rrespond ing  to  1/3 o f to ta l  th ickness. I t  is th e
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Fig. 4. V a ria tio n  of te x tu ra l  ch a ra c te ris tic s  an d  m in era lo g ica l com position  in  a n  a m a fitic  
and esite  lav a  sheet o f  th e  C en tra l C se rh á t H ills (F ilag ó riah eg y )

Fig. 5. V a r ia tio n  of te x tu ra l  ch a ra c te ris tic s  a n d  m in e ra lo g ica l com position  in  a  b ro n z itic  
a u g ite -an d esite  lav a  sh ee t, P ü s p ö k h a tv a n , S o u th w este rn  C serhá t H ills

m a te r ia l  o f th e se  p o rtio n s  th a t  co n ta in s  le a s t  volcanic glass. I n  su b v e r­
tic a l d ik es , how ever, th e  m o s t com ple te ly  c ry s ta lliz ed  p o rtio n  is th e  c e n tra l 
p a r t  o f  th e  d ike (in acco rd an ce  w ith  th e  v a r ia t io n  o f th e  iso therm s in  t im e  [21]).

2. T h e  in rease  o f g ra in  size an d  th e  d ec rease  of volcanic glass, o b serv ed  
in  th e  n e a r-c o n ta c t p o rtio n s , can  b e  e x p la in e d  b y  th e  effect o f th e  tra n s -  
v a p o r iz e d  v o la tile  c o n te n t w hich  acc e le ra te d  c ry s ta l g row th  a n d  am p lified  
th e  te m p e ra tu re  (and  tim e) ra n g e  of c ry s ta lliz a tio n . S im ilar changes a re  b ro u g h t
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S N
Contact middle Contact Contact

Vo l и me per cent Volume per cent

Fig. 6. V aria tio n  of te x tu ra l  c h a rac te ris tic s  and ra in e ra lo g ica l com position  in th e  b ronzitic  
au g ite  a n d es ite  dike of B ercel, C en tra l C se rh á t H ills 

Fig. 7. V aria tio n  o f te x tu ra l  ch a ra c te ris tic s  and m ineralog ica l com position  in th e  so u th e rn  
a m a fitic  an d es ite  dike of th e  S o u th w e ste rn  C serhát H ills

ab o u t b y  th e  escap ing  v o la tile  c o n te n t close to  th e  d eg asa tio n -b o u n d , scoria- 
ceous lav a  surfaces [11].

3. T he a m o u n t o f  p lagioclases, au g ite , a n d  in  g en era l, o p aq u e  m inerals 
decreases, w hile t h a t  o f th e  v o la tile -b earin g  m in era ls  an d  o f vo lcanic  glass 
increases to w ard  th e  c o n ta c t an d  th e  lava  su rface .
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M

F ig . 8. V a r ia t io n  of te x tu ra l c h a ra c te r is tic s  and  m ineralog ica l co m position  in  a m icroande- 
s itic  lava sheet o f th e  S o u th w e ste rn  C serhá t H ills (G algagyiirk )

Calculation o f  the tim e and rate of cooling

T h e  ca lcu la tion  o f th e  ch an g es  in  te m p e ra tu re  w ith  tim e  in  d iffe ren t 
p o in ts  o f  m ag m a tic  bodies o f d if fe re n t size an d  sh ap e  is a p ro b lem  e lab o ra ted  
long  ag o  in  m a th em a tica l geo logy , a n d  recen t app ro ach es h a v e  becom e m ore 
a n d m o r e  a c cu ra te  ( I n g e r s o l l  — Z o b e l  [20], C o v e r i n g  [21], L a r s e n  [22], J a e ­
g e r  [2 3 ], S z á d e c z k y - K a r d o s s  [11]). In  th e  p re se n t p ap e r, on th e  basis  o f  th e  
size o f  t h e  igneous body , th e  t im e  o f cooling has been  c a lc u la ted  from  L o v e r - 
ING’s d ia g ra m s  for dikes a n d  la v a  flow s. T he d a ta  o b ta in e d  co rresp o n d  well 
to  t h e  su b se q u e n t resu lts  [11]. F o r  irreg u la r fo rm s, th e  co rrec tio n s u sed  b y  
J a e g e r  h a v e  been tak en  in to  c o n sid e ra tio n .

I n  th e se  calcu lations a m a g m a  of 1150 °C an d  a c o u n try  ro ck  o f 0 °C 
in i t ia l  te m p e ra tu re  have  been  a ssu m ed . T he c ry s ta lliz a tio n  in te rv a ls  of plagio- 
c lase , a u g i te  an d  m ag n e tite  h a v e  b een  assum ed to  be b e tw een  1150 a n d  800 °C, 
p a r t ly  o n  th e  basis of e x p e r im e n ta l d a ta  (Y o d e r  T i l l e y  [24], K o p e c k y  
V o l d á n  [25]), p a r tly  on th e  b a s is  o f  o b se rva tions on re c e n t vo lcanoes ( R i c h ­
t e r — M u r a t a  [26], M o o r e  — E v a n s  [27]). A verage ra te  o f cooling  expressed  
in  °C p e r  y e a r  u n its  has b e e n  c a lc u la ted  from  cooling tim e  v a lu es  p e r  1150 
to  800 °C te m p e ra tu re  d iffe rence.

R elationship between textural characteristics and rate of cooling

T h e  co rre la tion  of g ra in  size a n d  ra te  of cooling  w as s tu d ie d  b y  W i n k ­
l e r  [2 8 , 29] an d  Sz á d e c z k y - K a r d o s s  [11] w ho used  d iffe ren t m e th o d s . R e ly ­
in g  o n  th e  c ry sta lliza tio n  o f n e p h e lin e  a t  d iffe ren t te m p e ra tu re s  o f supercool-
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ing W i n k l e r  p lo tte d  th e  changes in  th e  ra te  o f c ry s ta l g row th , in th e  fo rm a tio n  
o f  nucle i an d  in  th e  size o f c ry s ta ls  a g a in s t th e  r a te  o f cooling a n d  su p e r ­
cooling. U sing th e  re su lts  o f h is ex p e rim en ts , h e  d raw , from  th e  g ra in  size d is­
tr ib u tio n  p a tte rn s  o f d ikes o f d iffe ren t th ick n ess , conclusions as to  th e  te m p e ra ­
tu re  of fo rm a tio n  of th e  in d iv id u a l m inera l v a rie tie s . In  in te rp re tin g  n e a r-c o n ­
ta c t  in crease  o f g ra in  size, he ignored , how ever, th e  effect of th e  v o la tile s  u p o n  
c ry s ta l g row th . In  s tu d y in g  th e  physico -chem ical an d  accessory geo log ica l 
fac to rs  co n tro llin g  c ry s ta l size an d  h a b it ,  S z á d e c z k y - K a r d o s s  [11] fo u n d  
a re la tio n sh ip  be tw een  cooling an d  te x tu re  g rap h s , em phasizing  th e  in flu e n c e  
o f  th e  v o la tile s  an d  alkali p ro m o tin g  c ry s ta l g ro w th . T h e  discovery  o f  th e  co r­
re la tio n  b e tw een  th e  ra te  of cooling an d  th e  p h en o c ry s ts  p rovides an  e x p la n a ­
tio n  fo r m an y  volcanologie p rob lem s.

T h e  aim  o f th e  p re sen t p a p e r  is a q u a n t i ta t iv e  s tu d y  of th e  re la tio n sh ip  
be tw een  te x tu ra l  ch a rac te ris tic s  an d  ra te  o f cooling. F o r th is  p u rp o se , th e  
s ta tis t ic a l  va lu es  o f th e  d is tr ib u tio n  o f th e  th in -se c tio n  c ry sta l len g th  b a se d  on 
n u c leus frequenc ies p lo tte d  a g a in s t th e  g ra in  size, h a v e  been used. P lo t te d  in 
an  a r ith m e tic a l sy stem  of co o rd in a tes , th e  f req u en cy  curves of ro ck fo rm in g  
m in era l nucle i e x h ib it an  ex trem ely  a sy m m etric , J -sh a p e d  d is tr ib u tio n . I t  is 
in  a sem i-lo g arith m ic  system  o f co o rd in a tes  (nucleus frequency  v e rsu s  log 
g ra in  size) th a t  a sy m m etrica l d is tr ib u tio n  is b e s t ap p ro x im a ted . T h is  fo rm  is 
th e  m o st su ita b le  fo r ca lcu la tio n s, th e  m ax im u m  o f th e  p h en o c ry s ts  b e ing  
in sig n ifican t. F o r th e  d is tin c tio n  o f th e  s tag es  in  igneous d ev e lo p m en t, th e  
p lo tt in g  o f th e  seed n u m b e r g rap h s in  a b ilo g arith m ic  system  is th e  m o st 
co n v en ien t m e th o d . In  th e  ca lcu la tio n s th e  m o d e -a rith m e tica l m ean - 
va lu es  o f  th e  sem i-lo g arith m ica lly  p lo tte d  seed  n u m b e r graphs a n d  th e  to ta l  
nucleus freq u en cy  values h av e  been  used , as th e  q u a n ti ta t iv e  know ledge o f  th e  
cooling  curves o f igneous bodies is g iven o n ly  fo r th e  phase  w hen th e  m a g m a  
has a lread y  reach ed  its  p lace  o f  so lid ifica tio n , w hile th e  segregation  o f  a p a r t  
o f th e  p h en o c ry s ts  seem s to  h av e  b eg u n  earlie r. B ecause  of th e  lo n g er d u ra tio n  
o f th e ir  g ro w th , th e  few  ea rly -seg reg a ted  n u c le i rep re sen t high v o lu m e -p e r­
cen tag e  va lues. T he consid era tio n  o f th e  a m o u n t o f phenocrysts  red u ces  th e  
co rre la tio n  be tw een  gra in  size an d  ra te  o f cooling. T h e  am o u n t o f th e  p h e n o ­
c ry s ts  c a n n o t be  d isreg ard ed , as th e  g ra n u lo m e tric  an d  nucleus fre q u e n c y  
cu rves in  m a n y  ty p es  a re  ch a rac te rized  b y  one m ax im u m  an d  as g ro u n d m a ss  
an d  p o rp h y ric  c o n s titu e n ts  c an n o t be  d is tin c tly  se p a ra te d . A ccord ing ly , w h a t 
Yve so u g th  to  develop  w as to  be a m e th o d  o f c a lcu la tio n  in  w hich th e  p h e n o ­
c ry s ts  in  th e  p h ase  of c ry s ta lliz a tio n , fo llow ing th e  a rr iv a l to  th e  p lace  o f  so­
lid ific a tio n , a re  rep re sen ted  acco rd ing  to  th e ir  im p o rtan ce .

T h e  co rre la tio n  of th e  a rith m e tic a l m ean  (re fe rred  to  as av e ra g e  g ra in  
size in  th e  re s t  o f th e  paper) of th e  seed n u m b e r  cu rves of p lag ioclase, a u g ite , 
an d  m a g n e tite , on th e  one h a n d , an d  of th e  co rresp o n d in g  ra te s  o f coo ling , on  
th e  o th e r , is show n in F ig . 9. W ith  in c reasin g  ra te  o f cooling, th e  av e rag e  g ra in
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size decreases f i r s t  v e ry  in ten s iv e ly  an d  th e n  a t  a g rad u a lly  declin ing  pace. 
T h e  g ra in  size o f a u g ite  an d  p a r tic u la r ly  o f  m a g n e tite  decreases m ore  m a rk ­
ed ly  th a n  is th e  case  w ith  plagioclases. T h e  fo llow ing  coeffic ien ts o f co rre la tio n  
r h a v e  b een  o b ta in e d :

Г log ra te  o f  coo ling—log av erage  p lag io c lase  g ra in  size =  — 0 .5 2  

r  log r a te  o f  coo ling— log average  a u g ite  g ra in  size =  0.70

1 log r a te  o f  coo ling  -log av erage  m a g n e tite  g ra in  size =  0.59

Fig. 9. R e la tio n sh ip  b e tw ee n  th e  a rith m e tic a l m ea n  (av erag e  g rain  size) o f th e  seed n u m b er 
g rap h s  o f  p lag ioc lase , au g ite  and  m a g n e tite ,  and  ra te  o f cooling

T h e deg ree  o f th e  c o rre la tio n  is reduced  p r im a r ily  b y  th e  e rro r o f th e  size d e te r ­
m in a tio n  o f th e  ro ck  b o d y , fo r a sm aller p a r t  b y  th e  errors of te x tu re  co u n tin g , 
b y  d iffe re n t v o la tile  c o n te n t and  in  case o f  d ik es , by  th e  effect o f th e  p re ­
h e a tin g  o f  th e  c o u n try  rock.

T h e  e q u a tio n s  o f  th e  co rre la tio n  are :

y 1 =  80 x ~ 01u, y a =  95 y 3 =  80 x ~°-‘-2

w h ere  x  is th e  r a te  o f  cooling, y v  y a, y 3, re sp ec tiv e ly , rep re sen t th e  m icron  
v a lu es  o f  th e  av e rag e  g ra in  size o f p lag io c lase , au g ite  an d  m a g n e tite . T he 
c o rre la tio n  o f W i n k l e r ’s [28] e x p e rim e n ta l r a te  o f cooling v e rsu s  av e rag e  
g ra in  size is a p p ro x im a te ly  described , w ith in  th e  range of cooling r a te  of 
103 to  105 °C p e r  y e a r , b y  th e  eq u a tio n  y  =  Ax~~ 0,i.

T h e  v a r ia tio n  o f  th e  to ta l  n u m b ers  o f  n u c le i o f th e  in d iv id u a l ro ck fo rm ­
ing  m in e ra ls  as a fu n c tio n  o f th e  r a te  o f cooling  is show n in F ig . 10. W ith  th e  
g ro w th  o f  th e  r a te  o f  cooling  th e  to ta l  seed  n u m b e rs  increase ex p o n en tia lly . 
T h e  c a lc u la te d  coeffic ien ts  o f co rre la tion  a re  as follow s:

r  log ra te  o f  coo ling—to ta l  p lagioclase n u c le u s  freq u en cy  =  0 .4 2  

1 log ra te  o f  cooling  —to ta l  a u g ite  n u c leu s freq u e n c y  =  0.37
__ A CD

r  log ra te  o f  coo ling—to ta l  m ag n e tite  n u c le u s  freq u en cy  o .o o
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Calculation o f the rate o f  crystal growth

M easuring  of th e  r a te  o f g row th  of th e  ro ck fo rm in g  m in era ls  is a p ro b ­
lem  t h a t  has been g iven  m uch  concern in  e x p e rim e n ta l pe tro lo g y . A fter th e  
basic  in te rp re ta tio n  o f c ry s ta lliz a tio n  (Ta m m a n n  [30]) h ad  been  done, th e  
d e te rm in a tio n  of th e  r a te  o f g ro w th  was d ea lt w ith  b y  n u m ero u s  w orkers. 
In  a s ilica te  m elt o f 5 6 %  S i0 2, 6 %  A120 3 an d  o f h igh Ca an d  Mg co n ten ts , 
N e u b a u e r  [31] m easu red  a r a te  o f d iopside g ro w th  o f 0.6 to  1.2 m m /m in  
a v a lu e  te n  tim es t h a t  o b ta in ed  b y  D o e l t e r  [32].  W i n k l e r  [28] crysta llized

Seed number !  cm

F ig. 10. V a ria tio n  of to ta l  seed n u m b er o f the  in d iv id u a l ro ck fo rm in g  m inerals as a fu n c tio n
o f th e  r a te  o f coo ling

a n ep h e lin e  m elt b y  ad d in g  som e L iF  to  i t  an d  fo u n d  a v a lu e  o f 0.1 m m /m in 
m a g n itu d e  fo r th e  av e rag e  ra te  o f grow th . D u rin g  a r tif ic ia l c ry s ta lliz a tio n  of 
o liv ine b a sa lts , L e o n t i e v a  [33] fo u n d  a m ax im u m  o f 2.6 p /m in  fo r pyroxenes, 
1.3 film in  fo r p lag ioclases, 0.06 /t/m in  for m a g n e tite . L e o n t i e v a  V o l a r o - 
v ic h  [34] s tu d ie d  th e  c ry s ta l  g ro w th  reducing  e ffec t o f  p ressu re  due to  over­
b u rd en .

T ak in g  in to  c o n s id e ra tio n  W i n k l e r ’s [28] conclusions as to  th e  tim e  of  
cooling, th e  a u th o r  h as  ca lc u la ted  th e  v a r ia tio n  o f  th e  r a te  o f g row th  o f th e  
in d iv id u a l m inera l ty p e s  fo r know n  average  g ra in  size an d  tim e  o f cooling by- 
d iv id in g  th e  av e rag e  g ra in  size b y  th e  fra c tio n  o f  th e  tim e  o f cooling co rre ­
spond ing  to  th e  in te rv a l o f c ry sta lliza tio n . T h is w ay , ra te s  o f g ro w th  c h a ra c te r­
istic  o f th e  tim e  o f cu lm in a tio n  o f nucleus fo rm a tio n  are  fo u n d . W ith  increasingи
ra te  o f cooling, th e  r a te  o f  c ry s ta l g row th  increases e x p o n e n tia lly  (F ig. 11). 
A ccord ing  to  W i n k l e r , th e re  is an  ex p o n en tia l co rre la tio n  b e tw een  ra te  of
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co o lin g  a n d  supercooling so t h a t  th e  lo g arith m ica l r a te  o f cooling  ax is is an 
e q u iv a le n t  o f th e  a rith m e tic a l scale  o f supercooling  (decrease of te m p e ra tu re  
in  th e  p re se n t case). F o r c o m p a riso n s , th e  ra te  o f g ro w th  o f p lag ioclases in 
a th o le i i t ic  lav a  lake has b een  ca lc u la ted . T he ra te  o f g ro w th  o f p lag ioclases is 
h ig h e r  t h a n  th a t  of aug ite  a n d  p a r t ic u la r ly  so, of m ag n e tite . T h is p a r t ly  c o n tra ­
d ic ts  th e  d a ta  of L e o n t i e v a  — accord ing  to  w hich  th e  r a te  o f g ro w th  of 
a u g ite  w o u ld  be h igher th a n  t h a t  o f p lagioclase as th e  rocks s tu d ie d  are  of 
d if fe re n t chem ical com position . S till o f 0.0001 p /m in  v a lu e  a t  low  ra te s  of cool­
ing , w ith  accelera ting  ra te  o f  coo ling , th e  ra te  of g ro w th  g ra d u a lly  increases to

fbImin.

0.1 ju/m in, app roach ing  th e  r e s u lts  o f ex p erim en ts  w ith  s im ila r d u ra tio n s . Beside 
d iffe ren ces  in  chem ical co m p o sitio n  an d /o r v iscosity , d ivergencies m ay  be due to  
th e  m e th o d  o f m easu rem en t ( i t  is n o t th e  average  va lu es  o b ta in e d  b y  th e  ex­
p e r im e n ts  t h a t  are given) a n d  to  th e  d iffe ren t in te rp re ta tio n s  o f  th e  te m p e ra ­
tu r e  r a n g e  o f  c ry sta lliza tion .

R e la tio n sh ip  betw een ra te  o f  cooling and  m inera log ica l com position

T h e  co rre la tion  of th e  v o lu m e-p e rcen tag e  am o u n ts  o f th e  in d iv id u a l 
ro c k fo rm in g  m inerals an d  th e  v o lc a n ic  glass as well as th e  s e p a ra tio n  o f hypo-, 
e n d o m e ta -  a n d  ex o m e tam ag m atic  effects has been  d iscussed  in  an  ea rlie r p a p e r 
[18]. I f  th e  m ineralogical co m p o sitio n  o f  sam ples of know n  ra te  o f cooling  is de-
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te rm in ed , th e  va lu es  o f th e  coefficient o f c o rre la tio n  betw een  th e  in d iv id u a l 
m ineral c o n s titu e n ts , on th e  one h an d , an d  th e  lo g a rith m  o f th e  ra te  o f cool­
ing, on th e  o th e r, can  be ca lcu la ted  (F ig. 12).

lop ra te  o f coo ling— volu m e-p ercen tag e  of p la ty ,  la th -sh a p ed  plagioclase

lorph ic  plagi
=  —0.25

- 0 . 6 9

r log ra te  o f coo ling—volu m e-p ercen tag e  of x e n o m o rp h ic  plagioclase

log ra te  o f cooling vo lu m e-p ercen tag e  of a u g ite  

Г log ra te  o f cooling  vo lu m e-p ercen tag e  of o p aq u e  m in e ra ls  (m ag n e tite )  0 .1 1  

1 log ra te  o f coo ling— volu m e-p ercen tag e  of v o lcan ic  g lass .38.

° xenomorph/c plagioclase x clay and carbonate minerals
+ augite • glass

Fig. 12. R e la tio n sh ip  be tw een  th e  m ineralogical com p o sitio n  an d  ra te  o f cooling of p y ro x en e
andesites

W ith  increasin g  r a te  o f cooling, th e  a m o u n t o f th e  p la ty , la th -sh a p e d  
plagioclases a n d  o f a u g ite  grow s e x p o n en tia lly , w hile  th a t  o f v o lcan ic  glass 
decreases. F ro m  th e  s lig h t co rre la tio n  o f x en o m o rp h ic  plagioclases a n d  opaque  
c o n stitu en ts  no  conclusion  can  be draw n.

In  th e  p y ro x e n e  an d esite s  stu d ied , th e  m icro -h o lo cry sta llin e  te x tu re  is 
connected  w ith  a facies o f 1 to  10 °C /year r a te  o f cooling , th e  p ilo ta x itic  te x tu re
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w ith  o n e  of 10 to  10 000  °C /year, th e  h y p o -c ry s ta llin e  in te rm e d ia ry  te x tu re  
w ith  one  of >  10 000 °C /year.

Geological conclusions

V o lu m e-p ercen tag e  te x tu r e  a n d  nucleus freq u en cy  s tu d ies  p e rm it to  
d e te rm in e  th e  facies o f th e  p lace  of so lid ifica tio n  o f  th e  lav a  (m agm a) an d  to  
d is tin g u ish  betw een  a n d e s ite s  o f vo lcan ic  an d  subvo lcan ic  facies.

T h e  b reak  (m in im um ) in  th e  m idd le  ran g e  o f th e  nucleus freq u en cy  cu rve  
re fle c ts  a change in  th e  r a te  o f cooling. In  rocks of d iffe ren t ty p e , th e  cooling 
cu rv es  o f  th e  phases t h a t  fo llow ed th e  a rr iv a l o f th e  m ag m a to  th e  p lace  of

F ig . 13. T heo re tica l schem e of th e  cooling curves o f m ic ro an d esites  as well as o f p o rp h y ry -  
im p reg n ated  v o lca n ic  an d esites  an d  sub v o lcan ic  d ik e-an d esite s

co n so lid a tio n , on th e  one h a n d , a n d  th a t  p reced ed  i t  (p a r tly  p re -e ffusion  
p h a se ) , on th e  o ther, can  be  in te rp re te d  as follows (F ig . 13). In  te rm s  of R i t t - 
m a n n ’s c lassification , m ic ro a n d e s ite  has c ry s ta lliz ed  from  a su p e rh e a te d  lav a , 
so t h a t  no change in  th e  r a te  of cooling can  be d e tec ted  from  th e  nucleus 
fre q u e n c y  curves. A m ong th e  p h en o c ry s t-b ea rin g  rocks, tw o g roups can  be 
d is tin g u ish e d : in  th e  v o lcan ic  ty p e  th e re  is a b re a k  on th e  cooling cu rv e , th a t  
c an  b e  ex p la in ed  b y  changes in  en v iro n m en t (e ru p tio n , o x id a tio n ); in  th e  su b ­
v o lcan ic  rocks of dike ty p e  ( in tru s io n  in  n a rro w  jo in ts )  th e re  is, as a ru le , no 
c h an g e  in  th e  ra te  of cooling , so t h a t  th e  cooling cu rv e  an d  c o n seq u en tly  th e  
n u c leu s  frequency  cu rve  a re  devo id  of b reak .

A v erag e  chem ical co m p o sitio n  of th e  p y ro x en e  andesites o f th e  C serhát 
H ills in  percen tag e  [35]:
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Î
P y ro x en e  p h en o cry sts  in  voi. pe r cen t

P lag ioclase  p h e n o c ry sts  in  vol. per cen t G ro u n d m ass in vol. p e r  cen t

•  b ro n z itic  a u g ite  a n d es ite
H---------— „ a m a f i t ic ”  a n d es ite
О • • • • m ic ro an d esite

1 S o u thw est C serhá t
2 C en tra l C se rh á t

Fig. 14. V a ria tio n  of th e  ab u n d an c es  o f p lagioclase a n d  p y ro x en e  p h en o cry sts  as well as ot 
th e  g ro undm ass in th e  vo lcan ic  cycle o f th e  C en tra l a n d  S o u th w este rn  C se rh á t H ills

SiO„ 54.70
T i0 2 1.05
AGO;, 18.09
F e 20 3 2.76
FeO 5.79
MnO 0.10
MgO 2.66
CaO 8.08
N a 20 3.37
K .,0 1.75
vo latile 1.65

p e r cen t

T h e d iag ram s p re se n te d  here  allow  to  d e te rm in e  th e  ra te  o f cooling  o f  an y  
p y ro x en e  an d esite  sam ples of sim ilar chem ical com position , from  w hich  th e  
size of th e  vo lcan ic  b o d y  can  be a p p ro x im a te ly  e s tim a ted .

In  case o f p o o rly  exposed , in com ple te  v o lcan ic  an d  subvo lcan ic  profiles, 
th e  b eh av io u r o r g ra in  size an d  m inera log ica l com position  allow s conclusions 
to  he d raw n  as to  th e  orig inal size o f th e  rock  body .

T h e  average  g ra in  size an d  m inera log ica l com position  o f sam ples o f dike 
rocks su g g est a r a te  o f cooling low er th a n  th e  ca lc u la ted  average  (F ig . 9). This 
can  be exp la ined  b y  a p re -h e a tin g  o f th e  c o u n try  ro ck  [11]. In  th e  so u th e rn  dike
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o f th e  S o u th w este rn  C se rh á t H ills an  in itia l c o u n try  rock  te m p e ra tu re  o f  
200 to  250 °C, in th e  d ikes o f  th e  C en tra l C se rh á t H ills 150 to  200 °C, can  be 
a ssu m e d . B etw een  th e  p o in ts  o f  250 m  an d  380 m  h e ig h t a.s.l. o f th e  6 m  th ic k  
b ro n z it ic  au g ite  an d esite  d ik es  o f B ercel (sam ples ta k e n  from  th e  m id d le  
s t r e tc h  o f  th e  dike) th e  d iffe ren ce  in  gra in  size, co rresp o n d in g  to  th e  130 m  
d iffe re n c e  in  e levation , is 45 /.i fo r  p lag ioclases, 10 fi fo r au g ite , a n d  17 p, fo r  
m a g n e ti te . F rom  th ese  f ig u re s  th e  d e p th  o f erosion  of th e  d ik e -lad en  p a r ts  
c an  a lso  b e  e s tim a ted : a m a x im u m  of 100 to  150 m  in  th e  w este rn  p a r t  o f th e  
C e n tra l  C serhá t H ills a n d  a b o u t  200 m  a long  th e  so u th e rn  d ike o f  th e  S o u th ­
w e s te rn  C serhát H ills.

A s regards th e  v a r ia tio n  o f  vo lcan ism  in tim e , th e  u n id irec tio n a l d ev e lo p ­
m e n t o f  vo lcan ic  rocks — b o th  q u a n ti ta t iv e  a n d  q u a lita tiv e  ch an g es in  th e  
p o rp h y r ic  co n s titu e n ts  — c a n  b e  d e m o n s tra te d  h e re  to o , like show n fo r th e  
M idd le  A n d esite  G roup o f th e  M á tra  H ills [16]. T h e  a m o u n t o f p o rp h y r ic  
p lag io c la se s  g rad u a lly  d ec reases . A ssocia ted  w ith  a b u n d a n t p o rp h y ric  a u g ite , 
b ro n z ite  occurs exclusively  in  th e  la v a  rock  m ark in g  th e  f irs t  e ru p tio n . A u g ite  
p h e n o c ry s ts  are sp o rad ica l in  th e  am afitic  an d e s ite , be ing  co n fin ed  to  th e  
g ro u n d m a ss  in th e  su b se q u e n t phases. In  F ig . 14 th e  ab u n d a n c e  o f ]> 200 // 
p la g io c la se  and  p y ro x en e  p h e n o c ry s ts  of c e r ta in  a n d es ite s  an d  th e ir  g ro u n d - 
m ass  c o n te n t  are  show n. T h e  a b u n d a n c e  o f p o rp h y ric  p y ro x en e  in  th e  b ro n z itic  
a u g ite  an d esite s  of th e  S o u th w e s te rn  C serhát H ills is h ig h er th a n  in  th e  co r­
re sp o n d in g  rock of th e  C e n tra l C se rh á t, w hich is in  c o n tra s t  w ith  a m a fitic  
a n d e s ite . In  th e  course o f th e  v o lcan ic  cycle, th e  in it ia l  decline o f th e  a b u n ­
d a n c e  o f  py roxen ic  p h e n o c ry s ts  is follow ed b y  a decrease  of th e  p lag ioclase- 
p o rp h y r ic  co n stitu en ts .

T h e  m ineralogical co m p o sitio n  is p rim arily  d ep e n d e n t on th e  r a te  o f cool­
in g  ( S z á d e c z k y - K a r d o s s  [1 1 ]): a t  a slow cooling a b o u t 1000 °C, in  d ep en d en ce  
o f  v a p o u r  ten sion , v a rio u s  ty p e s  o f p y ro x en e , a t  a  slow  cooling  a b o u t 900 °C 
a m p h ib o le  p h en o cry sts , a t  a slow  cooling a b o u t 8 0 0  °C b io tite  p h e n o c ry s ts  
w ill b e  fo rm ed . A t a h ig h  r a te  o f  cooling a b o u t 800 to  1000 °C a m a fitic  
a n d e s ite  — m ic roandesite  — is fo rm ed . I t  w as th e  m a te r ia l o f th e  f ir s t  
e ru p tio n  th a t  in tru d e d  in to  th e  co ldest e n v iro n m e n t, so t h a t  c ry s ta lliz a ­
tio n  b e g a n  a lread y  a t  a r a th e r  g re a t d e p th , a fa c t w a rra n te d  b y  th e  p resence  
o f o r th o -  an d  c lin o p y ro x en es a n d  b y  th e  h ig h  a b u n d an ce  o f p o rp h y ric  
c o n s ti tu e n ts . In  th e  course o f  th e  su b seq u en t e ru p tio n s , as a re su lt o f  cross­
h e a tin g  o f  co u n try  ro ck  a n d  o f  a rise  of th e  iso th e rm s, p h en o c ry s ts  w ill b e  
fo rm e d  a t  increasing ly  h ig h e r lev e ls , closer an d  closer to  th e  su rface  o f effusion. 
T h e  r a t e  o f cooling increases h e re  a n d  am afitic  a n d e s ite  is fo rm ed . T h e  f in a l 
p ro d u c t  o f  vo lcanism , m ic ro a n d e s ite , is th e  re su lt o f  th e  so lid ifica tio n  o f a la v a  
d ev o id  o f  p h en o cry sts  w hile  b e in g  exposed to  th e  a tm o sp h e re .
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ЗАВИСИМОСТЬ МЕЖДУ СКОРОСТЬЮ ОСТЫВАНИЯ,
ТЕКСТУРОЙ И МИНЕРАЛОГИЧЕСКИМ СОСТАВОМ 

В ТОЛЩЕ ПИРОКСЕНОВЫХ АНДЕЗИТОВ В ГОРАХ ЧЕРХАТ
п . а р к а и  

Р е з ю м е

В настоящей работе рассматриваются несколько методов количественного анализа 
текстур и возможности применения данных методов. При помощи графиков текстурных 
характеристик в объемных процентах, с одной стороны, и графиков частоты кристалли­
ческих ядер, с другой, можно различать быстро остывающие вулканические фации и мед­
ленно остывающие субвулканические фации. Путем анализа известных по размеру тел 
горных пород можно найти корреляцию между статистическими характеристиками 
текстурных свойств породы (средние величины зерен плагиоклаза, авгита, магнетита, 
общее количество их кристаллических ядер) и выраженном в объемных процентах мине­
ралогическим составом, с одной стороны, и скоростью остывания магмы, с другой. По сред­
нему размеру зерен и продолжительности остывания можно ориентировочно судить о 
скорости роста отдельных породообразующих минералов. Описанные в настоящей работе 
зависимости позволяют определить скорость остывания любого образца аналогичного 
химического состава, температуру предварительного нагревания боковой породы около 
даек и, косвенно, даже степень денудации.

Acta Geologica Academic г Scienliarum Hungaricae 12, 1968



Aria Geologien Academiae Scientiarum Hungaricae Tomus 12 (1 — 4), pp. 31—50 (1908

YOLCANISM AND PETROCHEMICAL CHARACTER 
OF THE NORTHERN BÖRZSÖNY MOUNTAINS

By

G y . P a n t o

GEOCHEMICAL RESEA R C H  LABORATORY OF TH E  H U N G ARIA N  ACADEMY OF SCIENCES, B U D A P E S T

M o u n ta in s  can  be d iv id ed  in to  th ree  m a jo r  p e rio d s: 1. In tro d u c to ry  acid  a c tio n  
resu ltin g  in  a s tra to -v o lca n ic  series of considerab le  th ic k n e ss ; 2. fo rm atio n  of a  co llap se  
cald era  a n d  of su b v o lcan ic  rocks; 3. d ikes an d  su b v o lcan ic  bodies on th e  c a ld e ra  rim  
and  on th e  w este rn  b o rd er o f th e  m o u n ta in s. In  th e  f ir s t  tw o periods, d e v e lo p m e n t 
s ta r te d  w ith  acid  rocks (d acite ), to  end w ith  b asic  ro ck s (pyroxene a n d es ite ); b asic  
p ro d u c ts  fa iled  to  a p p ea r in th e  th ird . T he d e v e lo p m e n t o f volcanism  p ro ceed ed  from  
eas t to  w est a n d  ex h ib ited  a ten d en cy  to w a rd s  th e  g ra d u a l co n cen tra tio n  o f in itia lly  
sep a ra te  o u tb rea k s .

T h e  rocks re su lt  fro m  a  un ifo rm , none to o  d iffe re n tia te d  volcanism  o f th e  oro- 
genic ca lc-a lk a li ty p e . T he tendencies o f c ry s ta ll iz a tio n  were the  sam e in  all th re e  
periods, w ith  an  a b ru p t  decrease  o f Mg in th e  “ c r it ic a l”  range  of in te rm e d ia te  com ­
position . In  sp ite  o f  th e  tre n d  from  acid to  basic  w ith in  th e  ind iv idual periods, th e  d e v ia ­
tion  from  frac tio n a l c ry s ta lliz a tio n  c an n o t be d ed u ced  from  th e  h y po thesis o f  a single 
m ag m a c h am b er. T h e  cause of th e  changes w as p re su m ab ly  th e  upsurge o f l i t t le  d if­
fe re n tia te d  b u t  p rev io u sly  hyb rid ized  m agm a th ro u g h  som e of th e  n ear su rface  m ag m a  
ch am b er. T h e  decrease  of Mg a t  th e  ends o f th e  p e rio d s coincided w ith  th e  cessa tio n  
of h o rn b len d e  fo rm atio n ; th is  can be ex p la ined  by m ag m a  flow from  a deep er c h a m b e r , 
a fte r  th e  e v ac u a tio n  of th e  secondary  m agm a c h am b er, as well as by  th e  re le v a n t  t r a n s ­
v a p o riz a tio n  processes.

O u r know ledge concern ing  th e  com position  o f th e  g roundm ass of e x tru s iv e  ro ck s 
has b een  su b s ta n tia lly  en riched  by  th e  a p p lic a tio n  of co m p u ta tio n  m e th o d s  f ir s t  
in tro d u ced  by  S z á d e c z k y - K a r d o s s .

A closed re la tio n sh ip  seem s to  ex is t b e tw een  th e  fo rm atio n  and co llapse  o f th e  
ca ld e ra  on  th e  one h a n d , an d  th e  big cen tra l sou rce  of th e  s tra to -v o lcan ic  ro c k s , th e  
p ro b ab le  d e p th  o f th e  b a sem en t rocks an d  th e  seco n d ary  m agm a ch am b ers  o f 4 to 
5 km  su p p o sed  d e p th  on th e  o th er. C onclusions as to  secondary  m agm a c h a m b e rs  are  
to  be based  on fe a tu re s  o f m ag m a tec ton ics, p e tro c h e m is try , m ineralogy, p e tro lo g y  and 
c o n ta m in a tio n .

T he m ech an ism  of cald era  collapsing can  be b a re ly  exp lained  by  th e  c o m p a c tio n  
of O ligocène rocks. T h e  g rad u a l collapse seem s to  be  due  to  th e  em p ty in g  o f n e a r - s u r ­
face m ag m a cham b ers . F o r  th e  em p ty in g  of th e  c h am b ers , th e  h y p o th esis  b a se d  on 
th e  d isp lac em e n t o f lim estone  can  be a d m itte d .

As w as show n a lread y  b y  prev ious re sea rch  [11], th e  n o rth e rn  B ö rzsö n y  
M ountains (p a r t  o f th e  co n n ec ted  volcanic  reg io n  o f th e  S zen ten d re—V iseg rád  
and  B örzsöny  M o u n ta in s , c u t in  tw o on ly  m orpho log ica lly  by  th e  D an u b e ) 
h ad  an ev o lu tio n  h is to ry  d iffe ren t from  th a t  o f  th e  re s t o f th e  reg io n . T he 
so u th ern  p a r t  o f th e  B örzsöny  M ountains la rg e ly  consists  of m onogenic c e n tra l  
cones an d  su b v o lcan ic  bodies, as c o n tra s te d  to  a un iform  s tra to -v o lc a n ic  
s tru c tu re  in  th e  n o rth e rn  p a r t .  A collapsed c a ld e ra  s tru c tu re  w ith  su b v o lcan ic  
rocks is s i tu a te d  b e tw een  th e  tw o regions o f  d iffe re n t evolu tion . T he d iffe rences 
in se d im e n ta ry  fo rm atio n s  betw een  th e  e a s te rn  an d  w estern  rim  becom e 
a p p a re n t also in th e  vo lcan ic  deve lopm en t.
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T h e re  are  on ly  in d ire c t in d ica tio n s su ch  as x eno lith s, s t ru c tu ra l  fe a tu re s , 
su rfa c e  d a ta  an d  drillings w hich  p e rm it to  conclude  upon  th e  p re -T e r tia ry  
b a s e m e n t  o f th e  m o u n ta in s . T he T riassic  b a se m e n t supposed  to  u n d e rlie  th e  
S o u th e rn  B örzsöny  M o u n ta in s , should  he id e n tic a l in litho logy  w ith  th e  rocks 
o f  S o u th  A lpine facies k n o w n  in  th e  N a sz á ly  a n d  P ilis M oun ta ins. S tru c tu ra l  
d a ta  a n d  th e  d is tr ib u tio n  o f  h ig h -c a rb o n a te  subvo lcan ic  andesites  su g g est th e  
e x te n t  o f  th e  T riassic  fo rm a tio n s , s till on th e  su rface  a t  th e  end  o f th e  M esozoic, 
to  h a v e  b een  lim ited  b y  a f a u l t  of N E -S W  o r po ssib ly  E N E -W S W  tr e n d  passing  
th r o u g h  C sóványos a n d  N agy inóc peaks. L i t t le  is know n of th e  c ry s ta llin e  b a se ­
m e n t  to  th e  n o r th  o f th e  sa id  line. On th e  b as is  o f xeno liths o f g ra n ite , gneiss, 
m ica  sc h is t an d  q u a r tz ite  o f  v a rious co lour i t  is supposed  to  be id e n tic a l w ith  
th e  c ry s ta llin e  of th e  V epor M ounta ins, w h ic h  w as on th e  su rface  t i l l  th e  la te  
T e r t ia r y  [33]. C onsidering  th e  com position  o f  th e  H elv e tian  g rav e l, th e  u p p e r­
m o s t p a r t  o f th e  b a se m e n t p re su m ab ly  c o n s is ts  of T riassic fo rm a tio n s  u n d e r 
th e  n o r th e rn  b o rd e r o f th e  m o u n ta in s  or n e a r  to  i t .  As to  th e  co m p o sitio n  of 
th e  g ra v e l a p a r t  from  th e  m a te r ia l of th e  n e a rb y  c rysta lline  s u b s tra tu m , th e  
s e d im e n ta ry  rocks o f th e  B ü k k  M ounta ins o c c u r in  abundances u p  to  f i f ty  p e r 
c e n t (m o s tly  a d a rk  g rey  d o lom ite  besides d a rk  lim estone, m arl, f in e -g ra in ed  
m icaceo u s  an d  ca lcareous san d s to n e  an d  silex ). T h e  sam e ty p es  o f  ro ck s w ere 
fo u n d  to  crop up also in  th e  n e a rb y  vo lcan ic  reg io n  of Selmec.

T h e  sed im en ts p reced in g  th e  T e r t ia ry  v o lcan ism  crop ou t m a in ly  on th e  
e a s te rn  b o rd e r an d  in  th e  fo re lan d  of th e  m o u n ta in s . Low er O ligocène occurs 
in  m o re  d is ta n t  reg ions, b u t  U pper O ligocène on ly  on th e  b o rd e r  p ro p e r  in 
a re g re ss iv e  facies, b u t  w ith o u t th e  ev idence  o f  erosion  in  th e  low er M iocene [1]. 
T h e  th ic k n e ss  of th e  U p p e r O ligocène can  b e  ta k e n  for 500 m  in  th is  reg ion  
a n d , as O ligocène s t r a ta  a re  know n also in  th e  SW  corner of th e  m o u n ta in s , 
th e  ex is te n c e  of a c o n tin u o u s  O ligocène b e lt  w ith  deposits w hose th ic k n e ss  
d ec rea ses  w estw ards is p ro b a b le  u n d er th e  v o lcan ics . T here  are  te r re s tr ia l  g ravel 
b ed s a n d  a tran sg re ss iv e  m a rin e  facies a b o v e  th e  O ligocène, in  th e  H e lv e tia n  
[10]. I t  is th e  subvo lcan ic  bod ies, possib ly  M id d le  H elv e tian  [7], t h a t  p e n e t r a t ­
ed  in to  th e  sa id  O ligocène a n d  M iocene s t r a ta ,  a n d  th e  form s c h a ra c te r iz e d  b y  
s t r a t i f ie d  tu f f  an d  in itia l la v a  flow  th a t  m a rk  th e  beginning  o f v o lcan ism .

T h e  T e r tia ry  sed im en ts  p reced ing  v o lcan ism  are  unknow n on th e  w este rn  
b o rd e r . W hereas it  is ju s t  on th e  w estern  b o rd e r  t h a t  those  p o ste rio r  to  v o lcan ­
ism  a re  th ic k e s t an d  m o st v a r ie g a te d  [20]. T h e  la t te r  prove a m a rg in a l t r a n s ­
g re ss io n  p o ste rio r  to  v o lcan ism , th e ir  m o s t c h a ra c te r is tic  rock  ty p e  is litho - 
th a m n ia n  L e ith a  lim esto n e  fo rm ing  a n u m b e r  o f  se p a ra te  rags o f v a r io u s  facies 
in  th e  d iffe ren t e m b a y m e n ts  o f  th e  seasho re . R e m a rk a b ly  enough, i t  co n ta in s  
n o  p r im a ry  an d esite  m a te r ia l  on th e  e a s te rn  b o rd e r [3]. T he T o r to n ia n  sea 
re a d e d  in  th e  S a rm a tia n  epoch  an d  la id  th e  reg io n  d ry  [21].

V olcan ism  is c h a ra c te riz e d  by  a successio n  of m ajo r cycles o f e ru p tio n  
a c id  a t  th e  o u tse t; in  th e  f i r s t  tw o cycles, a d efin ite  increase o f  b a s ic ity
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is o b se rv ed , w hereas th e re  is no tra c e  o f  basic  p ro d u c ts  in  th e  th ird  cycle- 
In th e  course o f th is  ev o lu tio n  volcanism  w as d isp laced  to w ard s  th e  w est, 
e x h ib itin g  all th e  w hile a re m ark ab le  h a rm o n y  w ith  th e  b asem en t s tru c tu re .

T h e  ev o lu tion  o f  vo lcan ism  in th e  B ö rzsö n y  M oun ta ins to o k  a re la tiv e ly  
sh o rt tim e , i t  com prised  th e  period from  th e  o ld es t lacco liths o f d a c ite  an d  
g a rn c tife ro u s  b io tite -a n d e s ite  of th e  M iddle H e lv e tia n  [7], a p p ea rin g  on th e  
e a s te rn  side, to  th e  U p p e r T o rto n ian  L e ith a  lim esto n e  th a t  m ark ed  th e  end  of 
vo lcan ism . E v o lu tio n  to o k  p lace in th re e  phases re flec ted  also in th e  chem ical 
com po sitio n  of th e  p ro d u c ts .

I . Acid su b v o lcan ic  an d  volcanic  e ru p tio n s  on th e  easte rn  b o rd e r  o f th e  
m o u n ta in s , w ith  a re su ltin g  large-scale  s tra to -v o lc a n ic  d ev e lo p m en t. T he 
o ld est subvo lcan ic  a n d  vo lcan ic  fo rm atio n s on th e  easte rn  b o rd e r o f th e  m o u n ­
ta in s  (dac ite , g a rn c tife ro u s  b io tite -a n d e s ite , a n d  b io tite -am p h ib o le  an d esite ) 
a re  closely  re la ted  to  each o th e r [8]. L acco lith s a n d  subvo lcan ic  bod ies p e n e ­
tr a t in g  in to  th e  o ld e r sed im en ts w ere p re d o m in a n t a t  f ir s t  to  be  g rad u a lly  
su p ersed ed  b y  lav a  flow s an d  tu f f  b an d s  in th e  n e a rb y  co n tem p o ran eo u s sed i­
m en ts , re sp ec tiv e ly  p roceed ing  as tim e  passed  from  th e  p re sen t b o rd e r  o f  th e  
m o u n ta in s  to w ard  its  in te rio r . T he g a rn e t c o n te n t u b iq u ito u s  in  th e  m ag m a tic  
bodies on th e  b o rd e rs  o f th e  m o u n ta in s  in d ic a te s  a la s tin g  geochem ical in te r ­
ac tio n  w ith  se d im e n ta ry  rocks w hich fu rn ish ed  th e  Ca an d  A1 req u ired  for 
g a rn e t fo rm atio n . T h e  p resence  of th e  p ro d u c ts  o f  acid in tro d u c to ry  vo lcan ic  
a c t iv i ty  in th e  in te r io r  o f th e  m o u n ta in s  c a n n o t, how ever, be p ro v ed  bey o n d  
all d o u b t. T he g a rn e tife ro u s  am ph ibo le  ch lo ro an d esite  tra v e rse d  b y  th e  p rospec  
a d it a t N ag y b ö rzsö n y  w as a t tr ib u te d  to  th is  c a teg o ry  b y  P a n t o  a n d  M ikó 
[15], on th e  basis  o f som e p e tro g rap h ica l analog ies. T here  is s tru c tu ra l  an d  pet- 
ro g rap h ica l ev idence to  ascribe  also th e  am p h ib o le -b io tite  an d esite  on th e  NW  
slope o f G odóvár p eak  to  th e  phase  in q u es tio n , a lth o u g h  it is in a s tru c tu ra lly  
d is lo ca ted  positio n . T h e  g a rn e t c o n te n t, h o w ev er, is n o t c h a ra c te ris tic  fo r th e  
rocks in  th e  in te r io r  o f  th e  m o u n ta in s ; even w h ere  i t  ap p ears  a t all it is fa r  m ore 
scarce  th a n  in th e  b o rd e r  region. T h is p h en o m en o n  suggests a w eak en ed  in te r ­
ac tio n  betw een  th e  m agm a an d  th e  u n d erly in g  sed im en t in d ica tin g  a reduced  
th ick n ess  b u t  n o t th e  absence  of c layey , sa n d y , g rav e lly  an d  ca lcareous depos­
its. E a r lie r  s ta te m e n ts  cla im ing  th a t  g a rn e tife ro u s  rocks ou tw eigh  g a rn e tle ss  
ones in  th e  in itia l e ru p tio n s  [22] p ro v ed  to  h o ld  on ly  for th e  m arg in a l regions 
of th e  m o u n ta in s , r a th e r  th a n  for th e ir  e n tire  m ass. S zabó  [22] s ta te d  g a rn e t 
to  be o f  s tra tig ra p h ic  v a lu e , i.e. ch a ra c te ris tic  fo r th e  o ldest rocks: th is  is indeed  
tru e  fo r th e  m arg in a l m ag m atic  rock bodies o f th e  B örzsöny  M o u n ta ins. The 
s itu a tio n  th a t  m ade possib le such an in tim a te  c o n ta c t w ith  th ic k  sed im en ts  
w as one in  w hich vo lcan ic  v en ts  h a d  n o t y e t  fu lly  developed  in  th e  sed im en ts  
in q uestion .

T h e  source o f th e  in tro d u c to ry  acid vo lcan ics is unreso lved  as y e t. I t  can  
be ta k e n  for g ra n te d , how ever, th a t  th e  vo lcan ics in question  w ere n o t p ro ­
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d u c e d  b y  a single cen tra l e ru p tio n : th e ir  o rig in  from  several m inor e ru p tio n s  
o r p e n e tra t io n s  is m ore p ro b a b le .

T h e  in tro d u c to ry  ac id  v o lcan ic  a c tiv ity  of a m ore c o n ta m in a te d  c h a ra c ­
te r  c h a n g e d  g radually  in to  a h ig h -en erg y  e ru p tio n  in  th e  s tr ic te r  sense o f th e  
te rm . S im u ltan eo u sly , th e  c e n tre s  o f e ru p tio n  sh ifted  w estw ard  an d  converged  
to  a s s u m e  an  increasing ly  c e n tra l  c h a ra c te r . T h e  tra n s itio n  to w a rd  th e  big 
c e n tr a l  s tra to -v o lcan o  w as m a rk e d  b y  a lith ic  tu ff , exposed a t  sev e ra l p o in ts  
in  t h e  m o u n ta in s  co n ta in in g  x en o lith s  from  th e  c ry s ta llin e  b a se m e n t, q u a rtz  
p e b b le s  a n d  big am phibole a n d  p y ro x en e  c ry s ta ls . T his e ru p tio n  w as th e  f irs t 
sign  o f  a trem endous p a ro x y sm ; its  p ro d u c t, p re su m a b ly  sc a tte re d  all over 
th e  m o u n ta in s , grades w ith  in creasin g ly  coarse  grain  sizes in to  th e  g rea t 
a g g lo m e ra te  com plex.

W ith  th e  channels o f e ru p tio n  open ing  up  to  full size an d  w ith  th e  
d e v e lo p m e n t of a big cen tre  o f  e ru p tio n  w est o f th e  C sóványos, the  ag g lo m era te  
b e c o m e s  co arser w ith  r e s tr ic te d  am o u n ts  o f tu f f  and  a v e ry  large vo lu m e of 
p ro d u c ts .  T h e  agglom erate  co m p lex  is in te r ru p te d  b y  num erous sm alle r lav a  
flo w s in  th re e  p rincipal p h a se s . F ro m  th e  s t ru c tu ra l  p o in t o f view , th is  s tra to -  
v o lc a n ic  a c tiv ity  c h a ra c te riz e d  b y  rea l p y ro c la s tic s  an d  andesite  la v a s  con­
s t i t u t e d  a single connected  c h a in  of even ts. T h e  ra p id  succession of la v a  flow s 
a n d  o u tb re a k s  of p y ro c la s tic s  p ro d u ced  an d esite s  f ir s t  w ith  a v a ry in g  p ro ­
p o r t io n  o f  am phibole  an d  h y p e rs th e n e , th e n  w ith  am phibo le  and  som e p y ro ­
x e n e  a n d  f in a lly  a p u re  p y ro x e n e  an d esite . I n  th is  ph ase  vo lcan ism  w as a l­
r e a d y  o f  a defin ite ly  ce n tra l c h a ra c te r  in th e  c e n tra l an d  n o rth e rn  reg ions. T he 
c h e m ic a l, s tru c tu ra l, m in era lo g ica l a n d  te x tu ra l  c h a rac te ris tic s  of th e  m a te ria l 
p ro v e  co n v in c in g ly  enough i ts  la v a  origin, as w ell as th e  c ircu m stan ce  th a t  th e  
g r e a t  s tra to -v o lc a n ic  series o f  th e  B örzsöny  M o u n ta in s  developed  in  a re la ­
t iv e ly  s h o r t  tim e ou t o f a d eep  andesitic  m ag m a , su rg ing  w ith  co n sid e rab le  
fo rce  p ra c tic a l ly  unchecked  th ro u g h  a w ell-developed  volcanic  ch an n e l. T he 
en d  o f  th e  p h ase  was c h a ra c te r iz e d  b y  decreasing  energy ; th e  e ru p tio n  of p y ­
ro x e n e  a n d e s ite  did n o t p ro d u c e  p y ro c lastics  d ispersion  an d  volcanism  a tta in e d  
a p e r io d  o f  re la tiv e  qu ie t.

2. F o rm a tio n  of a c e n tra l  co llapse ca ld e ra  w ith  a re tin u e  of su b v o lcan ic  
ro c k s . A t  t h e  end of th e  v o lcan ic  d ev e lo p m en t t h a t  invo lved  huge vo lum es 
o f m a te r ia l  an d  a rap id  succession  o f ev en ts , th e  m ain  line of a c tiv ity  sh ifted  
to  t h e  subvo lcan ic  fo rm a tio n  o f h y p o m a g m a tic  an d  p a r t ly  m e ta m a g m a tic  
ro c k s  a n d  to  th e  d ev e lo p m en t o f  a ca ldera . T h e  p o sition  of th e  ca ld e ra  w as 
in f lu e n c e d  b y  th e  d isposition  o f  th e  b a se m e n t t r a c ts  an d  b y  th e  s tru c tu ra l 
l im it  b e tw e e n  th e  T riassic a n d  th e  m e ta m o rp h ic  rocks of Y eporid  c h a ra c te r ;  
th e  c a ld e ra  of abou t 6 b y  2 k m  size e x ten d ed  N E -S W , follow ed a b a se m e n t 
s t r u c tu r e  n ea rly  para lle l to  i t .  R ecen t g ra v ity  m easu rem en ts  [24] in d ic a te  
th o u g h  t h a t  th e  supposed lin e a m e n t in  th e  b a se m e n t is s itu a te d  s lig h tly  f a r th e r  
s o u th ,  p a ss in g  th ro u g h  N ó g rád , in  an  e a s t-n o rth e a s te r ly  d irec tion .
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Fig. 1. G eological m ap  of th e  N o r th e rn  B örzsöny M ou n ta in s .
A Survey by G. Panto in 1946 c o rrec ted  in 1964. S o u th e rn  region. In itia l  phase . I. G a rn e tife rro u s  am p h ib o le  ch lo ro an d esite ; I I .  A m phibole  
ch loroandesite . M ain p a ro x y sm : I I I .  P y ro x en e-am p h ib o le  an d esite  ag g lo m era te ; IV. P y ro x en e -am p h ib o le  an d esite ; C o llapse : V. B iotite- 
am phibo le  ch lo ro an d esite ; VI. B io tite -am p h ib o le  an d esite ; V II . B io tite -a m p h ib o le  ch lo rodacite ; V I I I .  A m phil.o le-py roxene  a n d e s .te ;  Im a l 
a c tiv ity : IX . A ltered  am p h ib o le  ( +  b io tite )  a n d es ite ; X . G reen am phibo le  a n d es ite ;
B. Survey by  Gy . P anto in  1963— 1966. N o rth e rn  region. . . . .  . ,

In itia l phase  a n d  s tra to -v o lca n ic  series. 1. B io tite -am p h ib o le  an d es ite ; 2. L ith ic  tu ff; 3. P y ro x en e -am p h ib o le  a n d e s ite  a g g lo m era te , 
4. H y p e rs th en e -am p h ib o le  a n d es ite ; 5. P y ro x en e-am p h ib o le  a n d es ite ; 6. A m p h ib o le -p y ro x en e  a n d e s i te - p y r o x e n e  an d es ite .

F o rm a tio n  of a co llapse  cald era . 7. K n d o m e ta -p y ro x en e-am p h ib o le  a n d es ite  agg lom era te ; 8. R ocks c o n ta in in g  su lp h id e ; 9. Id d in g sitiz ed  
and  ch loritized  (D ia b a n tit ic )  rocks; 10. R ocks o f a carb o n a tic -arg illaceo u s a n d  lim o n itic -g o eth itic -a rg illaceo u s c h a ra c te r;  11. O x y an d esite s .

D yke an d  su b v o lcan ic  bodies on  th e  ca ld era  rim  an d  on th e  w este rn  b o rd e r o f th e  m o u n ta in : 12. A m ph ib o le -b io tite  d a c i te ;  13. B io tite  
ch lo rodacite  w ith  g a rn e t an d  ca lc ite ; 14. B io tite -am p h ib o le  d a c ite ; 15. S tr ia te d  b io tite -am p h ib o le  a n d es ite  w ith  g a rn e t; 16 I ly p e rs th e n e -a m - 
philiole an d esite ; 17. B io titic  g reen  a m p h ib o le -an d es ite ; 18. A m phibo le  o x y a n d es ite  w ith  p y ro x en e; 19. B io titic  green am p h ib o le  c h lo ro an d es ite  
w ith  q u a rtz ; 20. G reen am p h ib o le  ch lo ro an d esite  w ith  b io tite  an d  h y p e rs th en e ; 21. I ly p e rs th e n e -a m p h ib o le  an d es ite  w ith  g a rn e t;  22. P yroxene
am phibo le  ch lo ro an d es ite . , , , _ . o r T , .

S ed im en ta ry  fo rm a tio n s: 23. L eith a  lim esto n es , u p p e r  T o rto n ia n ; 24. T e rre s tr ia l g ravel b ed s , u p p e r  S a rm a tian ; 25. L oess, lo am , P le i­
stocene; 26. A lluv ia  H o locene; 27. B o u n d a ry  o f th e  n o r th e rn  and  so u th e rn  m app ing  a re a s ;  28. C aldera  a rea  on  th e  b a s is  of Bou- 
guer anom alies; 29. D iaclase  an d  p la ty  deavage d u e  to  cooling; 30. D is to rted  sym bols o f th e  fo rm a tio n s  u n d e r  1 2 - 2 2  for use  in  case  of dykes.
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T h ere  is close re la tio n sh ip  be tw een  th e  fo rm a tio n  and  collapse o f  th e  
ca ld era  on th e  one h a n d , an d  th e  source o f th e  s tra to -v o lcan ic  ro ck s, th e  
c a rb o n a te  rocks o f th e  b asem en t, an d  th e  seco n d ary  m agm a cham bers d ev e l­
oped  a t  a d ep th  of 4 to  5 km  along th e  fa u lt se p a ra tin g  th e  tw o b a se m e n t 
m em bers on th e  o th e r. T h e  ex istence  a t  th a t  line o f seco n d a ry  m agm a c h am b ers  
u n d e r th e  cen tra l a rea  of th e  m o u n ta in s  is im p lied  b y  th e  h ighly  v a r ie g a te d  
petro log ica l ch a rac te ris tic s  an d  th e  irreg u la r course  o f  th e  d iffe ren tia tio n  cu rv e  
(F ig. 4); also p h en o m en a  w hich can  be ex p la in ed  on ly  b y  assum ing  a p ro ­
longed s ta y  in an  in te rm e d ia te  vo la tile -rich  e n v iro n m e n t, such  as th e  in c re a s ­
ing  am p h ib o liza tio n  of a lread y  c ry sta llized  h y p e rs th e n e , reso rp tion  a n d  re- 
c ry s ta lliz a tio n  in  zonal p lagioclases, H 20  and  C 0 2 in ta k e  an d  re la tiv e  e n r ic h ­
m en t o f Ca. All th e se  fac to rs  p lay ed  a role also in  th e  h ypo- and  m e ta m a g m a tic  
c ry s ta lliz a tio n  o f th e  subvo lcan ic  rocks w ith in  th e  ca ldera .

T he secondary  m agm a cham bers are  supposed  to  h av e  form ed a s tr in g  
along a s tru c tu ra l lin eam en t o f th e  b a sem en t, p a ra lle l to  th e  m ajo r ax is o f  th e  
p re sen t ca ld era ; H 20  an d  C 0 2 in ta k e  m u st h a v e  been  in ten se  in  th e m . T h e  
ca ldera  collapsed g rad u a lly  an d  stepw ise, as th e  in d iv id u a l m agm a c h a m b e rs  
n e a r th e  su rface  em p tied . T his re su lted  in v e ry  co m p lica ted  re la tio n sh ip s  of 
ju x ta p o s itio n  in  th e  a rra n g e m en t of th e  rocks w ith in  th e  caldera.

A lthough  an  O ligocène t r a c t  is supposed  to  u n d e rlie  th e  m o u n ta in s , th e  
com p actio n  of th e  u n d e rly in g  s t r a ta  could h a rd ly  h a v e  p layed  a ro le in  th e  
fo rm a tio n  of th e  ca ld era  [6]. The m ost obvious h y p o th es is  involves th e  d ev e l­
o p m en t o f n ea r-su rface  m agm a ch am b ers  b y  lim esto n e  d isp lacem en t. I n  th is  
case th e  m agm a accu m u la tes  enorm ous energy  from  th e  released C 0 2 a n d  th e  
co n cen tra tio n  o f v o la tile , so th a t  th e  m agm a ch am b er can  be ev acu a ted  a lm o s t 
com ple te ly , th u s  p ro d u c in g  cond itions fav o u rab le  fo r  a collapse. A su b s ta n tia l  
g eo sta tic  p ressu re  an d  th e  loosening up  and  sub sid en ce  of a huge m ass of 
s tra to -v o lcan ic  rocks above th e  secondary  m ag m a ch am b ers  m ay  b rin g  a b o u t 
p ressu re  shadow s su itab le  fo r receiv ing  subvo lcan ic  bodies. T he sink ing  o f  th e  
m ass o f rocks engenders la te ra l p ressu res th a t  p u t  a s to p  to  sinking a t  a g iven  
level; th e  low er p a r t  will be able, how ever, to  go on sink ing  for a w hile, an d  
th u s  a low p ressu re  space can  be fo rm ed , p e rm ittin g  th e  p e n e tra tio n  o f  th e  
m agm a o f th e  seco n d ary  cham bers. T h e  ev acu a tio n  o f  th e  f irs t  m agm a c h a m b e r 
th a t  w ould  in itia te  th e  collapse is n o t y e t d e p e n d e n t upon  th e  ex is ten ce  of 
a n o th e r  em p ty  seco n d ary  m agm a ch am b er, as th e  f irs t  ev acu a tio n  can  ta k e  
p lace to w ard  th e  vo lcan ic  v e n t; nev erth e less , co llapse  m ay  be in d u ced  b y  
a m in o r com paction  o f th e  u n d erly in g  se d im e n ta ry  s tr a ta .

T h is d isposition  m ay  give rise to  in ten se  in te ra c tio n  betw een  th e  in d i­
v idual bodies, w ith  a p ro fo u n d  tra n sfo rm a tio n  o f  th e  sh a tte re d  rocks o f  th e  
s tra to -v o lcan ic  series. T his, in tu rn , exp la ins w hy  in  th e  m apping  o f rocks 
w ith in  th e  ca ldera  (F ig . 1), i t  is n o t so m uch th e  ty p e s  cha rac terized  b y  th e  
in d iv id u a l d a rk  c o n s titu e n ts  th a t  p lay  th e  m ain  ro le  b u t  th e  ty p es d e fin ed  b y
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se c o n d a ry  ch a rac te rs  a c q u ire d  d u ring  a l te ra t io n  a t various su b v o lcan ic  levels. 
T h u s  in  th e  ac tu a l c a ld e ra , as defined  to p o g ra p h ic a lly , th e  decisive fa c to r  is th e  
z o n a l a rra n g e m en t, a lth o u g h  th e  d e v e lo p m e n t from  acid  to  basic  can  be 
re c o g n iz e d , too . D ep en d in g  on th e  d is ta n c e  from  th e  s h a tte re d  a n d  loosened 
u p  s tra to -v o lc a n ic  rocks, th e  rock  bod ies w ith in  th e  ca ld era  show  a hypo-, 
e n d o m e ta - , or ex o m e ta m a g m a tic  ev o lu tio n . In  fu n c tio n  o f th e  seco n d ary  
p ro d u c ts  o f th ese  p rocesses, th e  fo llow ing zones can be d is tin g u ish ed :

1. Zone of rocks co n ta in in g  su lp h id es ;
2. Zone of ch lo ritized  (d iab an titic )  o r  idd ingsitic  rocks, d ep en d in g  on 

th e  p red o m in an ce  o f o x id a tio n  or re d u c tio n ;
3. Zone of carbonatizecl-arg illaceous a n d  lim on itic -g o e th itic -a rg illaceo u s

ro c k s ;
4 . Zone of o x y an d esite s .
I n  general, ca ld e ra  rocks are  h igh  in  ca lc ite . T he d a rk  c o n s titu e n ts  are  

le ss  im p o r ta n t  w ith in  th e  ca ld era  an d  n o t  o n ly  because o f th e  rem ark ab le  
f lu c tu a t io n  in  a b u n d an ce  w ith in  th e  in d iv id u a l rock  bodies b u t  also on accoun t 
o f  a l te ra t io n  p h en o m en a , as th e  ty p e  of th e  a lte ra tio n  p ro d u c t d ep en d s, f irs t 
a n d  fo rem o st, on th e  n a tu re  an d  in te n s i ty  o f th e  processes in v o lv ed  an d  th e  
m ig ra tio n  of th e  e lem en ts  r a th e r  th a n  u p o n  th e  coloured c o n s titu e n ts .

T h e  chem ical co m p o sitio n  of th e  c o u n try  rock leaves its  m a rk  on th e  
c o m p o s itio n  o f th e  subvo lcan ic  body . As a re su lt, ca rbo -, h y d ro - , chloro-, 
su lp h o - , silico-, hypo- a n d  m e ta m a g m a tic  ro ck s of various k in d  a p p e a r , o ften  
w ith  o v erlap p in g  v a r ia n ts .

A s regards rock  ty p e s , th e re  is a g re a t  v a r ie ty  from  am p h ib o le -b io tite - 
d a c i te  th ro u g h  q u a r tz  an d e s ite  to  am p h ib o le -p y ro x en e-an d esite . I t  is im pos­
sib le , h o w ever, to  e s tab lish  th e ir  succession, p a r t ly  because som e o f th e  fo rm a­
tio n s  a re  of ab o u t th e  sam e age an d  p a r t ly  because  of th e  “ in tru s io n  m ech an ­
ism '” t h a t  resu lted  in  th e ir  d isposition .

3. D ykes an d  su b v o lcan ic  bodies on  th e  rim  of th e  ca ld e ra  an d  on th e  
w e s te rn  b o rd e r of th e  m o u n ta in s . A fte r th e  fo rm atio n  of th e  ca ld e ra  and  of 
th e  su b v o lcan ic  bodies p a r t ly  overlap p in g  th e  end  of th e  second p h a se , a th ird  
v o lc a n ic  phase  begins, likew ise w ith  a d a c ite . T his phase does n o t, how ever, 
p ro c e e d  to  such a degree of b a s ic ity  as ex p e rien ced  in  th e  tw o p rev io u s  phases. 
T h is  f in a l a c tiv ity  is c h a ra c te riz e d  b y  a w eak en in g  of th e  vo lcan ic  forces, b y  
th e  fo rm a tio n  of dykes an d  stocks. T he la te  dykes in  q u estio n  a p p e a r  on th e  
r im  o f  th e  caldera , a long  ra d ia l fau lts , a n d  fissu res of n o r th e rn  m ean  strik e , 
t r a v e r s in g  th ro u g h  b o th  th e  s tra to -v o lc a n ic  series and th e  fo rm a tio n s  w ith in  
th e  ca ld e ra .

T h e ir  rocks are  closer in  n a tu re  to  th e  o rtho-rocks b u t, as a m a tte r  o f 
c o u rse , hypo- and  m e ta m a g m a tic  fe a tu re s  s till ap p ea r in  th e  h o t te r  p a r ts  of 
th e i r  in te r io r . G a rn e t crops u p  once m ore . A t th e  sam e tim e , ac id  andesites 
a p p e a r ,  n o t only  on th e  rim  o f th e  ca ld e ra  b u t  also on th e  w e s te rn  b o rd e r o f
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VOLCAN ISM AND PETROCHEMICAL CHARACTER 3 7

th e  m o u n ta in s , linked  to  th e  fa u lts  o f th e  b o rd e r  region; th is  is a s ign  o f  th e  
c o n tin u e d  w estw ard  d isp lacem en t o f v o lcan ism , on th e  one h a n d , a n d  of 
s t ru c tu ra l  ev en ts  affecting  th e  en tire  a rea  o f th e  m oun ta in s , on th e  o th e r. 
T h e  ab o v e  m en tio n ed  fa u lt on th e  w este rn  b o rd e r  o f th e  m o u n ta in s  w as also 
co n firm ed  b y  geom agnetic  m easu rem en ts  [24], b y  th e  a b ru p t c e ssa tio n  of 
c e r ta in  anom alies along th e  L etk és  Y ám o sm ik o la  line.

о,-̂ c

F ig . 2. O u tlin e  o f th e  p ro fo u n d  vo lcan ic  s tru c tu re  o f th e  B örzsöny M o u n ta in s  
1. F o rm e r seco n d ary  m agm a ch am b er; 2. M e tam o rp h ic  b a se m e n t; 3. T riassic  lim e sto n e  b ase ­
m e n t;  4. T e r tia ry  cover p reced ing  v o lcan ism ; 5. In i t ia l  vo lcan ic  a c tiv ity  on  th e  e as te rn  
b o rd e r; 6. S tra to -v o lcan ic  rocks; 7. C aldera; 8. P e n e tra tio n s  on th e  w estern  b o rd e r;  9. T e r t i­

a ry  cover follow ing vo lcan ism

T h  e ev o lu tion  o f th e  th re e  phases o f vo lcan ism  is illu s tra ted  in  F ig . 2 b y  
m ean s o f an  E -W  profile  sk e tch  sch em a tica lly  show ing also th e  s t ru c tu re  of 
th e  b a sem en t.

L eav ing  aside local s tru c tu re s  d ire c tly  d u e  to  th e  volcanic an d  su b v o lcan ic  
ev o lu tio n , th e  tw o m ain  s tru c tu ra l d irec tio n s a re  ab o u t E -W  an d  N -S  in  th is  
p a r t  o f th e  m o u n ta in s . In  th e  in te r io r  o f th e  m o u n ta in s , th e  E -W  d ire c tio n  is 
re p re se n te d  b y  th e  K em ence b rook  an d  C sarnó b ro o k  valleys, th is  l a t t e r  w ith  
a s lig h t d eflec tion  to w ard s N W . A co n sid e rab le  v e rtic a l d isp la c e m e n t had  
ta k e n  p lace  in  b o th  cases; w ith  th a t  a long  th e  fa u lt  line in th e  K em en ce  b rook  
v a lley  m u s t h a v e  been  th e  g re a te r  one. T h is is confirm ed  also b y  th e  c ircu m ­
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s ta n c e  t h a t  th e  steep  a n d  ta ll agglom erate a n d  la v a  w all on th e  n o r th e rn  side 
o f th e  K em ence b ro o k  is in  a  m ore e levated  p o s itio n  th a n  th e  a rea  so u th  of it. 
T h e  sam e  fa u lt re su lte d  also  in th e  u p lif tin g  o f  th e  p ro d u c ts  o f th e  in itia l 
v o lc a n ic  a c tiv ity  on th e  n o r th e rn  side of G o d ó v á r peak . The fa u lt line in  th e  
C sarn ó  b ro o k  v alley  c u ts  th e  n o rth e rn  p a r t  o f th e  ca ldera . I t  m ay  be  d u e  to  it  
t h a t  w hile  th e  g a rn e tife ro u s  and  garne tless am p h ib o le -ch lo ro an d esites  p ro ­
d u c e d  b y  th e  early  in it ia l  a c t iv i ty  are ra th e r  th o ro u g h ly  exposed in th e  so u th e rn  
reg io n s , n o th in g  b u t  a lte re d  s tra to -v o lcan ic  e lem en ts  and  subvo lcan ic  rocks 
c rop  o u t  in  th e  n o r th e rn  reg ion . Along th e  fa u lt  in  qu estio n , subvo lcan ic  bodies 
a n d  d y k e s  are  a ligned  (F ig . 1).

T h e  fa u lt in  N-S d ire c tio n , i.e. th e  F e k e te  b ro o k  valley , h a rd ly  y o u n g e r 
th a n  co n tem p o ran eo u s  w ith  th e  E -W  fa u lts  h a d  b ro u g h t ab o u t no v e rtic a l 
d isp la c e m e n t. T he la te s t  d islocations of th e  w e s te rn  bo rder m ay  well be  due 
to  th is  fa u lt system .

Petrochem ical co n d itio n s

F o r  th e  tim e  be in g , 95 chem ical an a ly ses  o f  B örzsöny M o un ta ins rocks 
a re  a v a ila b le . B a ta  h a v e  b e e n  condensed in to  an  A F M  diagram  (A =  a lka lines, 
F  =  F eO  -f- F e 20 3, a n d  M =  MgO), w ith  s e p a ra te  sym bols fo r o rth o - an d  
h y p o  -4 - m eta-ro ck s; th e  b a sa lt-a n d e s ite -d a c ite -r io lite  sequence of c ry s ta lliz a ­
tio n  o f  th e  ca lc-a lkali g ro u p  of rocks is also  sh o w n  on th e  basis o f its  D a l y  
m e a n  v a lu es  (Fig. 3).

T h e  analyses co v er a re la tiv e ly  n a rro w  fie ld . As for th e  d is tr ib u tio n  of 
th e  o r th o -  an d  a lte re d  ro ck s no essential re g u la r i ty  could be o b served ; hence 
a l te ra t io n  d id  n o t occasion  p ro fo u n d  changes, a t  le a s t as regards th e  p ro p o r­
tio n s  o f  a lkalies, iro n  a n d  m agnesium , w hile im p re ss in g  a h y p o o rm e ta  c h a ra c ­
te r  o n  th e  rocks. C o n seq u en tly , th e  a lte ra tio n s  m u s t  have  re su lted  la rg e ly  in 
th e  re a rra n g e m e n t o f th e  e lem ents in  q u e s tio n  in to  o th e r m inera ls  a n d  in  
c h a n g e s  in  C 0 2 an d  h u m id ity  co n ten t a n d  in  th e  degree of o x id a tio n . T he 
o n ly  recogn izab le  d iffe re n tia tio n  is reflec ted  b y  th e  c ircum stance  th a t  th e  p ro ­
je c t io n  p o in ts  of a lte re d  ro ck s te n d  to  c o n c e n tra te  in  th e  low er p a r t  o f th e  fie ld . 
A n o th e r  a spec t of th e  sam e  phenom enon  is t h a t  rocks of h igh seria l n u m b e r  
(i.e . h ig h  S i0 2 co n ten t)  a re  m ore  freq u en t am o n g  th e  a lte red  rocks.

A s com pared  to  th e  a lm o st s tra ig h t lin e  o f  th e  D a l y  m ean v a lu es , th e  
o v erw h e lm in g  m a jo rity  o f  th e  B örzsöny M o u n ta in s  rocks is s lig h tly  p o o r in 
Mg a n d  rich  in  Fe.

E x a m in in g  th e  co u rse  o f  d iffe ren tia tio n  in  a n  AFM  tria n g le  d iag ram , 
a so m e w h a t su rp rising  c ritic a l phase is o b se rv e d  w ith in  th e  an d esite  fie ld , 
w h ich  c a n n o t be e x p la in e d  solely on th e  b as is  o f  frac tio n a l c ry s ta lliz a tio n . 
I n  th e  cases exam ined  th u s  fa r  the critica l p h a se  o f th e  AFM  d iffe ren tia tio n
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F ig . 3. P lo ts  o f th e  chem ical an a ly ses o f B ö rzsöny  M oun ta ins rocks in  a n  A FM  tr ia n g le  d iagram  
N u m e ra tio n  in th e  o rd er o f increasing  S i0 2 c o n te n t. Nos. 1 to  3: 44.72 to  49.47 p e r c en t S i 0 2. Nos. 4 to 
30: 51.29 to  54.99 pe r c en t S i0 2. Nos. 31 to  81: 55.05 to  59.75 p e r c en t S i0 2. N os. 82 to  92: 60.06 ito 

62.59 p e r cen t S i0 2. Nos. 93 to  95: 63.73 to  69.05 p e r  cen t S iO s
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d iag ram  consists  in  a rap id  and  s im u ltan eo u s  decrease  of Fe and Mg fo llow ing  
th e  phases  o f decreasing  Mg and  increasing  Fe.

Q u ite  a few h y p o theses h av e  been  p u t  fo rw ard  to  solve th is  p ro b lem . 
L e t us m en tio n  as exam ples th e  d irec t fra c tio n a l c ry sta lliza tio n  of th e  b a sa ltic  
m agm a, th e  frac tio n a l m elting  o f th e  c ry s ta lliz e d  b a sa lt, h y b rid iz a tio n , co n ­
ta m in a tio n  w ith  m ag m atic  and  se d im e n ta ry  ro ck s, b asa ltiz a tio n  of a g ra n ito id  
m agm a, e tc . In  th e  course of frac tio n a l c ry s ta lliz a tio n  th e  Fe : Mg ra t io  e x ­
h ib its  an  in c reasin g  tre n d  in th e  successive so lid  phases. A ccord ingly , as w as 
p o in ted  o u t b y  F e n n e r , th e  th e o ry  o f f ra c tio n a l c ry sta lliza tio n  re q u ire s  b y  
th e  sam e ta k e n  th e  decrease of th e  p ro p o rtio n  o f iron  in th e  residua l liq u id . 
H ence, i f  a decrease  of th e  iron c o n te n t en ta ils  a p a ra lle l decrease o f th e  m a g ­
nesium  c o n te n t a process o th e r  th a n  fra c tio n a l c ry sta lliza tio n  h as  to  be 
invo lved .

T he close re la tio n sh ip  b e tw een  b a sa lt an d  an d esite  is beyond d o u b t b u t  
n o t y e t  ex p la in ed  genetically .

A ccord ing  to  T i l l e y  [32], th e  f ra c tio n a l c ry s ta lliz a tio n  of b a sa lt  is co m ­
p lem en ted  b y  o th e r  processes: it  is by  th is  m ean s th a t  orogenic a n d es ite s  w ith  
a re la tiv e ly  low  F e  : Mg ra tio  an d  a h igh c o n te n t o f A1 come to  ex is t; he  offers 
th e  a ss im ila tio n  o f sialic m a te ria l as an  e x p la n a tio n .

D iffe re n tia tio n  w as in v es tig a ted  in sev era l classic sites, as i l lu s tr a te d  in  
th e  A FM  d iag ram  of Fig. 4. I t  w as found  th a t  th e  d iffe ren tia tio n  o f  b asic  
m agm a s ta r te d  w ith  a decrease o f Mg a n d  a s im u ltan eo u s en rich m en t o f  F e , 
w ith  a te n d e n c y  from  th e  p o in t M to w a rd  th e  p o in t F , a su b seq u en t ra p id  
reflex ion  in  th e  c ritica l area  in th e  in te rm e d ia te  fie ld , and  a s im u lta n e o u s  
m ark ed  decrease  of b o th  Fe an d  Mg to w a rd  th e  p o in t A. The sam e re s u lt  w as 
o b ta in ed  on th e  S k aerg aa rd  rocks [35], th e  D u lu th  an d  Logan sill ro ck s (M in­
neso ta) [32] an d  th e  B reven  and  H ällefors d y k es [35].

In  th e  follow ing, we shall exam ine th e  b e h a v io u r  of th e  th re e  v o lc a n ic  
phases o f th e  B örzsöny  M ountains. T he B ö rzsö n y  vo lcan ics are lis ted  in  F ig . 4, 
w ith  item s 1 to  6 re la tin g  to  th e  in tro d u c to ry  ac id  a n d  s tra to -v o lcan ic  p h a se , 
item s 7 to  11 to  th e  ca ldera  phase  an d  item s 12 to  14 to  th e  la te  d y k e  a n d  
subvo lcan ic  p h ase .

T h e  v a lu es  p lo tte d  in th e  d iag ram  are  lis te d  in  T ab le  I. These v a lu e s  a re  
th e  m eans o f analyses on a given ty p e  o f ro ck  r a th e r  th a n  analyses o f  p a r t ic ­
u la r rocks. T h e  lack  of s im u ltaneous b a sa ltic  a n d  rh y o litic  p ro d u c ts  r e s tr ic ts  
th e  cu rves to  th e  in te rm e d ia te  phase.

T he succession of eru p tio n s e stab lish ed  in  th e  course of th e  f ie ld  w ork  
could be  su b d iv id ed  in to  th re e  sh a rp ly  d is tin c t p h ases . The succession o f  th e  
rocks of th e  f ir s t  phase  can  be easily  fo llow ed also  in  th e  field b u t  th is  is n o t 
th e  case w ith  th e  rocks ap p earin g  in  co m p lica ted  re la tio n sh ip s  of ju x ta p o s it io n  
in th e  process o f ca ld e ra  collapse. I t  w as rea ssu rin g , how ever, th a t  th e  p ro ­
jec tio n  p o in ts  (F ig . 4, p o in ts  7 to  11) o b ta in e d  fo r  succession of rocks o f  th e
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F ig . 4. D iffe re n tia tio n  o f  th e  th ree  volcanic  p h a se s  in d ic a te d  in Table I as show n b y  an  A FM
triang le  d ia g ra m

-------------------- 1— 6 In itia l  acid  a n d  s tra to -v o lca n ic  rocks
— . — . — . 7— 11 C aldera rocks
............ 12— 14 B order d y k es a n d  subvo lcan ic  bodies

second  p h ase , m ad e  u p  on th e  basis o f m o re  s c a n ty  field  d a ta , re su lte d  in  a cu rv e  
su rp ris in g ly  s im ila r to  th a t  o f th e  firs t p h a se  (F ig . 4, po in ts 1 to  6). T h e  cu rv e  
o f th e  th ird  p h ase  is also sim ilar to  th o se  o f  th e  preceding tw o  p h ases , w ith  
th e  d ifference, h o w ev er, th a t  th e  basic  te rm s  o f  irregu la r b e h a v io u r  do no t 
a p p e a r  h ere  a n y  m ore .

T h e  tre n d s  o f d iffe ren tia tio n  g iv en  in  l i te ra tu re  are s im ila r to  th o se  
ex p e rien ced  in  th e  vo lcan ic  phases o f  th e  B örzsöny  M ounta ins. T h e  la te s t  
effusive  p ro d u c t — th e  p y roxene  an d e s ite  — show s a ten d en cy  c o n tra ry  to  
th o se  o f  th e  in v e s tig a te d  exam ples a n d  does n o t f i t  in to  th e  in te rm e d ia te  
p h ase . T h e  d e v e lo p m e n t of th e  c o n ta m in a te d  m agm a in th e  m ag m a ch am b er 
passes th ro u g h  a p h a se  w ith  a rap id  e n r ic h m e n t of Mg. In  th e  case o f th e  
rocks o f  th e  effusive  an d  th e  ca ldera  p h a se , th e  crysta lliz ing  m ag m a w as
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su rg ing  u p w a rd s : hence, we f in d  th e  u p p e rm o s t d iffe ren tia tio n  p ro d u c ts  of 
th e  m ag m a ch am b er am ong th e  p ro d u c ts  o f th e  f ir s t  erup tions.

In  th e  a u th o r ’s opinion e ru p tio n s  d e riv ed  from  a secondary  m ag m a  
ch am b er in  th e  B örzsöny  M ou n ta in s; these  c h am b ers  m u st have a ffe c ted  th e  
fo rm a tio n  o f th e  collapse s tru c tu re , too . B esides th e  phenom ena o f a l te ra t io n , 
th e  co n d itio n s o f am phibo le  fo rm a tio n , th e  in ta k e  o f C O a and  H 20  a n d  re s o rp ­
tio n s , th e  ex istence  of secondary  m agm a c h am b ers  is m ade p ro b ab le  also  b y  
th e  irreg u la ritie s  o f th e  d iffe ren tia tio n  curve.

T h e  ra p id  decrease o f Mg in th e  fin a l e ru p tio n s  o f th e  in d iv id u a l p h ases  
co incides w ith  th e  cessation  o f am ph ibo le  fo rm a tio n . T he c ry s ta lliz a tio n  of 
th e  m ag m a th a t  s ta y e d  in  the  h ig h er seco n d a ry  m agm a cham bers h o m o g e­
neous b u t  m ixed  w ith  siallic m a te r ia l, f ir s t  p ro d u c e d  a ro ck  series c h a ra c te r iz e d  
b y  th e  in crease  of b o th  Mg an d  F e  in  th e  cou rse  o f th e  erup tion . O n a c c o u n t 
o f  th e  a c c u m u la ted  vo la tiles th e  m agm a held  u p  fo r a longer tim e in  th e  second-

F ig. 5. V a ria tio n  d iag ram  of th e  rock  ty p es  o f th e  th re e  vo lcan ic  phases in d ic a te d  in 
T ab le  I  in  th e  fu n c tio n  of e ru p tio n  o r in tru s io n
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a ry  m a g m a  ch am b er show ed a decidedly  ex p lo s iv e  ch a rac te r (s tra to -v o lc a n ic  
g ro u p ) o r a h eav ily  h y p o -m e tam ag m atic  one. A f te r  its  evacu a tio n , th e  second­
a ry  m a g m a  ch am b er filled  u p  w ith  a less d iffe ren tia ted  an d esitic  m agm a, 
c o m in g  fro m  below  from  a deeper m agm a ch a m b e r.

S om e of th e  m ag m a  in  questio n  p o u re d  o u t  from  th e  seco n d a ry  m agm a 
c h a m b e r  d irec tly  to  th e  su rface  th ro u g h  th e  o p en  v en t. T hus th e  d iffe re n tia ­
tio n  o f  th is  p a r t  o f th e  m ag m a could n o t ta k e  p lace  in  th e  seco n d a ry  m agm a 
c h a m b e r  in  th e  w ay  describ ed  above; th e  co n d itio n s for th e  fo rm a tio n  of 
a m p h ib o le  d id  n o t  p e rs is t, n o r  could a v e h e m e n t e rup tion  ta k e  p lace  since th e  
m a g m a  passed  ra p id ly  th ro u g h  th e  v o la tile -r ic h  env ironm ent.

B o th  m y ow n co n sid e ra tio n s  and  th e  re le v a n t l ite ra tu re  [14] h a v e  led 
m e to  th e  conclusion  th a t  th e  d iffe re n tia tio n  ta k in g  place in  th e  v e n t  is th e  
m o re  v e h e m e n t, th e  lo n g er th e  preceding  p e r io d  of dorm ancy . I f  th is  hypo-

ТаЫ е I

Average chemical composition o f  the 14 principal types o f  rocks produced

(A verage reduced

No. Rock S i0 2 TiO, AI.O, Fe.O , FeO

l . B io tite-d acite , N ógrád , easte rn  
border 68.26 0.30 16.23 1.76 1.39

2' G arnetiferous b io tite-am ph ibo le  an ­
desite , eas te rn  b o rder, in itia l phase 60.98 0.75 18.08 4.32 0.91

3. H y posthene-am phibo le  andesite, 
s tra to -vo lcan ic  group 55.03 0.82 17.78 4.43 3.55

4. Pyroxene-am phibo le  andesite , 
s tra to -vo lcan ic  group 55.47 0.86 18.19 3.81 3.98

5. A inphibole-pyroxene andesite , 
s tra to -vo lcan ic  group 54.82 0.77 17.68 3.83 5.56

6. P y roxene  an desite , stra to -vo lcan ic  
group 55.79 0.84 19.01 3.33 4.44

7. B io tite-am phibo le  d acite , caldera 
phase 58.99 0.53 17.02 1.48 3.54

8. A m phibole an desite , ca ldera  phase 56.71 0.75 18.57 3.96 3.02

9. Pyroxene-am phibo le  andesite , 
caldera  phase 55.33 0.60 18.70 3.58 4.01

10. A m phibole-pyroxene andesite , 
ca ldera  phase 54.60 0.77 18.21 2.23 5.01

11. P y ro x en e  an desite , ca ldera  phase 53.69 0.89 18.14 3.94 4.34

12. A m phibole-b io tite  dacite , caldera 
an d  w estern  b o rd e r 61.98 0.63 20.98 0.40 1.97

13. A m phibole andesite , ca ldera  and 
w estern  bo rder 61.86 0.31 18.59 3.00 1.46

14. Pyroxene-am phibo le  andesite , cal­
d e ra  and w estern  border 58.08 0.34 18.32 3.99 1.73
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thesis  w ere generally  accep ted , i t  w ould y ie ld  fo r th e  B örzsöny M o u n ta in s  
th a t  th e  period  betw een  th e  f ir s t  an d  th e  second phases  was sh o rte r  th a n  th e  
one b e tw een  th e  second a n d  th e  th ird  phase.

T h e  v a r ia tio n  d iag ram  (F ig . 5) p lo tte d  on th e  basis of th e  m ean  an a ly s is  
d a ta  show n in T ab le  I  rep ro d u ces th e  changes o f oxyd ic  com position  in  th e  
course  o f th e  th ree  volcanic p h ases , in  th e  fu n c tio n  o f e ru p tio n  or p e n e tra t io n , 
re sp ec tiv e ly . T he co n ten t o f S i0 2 show s a g ra d u a l decrease in  all th re e  p h ases  
in  th e  course  of th e  e ru p tio n ; i t  is a lm o st u n ch an g ed  in  th e  g rea t u n ifo rm  g ro u p  
o f th e  s tra to -v o lcan ic  series (F ig . 5, item s 3 to  6). S im ilarly , th e  c o n te n t  o f 
A120 3 tu rn s  o u t to  be n ea rly  c o n s ta n t th ro u g h o u t th e  th re e  phases. T h e  e n ric h ­
m e n t o f  iron  in  th e  m ore basic  m em bers is less easily  traceab le  in  th e  cu rv es  
o f  FeO  an d  F e 2Oa, on acco u n t o f th e  changes o f th e  degree of o x id a tio n , b u t  
it  is c lea rly  reflec ted  by  th e  cu rv e  o f FeO  -f- F e 20 3 in  a ten d en cy  p a ra lle lin g

hy the three volcanic phases o f  the B örzsöny M ountains  

to 100)

MnO MgO CaO K 20 Z 8S О P ,o „ H 20 - H 20+ c o = O pe

0.05 0.52 2.90 2.86 2.23 0.07 0.79 2.42 0.20 2.53

0.06 1.43 5.92 2.96 3.74 0.15 0.30 0.57 0.10 9.49

0.28 2.22 7.09 2.26 3.80 0.25 1.07 1.34 0.08 2.50

0.15 2.41 7.21 2.22 2.94 0.24 0.71 1.31 0.50 1.91

0.13 2.35 6.97 1.96 3.44 0.44 0.52 1.28 0.25 1.38

0.13 1.33 7.06 1.88 3.65 0.22 0.67 1.45 0.20 1.50

0.12 1.93 5.73 2.26 3.57 0.10 0.66 2.13 1.94 0.84

0.11 1.98 6.34 2.27 2.85 0.18 1.60 1.30 0.36 2.62

0.17 2.46 6.79 2.40 3.40 0.21 0.77 1.29 0.32 1.78

0.25 2.78 7.32 1.99 2.42 0.17 0.57 2.45 1.23 0.89
0.18 1.09 7.45 1.85 4.84 0.08 0.31 1.60 1.60 1.82

0.10 1.38 5.24 2.76 3.11 0.17 0.17 1.11 - 0.41

0.09 1.25 5.05 2.72 3.33 0.18 0.43 1.72 - 4.11

0.17 1.48 6.89 2.21 3.09 0.19 1.40 1.79 0.32 4.61

Acta Geologica Academiae Scientiarum Hungaricae 12, 1968



44 GY. PANTÓ

t h a t  o f  th e  MgO cu rv e  a p a r t  from  th e  a fo rem en tio n ed  decrease in  th e  py roxene  
a n d e s ite  phase.

C onsidering th e  ch an g es  of th e  0 Fe c u rv e , i t  m igh t be fo u n d  su rp ris in g  
t h a t  th is  cu rve  reaches a m ax im u m  in  th e  in i t ia l  an d  fina l phases o f  vo lcan ism . 
T h e  im p o rta n c e  o f th is  p h en o m en o n  in  v o lcan o lo g y  was f irs t p o in te d  o u t by  
S z a d e c z k y - K a r d o s s  [31]; in  his in te rp re ta t io n , th e  m agm a o f a n  o rig inally  
low o x id a tio n  p o te n tia l in itia lly  acquires a h ig h e r  o x ida tion  p o te n tia l  am ong 
se d im e n ts  of a h ig h e r m e a n  ox idation  p o te n t ia l ;  th e  su b seq u en t in c rease  of 
th e  m a g m a tic  m a te r ia l  im presses th e  low  o x id a tio n  p o te n tia l o f  th e  abyssal 
m a g m a  u p o n  th e  e n tire  b o d y ; fina lly , w ith  th e  decrease of m a g m a tic  energy , 
th e  e n v iro n m e n t o f a h ig h e r  ox idation  p o te n t ia l  regains its  p rep o n d e ran ce .

A s regards a lk a lis , no  essen tia l ch an g e  in  ten d e n c y  can  be  tra c e d . In  a 
g en era l w ay  th e  rocks o f  th e  B örzsöny M o u n ta in s  co n ta in  less a lkalis  th a n  
th o s e  o f  th e  M átra  or T o k a j M ountains. T h e  CaO curve  is c o n tra v a r ia n t  to  th e  
S i 0 2 cu rv e , rang ing  fro m  2.90 (first p ro d u c t)  to  7.45 (end of th e  ca ld e ra  phase).

L e t us s ta te  f in a lly  t h a t  th e  B örzsöny  M o u n ta in s  is an  ex ce llen t exam ple 
o f  o ro g en ic  calc-alkali vo lcan ism  w ith  u n ifo rm , l i ttle  d iffe re n tia ted  p ro d u c ts  
ra n g in g  from  d ac ite  to  r a th e r  b asa ltic  a n d e s ite . C rysta lliza tion  ex h ib its  th e  
sam e  gen era l te n d e n c y  in  each  of th e  th r e e  phases  of e ru p tio n . T h e  critical 
M g-poor stage  in th e  in te rm e d ia te  phase  is a t tr ib u ta b le  to  a su p p ly  o f less 
d if fe re n tia te d  h y b rid  m a g m a  following th e  e v acu a tio n  of som e o f th e  n e a r­
su rfa c e  m ag m a ch am b ers . T h e  re la tiv e ly  h ig h  Ca co n ten t of th e  rocks an d  th e  
m e ta m o rp h ic  x en o lith s  en co u n te red  a t sev e ra l p o in ts  in d ica te  a h y b rid iza tio n  
w ith  gneiss and  c a rb o n a te  rocks; th is  p rocess to o k  place in  tw o  stag es , i.e. in 
a d e e p e r  a n d  a h ig h er m a g m a  reservoir.

In v estig a tio n  o f th e  m inera l a n d  chem ical s tru c tu re  
of th e  ro ck s  by the  re c o m p u ta tio n  m ethod

A s a basis o f th e  th e o re tic a l c o m p u ta tio n  o f th e  m inera l com position  
b y  th e  m e th o d  of S z a d e c z k y - K a r d o s s  [30] th e  averaged  chem ical analyses 
w ere  chosen  (Table I) . T h is  co m p u ta tio n , h o w ev e r, has posed som e p rob lem s. 
O ne o f  th e m  was th e  fa c t  t h a t  th e  com po sitio n  a n d  th e  ex ac t q u a n t i ty  o f glass 
a n d  g ro u n d m ass m ic ro lith s  could n o t b e  m easu red  fo r th e  in d iv id u a l 
ty p e s ;  besides, th e  a b u n d a n c e  ra tio  of tw o  m in e ra ls  in  a p a r tic u la r  ro ck  does 
n o t  ag ree  w ith  th e  ra t io  o f  th e  tw o com m on oxides in  th e  m inera ls . I t  tu rn e d  
o u t  to  b e  an  a d v a n ta g e , on th e  o th e r h a n d , t h a t  th e  co m p ara tiv e ly  accu ra te  
ch e m ic a l com position  o f  th e  phenocrysts  w as know n  by  e lec tron  m icroprobe 
m e a su re m e n ts , so t h a t  i t  w as no t n ecessa ry  to  perfo rm  th e  re c o m p u ta tio n  
on th e  basis  of th e o re tic a l com position  d a ta .

A lth o u g h  th e  re le v a n t  m ineral co m p o sitio n s w ere d e te rm in e d  also by  
m e a su re m e n t an d  a v e ra g e d  over th e  g roups in  th e  sam e w ay  as th e  analysis
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Fig. 6. C om puted  av erag e  m in era l com position . I. P lag ioc lase , I I .  H y p e rsth en e , I I I .  A ug ite . 
IV. A m phibole, V. B io tite , V I. O paques, V II. Q u a rtz , V I I I .  C alcite, IX . C o ru n d u m ,

X . G arn et. X I . R e s t
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Tabic II

Calculated chemical com position o f  the 
(V alues calcu la ted

1. *• 3. 4. 5. 6.

S iO , 74.4 67.7 62.4 62.4 62.1 67.1
Т Ю , 0.3 0.7 0.9 1.0 1.5 1.6
A 1,0., 12.5 17.3 11.7 15.7 6.4 7.1
F e , 0 3 2.6 4.5 6.8 3.1 6.9 6.5
FeO 1.4 — 2.3 3.6 9.4 4.7
M gO — — — — — —

CaO 0.9 2.4 3.4 4.2 2.0 —

к ,о 3.7 3.7 4.9 4.0 5.1 4.0
N a ,0 0.3 3.4 4.7 3.1 3.3 4.7
H..O + 3 . 6' 0.3 2.9 2.1 3.3 4.3
C O , 0.3 _ 0.8 —

d a ta ,  c o m p u ta tio n  p ro v e d  u sefu l neverthe less n o t  only  as a check  m e th o d  b u t 
a lso  as  a m eans of e n h a n c in g  th e  c h a ra c te r is tic  tendenc ies o f th e  in d iv id u a l 
p h a se .

T h e  chem ical a n a ly se s  w ere co n v e rted  to  p h en o c ry s ta l ty p e s  in  th e  
c o u rse  o f co m p u ta tio n , w ith o u t ta k in g  th e  g roundm ass in to  a cco u n t. T he 
re s u l t  is rep roduced  in  F ig . 6.

T h e  th ree  m a jo r p h a se s  of evo lu tion  o f  th e  rocks w ere re f le c te d  m ost 
e m p h a tic a lly  b y  th e  excess S i0 2 m ark ed  as q u a rtz . Q u artz  w as in  excess 
th ro u g h o u t  b u t in  a d ec rea s in g  p ro p o rtio n  fro m  th e  beg inn ing  o f th e  cycles 
to w a rd  th e ir  ends in  a g re e m e n t w ith  th e  S iO a cu rv e  of th e  v a r ia t io n  d iag ram  
(F ig . 5), w ith  th e  d iffe ren ce , how ever, th a t  th e  s lig h t increase in  S i0 2 a p p e a r­
in g  in  th e  analyses o f  th e  p y ro x e n e  an d esite  o f  th e  s tra to -v o lcan ic  g ro u p  was 
n o t  re f le c te d : th e  v o lu m e  o f excess q u a rtz  c o n tin u e d  to  decrease in  th e  p y ro x ­
ene  a n d e s ite . As reg a rd s  excess A120 3, i t  w as co m p u ted  in  th e  fo rm  o f g a rn e t, 
p ro v id e d  th e  a p p ro p ria te  ox ides w ere a v a ila b le  and  th e  ro ck  in  questio n  
a c tu a l ly  con tained  g a rn e t, o r  as co ru n d u m , i f  th is  was n o t th e  case. Excess 
A120 3 avo ided  th e  ro ck s o f  th e  s tra to -v o lcan ic  group  and  in c rea sed  p ro p o r­
t io n a l ly  w ith  q u a rtz ; b e s id es , i t  p roved  to  be  c h a ra c te ris tic  o f th e  subvo lcan ic  
m o re  p ron o u n ced ly  c o n ta m in a te d  ty p es o f ro c k  revealing  a p ro fo u n d  in te r ­
a c tio n  w ith  m e tam o rp h ic  a n d  sed im en ta ry  ro ck s.

I n  rocks w here th e  decom position  o f th e  d a rk  in g red ien ts  w as in ten se , 
su ch  as th e  subvo lcan ic  b o d ies  w ith in  th e  ca ld e ra , th e  c o m p u ta tio n  o f th e  
a l te r a t io n  p roducts b y  m in e ra l ty p es w as n o t  perfo rm ed ; in s te a d , o n ly  th e  
o rig in a l po rphyric  d a rk  in g re d ie n ts  w ere co n sid ered . T he co m p ariso n  o f th e
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groundmass o f  14 types o f  rocks 
for 100)

7. 8. 9. 10. П . 12. 13. 14.

62.4 59.5 70.4 69.1 71.9 77.0 71.1 84.7

0.1 0.9 0.5 1.2 1.0 0.2 —

15.2 17.4 10.0 12.6 12.4 15.6 13.9 6.4

0.9 5.7 5.4 2.4 4.6 3.6 0.6

3.4 3.1 1.8 2.9 — —

1.4 1.5 1.8 2.6 — — —

5.0 4.6 1.5 —
2.8 3.4 5.4 4.8 4.8 3.1 4.2 3.7

3.2 2.2 3.9 1.7 3.0 2.9 3.2 1.8

2.8 1.7 0.8 2.7 2.3 1.2 2.5 2.8

2.8 — — — — —

The item s 1 —14. are iden tical w ith  those in T able  I.

co m p u ted  and  m easu red  m inera l com positions rev ea led  th a t  th e  m ain chem ical 
in g red ien ts  u n d e rw e n t no essen tia l change o f a b u n d a n c e  in  th e  course of 
a lte ra tio n ; th e  chem ical co m p o n en ts  w ere on ly  re a rra n g e d  as a re su lt o f th e  
in ta k e  o f  C 0 2 an d  H 20 .

T he rock  co m p u ta tio n  m e th o d  o f S z a d e c z k y - K a r d o s s  [30] is su itab le  for 
d e te rm in in g  th e  th e o re tic a l chem ical com position  o f th e  g roundm ass in effusive 
rocks w hich c an n o t be t re a te d  easily  o therw ise. K n o w in g  th e  q u a n tity  an d  
q u a lity  o f p h en o cry s ts  an d  su b tra c tin g  th e  vo lu m e o f th e  elem ents b o u n d  in  
th em  from  th e  full chem ical analysis , an  a p p ro x im a te  im age  of th e  chem ical 
com position  o f th e  g ro u n d m ass and  th e  changes o f its  com position  can  be 
o b ta in ed . In  som e cases c e r ta in  e lem ents passed  in to  th e  n eg a tiv e  u p o n  th e  
su b tra c tio n  of th e  e lem ents fo rm ing  th e  p h en o cry sts . T ak in g  in to  consid era tio n  
th e  v a rio u s  possib ilities fo r su b s ti tu tio n , sh o rtag es w ere  com pensated  in su ch  
cases b y  th e  e lem ents in  excess.

T h e  th eo re tica l co m position  o f th e  g ro u n d m ass o f 14 average rock ty p e s  
o f th e  th re e  vo lcanic  phases is rep resen ted  in  a v a r ia tio n  d iag ram  (Fig. 7), in 
th e  o rd e r of succession of ou tflow  an d  em p lacem en t u sing  th e  d a ta  g iven in 
T ab le  I I .

T h e  ev a lu a tio n  reveals  th a t  th e  S i0 2 c o n te n t o f th e  g roundm ass a p p ro x i­
m a te ly  v aries as th a t  o f th e  w hole rock. I t  is, h ow ever, th e  V ariation  o f Mg 
th a t  is m ost su rp rising . In  th e  course of c o m p u ta tio n  th e  fu ll q u a n tity  o f Mg 
w en t in to  th e  early  p o rp h y ric  d a rk  silicates ex cep t in  th e  rocks w ith in  th e  
ca ldera  in  w hich som e Mg w as left over for g ro u n d m ass , to o . This w as due
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F ig . 7. V a ria tio n  d iagram  of th e  c a lcu la te d  g ro u n d m ass  com position  o f th e  ro ck s o f th e  th ree  
v o lca n ic  phases, in d ica ted  in  T ab le  I I  in  th e  fu n c tio n  of e ru p tio n  or in tru s io n

p a r t ly  to  p ro tra c te d  c ry s ta lliz a tio n  in  th e  subvo lcan ic  e n v iro n m e n t a n d  p a r t i t  
to  th e  re a rra n g e m e n t of decom posing  d a rk  silicates in to  g ra in s  o f  g roundm ass 
size. T h e  re p e a te d  defect or low v a lu e  o f  CaO reflec ts  an  e n ric h m e n t in  th e  early  
p lag io c lases  an d  th e  freq u en t a p p e a ra n c e  o f  p o rp h y ric  size ca lc ite  fo rm ed  in  th e  
co u rse  o f  a lte ra tio n . T he a lka lis  a n d  w a te r  c o n cen tra ted  in  th e  g roundm ass.

I n  th e  te rm s of th e  R it t m a n n  te rm ino logy , th e  co m p o sitio n  of th e  
g ro u n d m a ss  corresponds to  th e  co m p o n en ts  la ti te , q u a rtz  la t i te ,  rh y o lite  and  
a lk a li rh y o lite .
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ВУЛКАНИЗМ И ПЕТРОХИМИЧЕСКИЕ УСЛОВИЯ 
В СЕВЕРНОЙ ЧАСТИ ГОР БЁРЖЁНЬ

Дь. Г1АНТО

Р е з ю м е
Вулканизм северной части гор Бёржёнь делится на три крупных эволюционных 

этапа: 1. Начальный кислый вулканизм, создавший мощную стратовулканическую толщу.
2. Формирование кальдеры — обвала с субвулканическими породами. 3. Внедрение даек и 
штоков на краю кальдеры и западном борту массива. Первые два этапа свидетельствуют 
о развитии вулканизма от кислого (дациты) до основного (пироксеновые андезиты) состава, 
в то время как в третий этап уже не появляются продукты более основного состава. Вулка­
низм развивается с востока на запад и из изолированных проявлений становится централь­
ной вулканической деятельностью.

Рассматриваемые горные породы представляют собой продукты однообразного, 
слабо дифференцированного, орогенического известковисто-щелочного вулканизма. Тен­
денция кристаллизации проявляется аналогично внутри всех трех этапов, причем в 
«критическом» поле продуктов среднего этапа происходит внезапное уменьшение Mg. 
Несмотря на то, что каждый этап начинается кислыми продуктами и кончается основными, 
отклонение от фракционированной кристаллизации нельзя объяснить исходя из единствен­
ной магматической камеры. Такое изменение обусловлено внедрением малодифференциро­
ванной, но уже заранее гибридизированной магмы, беспрерывно перетекавшей через неко­
торую из приповерхностных магматических камер. Уменьшение содержания Mg на конце 
отдельных этапов совпадает с исчезновением амфибола, что обусловлено поступлением 
магмы из более глубоко лежащей камеры после опорожнения вторичных магматических 
камер и имевшими при этом место процессами трансвапоризации.

Применение разработанного Э. Садецки-Кардошшом метода количественной оценки 
горных пород вносит новый вклад в дело познания состава основной массы эффузивов.

Формирование (обваливание) кальдеры тесно связано с крупным очагом питания 
стратовулканической деятельности, вероятным местоположением горных пород фунда­
мента, а также с предположенными вторичными магматическими камерами, лежащими 
на глубине 4—5 км. О существовании вторичных магматических камер можно судить по 
магматектоническим, петрохимическим, минералопетрографическим и контаминационным 
признакам горных пород.

Механизм формирования кальдеры (обваливание) трудно объяснить уплотнением 
нижележащих олигоценовых отложений. Постепенное обваливание является, по-види- 
мому, результатом опорожнения приповерхностных магматических камер. Для объясне­
ния процесса опорожнения приповерхностных камер можно использовать гипотезу 
Горшкова, основанную на известняковом вытеснении.
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EXPERIMENTAL SIMULATION 
OF ROCK METAMORPHISM

By

E . S z á d e c z k y - K a r d o s s , B. K l i b u r s z k y , L. P e s t y , E . T o m o r ,
and 0 .  TOMSCHEY

GEOCHEMICAL RESEA RCH  LABORATORY OF TH E H U N G A RIA N  ACADEMY OF SCIENCES, B U D A PE ST

T he effec ts o f increasing  te m p e ra tu re  u p  to  650 °C, o f load  p ressure  u p  to  10 k b a r  
an d  of v a p o u r  p ressu re  u p  to  5 k b a r  on  sam ples o f a  s ta n d a rd  clay  w ere se p a ra te ly  
d e te rm in ed  (F ig s. 2— 5).

T he ro ck  m etam o rp h ism  o f th e  sam e c lay  in  th e  presence of a 5 p e r c e n t  N aC l 
so lu tion  w as ex p erim en ta lly  sim u la ted  b y  m ean s o f d iffe ren t ty p es o f h ig h -p ressu re , 
h ig h -te m p era tu re  vessels. T he m ineralog ical co m p o sitio n  of these  p ro d u c ts  c o rre sp o n d ed  
to  th e  d iffe re n t hornfels an d  am p h ib o lite  facies a n d  to  a new  m eta so m atic  m o n tm o ril-  
lo n ite  facies, if  v a p o u r  p ressures in s tea d  of lo ad  p ressu res were used .

H ow ever, all these  p ro d u c ts  do n o t  re p re se n t tru e  c rysta lline  sc h is ts  w ith  
sch isto sity  and  low p o ro sity . T he p o ro sity  o f th e  d ried  and  crushed c lay  sam p le  is 
decreased  on ly  to  a b o u t 10 to  20 p e r cen t b y  8 to  15 k b a r  load  p ressure  (co rre sp o n d in g  to  
30 to  50 km  d e p th )  an d  th e  filling  w ith  w a te r  o f  th e ir  pores rem ains inco m p le te . In  such  
sam ples, no v e ry  h igh  v a p o u r  p ressu res b u ild  u p .

H ence  new  m eth o d s for p ro d u c tio n  o f sy n ch ro n o u s and  m easu rab le  h ig h  lo ad  
and  v a p o u r  p ressu re  w ere developed. New m ea su re m e n ts  b y  th is  m ethod  a re  in  p ro g ress

T h eo re tica lly , th e  m ain  cond itions o f h ig h -g rad e  geochem ical s im u la tio n  
a re  th e  co rrec t re p ro d u c tio n  of n a tu ra l p rocesses, in  reg a rd  of 1. co m p o sitio n , 
2. te m p e ra tu re  an d  p ressu re  an d  3. d im ensions in  tim e  and space. T h ese  co n ­
d itio n s w ere rep ro d u ced  in  our L a b o ra to ry  as follow s:

1. D iffe ren t k in d s o f rock  sam ples r a th e r  th a n  m ix tu res o f ch em ica lly  
p u re  oxides w ere used . T h u s th e  sam ples c o n ta in  30 to  40 m inor e le m e n ts , to o , 
in  th e ir  o rig inal p ro p o rtio n s  an d  s ta te . As in  th e  n a tu re  rocks in flu en ce  each  
o th e r  also as “ seco n d ary  open sy stem s” , d iffe re n t k inds of rock sa m p le s  in  
m u tu a l c o n ta c t w ere used , too .

A N aC l so lu tio n  as a rem ain d er o f sea w a te r  is usually  p re se n t in  th e  
pores of th e  rock , also in  th e  course o f p ro g ressiv e  m e tam o rp h ism . N aC l is 
th e  m ost f re q u e n t co m p o n en t of th e  inc lusions in  igneous rocks, to o . T h u s  th e  
overw helm ing  m a jo rity  o f our ex p e rim en ts  w ere perfo rm ed  w ith  d ilu te d  
(5 p e r cen t) N aC l so lu tion .

2. To rep ro d u ce  th e  n a tu ra l co n d itio n s, special equ ip m en t w as u s e d  to  
co n tro l a n d  p ro v id e  chang ing  te m p e ra tu re , m ech an ica l and  v a p o u r  p re ssu re . 
A u to c lav e  vessels — m o stly  cold seal vessels - w ere also used. B u t to  s im u la te  
th e  com plex  te m p e ra tu re , m echan ical a n d  v a p o u r  p ressu re  changes in  n a tu re ,  
special ty p e s  o f  vessels were developed . A  ty p e  w ith  an  e x tra  sea l, m e ta l­
p ack in g  a n d  p is to n  realizes tw o  seem ingly  o p p o site  req u irem en ts: 1. a com -
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p le te  sea lin g  a t  h igh  v a p o u r  p ressure , 2. th e  n e a r ly  con tinuous an d  m easu rab le  
co m p ressio n  o f th e  sam p le  b y  an  in d e p e n d e n t load  pressure. T w o -ch am b er 
v esse ls  (see below ) w ere u sed  also to  p ro d u c e  d iffe ren t m easu rab le  lo ad  an d  
v a p o u r  p ressu res. D iffe ren t p ressu re  an d  te m p e ra tu re  g rad ien ts  w ere p ro d u ced  
b y  e lo n g a te d  co ld-seal vessels.

3. T o  a p p ro x im a te  a sim u la tio n  of th e  lo n g  geological spans o f  tim e  th e  
“ p r in c ip le  o f a sy m p to tic  e x tra p o la tio n ”  w as applied . A ccord ing  to  th is  
p r in c ip le , th e  re su lts  o f  th e  sam e e x p e rim en t, p ro lo n g ed  for d iffe ren t sp a n s  of 
t im e , a re  re p re se n te d  in  fu n c tio n  of tim e  a n d  th e  a sy m p to te  is d e te rm in e d . T h is 
a s y m p to te  expresses th e  cond ition  of e q u ilib riu m  valid  for long geological 
sp a n s  o f  tim e .

O u r ex p e rim en ts , ca rr ied  ou t acco rd ing  to  th e se  princip les, do e v id e n tly  
n o t  s a tis fy  all th e  re q u ire m e n ts  of th e  s im u la tio n  of n a tu ra l co n d itio n s . S till 
th e y  a lre a d y  show  th e  w ay  to w ard  a b e t te r  ap p ro x im a tio n  of geological 
re a li ty .

A ccord ing  to  th e  op in ion  of m any  p e tro g ra p h e rs  th e  lo n g -d is tan ce  d iffu ­
sion o f  e lem en ts th ro u g h  com pact rock  m asses  is im possib le even  d u rin g  
m illio n s o f  y ears . T h is op in ion  is based  on  th e  v e ry  low ra te  of d iffu sion  of 
som e h e a v y  e lem ents fo u n d  in  single c ry s ta ls . I t  co n trad ic ts , h ow ever, m a n y  
m o d e rn  p e tro lo g ica l o b se rv a tio n s . To check  th is  p o in t we h av e  f i r s t  o f all 
m e a su re d  th e  ra te  o f se lec tive  m ig ra tio n s o f  w a te r  v ap o u r th ro u g h  d iffe ren t 
so lid , c o m p a c t subv o lcan ic  rocks (b asa lt, a n d e s ite , obsidian) a t  250 to  550 °C 
a n d  100 to  2000 b a rs  o f v a p o u r  pressure. T h e  o b se rv ed  ra te  was p a r tlv  1 m m /d ay . 
T h is h ig h  ra te  o f d iffusion  th ro u g h  co m p ac t ro ck s  is due to  th e  m ig ra tio n  of 
th e  v o la ti le  e lem ents a long  th e  gra in  in te rfa c e s  an d  th ro u g h  la tt ic e  defec ts . 
In  th is  w ay , d iffe ren t en d o m e ta m a g m a tite s  w ere  p roduced  an d  th e  m iner- 
a log ica l effects of th e  en d o m e tam ag m atic  tra n sv a p o r is a tio n  b y  v o la tile s  d eriv ed  
fro m  a c lay ey  m ed iu m  on acid ic, n e u tra l  a n d  basic  igneous rocks cou ld  be 
m e a su re d  a t  d iffe ren t te m p e ra tu re s  (Sz a d e c z k y - K a r d o s s  e t al. 1964; SzÁ- 
d e c z k y - K a r d o s s  a n d  P e s t y  1965).

A  sy s te m a tic a l e s tim a tio n  of th e  te m p e ra tu re  an d  pressure  of ro ck  m e ta ­
m o rp h ism  b ased  on th e  m ax im u m  d e p th  o f  b u r ia l  o f coals o f v a rio u s r a n k  was 
in i t ia te d  in  1949— 1951. S ince 1952 th is  p ro b le m  was in v es tig a ted  also b y  
e x p e rim e n ts  concern ing  th e  h ig h -te m p e ra tu re  a n d  h igh-pressure chan g es of 
s ilic a te  sy stem s of one a n d  several co m p o n en ts  (F ig . 1).

HtETANEN (1967) has a lread y  d is tin g u ish e d  e igh t series of ro ck  m e ta ­
m o rp h ism , co n n ec ted  w ith  d iffe ren t g e o th e rm a l g rad ien ts , b y  th e  co m p ariso n  
o f e x p e rim e n ta l d a ta  a n d  geological o b se rv a tio n s  (F ig . 1).

I n  a ll th e se  m in era l facies system s, h o w ev e r, i t  is n o t u n am b ig u o u sly  
c lear w h e th e r  th e  “ p re ssu re ”  in  th e  d iag ram s m ean s  load  ( lith o s ta tic , m e c h a n ­
ical) p re ssu re  (pi ) ,  o r v a p o u r  pressure  (p ç). T h e  tw o  p ressures are  re g a rd e d  b y  
som e a u th o rs  as a b o u t eq u a l, a t  leas t a t  g re a t d e p th  ( W i n k l e r  1957, T u r n e r  and
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Fig. 1. Supposed v a lu es o f  th e  p — t p a ram e te rs  o f th e  m in era l facies b y  d iffe ren t a u th o rs  (1949— 1967)





EXPERIMENTAL SIMULATION OF KOCK. METAMORPIIISM 5 3

V e h h o o g e n  1960). On th e  c o n tra ry , o th e r  re sea rch ers  suppose t h a t  lo a d  and  
v a p o u r  p ressu re  in th e  c ru s t a re  w idely d iffe re n t: p ) <g p„ (M i y a s h i u o  1961, 
e tc .). T h e  d issim ila rities o f th e  vo lcanic , su b v o lcan ic , shallow  and  deep  p lu to n ic  
ore fo rm atio n s an d  o f th e  igneous rocks w ere ex p la in ed  a lread y  b y  P . N ig g l i  
(1937) on th e  basis  o f su p p o sed  differences in  “ e x te rn a l”  ( l i th o s ta tic )  and  
“ in te rn a l”  (vapour) p ressu re .

C onsequen tly  th e  n e x t  p o in t in  ou r re sea rch  p rog ram  w as to  d e te rm in e  
se p a ra te ly  th e  effect 1. o f te m p e ra tu re , 2. o f load  pressure  an d  3. o f  v a p o u r  
p ressu re .

Tw o m ain  series o f ex p erim en ts  w ere p e rfo rm ed , one on sam p le s  of 
a s ta n d a rd  carbonaceous c lay , th e  o th e r on a low  grade  brow n coal. I n  the  
p re se n t p ap er, th e  in d u ced  m etam o rp h ism  o f th e  carbonaceous c la y  w ill be 
d ea lt w ith .

I t  was found  th a t  th e  orig inal m inera log ica l com position  o f  th e  ca rb o n ­
aceous clay  (F igs 2 — 5) is n o t changed  co n sid e rab ly  e ith e r b y  in c reasin g  
te m p e ra tu re  (F ig . 2), or b y  increasing  lo ad  p re ssu re  alone (Fig. 3). H ow ever, 
load  p ressu re  changes th e  re la tiv e  areas o f th e  d iffrac to m etric  p e a k s  o f som e 
m inera ls . Also it  d es tro y s  a t  d is tin c t p ressu re  levels som e O H -co n ta in in g  m in ­
erals w hich possess th e  low est com pound  p o te n tia l  in to  a d iso rd e re d  quasi- 
am o rp h o u s phase . T he a p p e a ra n ce  of th is  new  q u asi-am o rp h o u s m a te ria l 
a ffec ts  th e  p e rcen tag es o f th e  c ry s ta llin e  m in era ls , to o , a lth o u g h  th e i r  q u a n ­
t i ty  ra tio s  rem ain  u n ch an g ed  (F ig . 3).

I t  w as fo u n d  th a t  m o st o f th ese  changes are irrev ers ib le : th e  quasi- 
am o rp h o u s m a te ria l becam e  m ore s tab le  w ith  increasing  load p re s su re  and 
reac tio n  tim e.

T he a m o u n t o f q u asi-am o rp h o u s m a te ria l increases w ith  in c re a s in g  load 
p ressu re  and  in creasin g  te m p e ra tu re . T h e  e ffec t of b o th  fa c to rs  is ab o u t 
ad d itio n a l.

Since th e  la ttic e s  a re  defo rm ed  b y  c ru sh in g  an d  rubb ing  in  th e  la b o ra ­
to ry , to o , it  is like ly  th a t  rocks co n ta in in g  quasi-am o rp h o u s m a te r ia l  occur 
also in  n a tu re , even a t  re la tiv e ly  sm all d e p th  along s t ru c tu ra l  surfaces. 
T h e ir  d e te rm in a tio n  w as, how ever, h in d ered  u p  to  now  b y  th e  la c k  o f  su itab le  
m e th o d s . (The m e th o d  fo r th e  d iffrac to m etric  d e te rm in a tio n  o f q u a s i-a m o r­
pho u s m a te ria ls , deve loped  in ou r la b o ra to ry  b y  B á r d o s s y , p e rm its  now  to 
check  th is  a ssu m p tio n , too .)

T he effect o f v a p o u r  p ressu re  is e ssen tia lly  d iffe ren t in d eed , c o n tra ry  
to  th a t  o f load  p ressu re . N ew  c ry s ta l la ttic e s , new  m ineral a sso c ia tio n s , i.e. 
new  ro ck -ty p es com e to  e x is t in  som e d ay s, in d eed , w ith in  a few  h o u rs  even 
a t  re la tiv e ly  low v a p o u r  p ressu res . M ineral assem blages of m e ta m o rp h ic  rocks 
(e.g. g ran u litic  gneiss, c o n ta c t-m e tam o rp h ic  hornfe ls and  sa n id in ite )  a re  p ro ­
du ced  (F igs 4 5). T h e  re su lts  o f  ex p erim en ts  p erfo rm ed  a t a g iven  te m p e ra tu re
(up  to  650 °C) are  la rge ly  s im ila r even if  v a p o u r  p ressu res are d iffe re n t (100 to

Ada G vola» it Academiae Scientiarurn Hungaricae 12, 1У08



5 4 E . SZÁDECZKY-KARDGSS et al.

Montmorillonite

F ig . 2 . E ffec t of increasing  te m p e ra tu re  a t 2500 b a rs  o f  m ech an ica l pressure  (ru n s of 8 to  72
hours)

F ig . 3. E ffect of in c re a s in g  m echanical p ressu re  a t  300 °C (runs of 8 ho u rs)

2000 b a rs ) . W ithin  th e se  p re s su re  lim its, th e  f a c to r  s ig n ifican tly  affec ting  th e  
c la y e y  ro ck s is the  te m p e ra tu re .

U p  to  300 °C, m o n tm o rillo n ite  is fo rm ed  o u t  o f  dolom ite , ch lo rite  an d  
illite . T h e  q u a n tity  of m o n tm o rillo n ite  increases w ith  d ecreasing  p o ro s ity : 10 p e r 
c e n t  a t  250 °C and 100 b a r s ,  38 p e r  cen t a t th e  sa m e  te m p e ra tu re  b u t  2000 b a rs . 
T h e  m in e ra l com position  p ro d u c e d  in th is w ay  is n e ith e r  a zeolite  facies, n o r
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th e  g reensch ist lac ies, n o r th e  ep id o te -am p h ib o le -h o rn fe ls  facies. I t  rep resen ts  
a new facies to  be  describ ed  in th e  n e x t p ap er.

A t a b o u t 450 °C an d  2000 bars  o f v a p o u r  p ressu re , m o n tm o rillo n ite  d is­
ap p ears  and  p h lo g o p ite  is form ed. T he p lag ioclase  c o n te n t increases s im u lta ­
n e o u s ly ,c h ie fly a t th e e x p e n s e o f  se ric ite -illite .T h is  associa tion  co rresponds m ore 
or less to  th e  b io titic  subfaeies of th e  g reen sch is t facies. I t  d iffers from  th e  
m ineral associa tion  o f th e  am ph ibo le-ho rn fe ls  facies, th o u g h  th e  app lied  p  — t 
values are equal (see Fig. 1 accord ing  to  m ost accep ted  h ypo theses).

A s ig n ifican t ch an g e  tak es  place a t  a b o u t 500 °C. 8 p er cen t o f p o tass iu m  
fe ld sp ar, 23 and  28 p e r  c en t o f au g ite  an d  d iopside  re sp ec tiv e ly  an d  25 p e r cen t 
o f  plagioclase are  fo rm ed  a t  th e  expense of q u a r tz , ph lo g o p ite  an d  ch lo rite . 
T he Ca lib e ra ted  from  th e  decom posed ca lc ite  in creases  th e  a n o r th ite  co n te n t 
o f  th e  p lagioclase from  35 to  70 p er cen t. T h e  q u a n ti ty  of seric ite -illite  de­
creases, ow ing to  a tra n s it io n  largely  in to  m u sco v ite . T his associa tion  rem ains 
essen tia lly  s tab le  a t  le a s t up  to  650 °C. D iffe ren t from  th e  p y roxene-ho rn fe ls  
c o n ta c t facies i t  r a th e r  resem bles th e  am p h ib o lite  facies (Figs 4 — 5).

These d a ta  re su lt from  48 ho u r e x p e rim e n ts  an d  th u s  m ay  d e v ia te  by  
a few per c en t from  th e  equ ilib rium  s ta te , w h ich  could be d e te rm in ed  from  
th e se  d a ta  b y  th e  p rin c ip le  of a sy m p to tic  e x tra p o la tio n .

All these  m in era l associations p ro d u ced  in  th e  la b o ra to ry  d iffer from  
tru e  c ry sta llin e  sch is ts  in th e  absence o f  sch is to s ity . T e x tu ra lly  th e y  are  m ore 
sim ilar to  c o n ta c t m e tam o rp h ic  rocks b u t  th e ir  g ra in  size of a b o u t 10 m icrons 
is v e ry  sm all co m p ared  even  to  th e  hornfelses. T h is is p re su m ab ly  due, in  p a r t  
a t  least, to  th e  sh o rt tim e  o f c ry s ta lliz a tio n , b u t  i t  m ay  be p a r t ly  also due  to  
th e  absence of lo ad  p ressu re . A lthough  a m echan ica l p ressu re  eq u a l to  th e  
v a p o u r p ressu re  is (by  th e  p rincip le  o f ac tio n -reac tio n ) p resen t in  th e  no rm al 
cold-seal an d  o th e r  au to c lav e  vessels. T h is d iffers from  n a tu ra l load  p ressure . 
T here  rem ains a co n sid erab le  po ro sity  even  a f te r  th e  a rtific ia l co m p ac tio n  o f 
th e  sam ple in  th e  au to c lav e  vessels. In  th e  ex p e rim en ts  described  sy s te m a ti­
cally  40 p er cen t p o ro s ity  w as used a t 2000 b a rs  o f v a p o u r p ressure .

Such high free po rosities are, how ever, m o stly  e lim in a ted  u n d e r n a tu ra l 
cond itions b y  th e  load  p ressures p rev a ilin g  in  th e  c ru s t. T h u s th e  co rrec t 
s im u la tio n  of n a tu ra l  rock  m etam o rp h ism  req u ires  a h igh load  p ressu re  ac tin g  
th ro u g h o u t th e  c ry s ta lliz a tio n  process.

H igh load s tresses as coupled to  h igh  v a p o u r  p ressures req u ire , how ever, 
som e fa irly  so p h is tic a te d  tech n iq u es an d  e q u ip m e n t n o t realized  u p  to  now , 
a t  least as fa r as we know . This is w hy  no t ru e  c ry sta llin e  sch ists  h av e  p re ­
sum ab ly  been p ro d u ced  a rtific ia lly  till now .

T herefo re , f ir s t  ex p erim en ts  w ere p e rfo rm ed  in  o u r la b o ra to ry  to  p ro d u ce  
load  p ressures su rp ass in g  th e  v ap o u r p ressu re . D ry  clay  sam ples (A) an d  w et 
ones (co n ta in in g  INaCl so lu tions) (B) w ere  exposed  to  300 320 °C an d  2000 —
3500 bars load  p ressu re . U n d er th ese  co n d itio n s , th e  m inera l com position  was
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ía tm

1 atm.

25° 100° 200 Ш °  500° 600°С
E ffe c t  o f  tem p e ra tu re  a t  100 a n d  2000 b a rs  o f v a p o u r  p ressu re  (ru n s of 48 hours

F igs. 4. an d  5.

n o t s ig n if ic a n tly  changed , e x c e p t fo r th e  ap p e a ra n ce  of a b o u t 7 p e r cen t of 
q u a s i-a m o rp h o u s  m a te ria l w ith in  48 hou rs  (T ab le , p. 57).

A t 550 °C and  2000 (C) a n d  5000 b a rs  (D) load  p ressu re  in p resen ce  o f  
N aC l so lu tio n , how ever, p h lo g o p ite  w as fo rm ed , th e  a m o u n t o f w hich  in creased  
w ith  in c re a s in g  load p ressu re . A t th e  sam e tim e  th e  a m o u n t of p lag ioclase w as 
in c re a se d , t h a t  of th e  c a rb o n a te  m inera ls  decreased . This m in era l c o n te n t 
co rre sp o n d s  ap p ro x im a te ly  to  th e  am p h ibo le -ho rn fe ls  facies.

I n  th e s e  experim en ts th e  v a p o u r  p ressu re  w as n o t c o n s ta n t, i t  decreased  
slow ly  d u r in g  th e  ex p erim en t. I f  th e  v a p o u r  p ressu re  is e lim in a ted  a t  a n  earlv  
s ta g e  o f  th e  ex p erim en t, th e  successive  lo ad  p ressu re  form s som e quasi- 
a m o rp h o u s  su b stan ce , to o  (A a n d  D).
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‘Vs a n e x t s tep , d iffe ren t q u a n ti t ie s  of w a te r  w ere ad d ed  to  th e  sam p les  
an d  lo ad  pressure  was increased  to  12 th e n  to  15 k ilo b ars . I t  w as fo u n d  th a t  
a w a te r  c o n te n t up to  3 p e r  c e n t p ro m o tes  co m p ressib ility  u p  to  a b o u t 8 kilo- 
lia rs  lo ad  p ressure . A lo ad  o f m ore  th a n  9 k ilo b ars  w ill, how ever, squeeze 
th e  w a te r  exceeding 3 p e r c e n t o u t o f th e  sam ple . A lo ad  p ressu re  ev en  of 
12 to  15 k ilo b ars  decreases th e  p o ro s ity  o f th e  s ta n d a rd  clay  to  a b o u t 20 p er 
c e n t o n ly , even if  th e  a m o u n t o f  a d d ed  w a te r  is o p tim u m  (2 p e rc e n t) .  (These 
e x p e rim e n ts  will be described  in  d e ta il in a se p a ra te  p ap er.)

Original
composi­ A в c о

tion _____:_____

T em p era tu re , °C 2 0 3 0 0 3 2 0 5 5 0 5 5 0

L oad  (bar) (1 ) 3 5 0 0 2 0 0 0 2 0 0 0 5 0 0 0
(per cent w ith o u t am orphous m ate ria l)

Q u a rtz 17 19 18 13 17
Plagioclase 7 8 7 19 19
C alcite 2 0 19 2 2 21 2 4
D olom ite 1 0 11 9 — —

Siderite 1 — —

C hlorite 17 12 17 6 1 :
M ontm orillonitc 2 1 —

I llite -seric itc 2 6 3 0 2 5 —

S ericite-ph logopite — 4 0 4 0
Q u asi-am orphous substance 7 8

U n d e r such  c ircu m stan ces , v a p o u r  p ressu re  does n o t exceed n o te w o rth y  
th e  n o rm a l 115 bars a t  320 °C, a lth o u g h  th e  s im u ltan eo u s  load  p re ssu re  
a m o u n ts  to  6 to  8 k ilobars a n d  th e  p rev ious lo ad  even to  12 to  15 k ilo b ars .

T hese  ex perim en ts show  th a t  th e  n a tu ra l w a te r  c o n te n t o f th e  s la te  is 
n o rm a lly  n o t su ffic ien t to  p ro d u ce  th e  v a p o u r  p ressu re  n ecessary  fo r  th e  
fo rm a tio n  of c ry sta llin e  sch is ts , e t 'en  a t  5000 b a r  load  p ressu re , co rresp o n d in g  
to  18 k m  of d ep th .

T h e  experim en ts ju s t  d esc rib ed  w ere p erfo rm ed  on clay  sam p les  th a t  
u n d e rw e n t epigenesis in  n a tu re . T h u s  th e  add ing  of w a te r  an d  th e  in c rea s in g  
lo a d  p re ssu re  an d  te m p e ra tu re  s im u la te  a fo u n d erin g  to  g rea t d e p th  o f  an  
ep ig en e tica lly  dried  an d  th e n  m ech an ica lly  d is in te g ra te d  rock , i.e. th e  p ro ­
cesses o f a com plex te c to n ic a l o sc illa tion . In  such a c lay  i t  is h a rd ly  possib le  
to  p ro d u c e  th e  low p o ro s ity  k n o w n  from  th e  clay  sam ples o f deep d rill cores.

I t  m ay  be assum ed, h ow ever, th a t  th e  w a te r  a d d ed  to  th e  s tro n g ly  epi- 
g e n e tiz e d  and  su b seq u en tly  d ried  c lay  is n o t a b so rb ed  in to  th e  free  p o res  in 
th e  sam e m easu re  as th e  sea w a te r  filled  th e  pores o f th e  m u d  w hen i t  w as f irs t 
d e p o s ite d  on th e  sea b o tto m . H en ce , th e  “ m ud  w a te r”  m a y  p ro d u ce  in  n a tu re  
a h ig h e r v a p o u r pressure  an d  lo ad  p ressu re  a t  th e  sam e te m p e ra tu re  th a n  th e
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e x p e rim e n ta l in crease  o f  th e  te m p e ra tu re  a n d  p ressu re  ac tin g  u p o n  a once 
d r ie d  rock . On th e  o th e r  h a n d , th e  high v a p o u r  p ressu re  req u ired  for th e  fo rm a­
t io n  o f  c rysta lline  sc h is ts  m a y  be p ro d u ced  b y  th e  v o la tile s  de livered  b y  th e  
p ro g re ss iv e  m e ta m o rp h ic  processes in  th e  b o tto m , too . In  th is  case, ep im eta- 
m o rp h ic  changes a t  h ig h e r  levels are  th e  consequences o f m eso- or h igher- 
g ra d e  m etam o rp h ic  p rocesses deep in  th e  c ru s t.

T o  check th e se  assu m p tio n s , tw o  f u r th e r  series of ex p e rim en ts  w ere 
in i t ia te d . One w as p e rfo rm e d  on fresh  u n d is tu rb e d  an d  s tab ilized  clay  cores 
f ro m  deep borings. T h e  o th e r  will be p e rfo rm e d  in  tw o -ch am b er vessels w ith  
a sp ec ia l w a te r c h a m b e r , w hose v ap o u r in tro d u c e d  in to  th e  sy stem  a t e levated  
te m p e ra tu re  and  lo a d  p re ssu re  is ex p ec ted  to  s im u la te  th e  effects o f m e ta ­
m o rp h ism  in an  o pen  sy s te m  w ith  vo la tiles  ris in g  from  th e  deep c ru st.

In  co n tra s t to  th e  ex p erim en ts  w ith  c lay -sam ples, v e ry  h igh v ap o u r 
p re ssu re s  an d  s tro n g  m e ta m o rp h ic  changes w ere p ro d u ced  in  a series o f experi­
m e n ts  perfo rm ed  on  lo w -ra n k  brow n coal in  th e  sam e vessels as w ere used in 
th e  c la y  experim en ts. I n  c o n tra s t  to  th e  c lay -sam ples v a p o u r  p ressu re  in  th e  
b ro w n  coal series su rp a s se d  load  p ressu re  a lre a d y  a t  250 °C u n d e r  th e  p — t 
c ircu m stan ces  co rre sp o n d in g  to  a n o rm al g eo th e rm a l g ra d ie n t (Sz a d e c z k y - 
K a r d o s s  1968). H ig h  v a p o u r  pressures a t ta in e d  in  th is  w ay  are  due to  th e  
p ro d u c tio n  of v a rio u s h y p e rc r itic a l v ap o u rs  (gases) b y  th e  h ig h -p ressu re  and  
h ig h -te m p e ra tu re  d eco m p o sitio n  of th e  o rg an ic  su b stan ces . Such h y p erc ritica l 
v a p o u rs  do no t occur in  a subsid ing  c layey  series u n d e r a n o rm al geotherm al 
g ra d ie n t. C onsequen tly , no  v e ry  h igh v a p o u r  p ressu res  are  like ly  to  develop 
in  p u re  clay  series.

T h e  m etam o rp h ism  o f no rm al silica te  rocks differs fu n d a m e n ta lly  from  
th e  fo rm a tio n  of coal fro m  p e a t (“ co a lifica tio n ” , “ In k o h lu n g ” ). T he peat-coal 
t ra n s fo rm a tio n  is a c o n tin u o u s  process, c o n tro lle d  b y  increasin g  te m p e ra tu re , 
in  c lo sed  and  sem iclosed ro ck  system s; th is  p rocess p roduces e x tra  h igh  v ap o u r 
p re ssu re s  a lread y  u n d e r  th e  n o rm a l co n d itio n s  o f p rogressive  m e tam o rp h ism ,
i.e. o f  a subsid ing  c ru s t.  O n th e  c o n tra ry , th e  tru e  m e tam o rp h ism  o f silicate  
ro ck s  is p resu m ab ly  a s tep w ise  process w h ich  ad v an ces on ly  a t  c e rta in  fixed  
levels o f  te m p e ra tu re  a n d  p ressu re , m o stly  w ith o u t a tta in in g  e x tra  h igh  v ap o u r 
p re ssu re s . In  th e  e x te n s iv e  in te rv a ls  b e tw een  tw o  steps of th is  stepw ise  m eta- 
m o rp h ism , no essen tia l ch an g es seem  to  occur.

I f  th ese  a ssu m p tio n s  a re  va lid , e x tra  h ig h  v a p o u r  p re ssu re  — equal to  
o r  su rp a ss in g  load  p re ssu re  a t  th e  no rm al g e o th e rm a l g ra d ie n t — is excep tional 
in  th e  e a r th ’s c ru s t. I n  th e  m o st f re q u e n t k in d s  of se d im e n ta ry  rocks, e.g. in  
c lay s , v a p o u r  p ressu re  m o s tly  does n o t even  a p p ro x im a te  lo ad  p ressu re . F rom  
th e  k n o w n  p o ro sity  v a lu e s  o f c layey  sed im en ts  in  n a tu re  ( F r a z e r  1930; 
A t h y  1939; H e d b e r g  1936; S k e m p t o n  1945; W e l l e r  1959) an d  from  th e  
p re ssu re -v o lu m e —te m p e ra tu re  re la tions in  w a te r  an d  in  C 0 2 estab lish ed  b y  
K e n n e d y  (1950, 1954) i t  c a n  be ca lcu la ted  t h a t  th e  ra tio  of lo ad  to  v a p o u r
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p re ssu re  is g re a te r  th a n  one to  te n , a t  n o rm a l geo th e rm al g ra d ie n ts  up to 
500 °C, i.e. over m ost o f th e  ran g e  o f ro ck  m etam o rp h ism .

T h e  s t ru c tu ra l  u p liftin g  of ro ck  bod ies m akes v a p o u r  p re ssu re  decrease 
fa s te r  th a n  load  p ressure , as a re su lt o f th e  decrease of te m p e ra tu re .

T h e  b es t p ro o f for th e  in e q u x lity  o f th e  tw o p ressu res  is th e  ex istence  
on th e  su rface  of rocks w hose m inera log ica l com position  re flec ts  a d e p th  equi­
lib riu m . C onsiderab le  v a p o u r p ressu re  in  th e  u p lifted  rocks w ou ld  re su lt in 
to n tin u o u s  re tro g ra d e  m e tam o rp h ism , an d  deep equ ilib ria  could  n o t  ex ist on 
ehe surface.
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ОПЫТЫ ПО МОДЕЛИРОВАНИЮ МЕТАМОРФИЗМА ГОРНЫХ ПОРОД 
э. садецки-кардош ш , б . клибурски , Е. ТОМОР и  о. томшей

P е з ю м е

Авторы определили влияние повышенной температуры (до 650° С), давления вслед­
ствие нагрузки (до 10 килобар) и парового давления (до 5 килобар) в отдельности на 
эталонные образцы глины (фиг. 2—5).

Процесс метаморфизма одной и тон же самой глины в присутствии 5%-го раствора 
NaCl был воспроизведен в лабораторных условиях под действием разных типов бомб 
высокого давления и высокой температуры. Минералогический состав полученных при 
этом продуктов соответствует различным роговиковым и амфиболитовым фациям, а также 
новой фации метасоматического монтмориллонита.

Однако, все эти продукты не являются настоящими кристаллическими сланцами 
с кливажом и слабой пористостью. Под нагрузкой в 8—15 килобар (соответствующей 
давлению на глубинах 30— 50 км под земной поверхностью) пористость высушенных и 
размельченных образцов глины уменьшилась только до 10%, и поры по-прежнему запол­
нялись не полностью. В таких образцах не создается какое-либо очень высокое паровое 
давление.

В связи с этим были разработаны новые методы создания и синхронного измерения 
нагрузочного и парового давлений. В настоящее время измерения производятся таким 
методом.
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ON THE MONTMORILLŐNITE FACIES

By

E . S z á d e c z k y - K a r d o s s , G y . B á r d o s s y , I . F ü r s t , L. P e s t y , B . K l i b u r s z k y ,

E .  T ö m ö r  an d  O . T o M S C H E Y

GEOCHEMICAL RESEA RCH  LA BORATORY OF T H E  H UN G A RIA N  ACADEMY OF S C IEN C ES, B U D A PEST

T he a u th o rs  h av e  p ro v ed  e x p erim en ta lly  t h a t  th e  m ineralog ical com position  
of c layey  rocks below  550 °C depends besides te m p e ra tu re  and v a p o u r  p ressu re  also 
on  th e  o rig inal p o ro sity  o f th e  rock. A t a g iven  v a p o u r  p ressure  and  te m p e ra tu re ,  the 
m ineral phases o f a sy s te m  are  de te rm in ed  b y  p o ro s ity  an d  v o la tile  c o n te n t .  A t small 
p o ro sity  an d  low w a te r  c o n te n t m o n tin o rillo n ite  an d  k ao lin ite  a re  c o n v e rte d  in to  illite. 
O n th e  c o n tra ry , a t  g re a t p o ro sity  and  h igh w a te r  c o n te n t illite  c h an g es  in to  m ont- 
m orillon ite . T he f i r s t  case occurs e.g. below  th e  sea b o tto m  during  th e  d iag en esis  an d  epi­
genesis o f sed im en ts. T he second case is c h a ra c te ris tic  o f m e ta so m atic  p rocesses, e.g. 
in h y d ro th e rm a l ve in s a n d  in  hypo- an d  en d o m e tam ag m a tic  rocks. M an y  m etaso m atic  
processes re p re se n t s ta te s  o f  eq u ilib riu m  o f a d is t in c t  m o n tm o rillo n ite  facies. This 
facies can , to g e th e r  w ith  all th e  tra d itio n a l facies be rep re sen ted  u n a m b ig u o u s ly  in 
a  p  i — c d iag ram . H en ce , geological p rocesses in  op en  system s can  b e  s im ula ted  
e x p erim en ta lly  by  h igh  po re-vo lum e closed sy s tem s w ith  h igh c o n c e n tra tio n s  o f vo la­
tiles. T h u s th e  chem ical p o te n tia l o f c erta in  “ p e rfe c tly  m obile”  co m p o n e n ts  o f  th e  open 
system s can  be s u b s ti tu te d  b y  th e  concrete  v a lu es o f  th e ir  c o n c e n tra tio n s  (activ ities) 
as d e te rm in ed  e x p e rim e n ta lly  in  closed system s.

A ccord ing  to  th e  ex p erim en ts  described  in  th e  p receding  p a p e r , m o n t­
m orillo n ite  develops from  illite  a t  200 to  400 °C a n d  100 to  2000 b a rs  v apour 
p ressu re . In  n a tu re , how ever, th e  opposite  p rocess, th e  fo rm atio n  o f  illite  from  
m o n tm o rillo n ite , is m u ch  m ore  freq u en t. In  m a rin e  sed im ents, illite  is form ed 
from  b o th  m o n tm o rillo n ite  an d  kao lin ite , as a re su lt o f d iagenesis  an d  epi­
genesis.

T h is p a ra d o x  leads to  th e  assu m p tio n  th a t  te m p e ra tu re  a n d  v apour 
p ressu re  do p re su m ab ly  n o t  d e te rm in e  u n am b ig u o u sly  th e  m in era lo g ica l com ­
position  of a sy stem : th e  a m o u n t o f v o la tiles o r th e  free pore v o lu m e  m ay 
also affect th e  m inera log ica l com position .

I t  is know n th a t  a g iven  v a p o u r p re ssu re  a t  a given te m p e ra tu re  m ay 
he due  on th e  one h a n d  to  a h igh  w a te r  c o n te n t in  a h ighly  po rous sy s te m , and 
on th e  o th e r, to  a low  w a te r  c o n te n t in  a m ore  co m p ac t system .

T he b eh av io u r o f th e  s ta n d a rd  clay  sam p le  used in  th e  ex perim en ts 
described  in  th e  p rev ious p a p e r  is d e te rm in ed  for d ifferen t p o ro s itie s  and 
w a te r  c o n ten ts  a t  300, 400 an d  550 °C te m p e ra tu re  in  closed vesse ls  (Figs 
1 — 3). I t  w as found  th a t  th e  a m o u n t o f illite  tra n s fo rm e d  in to  m o n tm o rillo n ite  
increases p ara lle l to  th e  a m o u n t of w a te r  a d d e d , i.e. to  in c rea s in g  porosity .

T he effect o f th e  a d d ed  w a te r  is r a th e r  sig n ifican t: th e  q u a n t i ty  of 
m o n tm o rillo n ite  increases from  1 to  38 p e r  c en t a t  400 °C if  th e  a m o u n t of 
w a te r  rises from  0 to  83 p e r c en t (F ig . 2). In d e e d , th is  effect is m o re  signif-
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Vapour pressure (atm.) 1 87 WO
Water supply (%) 0 0 83

1000
58

1500

F ig . 1. E ffe c t of increasing w a te r  c o n te n t  and p o ro sity  p a r t ly  a t  a  given v a p o u r  p re ssu re  a t
300  °C (runs of 48 h o u rs)

Vapour pressure (atm) 
Watersupplu (°L) 
Pore volume

1 100 2000 2000 2000 2000
0 5 35 53 83 82
— 387 16 19 28 28

F ig . 2 . E f fe c t  of increasing w a te r  c o n te n t  and po rosity  p a r t ly  a t  a  g iven v a p o u r  p re ssu re , a t
400  °C (runs of 48 hours)

ic a n t  t h a n  th a t  of th e  in c re a se  o f  v ap o u r p ressu re  f ro m  1 to  2000 b a rs .
H e n c e , a chief c o n tro ll in g  fac to r of th e  h y d ro th e rm a l fo rm a tio n  o f  

d if fe re n t k inds of clay a n d  o f  o th e r  m inerals is th e  p o ro s ity  of th e  rock .
T h e  m on tm o rillo n ite  fo rm e d  in  th is w ay  is c h ie f ly  a 12.5 Â m o d ifica tio n  

w h e re a s  in  th e  system s low  in  w a te r  th e  n o rm al m o d ifica tio n  w ith  15 Â  b ase  
re f le x io n  is largely fo rm ed .
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T he c o n c e n tra tio n  o f vo la tile  in flu en ces, how ever, th e  m inera l co m p o si­
tio n  only  up  to  th e  s ta b ility  field  of O H -b e a rin g  m inerals. I ts  e ffect d ec reases  
a t  a b o u t 500 °C, an d  a t  h igher te m p e ra tu re s  th e  m ineral com position  becom es 
in d e p e n d e n t o f th e  w a te r  c o n te n t (F ig . 3).

In  th e  sed im en ts , d iagenesis an d  ep igenesis  form  no m o n tm o rillo n ite  
o u t o f illite  because  u n d e r th e  o v e rlay in g  p re ssu re  th e  p o ro s ity  o f th e  sedi-

6 3

F ig. 3. E ffec t o f in creas in g  w a te r c o n te n t and  p o ro s ity  p a r tly  a t  a given v a p o u r  p re ssu re , a t
550 °C (ru n s o f 4 8 'hours)

m en ts  decreases so m uch as to  p re v e n t th e  fo rm a tio n  of m o n tm o rillo n ite . In  
th e  sed im en ts  ch a rac te rized  b y  a ra p id  d ecrease  of th e  w a te r  c o n te n t , m o n t­
m orillo n ite  even tran sfo rm s g rad u a lly  in to  illite .

In  ex p e rim en ts  w ith  no rm al cold-seal vessels, how ever, e x tra  w a te r  has 
to  be  a d d ed  to  p ro d u ce  h igh v a p o u r  p re ssu re ; th is  is w hy m o n tm o rillo n ite  
form s from  o th e r  m inera ls. C onditions an a lo g o u s to  those  ju s t  d esc rib ed  ex ist 
in  n a tu re , to o . H y d ro th e rm a l a lte ra tio n  o f  rocks along fissu res re p re se n ts  
processes in  sy stem s of h igh p o ro s ity , in  th e  presence of la rge  a m o u n ts  of 
m ov ing  w a te r. O re veins and  th e ir  tra n s fo rm e d  su rround ings, as w ell as m asses 
o f  hypo- an d  e n d o m e ta m a g m a titic  rocks be lo n g  to  th is  ty p e  of rock  fo rm a tio n .

No a d e q u a te  field for th e se  rocks ex is ts  in th e  sim ple g e n e tic  p —t 

sy stem s o f th e  m inera l facies. S im ilarly , no w ell-defined q u a n ti ta t iv e  p a ra m ­
e te r  fo r w a te r  p erco la tin g  th ro u g h  open  sy stem s was found  u p  to  now .

A ccord ing  to  K o r s h i n s k y  tw o  k in d s  o f  com ponents, in e r t  a n d  “ com ­
p le te ly  m obile”  can  be d istingu ished  in  o pen  system s. T he in e r t  co m p o n en ts  
re p re se n t th e  ex ten siv e  fac to rs o f th e  eq u ilib riu m  and are  exp ressed  b y  th e ir  
c o n cen tra tio n s  o r m asses. T he “ co m p le te ly  m ob ile”  com ponen ts a re  in ten s iv e
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fa c to rs  rep re sen ted  b y  th e ir  chem ical p o te n tia ls . H ow ever, a w ell-d efin ed  
n u m e ric a l va lu e  of th e  ch em ica l p o ten tia l, s u ita b le  fo r use in  geological p ra c tic e , 
to o , does n o t ex ist. T h e  d e fin itio n  of th e  ch em ica l p o te n tia l

fj, =  ц 0 -j- RT log n a t  a 

c o n ta in s  th e  a rb itra ry  c o n s ta n t  fi0.
T h e  ex p erim en ts  ju s t  described  show , how ever, th a t  th e  in d e fin ite  

q u a n t i ty  o f w a te r  p e rc o la tin g  th ro u g h  th e  o p e n  sy s tem  m ay  be ex p ressed  in  
te rm s  o f  w a te r  c o n te n t in  p e r  cen t d e te rm in e d  ex p erim en ta lly  in  closed 
sy s te m s  as described  ab o v e . T h u s  th e  p e tro lo g ic a lly  in d efin ite  chem ical p o te n ­
t ia l  is exp ressed  b y  a d e f in ite  v a lue  of a c o n c e n tra tio n .

T h is  su b s titu tio n  is o f  su b s ta n tia l in te re s t  to  pe tro log ica l th eo ry . T h e o re t­
ic a lly  th e  sep ara tio n  o f in e r t  and  “ co m p le te ly  m ob ile” com ponen ts w as an  
in g e n io u s  sh o rtc u t to  th e  estab lish in g  o f th e  “ m inera lóg ica l” p h ase  ru le . 
In  p ra c tic e  i t  leads, h o w ev er, to  in su rm o u n ta b le  d ifficu lties. E .g. in  th e  co a l­
fo rm in g  p rocess from  p e a t  to  a n th ra c ite , all fo u r  m a in  elem ents C, H , O, N are  
in  e ffe c t in te rm e d ia ry  b e tw e e n  in e rt and  “ co m p le te ly  m obile” co m p o n en ts , 
g ra d u a lly  chang ing  th e ir  c h a ra c te r  in  th e  fu n c tio n  o f tem p era tu re .

T h u s  an  open sy s te m  o f  s trong  m e ta so m a tic  processes, such as m o n t-  
m o r il lo n itiz a tio n  an d  th e  fo rm a tio n  of hypo- a n d  e n d o m e tam ag m atitic  rocks, 
m a y  b e  q u a n tita tiv e ly  c h a ra c te r iz e d  b y  th e  c o n c e n tra tio n  of vo la tiles d e te r ­
m in e d  in  au to c lav e  vessels. E v e n  rocks n o t in  eq u ilib riu m  m ay  also be c h a ra c ­
te r iz e d  q u a n tita tiv e ly  in  th is  w ay .

T h e  sim p lest h y d ro th e rm a l m e ta so m a tism  ch a rac te rized  by  m o n tm o ril-  
lo n it iz a t io n  obviously  re p re se n ts  a special m in e ra l facies. This m inera l facies 
can . to g e th e r  w ith  th e  o th e r , “ tra d itio n a l”  fac ies , be  rep resen ted  in  a p  t c 
d ia g ra m , w here c signifies co n c e n tra tio n  of th e  v o la tile s  (m ostly  w a te r). S uch  
a th re e -d im e n s io n a l d ia g ra m  w as th e o re tic a lly  ju s tif ie d  in  an  earlie r p a p e r  
(Sz á d e c z k y - K a r d o s s  1959). N ote th e  w ay  o f  ex p e rim en ta lly  d e te rm in in g  
th is  v a lu e  c w as found .

H o w ev er, th e  u n a m b ig u o u s  re p re se n ta tio n  o f th e  tra d itio n a l m in e ra l 
fac ies re q u ire s  a th re e -d im e n s io n a l d iag ram , to o , m e tam orph ism  b e ing  co n ­
tro lle d  b y  th re e  fac to rs  a t  le a s t . The ex is ten ce  o f  th re e  con tro lling  fa c to rs  
( te m p e ra tu re , load  an d  v a p o u r  pressure) w as e x p re ssed  also b y  Coom bs  (1961). 
I t  is , h o w ev er, n o t decided  y e t  w hich th ree  fa c to rs  shall be used  in  a c o m p re ­
h e n s iv e  ro ck  d iagram . T h e  fa c to rs  te m p e ra tu re , lo ad  and  v ap o u r p re ssu re  
p ro p o se d  b y  Coom bs  re p re se n t one op tion , b u t  in  th is  case th e  possib le  end  
s ta te  c a n n o t be d e te rm in ed . P o ro s ity  is a m o re  u n am b ig u o u s q u a n ti ty  th a n  
lo ad  p re ssu re ; hence, th e  fa c to rs  te m p e ra tu re , v a p o u r  pressure and  p o ro sity  
m a y  p o ss ib ly  be used  in  th e  d iag ram s. B u t in  th e  geological p rac tice  th e  use 
o f th e  v o la tile  c o n c e n tra tio n  seems to  b e  m o re  sign ifican t th a n  v a p o u r  
p re s su re  a n d , using  th is  v a lu e  th e  end s ta te  c a n  be  de te rm ined , too.

Acta Geologica Academiae Scientiarum Hungaricae 12, 1968



ON THE MONTMORILLONITE FACIES 6 5

Thus a p — l — c diagram  w ith p  m eaning porosity seem s best su ited  to  
represent the modes o f origin o f rocks and th e  relationships o f th e  mineral 
facies.
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Р е з ю м е

Авторы доказали экспериментальным путем, что минералогический состав гли­
нистых пород при температуре ниже 550° С зависит не только от температуры и парового 
давления, но и от содержания летучих компонентов в породе. При известном паровом 
давлении и температуре минеральные фазы системы определяются пористостью и содер­
жанием летучих компонентов. При небольшой пористости и малом содержании воды 
монтмориллонит и каолинит превращаются в нллит. И наоборот, при сильной пористости 
и большом содержании воды иллит превращается в монтмориллонит. Первый случай имеет 
место, например, на дне моря в процессе диагенеза и эпигенеза осадков. Второй случай 
характерен для мета с о мат и ч е с к и х процессов, например, в гидротермальных жилах, 
а также в гипо- и эндометамагматических породах. jM h o i  o метасоматическнх процессов 
представляют собой стадию равновесия определенной монтмориллонитовой фации. Эта 
фация вместе со всеми традиционными фациями может быть однозначно изображена на 
диаграмме p-t-c. Следовательно, геологические процессы в открытой системе могут быть 
экспериментально воспроизведены низкими, закрытыми системами с повышенными кон­
центрациями летучих компонентов. Таким образом, химический потенциал некоторых 
и совершенно мобильных компонентов открытых систем может быть заменен конкретными 
значениями их концентраций (активностей), определенных экспериментальным путем в 
закрытых системах.
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PETROMETALLOGENESIS OF LATE TERTIARY 
HYDROTHERMAL ORE DEPOSITS 

IN THE CARPATHIAN REGION

By

Y . S z é k y - F u x

IN ST ITU TE O F PETRO G RA PH Y  AND GEOCHEM ISTRY, L. EÖTVÖS U N IV ER SITY , B U D A PEST

A d e ta iled  in v es tig a tio n  o f  th e  hypo- and  m etav o lcan ic s  a sso c ia ted  w ith  th e  
T o k aj M o un ta ins’ ore m in e ra liza tio n  as well as t h a t  o f  th e  o re  veins h a s  led  to  th e  co n ­
c lusion  th a t  th e  m eta l c o n te n t o f  th e  o re  veins is m obilized  b y  th e  sam e processes as are 
p rim arily  responsib le fo r th e  fo rm a tio n  of th e  vo lcan ic  h o s t rocks. T hese  so-called  p e tro - 
m eta llo g en e tic  processes a re  c lassed  accord ing  to  th e ir  v e r tic a l tren d s  (ascen d in g  an d  
descending) and  to  th e ir  re la tio n  to  ore m in e ra liza tio n  (p re-, syn- and  p o st-g en e tic ) . 
T h ey  have  b ro u g h t a b o u t a d e fin ite  v e rtica l z o n a lity  in all a reas o f  th e  C a rp a th ia n  
m éta llogén ie  province.

T h e regional re la tio n sh ip  be tw een  o re -carry in g  m edium , h o st ro ck  an d  
o re  d is tr ib u tio n  w ith in  th e  T e r t ia ry  volcanic  w re a th  o f  th e  C a rp a th ia n  ran g e  
w as s tu d ie d  b y  several p ro m in e n t H u n g a rian  researchers.

I t  w as as early  as 1941 th a t  S z a d e c z k y - K a r d o s s  ra ised  th e  q u es tio n  
w hy  som e m em b ers  o f th is  w re a th  o f  volcanic m o u n ta in s  are  rich  in  ore 
w hereas o th e rs  are v ir tu a lly  oreless. In  th is  in v e s tig a tio n  of th e  p ro b lem  he 
p o in te d  o u t a close con n ec tio n  b e tw een  ore c o n te n t a n d  th e  c ry s ta ll in ity  o f 
th e  v o lcan ic  h o st rock. In  th e  te x tu re s  o f volcanic  rocks he d is tin g u ish ed  five  
g roups accord ing  to  th e  v o lu m e  ra tio  of c ry s ta llin e  co n s titu e n ts  to  glass. 
L a te ly  he  gave q u a n ti ta t iv e  a n d  d iag ram m atic  c r ite r ia  fo r m a g m a tité  te x tu re s  
(1960) an d  also a th e rm o d y n a m ic  in te rp re ta tio n  o f  th e  prob lem  (1967).

In  th e  case o f an d esito -d ac itic  volcanics, A u-A g veins an d  th e ir  ga len ito - 
sp h a le rito -p y rito -c h a lc o p y ritic  acco m p an im en t a p p e a r  as show n in  a co m m u n i­
c a tio n  b y  Sz á d e c z k y - K a r d o s s  (1941), a t a degree o f c ry s ta llin ity  o f  4  o r 5. 
T h e c ry s ta llin ity  of p ro p y litic  rocks is u sua lly  5. In  th e  case of a rh y o litic  
t r a n s p o r t  m ed ium  th e  c ry s ta ll in ity  o f th e  rock is low er, w ith  a m ean  o p tim u m  
a t  3.5.

T h e  c ry s ta llin ity  o f  vo lcan ics m ay  also be  used  for d e te rm in in g  th e  
in te n s i ty  tre n d s  of ore su p p ly  a n d  th e  o p tim um  d e p th  of ore m in e ra liza tio n , 
re sp ec tiv e ly . Sz á d e c z k y - K a r d o s s  gave th e  c la ssifica tion  o f L a te  T e r t ia ry  
vo lcan ic  m o u n ta in s  in  th e  C a rp a th ia n  a rea  as show n in  T ab le  1.

M ore recen t research  in c lu d in g  a n u m b er o f u p - to -d a te  p e tro g ra p h ic  
o b se rv a tio n s  p roved  th e  p resence  o f  a s ign ifican t p rec ious-m eta l m in e ra liza tio n  
also  in  th e  V ihorlá t-A vas ra n g e . I t  w as also recognized  th a t  th e re  is a  re m a rk ­
ab le  po ly m eta llic  m in e ra liza tio n  accom pany ing  th e  p rec io u s-m eta l m in e ra liza -
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Table 1

Cry sta llin ity  o f  volcanics in  the volcanic m ountains  
o f  the C arpathian range

M ountain Crystallinity
Ore

mineralization

K elem en M ts. (M ti C âlim ân), H a r­
g ita , so u th e rn  p a r t  o f B örzsöny 
Mts. 2 .5 — 2.9 I exclusively e x h a la to ry , 

silicic iron  ores

C serhát, D u n azu g , T okaj Mts., 
Y ihorlát-A vas 3.0 —3.5 ! subord ina te

Selm ec-K örm öc O re R an g e , Middle 
B örzsöny, M á tra , G u tin  Mts., 
T ran sy lv an ian  O re R ange 4.0 — 5.0 I Au-Ag veins, h e av \ ■

m eta lsu lfide
accom panim ent

t io n  o f  th e  T okaj M o u n ta in s , know n fo r som e cen tu rie s . T h e  c ry s ta llin ity , as 
l is te d  in  T ab le  1, re fe rs  in  th e  case of th e  V ih o rlá t range  a n d  o f th e  Tokaj 
M o u n ta in s  to  rh y o litic  ro ck s. I t  has la te ly  b een  show n th a t  th e  c ry s ta llin ity  
o f  th e  o re -carry in g  a n d e s ite s  is th e  sam e in  b o th  th ese  m o u n ta in s  as is in  th e  
a n d e s ite s  o f th e  Selm ec ra n g e , C entral B ö rzsö n y , M átra , G u tin  a n d  T ran sy l­
v a n ia n  O re R ange.

O f course, ore m in e ra liza tio n  d ep en d s, besides th e  c ry s ta ll in ity  o f th e  
o re -b ea rin g  vo lcan ic  ro c k , also  on a n u m b e r o f o th e r  fac to rs  such  as geology, 
te c to n ic  con tro l, e tc .

T h e  re la tio n sh ip  b e tw een  la te  rh y o lito -d a c ito -a n d es itic  vo lcan ism  and  
th e  asso c ia ted  h y d ro th e rm a l m in era liza tio n  w as a few  y ea rs  la te r  s tu d ie d  b y  
V e n d e l  (1947—48). I n  a gen era l w ay , he  fo u n d  th e  vo lcan ism  t h a t  p roduced  
th e  o re  m in e ra liza tio n  to  h a v e  been ty p ic a lly  P acific , w ith  b u t  a  s lig h t “ M edi­
te r r a n e a n  p e n c h a n t” . ( I t  is know n to d a y  t h a t  th is  “ p e n c h a n t”  is due to  
p o ta s h  m eta so m a tism .)  W h a t  V e n d e l  em p h asized  as one o f th e  m o s t im p o r­
t a n t  fe a tu re s  is th e  re g u la r  re la tio n sh ip  b e tw e e n  th e  m ean  S iO a c o n te n t of th e  
v o lcan ic s  in  an  ore reg io n  on  th e  one h a n d , a n d  th e  in te n s ity  o f ore m in era liza ­
t io n  on  th e  o th e r. H e  c lassed  th e  L a te  T e r t ia ry  volcanic  m o u n ta in s  of th e  
C a rp a th ia n  range  in to  f iv e  g roups accord ing  to  th e  in te n s ity  o f ore m in era liza ­
tio n . H is c lassifica tion , to g e th e r  w ith  th e  m ean  S i0 2 co n ten ts  o f th e  respective  
L a te  T e r tia ry  m o u n ta in s  (o r o f th e  rocks in  th e  m inera lized  a rea) is p resen ted  
in  T a b le  2.

I t  is a p p a re n t t h a t ,  accord ing  to  V e n d e l , th e  S i0 2 c o n te n t m o st con­
d u c iv e  to  ore m in e ra liz a tio n  in  volcanics is 61 to  64 p e r cen t. P lo tt in g  in te n s ity  
o f  o re  m in e ra liza tio n  vs. S i0 2 co n ten t y ie ld s a n  asy m m etric  g rap h . D ecrease 
o f th e  S i0 2 co n te n t be low  th e  op tim um  en ta ils  a m ore  ra p id  decline o f  in te n s ity
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Mean SiO, content and intensity of ore mineralization 
in the volcanic mountains o f the Carpathian range

Table 2

M ountain 
(Ore region)

Mean S i0 2 content 
of volcanic», 

per cent

Intcneity  o f ore 
m ineralization

A vas-G utin 6 1 .8 4 5
T ran sy lv an ian  Ore R ange 6 1 .9 1 5
Selm ec-K örm öc R ange

(m iddle portion) 6 4 .0 3 5
M átra  Mts. 5 9 .3 9 3 — 4
T okaj-P resov  M ts.

(m iddle p o rtion ) 6 5 .7 5 3
D itto  (n o rth e rn  p o rtion ) 5 9 .1 7 2

Selm ec-K örm öc R ange
(w estern  portion) 5 8 .6 3 9

Börzsöny Mts. 5 7 .3 8 2

Selm ec-K örm öc R ange
(eastern  portion) 5 7 .0 3 1 - 2

T okaj-P resov  Mts.
(so u thern  portion) 7 1 .4 6 . 1 - 2

H arg ita -K elem en  M ts.
(M ti C âlim an) 5 7 .2 1 1 - 2

D unazug  Mts. 5 8 .1 5 1 2
C serhát Mts. 5 5 .2 6 1

th a n  does its  increase  above th e  o p tim u m . T he ex ac t v a lue  o f  th e  o p tim u m  
m ean  S i0 2 c o n te n t for th e  L a te  T e r tia ry  rock  p ro v in ce  of th e  C a rp a th ia n  
reg ion  w as fo und , on th e  basis  o f th e  large  n u m b e r  of rock ana ly ses  av ailab le , 
to  be 63 p e r cen t.

A d e ta iled  su rface  m ap p in g  o f th e  T e lk ib á n y a  ore d is tr ic t in  th e  T okaj 
M o u n ta in s , accom pan ied  b y  a th o ro u g h  geological, p e tro g rap h ica l a n d  p e tro ­
logical s tu d y  of all th e  u n d e rg ro u n d  w ork ings, h as  led th e  a u th o r  to  form  th e  
op in ion  th a t  th e  m ain  fac to rs  o f a fav o u rab le  ore m in era liza tio n  a re  b asem en t 
geology, v o lcan o tec to n ic  con d itio n s and  f irs t  a n d  fo rem ost, th e  p e tro g en e tic  
ev o lu tio n  (A b d u l a j e v  1961) o f  th e  o re -ca rry in g  rock . O re m in e ra liz a tio n  is in 
an  in tim a te  connec tion  w ith  th e  origin an d  ev o lu tio n  of th e  h o s t ro c k ; ore and 
rock evolve in  a p a ra lle l, ind eed  in te rw o v en  fash ion  an d  n e ith e r  can  be dis­
cussed  w ith o u t th e  o th e r. T h e  d e ta iled  p e tro g ra p h ic  ex am in a tio n , th e  u n ra v e l­
ing o f hypo- an d  m e ta -a lte ra tio n s  dow n to  th e  level of m inera l a n d  trace- 
e lem ent associa tions of th e  ore veins necessarily  leads to  th e  reco g n itio n  o f th e  
processes in v o lved  in  th e  leach ing  of th e  vo lcan ic  b a sem en t, th e  ev o lu tio n  of 
th e  vo lcan ics, th e  m o b iliza tio n  o f th e  ore-fo rm ing  su b stan ces and  th e  fo rm atio n  
o f  th e  o re  veins.

T he processes invo lved  an d  th e  ag en ts  (fac to rs) th a t  a c tiv a te d  th e m  are 
d iv ided  b y  th e ir  o r ie n ta tio n  in space an d  o th e r  fea tu re s  in  tw o  la rg e  g roups: 
(1) ascend ing  (p rim ary , ju v e n ile , hypogene) a n d  (2) descend ing  (seco n d ary , 
supergene).
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T h e  processes o f g ro u p  (1) are  ch a rac te rized  b y  ascending  m o b iliza tio n ; 
th o s e  o f  group (2) by  d escen d in g  m obiliza tion . T h e  m ost im p o r ta n t  fac to rs  
o f  a scen d in g  m ob iliza tion  a re  H 20 ,  C 0 2, S, silica an d  K 20 ,  an  in d ic a to r  of v e ry  
in te n s e  m obilization  in  o u r  reg ion . T he m o st im p o r ta n t  fac to rs  o f  descend ing  
m o b iliz a tio n  are H 20 ,  C 0 2, 0 2, silic ification  co n n ec ted  w ith  clay  m in e ra liza tio n  
on th e  su rface  and  — as su g g ested  b y  H u n g a ria n  re su lts  ap p ly ing  also to  ou r 
re g io n  b ac te ria l a c tiv ity .

A ll th ese  fac to rs m a y  e x e r t  th e ir  in flu en ce  befo re , d u rin g  a n d /o r  a fte r  
o re  m in era liza tio n . T h u s one  m ay  speak  of

1. p re -m eta llogene tic ,
2. syn -m eta llo g en e tic  a n d
3. post-m e ta llo g en e tic  processes.
I n  dependence o f  th e  d o m in a n t fac to rs  (su b stan ces), th e  m ain  ty p e s  of 

th e  p ro cesses  in flu en c in g  th e  p e tro -m eta llo g en e tic  evo lu tion  in th e  T okaj 
M o u n ta in s  and  also in  th e  m o s t  im p o rta n t o re -b ea rin g  areas o f th e  C a rp a th ia n  
re g io n  a re  th e  fo llow ing: se ric itiz a tio n , ch lo ritiz a tio n , p ro p y litiz a tio n , epi- 
d o t iz a t io n , c a rb o n a tiz a tio n , p y ritiz a tio n , p o ta sh  m etaso m atism  (“ ad u la riza- 
t io n ” ), silic ification , c lay  m in e ra liza tio n , a lu n itiz a tio n , and , to  a lesser degree, 
to u rm a lin iz a tio n , a p a t i t iz a t io n , b io titiz a tio n . P rocesses in d ic a tiv e  o f  g rea t 
d e p th s  a re  ep ido tiza tion , to u rm a lin iz a tio n , a p a tit iz a tio n .

All th ese  processes a re  rev iew ed  and  c lassified  in  T ab le  3.
A s ev iden t from  th e  ta b le  volcanic a c t iv i ty  in  th e  region u n d e r  con­

s id e ra t io n  p roduced  a p y ro x e n e  o rth o an d esite .

Chloritization

C h lo ritiza tion  is c o n n e c te d  w ith  th e  h y p o -s ta g e  of th e  an d esitic  a c tiv ity . 
T h e  m a fic  co n stitu en ts  a re  ch lo ritized  in  th e  la s t  s tage  of c ry s ta lliz a tio n . 
T h e  ch lo ro an d esite  th u s  fo rm e d  is a tra n s itio n  b e tw een  p y ro x en e  o r th o a n d e s ite  
a n d  p ro p y litic  andesite . I t s  m inera log ica l co m p o sitio n  is w idely  d iffe ren t from  
t h a t  o f  th e  o rth o an d esite . T h e  m afic c o n s titu e n ts  a re  a lm ost e n tire ly  c h lo rit­
iz ed , th e r e  is p a r tia l s e r ic itiz a tio n  in  th e  p lace  o f plagioclases. O f th e  m ain  
c h e m ic a l com ponen ts, th e  c o n te n t  of A120 3, H , 0 + , H 20 ~  an d , to  a sm aller 
e x te n t ,  o f  K 20  is on th e  in c re a se . T he degree o f o x id a tio n  decreases, th e  s ta te  
o f iro n  sh ifts  in  fav o u r o f  F eO .

T h e  tra c e  e lem ents do n o t  follow very  se n s itiv e ly  th e  changes in  th e  m ain  
e le m e n ts . This is p a r t ic u la r ly  t ru e  of chalcoph iles w hose ab u n d an ces  do n o t 
c h a n g e  s ig n ifican tly  as c o m p a re d  w ith  th e  o rth o ro c k . H ence, c h lo ritiz a tio n  
does n o t  p ro found ly  m obilize  th e  tra c e  e lem ents o f an d esite : it  p lay s  no p a r ­
t ic u la r  ro le  in  th e  e n ric h m e n t o f  th e  ore m a te r ia l e ith e r. I t  is m ost im p o r ta n t  
as a n  o re -in d ica to r b y  v ir tu e  o f  th e  c h lo ritiz a tio n  o f th e  m afic m inera ls .
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Table 3

Petrometallogenetic processes in the Carpathian volcanic icreath

Factors
of mobilization

Petrom etallogenetic
process Resulting rock type

P r e - m e t a l l o g e n e t i c  p r o c s s e s

V olcanism
H ypo-stage  of volcanism ,

H 20 ,  c o 2

F o rm a tio n  of volcanics

C hloritiza tion
Sericitization
C arb o n atiza tio n

P yroxene o rth o an d esite

C hloroandesite
H ydroandesite
C arboandesite

H y po-stage  of volcanism . P ro p y litiza tio n A ndesitogene
H 20  +  S ( +  C 0 2) E p id o tiza tio n propylite

H yd ro th e rm s P o ta sh  m etasom atism K a litrac h y te
11,0 +  K .,0  +  0 , (ad u lariza tion ) (p o tash  m e ta so m a tite )

S y n - m e t a l l o g e n e t i c  p r o c e s s e s

H y d ro  th erm P o ta sh  m etasom atism K a litra c h y te
H 20  - f  K .o +  0 , (adu lariza tion ) (p o tash  m eta so m atite )

H y d ro th e rm , H .,0 Sericitization H y d ro k a litrac h y te
H y d ro therm , SiO., Silicification S ilico k a litrach y tc
H y d ro th e rm . S P y ritiz a tio n S u lfo k a litrac h y te
H y d ro th e rm , GO«, C arbonatization C arbokali t r a c h y te
H y d ro therm , H 20 K aolin ization H y d ro k a litra c h y te

P o s t - m e t a l l o g e n e t i c  p r o c e s s e s

H„ 0  ( CO, K aolin ization  (carbonatiza- 
tion ) w ith  in tense

H y d ro -s ilico k a litrach y te

Silicification C arh o -silico k alitrach y te

S u lp h u ric  postvolcanic 
a c tiv ity

A lun itization A lunitic  v o lcan ite

H 20  in vadose w aters M ontm orillon itiza tion H y d ro v o lcan ite

B acteria l activ ity O xida tion , reduction O xyvo lcan ite , ore con­
c en tra tio n

Sericitization

Seric itiza tion  is u b iq u ito u s  in th e  T okaj M ountains. I t  is, h o w ever, fairly 
d ifficu lt to  find  a n y  re g u la r ity  in its  d is tr ib u tio n , as th e  process m a y  be pre-, 
syn- an d  also p o st-m eta llo g en e tic .

As a p re -m eta llogene tic  process, i t  m ost u sua lly  accom pan ies chloritiza- 
t io n  in  th e  deeper ore m in e ra liza tio n  zones. I t  p lays no p a r t ic u la r  ro le in the
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h y p o -s ta g e , in th e  m o b iliz a tio n  an d  en rich m en t o f m e ta ls , h u t  is a m in e ra liza ­
t io n  in d ic a to r . Syn- a n d  p o s t-m e ta llo g e n e tic  se ric itiz a tio n  is possible also on 
th e  s u rfa c e , p a rticu la rly  in  t h e  m arg inal zone o f th e  m in era liza tio n , o ften  in 
a c o n c e n tr ic a lly  zoned d is t r ib u t io n  p a tte rn .

Carbonatization

C arb o n a tiza tio n  does n o t  usually  form  in d e p e n d e n t zones; it  is m ost 
f r e q u e n t ly  associated w ith  o th e r  p e tro m e ta llo g en e tic  processes. As a pre- 
m e ta llo g e n e tic  process i t  o c c u rs  in  deep zones, w here , in te rla c e d  w ith  p y ritiz a -  
t io n  a n d  ch lo ritiza tion , i t  is o n e  of th e  m ain  fa c to rs  o f  p ro p y lite  fo rm a tio n . 
S y n -m e ta llo g en e tica lly , i t  is a n  im p o rta n t m o b ilize r o f precious m e ta ls , p a r ­
t ic u la r ly  in  k a litra c h y te . P o s t-m e ta llo g e n e tic a lly , i t  ap p ears  in th e  ore 
v e in s , w h e re  it  p roduces s id e r i te , ank erite  an d  d o lo m ite  in  a closing episode 
o f  o re  m inera liza tion . P re -  a n d  sy n -m eta llo g en e tica lly , it fu r th e r  p lay s an 
im p o r ta n t  role in th e  c o m m in u tio n  of th e  rock.

Propylitization

T h e  m ost im p o rta n t p re -m e ta llo g en e tic  p rocess in  th e  C a rp a th ia n  region 
is th e  reg iona l p ro p y litiz a tio n  (greenstone fo rm a tio n ) w hich , in  connection  
w ith  o re  m inera liza tion , is b ro u g h t  ab o u t b y  ascen d in g  m ob iliza tion  ( I n k e y  
1 906 ,  PÁLFY 1916). T he p ro p y l i te  th u s  form ed is p re d o m in a n tly  a h y po-, sub- 
o r d in a te ly  a m eta-volcanic  ro c k . P ro p y litiz a tio n  h as  re c e n tly  been show n to  
b e  a m e ta so m a tic  process ( K o r s h i n s k y  1959), in  w h ich  H 20 ,  COa, K 20 ,  S an d  
0 2 a re  th e  contro lling  m o b ile  co m p o n en ts . T h e  fo rm a tio n  o f hypo- an d  m eta - 
m a g m a ti te s  including p ro p y li t iz a t io n  is a m e ta so m a tic  process in  th e  b ro a d e r 
sen se , w h ic h  proceeds u n t i l  th e  o rig inal m inera l a ssem b lag e  is fu lly  d igested  
a n d  a n ew  stab le  p o ly m in era l assem blage is p ro d u c e d  (S z a d e c z k y - K a r d o s s  
1966).

T h e  typom orph ic  m in e ra ls  o f p ro p y lite  a re  c h lo r ite  (clinocldore), ep ido te  
a n d  a lb i te .  Q uartz  and  p y r i te  a re  typ ica l accessories. W ith  th e  progress of 
p ro p y li t iz a t io n , the  c h lo r it iz a tio n  of th e  m afic c o n s titu e n ts  is accom pan ied  
b y  th e  a lte ra tio n  of th e  f e ld s p a r  phenocrysts  from  a p lag ioclase of andesine- 
la b ra d o r  com position  in to  o n e  o f  albite-o ligoclase co m p o sitio n , accom pan ied  
r a th e r  o f te n  b y  10 per c e n t o r  m o re  of san id ine.

I n  th e  T elk ibánya d is t r ic t  o f  m inera liza tio n  c h lo rite , ep ido te , a lb ite  an d  
sa n id in e  a re  jo ined b y  c a lc ite . A s regards th e  chem ica l com position , th e  co n ­
te n t  o f  H 20 + , H 20  an d  K 20  in creases  as co m p ared  to  th e  o rth o a n d e s ite  and  
th e  d e g re e  o f oxidation  f u r th e r  decreases (Sz é k y - F u x  1964).
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In  re sp ec t of tra c e  e lem en ts , th e  ab u n d an ces ol Cr, Ni an d  th e  m ost 
im p o r ta n t chalcophiles decrease ag a in s t th e  o rth o a n d e s ite . F ro m  th e  v iew ­
p o in t o f ore m in era liza tio n , p ro p y litiz a tio n  rep re sen ts  a p h ase  o f in ten se  leach ­
ing. On th e  o th e r  h an d , th e  increase  o f th e  K 20  c o n te n t is accom pan ied  by  an 
en rich m en t o f  e lem ents sy m p a th e tic  to  p o tash  (e.g. B a).

P o tash  m etasom atism  (a d u la r iz a tio n )

T his process, as reg ional as p ro p y litiz a tio n  an d  in t im a te ly  linked  w ith  it, 
is e ith e r  pre- o r sy n -m eta llo g en e tic  in th e  C a rp a th ia n  region. T he red u c tiv e  
en v iro n m en t o f p ro p y litiz a tio n  is rep laced  b y  an  in te n se ly  ox id izing  one owing 
to  th e  open fissu re  an d  fra c tu re  system s. T he m e ta so m a tism  of p lag ioclase is 
ad v an ced  so fa r  th a t  all p lag ioclase  is rep laced  b y  p o ta sh  fe ld spar. T he m afic 
c o n s titu e n ts  a rc  en tire ly  o p ac itized  u n d e r th e  p rev a ilin g  oxid izing  cond itions. 
Ow ing to  th e  low' ionic d e n s ity  o f K , p o ta sh  m e ta so m a tism  is p a rtic u la r ly  
in ten se  a t  th e  u p p e r  levels, w hich  are  th e  carrie rs  o f  gold m in e ra liza tio n  in  th e  
C a rp a th ia n  region. T he m inera log ica l com position  o f  th e  p o ta sh  m e ta so m a tite  
th u s  fo rm ed  is conspicuous fo r s tr ik in g  dom inance  o f p o ta sh  fe ldspar.

A ccord ing  to  th e  a u th o r ’s ob se rv a tio n s, th re e  ty p e s  of p o ta sh  fe ld sp ar 
a re  p ro d u ced : san id ine  as a p seu d o m o rp h  a fte r  p lag ioclase , a so-called “ tric lin ic  
a d u la r ia ”  (B a m b a u e r - L a v e s  1960), as a tra n s itio n a l u n s ta b le  p h ase  b e tw een  
san id ine  an d  m icrocline, likew ise as a p seudom orph  a f te r  p lag ioclase, an d  in 
th e  m a tr ix  an  u n s ta b le  m onoclin ic  “ a d u la ria ”  ap p ears . T h e  m ost freq u en t m afic 
c o n s titu e n t associa ted  w ith  p o ta sh  fe ld spar is th e  o p ac itiz ed  brow n am phibo le  
o f m o stly  seco n d ary  origin.

T h e  m o st p ro m in en t fe a tu re  o f th e  chem ical com position  is th e  high 
K 20  c o n te n t, v a ry in g  from  9 to  12, seldom  to  14 p e r cen t in ty p ic a l kali- 
tra c h y te . A n o th e r specific fe a tu re  is th e  re m a rk a b ly  low' N a .,0  c o n te n t, u su a lly  
below 1 p er c en t and  ra th e r  o ften  below  0.5 p er cen t. T h e  CaO an d  MgO con­
te n ts  are  sim ila rly  low'. T he iron  o x id a tio n  p a ra m e te r  is, how ever, v e ry  high 
(S z é k y - F u x  1964).

As reg ard s th e  tra c e  e lem en ts , Ba and  Li are  en rich ed  para lle l to  K , b u t  
so are  P b , Z n, Cu, H g an d  As, to o . T h e  en rich m en t o f  th e  la t te r  is due, in  m any  
cases, to  th e  p y rite  c o n te n t, to  th e  sulfo c h a ra c te r  o f  k a litra c h y te . How 'ever, 
th e  d o m in an t chalcophiles o f  th e  ore d is tr ic t a re  en rich ed  beyond  d o u b t in  
k a litra c h y te  as com pared  to  o rth o a n d e s ite , w hereas th e ir  ab u n d an ces in 
p ro p y lite  a re  low er th a n  th o se  in  o rth o an d esite . P ro p y lite  rep resen ts  an  episode 
of leaching , loss o f h eav y  m eta ls . O n th e  o th e r  h a n d , k a li tra c h y te  rep resen ts  
an  in c ip ien t s ta te  o f accu m u la tio n  o f  chalcophiles (S z é k y - F u x  1968).
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Silicification

Silicification  is a syn- a n d  po st-m eta llo g en e tic  process. I t  can  be due to  
an  ascen d in g  or a descen d in g  m ob iliza tio n . I t  can  be  b o th  p r im a ry  an d  second­
a ry :  as a resu lt of an  en d o -m etap ro cess  i t  o ften  p re c ip ita te s  w ith  a co n ten t 
o f  p re c io u s  m etals from  a h y d ro th e rm a l so lu tion , or i t  silicifies b o th  volcanics 
a n d  g an g u e  w ith  silica l ib e ra te d  b y  an  in ten se  c lay  m in e ra liza tio n . H ence, its 
in te n s i ty  is, like th a t  o f p o ta s h  m etaso m atism  or clay  m in e ra liz a tio n , h igher 
on th e  u p p e r  levels w ith  a g ra d u a l decrease dow nw ard . In te n se  silicification  
is in  th is  andesite  a rea  p r im a r ily  connected  w ith  k a litra c h y te , w hence th e  
d o m in a n t  silicovolcanite is a s ilico k a litrach y te .

I n  its  m ineralog ical co m p o sitio n  excep t fo r th e  p resen ce  of a S i0 2 
m in e ra l s ilico k a litrach y te  does n o t differ s ig n ifican tly  from  th e  sim ple 
k a l i t r a c h y te .  Still, in  th e  silico  v a r ie ty  th e re  is a decrease in  h ea v y  m etal 
t r a c e  elem ents. This su g g ests  t h a t  w hereas p o ta sh  m e ta so m a tism  to  some 
e x te n t  co n cen tra tes  th e  ch a lco p h ile s  b o th  in  th e  rock  an d  in  vein s  developed 
in  i t ,  s ilic ification , b y  p ro m o tin g  th e  “'leach in g ”  o f k a li tra c h y te , increases 
th e  c o n c e n tra tio n  of su lfo ch a lco p h iles  in  th e  o re-bearing  veins.

Pyritization

P y ritiz a tio n  is one o f  th e  m o st im p o r ta n t m obiliz ing  processes o f th e  
p re c io u s  m etals an d  o f th e  su lfochalcophiles. M oreover, in  th e  T e lk ib án y a  
d is t r ic t  i t  is th e  m o st w id e sp re a d  p e tro m eta llo g en e tic  p rocess, w hich had  
re p e a te d ly  occurred in  m o s t localities. I t s  p re -m e ta llo g en e tic  p h ase  is con­
n e c te d  w ith  p ro p y litiz a tio n . S y n -m eta llo g en e tica lly , i t  is th e  m o s t im p o r ta n t  ore- 
c a r r ie r ,  th e  carrier of p rec io u s  m e ta ls  in  th e  T e lk ib án y a  m in e ra liza tio n . In  th e  
o re -p ro d u c in g  episodes o f th e  p e tro m e ta llo g en e tic  evo lu tion , i t  ap p ea rs  a t  th e  
d e e p e r  levels a lte rn a tin g  w ith  su lfid ic  phases, w hereas on th e  h ig h e r levels it  
is a recu rrin g  in d e p e n d e n t p h ase  w ith  a sign ifican t c o n c e n tra tio n  o f gold. 
In  th e  closing phase o f th e  m in e ra liza tio n  it  is a lo w -te m p e ra tu re  phase  poor 
in  p rec io u s  m etals, o ften  re p re se n te d  b y  m arcas ite .

T h e  m ineralogical co m p o sitio n  of th e  su lfovu lcan ites p ro d u ced  b y  p ro ­
p y li t iz a t io n  corresponds, as to  ch ief c o n s titu e n ts , to  th a t  o f p ro p y lite  or k a li­
t r a c h y te .  T he p y rite  c o n te n t  is 10 to  15 p e r cen t in  p ro p y lite , 10 to  20 p e r cen t 
in  su lfo k a litra c h y te . I t  is o ften  a ty p o m o rp h ic  c o n s titu e n t o f  p rop y lite , 
a n d  a p p e a rs  also in o rth o - a n d  ch lo ro an d esite  in  th e  form  o f eu h ed ra l c rysta ls , 
so m e tim e s  of several c e n tim e tre s  size. In  p ro p y lite , p y r ite  m a y  ap p ea r as 
a p seu d o m o rp h  a fte r  m a fic  co n s titu e n ts . In  su lfo k a litra c h y te  i t  is dis­
s e m in a te d  and  syngene tic  w ith  th e  m in era liza tio n . T he chem ica l com position  
o f  su lfovo lcan ites does n o t  e ssen tia lly  d iffer from  th a t  o f th e  co rrespond ing
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v o lcan ite s ; i t  is on ly  th e  S c o n te n t th a t  rev ea ls  th e  increased p y r i te  c o n ten t. 
T h e  ab u n d an ces  o f  th e  tra c e  elem ents a re  m ore  sensitive, th o se  o f  th e  sulfo- 
chalcoph iles show  an  increase.

Clay m ineralization

C lay m in era liza tio n  accom pany ing  th e  ore m inera liza tion  is a ty p ica lly  
syn- a n d  p o st-m eta llo g en e tic  process, d u e  to  ascend ing  or d escend ing  m obiliza­
tio n  (M il l o t  1964, T c h o u k r o v  1962).

C lay m in e ra liza tio n  ap p ears  in  w ell-defined  vertica l zones. C lay  m in era l­
iz a tio n  in  th e  s t r ic t  sense is m ost p ro m in e n t n e a r  th e  surface o u tc ro p s  o f  veins; 
i t  g ra d u a lly  declines dow nw ard . On th e  h ig h e r levels, k ao lin ite  is th e  m ost 
w id esp read  clay  m in era l w ith  a re la tiv e ly  sm all v e rtica l an d  re la t iv e ly  large 
h o riz o n ta l e x te n t. Below  th e  kao lin ite  lev e l, m on tm o rillo n ite  is th e  d o m in an t 
c lay  m in era l to  a d e p th  o f 150 m u n d e r  th e  su rface  in th e  rock  a n d  o f  400 to  
500 m  u n d e r th e  su rface  in  th e  vein  fillings a f te r  a zone of m ix e d -s tru c tu re d  
c lay  m inera ls , th e re  is a low erm ost zone o f  ch lo rite  (Sz é k y - F u x  1965).

In  th e  k ao lin itic , q u a r tz y , p y ritic  ve in s  th e  en richm en t o f p re c io u s  m etals 
is in s ig n ifican t. I t  is s trik in g ly  p ro m in e n t in  th e  m o n tm o rillo n itic  gangue. 
T h e  o p tim u m  levels o f th e  an c ien t w ork ings a t  T e lk ib án y a  are all in  tb e  m o n t­
m o rillo n ite  zone.

T h e  su lfid ic  h eav y -m e ta l m in e ra liza tio n  o f th e  deeper levels is accom ­
p a n ie d  b y  a c lay  m in e ra liza tio n  in  th e  b ro a d e r  sense, b y  th e  c h lo ritic  p ro p y lite  
a lre a d y  described.

Conclusions

R eview ing  th e  above-described  p re -, syn- and  p o st-m e ta llo g en e tic  pro­
cesses one m ay  d ra w  th e  follow ing conclusions.

T h e  fe a tu re  m ost usefu l for p ro sp e c tin g  p rac tice  of th e  p ro cesses  p ro ­
v o k in g  th e  p e tro m e ta llo g en e tic  ev o lu tio n  o f a rock  is th a t  th e y  a re  trace rs , 
in d ic a to rs  of m in era liza tio n . T he m inera ls  th u s  fo rm ed  (sericite , c h lo r ite , q u a rtz  
a n d  o th e r  S i0 2 m inera ls , c a rb o n a te s , a d u la r ia , a lb ite , epidote , zo is ite , a lu n ite , 
p y r i te , b io tite , to u rm a lin e )  in d ica te , b y  th e ir  com m on o ccu rrence , an  in tense  
h y d ro th e rm a l a lte ra tio n ; th e  so rt of c lay  m in e ra l (kaolin ite , m o n tm o rillo n ite ) 
a cco m p an y in g  th e m  in d ica tes  th e  d e p th  ran g e ; in tense  c a rb o n a tiz a tio n  is 
in d ic a tiv e  of a gold m in era liza tio n , th e  a p p e a ra n ce  of do lom ite  su g g ests  the  
p re sen ce  of a lead  m in era liza tio n . B leach ed  w h itish  rocks w hich  h a v e  u n d e r­
gone considerab le  hy d ro ly sis  and  silic ifica tio n  a re  also good o re  in d ica to rs , 
h e lp fu l to  p ro sp ec to rs  (S c h w a r t z  1959).
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I t  is generally  ty p ic a l  o f  th ese  processes t h a t ,  depending  on th e  d e p th  
p re fe ren ces  of th e  a g e n ts , th e  rock  and  ore m in e ra l associations p ro d u ced  b y  
th e m  o ccu r in  w ell-defined  v e r tic a l zones. F o r  in s ta n c e , th e  ascending  ag en ts  
H 20  a n d  C 0 2 (cf. T ab le  3) p ro d u c e  ep id o tiza tio n  a t  g re a t dep th , ch lo ritiz a tio n  
(p ro p y litiz a tio n )  a t  m e d iu m  d e p th  and k a o lin it iz a tio n  n ear th e  su rface . T h e  
a c t iv i ty  o f  th e  ascend ing  fa c to rs  resu lts in  a h y p o g e n ic  (p rim ary) d e p th  zoning- 
in  b o th  th e  host ro ck  a n d  th e  ore veins, zo n in g  p o ssib ly  su perim posed  b y  
a h y p e rg e n ic  (secondary) n ea r-su rface  one c o n tro lle d  b y  descending a g e n ts .

A s a  re su lt of th e  in te rfe re n ce  of th e se  tw o  ty p e s  of processes, a w ell- 
d e fin e d  v e rtic a l z o n a lity  is o b se rv ed  in  th e  T e lk ib á n y a  d is tr ic t as well as in  th e  
T o k a j M ounta ins.

T h e  rock  ty p es  a n d  th e  re la te d  ore zones o f  th e  T okaj M o u n ta in s  a re  
lis ted  fro m  th e  su rface  d o w n w ard  in  T able 4.

Table 4

H ypo- and metavolcanites and the corresponding vertical zones oj ore veins 
in the T e lkibánya  district (T o ka j M o u n ta in s)

Hypo- and m etavolcanites Ore veins

O x y k a litra c h y te ; A u-A g-bearing  veins w ith  ochre-type f ill­
ing, rich  in c lay  m inerals and silica

H y d ro k a litra c h y te  (w ith  in te n se  c lay  
m in e ra liza tio n )

H y dro -silicoka  litrachyte  
H y d ro -carb o -su lfo k a litrach y te

A u-A g-bearing  veins w ith p y rite  an d  
a rg en tite , c lay  m ineral and silica filling

A ndesitogen ic  propvlite H eavy  m e ta l sulfides sphalerite , g a lena, 
ch alco p y rite

T h ese  v e rtica l zones as show  th e  m ost re c e n t com m unications ( B ö h m e r  
1961, F i a l a  P ac al  1959, G iu s c a  1961, J a n o v i c i  G iu sc a  etc . 1961 , 
K a s z a n i t z k y  1961, K o c h  1966, L if f a  1955, M a n i l i c i  G iu s c a  S t i o p o l  
1965, P a n t o  G. M ik ó  1964, P a nt ó  Gy . 1967) h a v e  v a lid ity  in  all a re a s  
o f  o re  m in era liza tio n  o f  th e  C a rp a th ian  region.
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ПЕТРОМЕТАЛЛОГЕНЕЗИСГИДРОТЕРМАЛЬНЫХ 
МЕСТОРОЖДЕНИЙ КАРПАТСКОГО НЕОГЕНА

В. СЭКИ-Ф УКС

Р е з ю м е

Детальное исследование гипо- и метавулканитов, сопутствующих оруденению 
Токайских гор, а также рудных жил, привело к познанию факта, что содержащиеся в 
рудных жилах металлы мобилизуются теми же самыми процессами, которые играют 
основную роль в формировании сопутствующих оруденению вулканитов. Эти, так назы­
ваемые петро-металлогенетические процессы, классифицируются по своему направлению 
(выходящие и нисходящие) и по своему отношению к оруденению (пре-, син- и постгене­
тические). Они создали четкую вертикальную зональность на всех площадях развития 
Карпатского оруденения.
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STRONTIUM ISOTOPIC RATIOS 
IN TERTIARY IGNEOUS ROCKS 

OF THE TOKAJ MOUNTAINS, 
NORTHEASTERN HUNGARY

By

Á. K o v a c h , K .  B a l o g h

IN ST ITU TE O F NUCLEAR RESEA RCH  O F T H E  ACADEMY OF SCIENCES, D EB R EC EN ,

an d

G. P a n t o

IN S T IT U T E  O F GEOLOGY AND M INERALOG Y , KOSSUTH U N IV ERSITY , D EB R EC E N

87Sr/8eSr iso top ic  ra tio s  o f v o lcan ic  ro ck s o f  d iffe ren t a c id ity  ran g in g  fro m  b a sa lt  
to  rh y o lite  have  been  d e te rm in ed . T h e  d is tr ib u tio n  o f th e  iso top ic  ra tio  is s im ila r  to 
th o se  fo u n d  by  o th e r  a u th o rs  in  felsic vo lcan ics, b a sa lts  y ield ing  th e  lo w est iso top ic  
ra tio s . R h y o litic -rh y o d ac itic  rocks a re  en rich ed  in rad iogen ic  s tro n tiu m  w ith  re sp ec t 
to  rocks o f in te rm ed ia ry  co m position  on  th e  av erag e , w ith  a considerab le  o v e rla p  o f th e  
co rresp o n d in g  d is tr ib u tio n s  o f  th e  87Sr/86Sr iso top ic  ra tio . The b earin g  o f p e tro c h e m is try  
on  th e  iso top ic  co n stitu tio n  of s tro n tiu m  h as been  fo rm u la ted  in te rm s  o f c o rre la tio n  
coefficien ts . T he ev a lu a tio n  of s ig n ifican t co v arian ces led to  th e  conclusion  th a t  
c ru s ta l  co n ta m in a tio n  m ig h t be th e  o n ly  cause  o f th e  v a ria b ility  o f th e  87Sr/86S r ra tio , 
su p p o rtin g  recen t theories on  th e  o rig in  a n d  d ev elo p m en t o f m agm as in  th e  T e r tia ry  
v o lcan ism  of H u n g ary .

Introduction

T h e ap p lica tio n  of s tro n tiu m  iso to p e  geochem istry  to  pe tro log ica l s tu d ies  
b eg an  on an  ad v an ced  scale w ith  th e  w o rk  o f F a u r e  an d  H u r l e y  [1] in  1963. 
T h e iso to p e  87Sr being  p a rtia lly  p ro d u ced  b y  th e  con tinuous ra d io a c tiv e  decay  
o f th e  n u c lid e  87R b , th e  ab u n d an ce  o f  87S r — co n v en ien tly  expressed  in  te rm s  
of th e  87Sr/8eSr iso top ic  ra tio  — re flec ts  in  an y  rock  sam ple th e  R b /S r  ra tio  
c h a ra c te r is tic  o f th e  en v iro n m en t from  w hich  th e  m a te ria l of th e  g iven  sam p le  
o rig in a tes . P ro v id ed  th e  R b /S r ra tio  in  th e  sam ple  itse lf  is su ff ic ien tly  h igh  
to  p ro d u c e  a m easu rab le  increase  in  th e  a m o u n t o f rad iogen ic  s tro n tiu m , 
an d  th e  p r im a ry  Sr iso topic  co m position  is know n, th e  tim e  elapsed  since  th e  
em p lacem en t o f th e  rock u n d e r  s tu d y  can  be  de te rm in ed . A p a rt from  th is  “ age 
e ffec t” , how ever, v a ria tio n s  in  th e  87Sr/86S r ra tio  at the tim e o f  em placem ent m ay  
re flec t d ifferences in  th e  R b /S r ra tio  o f  th e  p a re n t  system  itself, an d  ca n  th u s  
be u sed  as a too l in  e lu c ida ting  som e a sp ec ts  o f m agm a genetics.

T h e  lim ited  v a ria tio n  o f  th e  87Sr/86S r ra tio  in  b a sa lts  (especially  in  th o se  
in  an  oceanic  env ironm en t) found  b y  F a u r e  an d  H u r l e y  [1] su g g ests  t h a t
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th e  so u rce  region of ocean ic  b a sa lts  is qu ite  hom ogeneous as to  th e  R b /S r ra tio . 
F u r th e r  analyses b y  H e d g e  and W a l t h a l l  [2], confirm ing  th e  re su lts  o f 
F a u r e  an d  H u r l e y , su p p ly  fu r th e r  ev idence  on  th e  u n ifo rm ity  an d  ra th e r  
low  v a lu e  of th e  R b /S r  ra t io  in th e  e n v iro n m e n t o f oceanic b a sa lt m ag m a 
g e n e ra tio n .

T h e  average  R b /S r  ra t io  m ay  be e x p e c te d  to  be su b s ta n tia lly  h ig h er in  
th e  c ru s t  th a n  in  th e  so u rce  o f oceanic b a sa lts . F ro m  d a ta  pub lished  on th e  
g eo ch em is try  o f ru b id iu m  [3] and  s tro n tiu m  [4], an  average  c ru s ta l R b /S r 
ra t io  o f  a b o u t 0.25 can  be  d educed , a v a lu e  a b o u t fiv e  tim es g re a te r  th a n  th e  
m e a n  o f oceanic b a sa lts . B ased  on th is  re la tio n  F a u r e  and  H u r l e y  [1] co n ­
c lu d ed  th a t  th e  p re se n t av e rag e  c ru sta l 87Sr/86Sr ra tio  should  be a b o u t 0.725, 
a ssu m in g  an  average  age o f  2 • 109 years  fo r th e  e a r th ’s c ru st. T hus, in  an y  rock  
c o n ta in in g  rew orked  c ru s ta l  m a te ria l th e  87S r/8(iS r ra tio  should  he m easu rab ly  
h ig h e r  th a n  in  rocks o f  su b c ru s ta l orig in , fo r  w hich  an  iso topic  ra tio  n o t 
ex ceed in g  0.705 is c h a ra c te r is tic .

T h is  h y p o th es is  fo u n d  s trong  su p p o rt in  w orks pub lished  since 1963 
a lth o u g h  severe d ifficu ltie s  a n d  co n trad ic tio n s  d id  arise in  th e  in te rp re ta tio n  
o f  e x p e rim en ta l fin d in g s. H e d g e  [5] p re se n te d  a series of m easu rem en ts  on 
v o lcan ic  rocks o f v a rio u s  o rig in  and  ac id ity  ra n g in g  from  b asa lts  to  rh y o lite s . 
O cean ic  b a sa lts  show  a n ea r-u n ifo rm ity  o f th e  87Sr/80Sr ra tio , w ith  on ly  m in o r 
v a r ia tio n s , w hich p o ss ib ly  re fle c t R b /S r in h o m o g en e itie s  in  th e  u p p e r m an tle . 
O n th e  c o n tra ry , c o n tin e n ta l b asa lts  and  m o re  ac id  volcanics reveal a r a th e r  
e x te n d e d  range o f th e  87Sr/86S r ra tio , and  are  m o re  o r less en riched  in  rad iogen ic  
87Sr, suggesting  e ith e r  a c ru s ta l  origin or c o n ta m in a tio n  w ith  c ru s ta l m a te ria l.

T h e  a ssu m p tio n  t h a t  c ru s ta l c o n ta m in a tio n  m ay  be a sig n ifican t fa c to r  
in  b r in g in g  a b o u t d iffe ren ces in  th e  iso to p ic  c o n s titu tio n  o f s tro n tiu m  w as 
p ro v e d  b y  S u m m e r h a y e s  [6] fo r th e  G a rab a l H ill G len F y n e  igneous com ­
p le x , S co tlan d , w here  a c lea r  paralle lism  b e tw e e n  th e  87Sr/86Sr ra tio  an d  th e  
c o n ta m in a tio n  of a g iven  ro ck  could be e s tab lish ed . I n  a su ite  o f oceanic b a sa lts , 
a l in k  b e tw een  silica c o n te n t  and  th e  87Sr/86S r ra t io  w as found  b y  P o w e l l , 
F a u r e  an d  H u r l e y  [7]. A lth o u g h  th e re  is n o  u n a n im ity  in  th e  in te rp re ta t io n  
o f  in tra -a re a l v a r ia tio n s  in  th e  iso topic  co m p o sitio n  o f s tro n tiu m  (for th e  
H a w a iia n  rock  su ite  see [8]), accord ing  to  a n y  possib le  in te rp re ta t io n  th e  
c ru s ta l  orig in  of a t  le a s t  som e of th e  excess rad io g en ic  87Sr seem s to  be  p roved .

A t p re sen t we c a n n o t c learly  d e m o n s tra te  w h e th e r or n o t th e re  is neces­
sa r ily  a q u a n ti ta t iv e  co n n ec tio n  betw een  s tro n tiu m  iso tope  com position  an d  
ch em ica l c o n s titu tio n  w ith in  a cogenetic ro ck  su ite . As a lread y  m en tio n ed , in  
H a w a iia n  rocks a p a ra lle lism  betw een  silica c o n te n t  an d  th e  re la tiv e  a m o u n t 
o f  ra d io g e n ic  s tro n tiu m  w as estab lished  b y  P o w e l l  e t al. [7]. On th e  o th e r  
h a n d , H u r l e y  e t al. [9] fo u n d  no co rre la tio n  b e tw een  th e  87Sr/86Sr ra tio  an d  
th e  R b  an d  Sr c o n te n t  re sp ec tiv e ly  of tr a c h y te s ,  leucite  te p h rite s , leu c ite  
b a s a l ts  a n d  leu c itite s  o f  W este rn  I ta ly .
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In  th e  p re se n t s tu d y  we shall a t te m p t  to  o b ta in  som e in fo rm atio n  ab o u t 
th e  d is tr ib u tio n  o f s tro n tiu m  iso tope  ra tio s  in  th e  la te  T e rtia ry  vo lcan ic  rock 
su ite s  of know n chem ical com position  of th e  T o k a j M oun ta ins, N o rth e a s te rn  
H u n g ary . A vo lcan ic  d is tr ic t  w ith  rock  ty p es  h ig h ly  v a rie d  in  b o th  p e tro ch em i­
cal com position  an d  facies. T h e  s tud ies rep o rted  in  th is  p a p e r  are b ased  on our 
in v es tig a tio n s  on th e  g eochem istry  of s tro n tiu m  in th e  T okaj M o un ta ins 
vo lcan ics [10].

Geological ou tline

T he p ro d u c ts  of Cenozoic volcanism  are  r a th e r  w idesp read  in H u n g a ry , 
a lth o u g h  th e y  do n o t cover m ore th a n  8.2 p e r c e n t o f  th e  c o u n try  surface. 
O n th e  o th e r h an d , d rilling  to  d ep th s  up to  2000 m  h as en co u n tered  Cenozoic 
volcanic fo rm atio n s in  h a lf  of th e  c o u n try ’s te r r i to ry  (45,000 km 2). T h e  to ta l  
b u lk  o f vo lcanics am o u n ts  to  n ea rly  10 p er cen t o f th e  to ta l  vo lum e o f Cenozoic 
fo rm atio n s . T h e  g re a te s t p a r t  (a b o u t 3/4 o f all th e  v o lcan ic  p ro d u c ts) can  be 
a t t r ib u te d  to  acid  vo lcan ism  in th e  basin  in te r io r , w h ich  p roduced  v a s t rhyo - 
lite -rh y o d a c ite  f lo o d -tu ff  b la n k e ts  covering  an  a rea  o f ab o u t 35,000 k m 2. 
As a c o u n te rp a r t  to  th is  cen tra l vo lcan ism , w hose d ev e lo p m en t is in tim a te ly  
co n n ec ted  w ith  th e  ev o lu tio n  of th e  P an n o n ian  “ m ed ian  m ass” , a vo lcan ic  
“ festo o n ” of m ain ly  an d es itic -d ac itic  com position  su rro u n d s  th e  basin  in  th e  
n o rth , n o rth e a s t and  ea s t, th e  T okaj M ountains b e in g  p a r t  o f th is  vo lcan ic  b e lt.

P rev ious researchers assum ed  a close an d  cau sa l re la tio n sh ip  b e tw een  
th e  vo lcan ism  of th is  b e lt an d  th e  evo lu tion  o f th e  su rro u n d in g  C a rp a th ian  
orogen. A ccording to  som e in te rp re ta tio n s , th e  p h ases  of C a rp a th ian  fo ld ing  
co incided  w ith  th o se  o f vo lcan ic  a c tiv ity . I t  was B a l k a y  [11] who p o in te d  ou t 
t h a t  th e se  tw o  p h en o m en a  c an n o t coincide; in d eed  th e y  can only  a lte rn a te . 
O n th e  o th e r  h a n d , th e  p ecu lia r fea tu res  of th e  P a n n o n ia n  m edian  m ass (dom ing  
o f th e  m a n tle  w ith  considerab le  th in n in g  o f th e  c ru s t [12]) seem ed to  offer 
a k ey  to  th e  u n d e rs ta n d in g  o f th e  p ecu liar c h a ra c te r  o f Cenozoic vo lcan ism  
in H u n g a ry . In c o rp o ra tin g  all in fo rm ation  o b ta in e d  so fa r on th e  s tru c tu re  
a n d  evo lu tion  of th e  m ed ian  m ass in to  a co m p reh en siv e  h y p o thesis , S z á d e c z - 
KY-K a r d o s s  [13, 14] p rop o sed  a m odel w hich o ffers a se lf-consisten t im age 
o f th e  ev o lu tio n  o f th e  ce n tra l and  m arg in a l vo lcan ism  a ttr ib u te d  to  th e  m ed ian  
m ass itse lf. O ur recen t know ledge o f th e  d ev e lo p m en t o f T e rtia ry  volcanism  
in H u n g a ry , based  on th e  w ork  of Sz á d e c z k y - K a r d o s s , was recen tly  su m ­
m arized  b y  one o f th e  a u th o rs  [15].

T he vo lcan ic  m o u n ta in s  of th e  T okaj a rea  e x te n d  over 1200 k m 2, and  
co n tin u e  over an a rea  of s im ila r d im ensions in  C zechoslovakia  (Pregov M oun­
ta in s). A volcanism  o f co u n tless  a lte rn a tio n s  y ie ld ed  b o th  in te rm e d ia ry  (an d e ­
sitic , dacitic ) an d  acid  (rh y o d ac itic , rhyo litic ) p ro d u c ts  in  n ea rly  equal q u a n ­
titie s  d u rin g  th e  la te  M iddle M iocene (U pper T o rto n ia n ) and  U p p er M iocene
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(S a rm a tia n )  w ith  possib le  o v e rlap  in to  th e  L ow er P liocene (L ow er P an n o n ian ). 
In  th e  o u tc rops and  in  th e  n ea r-su rface  p o rtio n  of th e  m o u n ta in s , th e  acid 
v o lc a n ic s  (rhyolites w ith  s tro n g  p rep o n d e ran ce  of py roclastics) p rev a il over 
th e  in te rm e d ia ry  ones (an d esite s  an d  dac ite s  w ith  su b o rd in a te  p y roc lastics). 
W h e n  th e  deeper p o rtio n s  o f  th e  a rea  are  considered , too , a n d es ite s  gain  th e  
u p p e r  h a n d  owing to  th e ir  w ide  sp read  a n d  considerab le  th ic k n e ss , n o t y e t 
fu lly  d isclosed  by  d rillings m o re  th a n  1200 m  deep (Tállya 15, B askó  3, T e lk i­
b á n y a  2 , F ü z é rk a ja ta  3).

A  new  stage of v o lcan ic  a c t iv i ty  w as in it ia te d  b y  tw o d ire c tly  superposed  
y o u n g  b a s a lt  flows (L a te  P lio c e n e —E a rly  P le istocene), now  o v e rla in  b y  80 m 
o f u n c o n so lid a te d  sed im en t, en co u n te red  u n til  now by  a single d rilling  (Sáros­
p a ta k  10) close to  th e  e a s te rn  m arg in  of th e  area.

T h e  h is to ry  of th e  a p p ro x im a te ly  8 m illion  years of an d esitic -rh y o litic  
a c t iv i ty  is fa irly  vague. T h e  an d esitic  (incl. dac itic ) volcanism  c a n n o t be linked  
to g e th e r  w ith  th e  rh y o litic  (incl. rh y o d ac itic ) one, e ith e r  in  space  or in  tim e . 
A loose  petrochem ical “ c o n sa n g u in ity ”  can  be estab lished  b e tw een  th em  b u t 
n o n e  o f  th e  andesitic  o r rh y o litic  surges h a v e  ever form ed co m p le m e n ta ry  or 
c o o rd in a te d  pairs like ly  to  b e  of com m on orig in . T he resp ec tiv e  d is tr ib u tio n  
a n d  s t ru c tu ra l  con tro l o f th e  in te rm e d ia ry  an d  acid  volcanics s u p p o r t th e  idea 
o f in d e p e n d e n t feed sy stem s fo r each of th e m , ta p p in g  m ag m a reservo irs  a t 
d if fe re n t dep ths th ro u g h o u t th e  w hole vo lcan ic  evo lu tion : a n d e s itic  vo lcanism  
is c o n tro lle d  by  ra th e r  deep  ta n g e n tia l  fra c tu re s  (referred  to  th e  C a rp a th ian  
o ro g en , a t  th e  sam e tim e  su b sid en ce  fra c tu re s  o f th e  P a n n o n ia n  b asin ); rh y o ­
litic  e ru p tio n s  follow m u ch  sha llow er ra d ia l ones [16]. T he im m e d ia te  causes 
o f  th e  m u tu a l a lte rn an ce  a n d  ra re  co incidence o f in te rm e d ia ry  an d  acid  v o lcan ­
ism  co u ld  n o t be e stab lish ed  as y e t. G enera lly  an d  reg ionally  b o th  th e  U p p er 
T o r to n ia n  and th e  S a rm a tia n  an d esitic  to  rh y o litic  sequences tr ig g e re d  p ro b ab ly  
b y  c a ld e ra  collapse in  th e  c e n tra l  a rea  [17] are  considered to  re p re se n t th e  
a f te rm a th s  of th e  huge  rh y o litic  f lo o d -tu ff  a c tiv ity  of th e  b a s in  in te rio r  
(“ m id d le ”  and  “ u p p e r”  rh y o litic  tu f f  com plexes).

V olcanism  in th e  T o k a j M oun ta ins s ta r te d , accord ing  to  th e  deep est (and 
p ro b a b ly  oldest) rock  reco rd  so fa r , in  th e  U p p er T o rto n ian  w ith  su b m arin e  
a n d e s it ic  ou tpourings, in tru s io n s  and  ex tru sio n s w hich u n d e rw e n t considerab le  
p é p é r i t ic  (pillow -lava ty p e  o r  hya lo c lastic ) a lte ra tio n  (drillings T á lly a  15, T elk i­
b á n y a  2 , F ü z é rk a ja ta  3). I n  la te r  stages, in tru s io n s  p roduced  h u g e  subvo lcan ic  
m asse s  o f dacitic  co m p o sitio n , g rad ing  u p w ard s  locally  in to  fo ssilife ro u s  
p é p é r ite s  (S á to ra ljaú jh e ly  6, S á to r  H ill).

A sim ultaneous or s lig h tly  la te r  s tag e  of shallow  in tru s io n s  gave rise 
to  m asses  of b an d ed  rocks o f  rh y o d ac itic  com position  (T e lk ib án y a  10) due 
p a r t ly  to  epigenetic K aO — S iO a m e ta so m a tism  an d  g rad ing  in to  (T orton ian) 
p o ta s h  m eta so m a tite s  (p se u d o tra c h y te s ) . U p p e r T o rto n ian  rh y o litic  vo lcan ism  

re p re se n te d  by  a g re a t v a r ie ty  o f m o llu sk -bearing  flood  tu ffs  o f v a rious
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degrees of w elding in  th e  n o r th e a s te rn  p a r t  o f th e  m o u n ta in s  p ro d u ced  b u t 
a few “ rh y o litic”  sto ck s, w hose ash-flow  origin can n o t, how ever, be  excluded  
(S á ro sp a ta k , Som lyód H ill).

T he U pper M iocene (S a rm a tia n ) vo lcan ic  a c tiv ity , w hich  y ie lded  th e  
b u lk  o f th e  m o u n ta in  rising  above th e  p la in , can  be d iv ided  in to  an  o lder an d  
a y o u n g e r phase. T h is su b d iv ision  does n o t coincide w ith  th e  c u s to m a ry  su b ­
stages o f th e  S a rm a tian  (V olhyn ian  B essa rab ian  an d  C herson ian) b ased  on 
th e  d im in ish ing  sa lin ity  o f  th e  su rro u n d in g  in lan d  lake . T h is p ro ceed ed  in 
a non -un ifo rm  w ay  (w ith  sev era l oscillations) ow ing to  th e  g re a t v a r ia b ility  
o f  p oo rly  com m u n ica tin g  lagoons in  th e  vo lcan ic  area . T he o ld e r p h ase  
s im u ltan eo u s w ith  se d im e n ta tio n  o f a la rge ly  b rack ish  sea w as in tro ­
duced  b y  th e  low er rh y o litic  (N agybózsva  1) an d  rh y o d ac itic  (P u sz ta fa lu - 
T o lva j H ill) a c tiv ity  w hich  fu rn ish ed  besides large  am o u n ts  of p y ro c la s tic s  also 
subvo lcan ic  bodies of th o lo id  an d  sto ck  d im ensions. N o t c o u n tin g  som e p re ­
cu rso ry  d ac ite  in tru s io n s  (F ü z é r-P iv o tk a ) p reced ing  or in te rfe rin g  w ith  th e  
la t te r ,  th e  b u lk  of th e  (largely  subsurface) an d esite  (Senyő V alley , T e lk ib án y a  2, 
B askó  3, E rd ő b én y e  163) an d  d ac ite  (E rd ő b én y e  20, 163) p ro d u c tio n  is sub­
se q u e n t to  th e  in tro d u c to ry  acid  vo lcan ism . I t  is in  its  tu rn  succeeded  in  th e  
u p p e rm o st Lower (-b rack ish ) S a rm a tia n  by  nea r-su rface  rh y o litic  ex tru sio n s, 
b u ild in g  up  high peaks (T e lk ib án y a  4) or re s tin g  below th e  flood  p la in s  o f th e  
fo re lan d  (O laszliszka 58).

T he L a te  S a rm a tia n  (p a r tly  low erm ost P liocene) closing p h ase  o f th e  
an d esitic  to  rh y o litic  a c t iv i ty  follows (perhaps a fte r  som e genera l vo lcan ic  
quiescence) th e  g rea t subsidence  succeeding  th e  c lim ax of th e  S a rm a tia n  a c tiv ­
i ty  responsib le  for th e  consp icuous subsidence o f th e  w e s te rn -c e n tra l and  
so u th e rn  p a r ts  o f th e  m o u n ta in . T his ph ase  — co n tem p o ran eo u s w ith  fresh ­
w a te r  sed im ents b ea rin g  on ly  o straco d s of low s tra tig ra p h ic  v a lu e —is u sh ered  
in  b y  a copious rh y o lite  p ro d u c tio n , re su ltin g  besides w idesp read  py roc lastics  
also  in  im pressive vo lcan ic  edifices o f ex trem ely  co m plica ted  b u ild  (A baűj- 
s z á n tó  3 an d  Súlyom  H ill, E rd ő b én y e  163). M arginal dac itic  in tru s io n s  (H ejce 
l /а ) follow  th is  phase. T h in  an d esite  lava-flow s (w ith  la m in a r jo in ts  an d  scoria) 
cap p in g  th e  h ighest e leva tions o f th e  m o u n ta in  are  a llo tted  w ith o u t a n y  d irec t 
s tra tig ra p h ic  ev idence to  th e  end o f th is  phase .

A closer p e tro g rap h ic  c h a ra c te riz a tio n  of th e  th ree -s tag e  v o lcan ic  series 
seem s o u t o f p lace here . T h e  in te rm e d ia ry  g roup  (andesites an d  dac ites) is 
ch ie fly  p y ro x en e-(b o th  h y p e rs th e n e  an d  au g ite )-b earin g ; am p h ib o le  appears 
o n ly  locally  as a sp ec ia lity  an d  b io tite  is p ra c tic a lly  ab sen t. T h e  d o m in an t 
p lag ioclase  is la b rad o rite -an d es in e  in  tw in -lam ella r, zoned, inc lusion -crow ded  
p h en o c ry s ts  ill f ittin g  th e  h igh a c id ity  of th e  andesites th em se lv es . T h is in d i­
ca tes  an  acid iza tion  o f th e  m e lt a f te r  th e  g row th  o f th e  p h en o c ry s ts . T h e  re p re ­
se n ta tiv e s  of th is  g roup  e x h ib it a considerab le  v a r ie ty  o f te x tu re s  (c ry s ta llin ­
ity ) , depend ing  on th e  fin a l conso lida tion  en v iro n m en t as w ell as on syn-,
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d e u te ro -  a n d  epigenetic  h y d ro th e rm a l (m e taso m atic ) a lte ra tio n s  lead in g  in  
so m e cases  to  a com plete  e x c h a n g e  of all p r im a ry  m a te r ia l  (p seu d o trach y te s). 
T h e  p r im a ry  and  se c o n d a ry  c h a rac te ris tic s  a re  n o t  ag e -d ep en d en t, each of 
th e m  r e tu r n  in  second p h a se s . ■

T h e  ac id  group (o f rh y o li te s  an d  rh y o d ac ite s) is g en era lly  ch a rac te rized  
b y  th e  s c a rc ity  of p h e n o c ry s ts  (q u artz , ac id  p lag ioc lase , san id in e , b io tite ). 
T h e  g la ssy  base  due to  “ d r y ”  q u ench ing  ap p ears  in  th e  fo rm  of p e rlite s  w ith  
m o re  o r  less in tense  p u m iceo u s v ésicu la tion . M uch m o re  w idesp read  is th e  case 
o f  “ w e t”  so lid ification  (p re se n c e  of surp lus vo la tiles) co n n ec ted  syn- an d  epi- 
g e n e tic a lly  w ith  th e  c o m p le te  c ry s ta lliz a tio n  o f th e  g ro u n d  m ass (c ris to b a lite , 
p o ta s h  fe ld sp a r, a lb ite , t r id y m ite ,  zeolites), w ith  or w ith o u t sp h eru litic  s tru c ­
tu re s .

T h e  on ly  b asa lt in  th e  a re a  (S á ro sp a tak  10) re p re se n ts  a q u ite  s e p a ra te  
v o lc a n ic  episode of “ f in a l”  (p la tfo rm -ty p e ) c h a ra c te r  succeeding  th e  fo rm er 
ep iso d es a f te r  a conspicuous t im e  sp an  (alm ost th e  e n tire  P liocene). F ro m  th is  
sin g le  f in d  th e  ex tension  o f  t h e  lava-flow s c a n n o t be  estab lished . T h e  rock  is 
a ty p ic a l  a lkali-o liv ine b a s a l t  o f  in te rse rta l te x tu re .  T h e  low er flow  ex h ib its  
an  a m y g d a lo id  s tru c tu re  w ith  ca lc ite  fillings.

E x p erim en ta l p rocedures

T h e  sam ple m a te r ia l u s e d  in  th is  w ork  w as e ssen tia lly  th e  sam e as th a t  
u se d  in  a previous s tu d y  co n cern in g  th e  g eo ch em is try  o f s tro n tiu m  in  th e  
T o k a j M ou n ta in s  vo lcan ics [10]. In  choosing th e  sam p les , an  effort w as m ade 
to  c o v e r  th e  whole ran g e  o f  co m p o sitio n a l tre n d s  in  th e  a rea  u n d e r in v es tig a tio n  
as fu l ly  as possible. Som e sam p le s  are from  su rface  exposures, h u t  m ost of 
th e m  a re  drill cores of f re sh , u n a lte re d  m ate ria l.

T h e  chem ical an a ly ses  re fe rre d  to  in  th is  r e p o r t  an d  lis ted  in  T ab le  1 
( fa c in g  p . 86) w ere p e rfo rm e d  fo r th e  m ost p a r t  in  th e  H u n g a ria n  G eological 
I n s t i t u t e  b y  th e  usual ro u t in e  p rocedure.

B esides th e  m ain  c o m p o n e n t d a ta , Sr c o n c e n tra tio n s  as d e te rm in ed  b y  
th e  a u th o  rs b y  s ta b le -iso to p e  d ilu tio n  tech n iq u es  h a v e  also been  lis ted . N o r­
m a tiv e  m in era l com positions h a v e  been ca lcu la ted  acco rd in g  to  th e  C IP W sy stem , 
u s in g  a n  O D R A  1013 e le c tro n ic  com pu ter in s ta lle d  a t  th e  I n s t i tu te  of N uclear 
R e se a rc h . All o th e r c a lc u la tio n s  h av e  also b een  p e rfo rm ed  on th e  sam e com ­
p u te r .

F o r  isotopic an a ly s is  a n  M I 1305 ty p e  m ass sp e c tro m e te r  co m p le ted  w ith  
an  S I-01  ty p e  seco n d ary  e le c tro n  m u ltip lie r b eam  d e te c to r  system  w as used. 
T h e  s ing le -filam en t su rfa c e  io n iza tio n  te c h n iq u e  w as u sed  th ro u g h o u t th is  
w o rk , f ila m e n ts  w ere p r e p a re d  from  ta n ta lu m  ta p e  0.02 m m  th ick , 1 m m  w ide. 
I n  o rd e r  to  ensure s ta b le  io n ic  em ission c h a ra c te r is tic s  an d  to  ra ise  th e  effi-
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cipncy of su rface  io n iza tio n , th e  filam en ts  w ere  coa ted  w ith  a th in  electro- 
d ep o sited  lay e r o f tu n g s te n  trio x id e . B y u s in g  th e se  filam en ts, s ta b le  and  
u n d is tu rb e d  ionic c u rre n ts  could be ach iev ed  fo r ra th e r  long p e rio d s , even 
i f  sam p le  vo lum es w ere sm all.

T h e  sam ples fo r m ass sp ec tro m e try  w ere  p rep ared  acco rd ing  to  the 
m e th o d  described  b y  Sá m s o n i  [18j, w hose a ss is ta n c e  in  p rep arin g  th e  sam ples 
is w arm ly  acknow ledged . T h e  crushed  rock sam p les  w ere com plete ly  d isso lved  
in a m ix tu re  o f h y d ro flu o ric  and  n itr ic  ac ids. Follow ing a con v ersio n  in to  
ch lorides, th e y  w ere d isso lved  in d ilu te  h y d ro ch lo ric  acid. T he q u a n t i ta t iv e  
sep a ra tio n  o f Sr from  R b  w as perfo rm ed  b y  ion  exchange c h ro m a to g ra p h y  
using  ion  exchange co lum ns filled  w ith  D ow ex 50 X 12,400-m esh ion exch an g e  
resin . F o r d e ta ils  o f th e  sam ple  p re p a ra tio n  p ro ced u re  we refer to  [18]. T he 
s tro n tiu m  frac tio n  o b ta in e d  from  th e  co lum n w as tra n sfe rre d  on to  th e  f i la m e n t 
su rface  b y  som e d rops o f d ilu ted  n itr ic  ac id , d ried , and  b ro u g h t to  red  h ea t 
for som e seconds to  b u rn  o u t th e  organic c o n ta m in a n ts  and  to  c o n v e rt th e  
sam ple  in to  a n  ox ide  form .

T h e  iso top ic  co m position  of s tro n tiu m  w as d e te rm in ed  for each  sam ple  
in  a t  le a s t one h u n d re d  successive scans o f th e  m ass spec trum , w ith  a v isua l 
reco rd ing  of th e  p eak  in te n s itie s . T he a b u n d a n c e  ra tio s  o b ta in ed  from  th e  peak  
in te n s ity  values h av e  been  co rrec ted  fo r th e  m ass  d isc rim ina tion  o f th e  seco n d ­
a ry  e lec tro n  m u ltip lie r  (confirm ed th ro u g h  th e  m easu rem en t of R b  iso to p ic  
com position) b y  m u ltip ly in g  th e  rough  a b u n d a n c e  ra tio s  b y  th e  ra tio  o f  th e  
sq u a re  ro o ts  o f th e  co rrespond ing  a tom ic  m asses. In  o rder to  h av e  a m eans 
fo r co rrec tin g  th e  re su lts  fo r th e  often  u n p re d ic ta b le  frac tio n a tio n  o f  th e  iso­
top es in  th e  course o f th e  ev ap o ra tio n  process a n d  in  th e  ion source itse lf , th e  
m easu red  iso top ic  ra tio s  w ere norm alized  to  a n  ^’S r/^S r ra tio  equal to  0.1194, 
a v a lu e  d e te rm in ed  b y  N i e r  [19] an d  a d o p te d  as a com m on re fe rence  basis , 
assum ing  th a t  no v a r ia tio n  in  th is  iso topic ra t io  ex is ts  in  n a tu re . As u su a l, one- 
h a lf  o f th e  a m o u n t n eeded  fo r th e  co rrec tion  o f  th e  m easu red  ^ S r /^ S r  r a t io  was 
used  to  co rrec t th e  87Sr/8eSr iso top ic  ra tio . T h is n o rm a liza tio n  p ro ced u re  re su lts  
in  a s tro n g  im p ro v em en t o f th e  re p ro d u c ib ility  o f  th e  87Sr/86Sr ra tio , a n d  a t  
th e  sam e tim e , reduces th e  in te rn a l e rro r o f in d iv id u a l m easu rem en ts  w ith in  
a single ru n , too .

A lth o u g h  th e  ap p lied  m eth o d  of sam ple  p re p a ra tio n , and  a care fu l ch eck ­
ing an d  co n tro l o f th e  p a ra m e te rs  o f th e  m ass sp e c tro m e te r  th ro u g h o u t a single 
ru n  re su lted  in  r a th e r  s ta b le  em ission c h a ra c te r is tic s , in  som e cases w h en  on ly  
sm all am o u n ts  o f  s tro n tiu m  could be  a n a ly se d , th e  to ta l  beam  in te n s i ty  
decreased  m ark ed ly  w ith  tim e . In  these  ex c e p tio n a l cases an  a d d itio n a l co r­
rec tio n  w as app lied  to  th e  num erica l re su lts  p r io r  to  th e  n o rm a liza tio n  p ro ­
cedure , as described  in  a s e p a ra te  p ap e r [20].

As a m easu re  o f re lia b ility , th e  s ta n d a rd  e r ro r  o f th e  m ean  — 1),
as ca lcu la ted  fo r th e  co rrec ted  and  n o rm alized  iso to p ic  ra tio s w ith in  a single
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ru n , w as  a d o p ted  th ro u g h o u t th is  p ap e r. O n  th e  average, th e  v a lu e  o f  th is  
s ta n d a r d  e rro r  is in  th e  ra n g e  o f  0 .001—0.003, i.e. ab o u t 0 .2 —0.4 % .

T o  ch eck  th e  lo n g -ru n  c h a ra c te ris tic s  o f  th e  m ass sp ec tro m ete r, a  sam p le  
o f r e a g e n t  q u a lity  s tro n tiu m  used  as a la b o ra to ry  s ta n d a rd  w as re p e a te d ly  
m e a su re d . T h e  m easu rem en ts  p erfo rm ed  w ith in  a period  of n ine  m o n th s  show  
th e  sa m e  m inor sy s tem a tic  v a ria tio n s , w h ich  d id  n o t, how ever, exceed  th e  
a v e ra g e  s ta n d a rd  e rro r q u o te d  above.

R esults and discussion

F ig . 1 and  T ab le  1 su m m arize  our n u m erica l resu lts concern ing  th e  iso­
to p ic  com p o sitio n  of s tro n tiu m  in  vo lcan ic  ro ck s of th e  T okaj M o u n ta in s , 
to g e th e r  w ith  th e  m ain  c o m p o n en t analyses a n d  C IP W  norm s. T h e  sam  pies 
w ere  c la ssed  in  tw o g roups, on  th e  basis of f ie ld  evidence ou tlin ed  in  th e  p re ­
v io u s  p a r t s  o f th is  p ap e r, also su p p o rte d  b y  p re v io u s  resu lts  [10] w hich  in d ic a te d  
a d iffe re n c e  in  th e  b e h a v io u r  o f  andesitic  a n d  d ac itic  rocks on th e  one h an d , 
a n d  rh y o li t ic  an d  rh y o d a c itic  rocks on th e  o th e r . This d ifference in  th e  d is­
t r ib u t io n  o f th e  Sr and  Ca c o n te n ts  po in ts  to  th e  possib ly  d iffe ren t o rig in  of 
th e s e  tw o  groups of rocks. I t  w as show n [10] t h a t  th e  rhyo litic  ro ck s o f  th e
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Table 1

A nalytica l data

Sample
No. Locality Age 87Sr/MSr
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I. Basic an d  in te rm ed ia ry  sam ples
31. D acite. D rilling  S á to ra ljaú jh e ly  6, 10.2 11.2 m T orton ian 0.7005 ±  0.0013 164 63.66 0.55 15.88 1.44 3.03 0.05 2.31 5.45 2.78 2.32 0.03 0.09 2.33 0.19 22.64 13.69 23.50 23.98 0.00 1.89 8.39 2.09 1.05 0.00 0.20 2.52 0.00 0.07 0.0

32. A ndesite. Drilling T aliy a  15, 1195 — 1200 m T o rto n ian 0.7017 ±  0.0022 207 58.36 0.95 15.82 1.64 4.35 0.09 3.22 7.58 2.38 0.68 1.98 0.13 2.23 0.25 24.55 4.01 20.12 24.30 2.26 0.00 12.45 2.38 1.81 0.00 0.28 2.48 0.73 4.50 0.00

34. D acite. D rilling  E rd ő b én y e  20, 51.3 — 62.5 m S arm atian 0.7067 ±  0.0019 187 60.54 0.60 16.13 4.62 1.31 0.04 2.45 6.31 2.24 1.78 0.00 0.10 1.57 2.54 24.18 10.51 18.94 28.68 0.00 1.57 5.37 2.62 1.14 2.82 0.22 4.11 0.00 0.00 0.00

35. A ndesite. D rilling  B askó-3, 646—648 m S arm atian 0.7030 ±  0.0018 95 58.26 0.61 15.84 3.81 1.54 0.05 3.62 6.14 2.07 1.72 0.37 0.12 2.01 4.06 22.36 10.15 17.50 27.40 0.53 0.00 9.01 3.36 1.16 1.50 0.26 6.07 0.00 0.84 0.00

37. D acite. D rilling  H ejce 1/a. 95 — 100 m U pper S arm atian 0.7024 ±  0.0025 222 53.03 0.55 16.71 3.78 1.17 0.04 3.22 5.87 2.43 2.34 0.00 0.12 0.56 0.17 22.97 13.81 20.54 27.76 0.00 0.50 7.79 2.31 1.05 2.19 0.26 0.73 0.00 0.00 0.00

38. A ndesite. D rilling  F o n y  2, 33.0 — 35.8 m U p p er S arm atian 0.6990 ±  0.0020 255 60.59 0.59 15.24 2.42 4.17 0.09 4.47 6.66 2.22 1.82 0.15 0.11 1.38 0.59 19.35 10.74 18.77 26.22 0.00 4.20 13.96 3.52 1.12 0.00 0.24 1.97 0.00 0.34 0.00

44. Pyroxene dacite . D rilling  E rdőbénye 163, 23.0 —  25.6 m S arm atian 0.7078 ±  0.0034 225 60.33 0.84 17.89 3.17 2.06 0.07 0.24 4.53 3.15 3.38 0.07 0.22 3.50 1.07 19.73 19.95 26.63 20.72 1.45 0.00 0.60 4.44 1.60 0.11 0.48 4.57 0.00 0.16 0.00

45. Acid pyroxene andesite . D rilling E rdőbénye  163, 43.4 — 47.1 m S arm atian 0.7049 ±  0.0032 275 55.20 0.60 18.27 2.38 5.33 0.31 2.68 6.24 2.73 1.90 1.23 0.24 1.78 0.82 15.25 11.21 23.08 21.75 3.75 0.00 14.08 3.46 1.14 0.00 0.52 2.60 0.00 2.80 0.00

54. P yroxene-am phibole  d ac ite . Sátor H ill, n ea r S á to ra ljaú jh e ly T orton ian 0.7019 ±  0.0020 121 61.62 0.49 15.35 3.53 1.75 0.09 2.77 6.29 2.70 2.07 0.00 0.09 1.96 1.53 22.10 12.22 22.83 23.63 0.00 5.47 4.36 4.52 0.93 0.42 0.20 3.49 0.00 o.oo 0.00

56. Am phibole dacite . P iv o tk a , near Füzér S arm atian 0.7090 ±  0.0017 153 61.66 0.79 17.06 4.36 1.39 0.03 1.69 5.90 2.98 2.10 0.00 0.13 1.34 2.11 21.74 12.39 25.19 26.95 0.00 1.19 3.66 2.29 1.50 2.79 0.28 3.45 0.00 0.00 0.00

58. Pyroxene andesite . Senyő V alley S arm atian 0.7115 ±  0.0021 137 57.91 0.65 19.03 0.30 5.42 0.13 3.85 6.67 2.10 1.45 0.14 0.11 2.30 0.32 16.71 8.56 17.75 31.53 2.44 0.00 18.46 0.44 1.24 0.00 0.24 2.62 0.00 0.32 0.00

63. Pyroxene andesite . Q u a rry  on K opasz H ill, n e a r T állya S arm atian 0.7114 ±  0.0012 226
64. Pyroxene andesite . D rilling  F ü zé rk a ja ta  2, 655.2 — 655.9 m T orton ian 0.7053 ±  0.0019 144 55.74 0.70 18.03 3.21 2.67 0.12 3.46 6.57 2.58 1.40 0.10 0.12 2.83 3.06 16.09 8.26 21.81 31.23 0.82 0.00 9.93 4.66 1.33 0.00 0.26 5.89 0.00 0.23 0.00

66. H ypodacite . D rilling T a liy a  15, 1085.7- 1097.4 m T orton ian 0.6985 ±  0.0016 184
73. B asalt. D rilling S á ro sp a tak  10, 88.1 — 91.2 m P annon ian 0.6980 t  0.0036 251 49.16 1.44 18.12 2.81 4.53 0.12 7.79 8.23 2.81 1.70 0.00 0.37 2.10 1.13 0.00 10.03 23.76 31.78 0.00 5.43 12.77 4.08 2.74 0.00 0.81 3.23 0.00 0.00 5.63

74. B asa lt w ith  am ygdalo id  filling . Drilling S á ro sp a tak  10, 107.9—113 m P an n o n ian 0.7020 ± 0.0022 192 48.30 1.33 17.53 5.06 2.10 0.16 6.18 10.18 2.48 1.41 1.07 0.30 2.08 2.14 3.17 8.32 20.97 32.51 0.00 7.35 11.98 3.44 2.53 2.67 0.66 4.22 0.00 2.43 0.00

75. Pyroxene ch loroandesite . Drilling T elk ibánya 2, 153.4 — 155.9 m S arm atian 0.7048 ± 0.0023 88 51.76 0.63 18.26 3.02 3.31 0.11 4.50 8.80 2.18 1.60 2.61 0.07 2.50 1.55 13.42 9.44 18.43 26.73 3.14 0.00 13.95 4.39 1.20 0.00 0.15 4.03 0.00 5.94 0.00

78. Pyroxene carboandesite . D rilling T elk ibánya 2, 1031.8—1032.4 m T orton ian 0.7068 ± 0.0013 80 61.07 0.57 15.92 2.49 2.50 0.00 2.88 6.07 2.42 2.03 1.90 0.01 2.18 0.32 26.37 11.98 20.46 18.03 3.13 0.00 8.76 3.62 1.08 0.00 0.02 4.32 0.00 4.32 0.00

11. Acid sam ples

33. R hyolite. D rilling  T elk ib án y a  4, 66.7 — 69.0 m S arm atian 0.7061 ± 0.0016 51 75.93 0.08 12.99 1.39 0.01 0.00 0.62 0.72 3.57 3.81 0.00 0.01 0.63 0.21 38.08 22.49 30.18 3.51 1.71 0.00 1.54 0.00 0.02 1.39 0.02 0.84 0.00 0.00 ru  0.07

36. R hyolite  (perlite). D rillin g  A baújszántó  3, 41.4 — 42.3 m U pper S arm atian 0.7040 ± 0.0030 87 71.34 0.15 14.17 0.90 0.94 0.03 0.82 0.72 3.52 4.10 0.00 0.03 3.18 0.23 32.08 24.20 29.76 3.39 2.70 0.00 2.83 1.31 0.29 0.00 0.07 3.41 0.00 0.00 0.00

46. Perlitic  rhyo lite . D rilling E rdőbénye 163, 3 .0 —5.0 m U p p er S a rm atian 0.7088 ±  0.0025 75 70.12 0.14 13.28 1.57 0.58 0.02 0.36 1.51 2.78 4.53 0.03 0.03 4.26 0.36 32.95 26.74 23.50 7.12 1.19 0.00 0.90 1.53 0.27 0.52 0.07 4.62 0.00 0.07 0.00

47. R hyolite . D rilling. O laszliszka 58, 110.8 — 116.2 m S arm atian 0.7025 ±  0.0022 68 72.66 0.11 13.96 1.41 0.52 0.00 0.34 1.31 2.04 4.59 0.02 0.04 1.43 1.59 40.01 27.09 17.25 6.13 3.39 0.00 0.85 1.36 0.21 0.47 0.09 3.02 0.00 0.05 0.00

48. R hyodacite. T olvaj H ill, near Pusztafalu , S arm atian 0.7118 ±  0.0015 78 68.89 0.20 16.52 1.41 0.67 0.12 0.35 1.51 3.27 3.35 0.00 0.07 1.94 1.76 33.42 19.77 27.64 7.07 4.92 0.00 0.87 1.98 0.38 0.05 0.15 3.70 0.00 0.00 0.00

50. R hyolite . D rilling  N agybózsva 1, 70.4 — 74.3 m S arm atian 0.7112 ±  0.0022 73 76.88 0.10 12.82 0.41 0.28 0.01 0.12 1.59 3.19 3.75 0.02 0.01 0.37 0.11 40.39 22.13 26.97 7.70 0.69 0.00 0.33 0.60 0.19 0.00 0.02 0.48 0.00 0.05 0.00

51. R hyodacite . D rilling T elk ibánya  10, 56.0 — 60.8 m T orton ian 0.7072 ±  0.0028 141 55.82 0.30 14.34 5.22 0.38 0.00 1.42 6.96 2.67 1.83 4.58 0.08 2.87 0.73 28.92 27.39 11.33 3.76 4.91 0.17 3.60 10.42

52. R hyolite . C sa tta n ty ú  H ill, near N agybózsva S arm atian 0.7066 ±  0.0026
53. R hyodacite . D rilling T elk ib án y a  10, 141.5 — 148.0 m T orton ian 0.7016 ±  0.0021 89 69.28 0.15 13.51 2.33 0.68 0.02 0.93 3.01 1.34 4.64 1.73 0.04 1.96 0.14 40.65 27.39 11.33 3.76 4.91 0.00 2.32 0.56 0.29 1.95 0.09 2.10 0.65 3.93 0.00

55. R hyolite-ignispum ite . Som lyód H ill, n ear V égardó-Sárospatak T orton ian 0.7104 ±  0.0041 28 76.01 0.18 12.96 0.15 0.11 0.04 0.00 0.23 1.58 8.47 0.00 0.03 0.08 0.42 33.93 49.99 13.36 0.96 0.84 0.00 0.00 0.00 0.32 0.15 0.07 0.50 0.00 0.00 0.01

57. R hyodacite. T olvaj H ill, n ear P usztafalu S arm atian 0.7101 ±  0.0017 96 68.17 0.21 14.34 3.12 0.69 0.05 1.02 2.63 2.64 3.00 0.00 0.06 2.00 1.82 34.28 17.71 22.32 12.68 2.10 0.00 2.54 1.78 0.40 1.90 0.13 3.82 0.00 0.00 0.00

60. Perlitic  rhyo lite . Súlyom  H ill, near A b aú jszán tó , upper zone U pper S arm atian 0.7030 ±  0.0016 105 69.08 0.14 13.53 1.46 0.76 0.00 0.50 2.77 3.12 3.72 0.62 0.02 2.98 0.84 31.71 21.96 26.38 9.70 0.81 0.00 1.25 2.05 0.27 0.05 0.04 3.82 0.00 1.41 0.00

61. R hyolite . Súlyom  H ill, n e a r A baújszántó , m iddle  zone U pper Sarm atian 0.7055 ±  0.0041 65 71.19 0.11 13.72 2.43 0.20 0.00 0.39 1.91 3.21 3.90 0.00 0.02 1.97 0.66 32.92 23.02 27.14 9.35 0.79 0.00 0.97 0.33 0.21 2.21 0.04 2.63 0.00 0.00 0.00

62. R hyolite . Súlyom  H ill, n e a r A baújszán tó , low er zone U pper S arm atian 0.7048 ±  0.0017 134 68.72 0.00 11.63 1.26 0.67 0.01 0.38 2.65 1.86 2.76 0.00 0.02 6.40 3.62 40.99 16.29 15.72 13.02 0.81 0.00 1.15 1.83 0.00 0.00 0.04 10.02 0.00 0.00 0.00

67. R hyodacite. D rilling T elk ibánya  8, 48.4 — 51.2 m S arm atian 0.7039 ±  0.0013 132

III .  O ther sam ples

49. P o tash  pseu d o traeh y te . K ánya  Hill, n ear T e lk ib án y a S arm atian 0.7086 ±  0.0018 104 61.57 0 90 14.99 6.64 0.25 0.02 0.96 0.58 0.97 11.07 0.00 0.00 1.34 0.20 10.87 65.34 8.20 2.88 0.36 0.00 2.39 0.00 0.57 6.65 0.00 1.54 0.00 0.00 0.60

76. P ropylite . D rilling T elk ib án y a  2, 363.3 — 365.2 m S arm atian 0.7036 ±  0.0020 29 56.05 0.63 21.59 2.59 3.29 0.18 4.70 2.38 1.98 3.24 3.01 0.12 3.61 1.61 23.64 19.12 16.74 0.00 14.83 0.00 14.90 0.00 1.20 0.00 0.26 5.22 0.00 6.85 0.00

77. P o tash  pseu d o trach y te . D rilling T elk ihánya  2, 288.7—289.1 m S arm atian 0.7067 ±  0.0008 27 57.39 0.22 17.47 3.45 1.32 0.12 1.80 1.66 0.36 11.28 2.72 0.10 1.62 0.17 9.43 66.58 3.03 0.00 4.67 0.00 4.48 4.02 0.42 0.69 0.22 1.79 0.00 6.19 0.00
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m o u n ta in  c a n n o t re p re se n t re s id u a l m elts le ft o v e r by  th e  pro longed  c ry s ta ll iz a ­
tio n  d iffe re n tia tio n  o f an d esitic  m agm as, since such  processes w ould  h a v e  p ro ­
duced  Sr/Ca ra tio s  h ig h er b y  an  o rd er o f m a g n itu d e  th a n  th e  ones a c tu a lly  
observed . T ak in g  in to  acco u n t th e  u n ifo rm ity  o f  ce n tra l and  “ fe s to o n ”  volcan- 
ism , vo lum e c o n sid e ra tio n s  also c o n tra d ic t such  an  assum ption .

T he 87Sr/8eSr ra tio  as m easu red  on sam ples o f th e  basic an d  in te rm e d ia ry  
g roup  inc lud ing  b a sa ltic , an d es itic  and  d ac itic  m em b ers  o f th e  v o lc a n ic  su ites 
ranges from  0.698 to  0.712, w ith  an  average  v a lu e  of 0.7041. T he ra n g e  o f  the 
sam e ra tio s  fo u n d  in  sam ples of th e  acid g roup  ex ten d s  from  0.703 to  0.712, 
th e  average b e ing  0.7067. T h e  overall m ean , inc lud ing  tw o p se u d o tra c h y te s  
an d  an  andesitogen ic  p ro p y lite , tu rn s  o u t to  he  0.7053.

T he m easured  va lu es  below  0.700 m a y  in d ica te  a sy s te m a tic  u n d e r ­
estim a tio n  in  o u r m easu rem en ts . As we h ad  no  in te rn a tio n a l s ta n d a rd  a t  our 
d isposal, we can  on ly  assum e th a t  our re su lts  m ig h t he low b y  a b o u t 0.003 on 
an  abso lu te  scale. T his u n d e re s tim a tio n , w hose sy s te m a tic  c h a ra c te r  is e s ta b lish ­
ed b y  rep ea ted  m easu rem en ts  on th e  la b o ra to ry  s ta n d a rd  h as , h o w ev e r, no 
h e a r in g  upon  ou r general s ta te m e n ts  w hich a re  based  on th e  d istrib u tio n  of 
th e  87Sr/8tiSr ra tio  r a th e r  th a n  on th e  n u m erica l va lues, to  w hich a co rrec tio n  
o f  a b o u t 0.003 shou ld  possib ly  be added .

T he ra th e r  low  age o f vo lcanics in  th e  m o u n ta in  (oldest age: L a te  M iddle 
M iocene, a b o u t 15 m illion years) renders i t  p ro b ab le  th a t  no s ig n if ic a n t en rich ­
m en t of th e  87Sr iso tope  h as  o ccu rred  a f te r  th e  so lid ifica tion  of th e  vo lcan ics. 
A rough  e s tim a tio n  based  on R b /S r ra tio s  as o b serv ed  in rocks o f in te rm e d ia ry  
c h a ra c te r  in d ic a te s  th a t  in th e  g roup  of basic  a n d  in te rm ed ia ry  ro ck s  (ande­
sites, dacites) th e  h ig h es t c o n tr ib u tio n  from  a d d itio n a l rad io g en ic  en rich ­
m en t can n o t exceed 0.0004 in  th e  87Sr/8USr ra tio . As regards th e  ac id  group , 
th is  in c rem en t could  reach  a m ax im al va lue  o f a b o u t 0.0015, i.e. th e  rad iogen ic  
c o n tr ib u tio n  co idd  be  re fle c ted  b y  an  e lev a ted  87Sr/86Sr ra tio  as c o m p a re d  w ith 
sam ples of in te rm e d ia ry  co m position , b u t  th is  a d d itio n a l te rm  in  th e  ^ S r/^ S r  
ra tio  is s till w ith in  th e  lim its  o f m easu rem en t e rro rs. The large re la t iv e  sp read  
in tim e  (exceeding p ro b a b ly  50% ) of th e  ac id  v o lcan ic  a c tiv ity  on th e  one 
h an d , an d  th e  sca rc ity  of w e ll-d a ted  e ru p tio n s (e v e n  if  a re la tiv e  age  as re fe rred  
to  th e  o th e r m em bers o f th e  sequence could  be  estab lish ed ) on th e  o th e r  renders 
it  p robab le  th a t  a co rrec tio n  fo r ad d itio n a l rad io g en ic  Sr e n h a n c e m en t (based 
e.g. on th e  av erag e  age o f volcanics) w ould n o t  increase th e  re lia b ili ty  o f  our 
re su lts . T he su p e rf lu ity  o f such  a co rrec tion  fin d s  fu r th e r  su p p o rt in  th e  fact 
th a t  th e  co rre la tio n  be tw een  th e  alkalis an d  th e  87Sr/8eSr ra tio  is n o t  s ign ifican t 
on th e  80%  p ro b a b ility  level even  w ith in  th e  ac id  group , an d  is b y  no  m eans 
m ore expressive th a n  in  sam ples o f basic an d  in te rm e d ia ry  com p o sitio n . In  any 
case, a co rrec tion  b ased  on even  th e  h ig h es t R b /S r ra tio  fo u n d  in  th e  acid 
sam ples w ould n o t b lo t o u t th e  difference b e tw een  th e  average iso to p ic  ra tios 
o f  th e  tw o g roups, w hich d ifference, by  th e  t- te s t  for th e  sig n ifican ce  o f  the
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d iffe ren ce  betw een tw o  m e a n s , is s ign ifican t on th e  99%  p ro b a b ili ty  level, 
T h is  aga in  indicates tha t the two groups cannot orig inate fro m  the sam e p o p u ­
la tion .

N o sign ifican t e n r ic h m e n t  of radiogenic 87S r h a s  occurred  a f te r  so lid ifica ­
t io n ;  th is  is su p p o rted  b y  th e  tim e d is tr ib u tio n  o f  th e  m easu red  s tro n tiu m  
iso to p ic  ra tio s  as e x p re sse d  b y  a com parison  o f  th e  average ra t io s  o f  th e  
in d iv id u a l  age groups (U p p e r  T orton ian , S a rm a tia n , U p p erm o st S a rm a tia n , 
P a n n o n ia n )  in Fig. 2. I n  th e  acid  group, no s ig n if ic a n t tim e  v a r ia t io n  o f  th e

0,700 -

U p p e r . 
Tortonian Sarmatian Uppermost

Sarmatian Pannonian

F ig . 2. D is tr ib u tio n  o f  th e  m ean 87Sr/86S r ra tio s  w i th  v o lcan ic  phases

a v e ra g e  isotopic co m p o s itio n  can  be estab lish ed . I n  th e  in te rm e d ia ry  g roup , 
h o w e v e r , a m arked  d e c re a se  o f  rad iogene ity  c a n  be  observed  d u rin g  th e  
S a rm a tia n  phase of v o lc a n ism , w hich supp lied  th e  g re a te s t p a r t  o f  v o lcan ic  
p ro d u c ts  and  was a c c o m p a n ie d  b y  th e  su b sid en ce  o f  th e  volcanic  a re a . F ig . 
2 su g g e s ts  th a t  th e  ra d io g e n ic  en richm en t in  th e  iso to p ic  com position  o f  s tro n ­
t iu m  m ig h t be co n n ec ted  in  som e w ay w ith  th e  evolution o f  the volcanic p a r ­
o x y sm , as th e  in te rm e d ia ry  ro c k s  of th e  ( in tro d u c to ry )  T o rto n ian  p h ase  ex h ib it 
a n  a v e ra g e  87Sr/86Sr r a t io ,  w h ic h  th en  increases to  a m ax im um  in th e  p h ase  
o f  m o s t  in ten se  volcanic a c t iv i ty  in  th e  S a rm a tia n , a n d  drops to  a low  (b asa ltic ) 
lev e l in  th e  final p h ases . O n e  should em phasize , how ever, th a t  th e  lim ited  
n u m b e r  o f sam ples in  e a c h  age group, th e  s c a rc i ty  of d irec t s tra tig ra p h ic  
e v id e n c e  to  lend an in d is p u ta b le  basis to  th e  su p p o se d  re la tions in  tim e  and  
sp a c e  be tw een  in d iv id u a l p ro d u c ts  of v o lcan ic  a c tiv ity  and  th e  re su ltin g  
in c e r t i tu d e  in  the  a t t r ib u te d  ages [23] co n sid e rab ly  reduces th e  re lia b ility  of 
th e  conclusions invo lv ing  th e  d is trib u tio n  of S r iso to p es  over th e  s tra tig ra p h ic  
ages. P’u r th e r , th e  p rec is io n  leve l of the  in d iv id u a l m easu rem en ts  as reflec ted  
b y  th e  s ta n d a rd  errors g iv e n  in  Table 1 does n o t  allow  an y  conclusion  as t o  
w h e th e r  o r no t th e  s ta n d a r d  erro rs of th e  g ro u p  m ean s show n in  F ig . 2 —
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ca lcu la ted  u n d er th e  a ssu m p tio n  of a “ c o n sa n g u in ity ”  w ith in  each age group  
can  serve as a basis o f  decid ing  on th e  sign ificance o f th e  age tr e n d  observ ed . 
I t  shou ld  he m en tio n ed , how ever, th a t  o u r p re lim in a ry  re su lts  on in te rm e d ia ry  
rocks of th e  B örzsöny  M ts [24] in d ica te  a s im ila r lin k  w ith  th e  in d iv idua l 
phases o f volcanic a c tiv ity .

An a tte m p t a t  f in d in g  a s ign ifican t connec tion  w ith  th e  geograph ica l po ­
s itio n  (see Fig. 3) p ro v ed  unsuccessfu l. A ltho u g h  lin e a r  tre n d  su rface  f i t t in g  
in d ica ted  a sligh t in c rease  of th e  87Sr/8r,S r ra tio  in  a b o u t W -E  d irec tio n  fo r th e  
ac id  group , w hereas w ith in  th e  in te rm e d ia ry  g roup  a s lig h t decrease in  ab o u t 
th e  sam e d irec tion  cou ld  be  observed , th e  h igh  v a lu es  o f th e  h ig h er o rd e r

F ig . 3. G eograph ic  d is tr ib u tio n  of sam p led  loca lities
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re s id u a ls  m ak e  conclusions a b o u t th e  d is tr ib u tio n  o f rad iogen ic  87Sr in  space 
w ith in  th e  volcanic  d is tr ic t u n re liab le .

P o ss ib le  links an d  c o n n ec tio n s  w ith  chem ical com position  h av e  been 
in v e s t ig a te d  b y  form ing th e  c o rre la tio n  coeffic ien ts of th e  87Sr/88Sr ra tio  w ith  
th e  d a ta  o f  chem ical an a ly ses  a n d  n o rm s (C IP W ); th e  re su ltin g  co rre la tion  
c o e ff ic ien ts  a re  listed  in  T a b le  2. T h e  d iv e rs ity  o f th e  p e tro c h e m is try  o f th e  
v o lc a n ic s  in  th e  T okaj M o u n ta in s , th e ir  m an ifo ld  o rig in , ad v an ced  secondary  
a l te r a t io n s  inc lud ing  n e a r-su rfac e  p o ta ss iu m  m e ta so m a tism  [25], as w ell as th e  
e ffec t o f  m easu rem en t e rro rs  m ask in g  m in o r v a r ia tio n s  in  th e  iso top ic  com ­
p o s itio n  o f  Sr, m ade i t  p ro b a b le  in  a d v an ce  th a t  v a r ia tio n  d iag ram s w ould  be 
o f  l i t t l e  re a l use. C orrelation  s tu d ie s  b ased  on a p ro p e r choice o f levels o f sign if­
ic a n c e  m ig h t, how ever, b e  u se fu l in  tra c in g  possib le  links w hich  could  be 
h id d e n  b y  th e  sc a tte r  o f p o in ts  in  v a r ia tio n  d iagram s.

Table 2

Correlation coefficients o f  the 87S r/86Sr

SiO, A 1 ,0  у F e ,0 3 FeO MgO CaO

All sam p les2 -+ 0.353 0.112  
( 0.446)

-0.107
( - 0 .0 3 4 )

0.355 
( 0.346)

0.549 
( -  0.576)

0.422 
( -  0.418)

In te rm e d ia ry  volcanics3 + 0.211 0.437 
( +  0.599)

0.069
(+ 0 .0 0 7 )

0.087 
( 0.054)

- 0 .5 4 7  
( 0.590)

0 .3 2 9
( - 0 . 3 6 1 )

A cid v o lca n ic s3 + 0.109 +  0 .2 7 1  
( - 0 . 3 2 4 )

0.100 
( 0.177)

- 0 . 3 1 0  
( 0 .3 0 9 )

0 .2 7 2
( - 0 . 3 6 9 )

- 0.131 
( - 0 .1 8 3 )

qu or ab an c di

A ll sam p le s2 + 0 . 2 8 1 + 0 .3 1 2 + 0 .038 0.332 + 0 . 0 7 5 - 0 .5 2 4

In te rm e d ia ry  volcanics3 +  0 .3 0 9 + 0 .1 7 2 - 0 .8 0 3 0.101 +  0 .4 2 3 - 0 .5 8 2

A cid v o lcan ics3 0.224 + 0 .0 8 8 + 0.234 + 0.050 0.112 —

alk1 Sr O p e 5 МЛ.» F . I . 6

A ll sam p le s2 + 0 .3 7 3
(+ 0 .4 2 5 )

- 0 .4 4 7 + 0 . 2 1 6 + 0 .5 8 3 4  0.409

In te rm e d ia ry  volcanics3 + 0.122  
(  +  0 .1 6 4 )

- 0 . 4 1 5 + 0 .017 + 0 .5 1 2 +  0 .2 4 3

Acid v o lcan ics3 + 0.231 
( + 0 . 2 6 2 )

0 .2 5 8 - 0 .0 9 4 +  0 .4 3 6 + 0 . 1 6 7

C h a v e s  [21] called  a t te n t io n  to  th e  fa c t t h a t  th e  c lo sed -sy stem  c h a ra c ­
te r  o f  a n a ly tic a l  d a ta  cau sed  b y  th e  n o rm a liz a tio n  to  one h u n d re d  (or n e a r 
one h u n d re d )  p e r cen t gives r ise  to  “ sp u rio u s”  co rre la tio n s  g e n e ra te d  p u re ly  
b y  th e  c lo su re  effect, re su ltin g  in  th e  p re p o n d e ra n ce  o f c o rre la tio n  coeffic ien ts  
less t h a n  zero , an d  in  a “ d isp e rs io n ”  o f th e  v a rian ces  o f th e  d o m in a tin g  com ­
p o n e n ts  (in  m o st cases S i0 2) to  th e  o th e r  v a ria b le s . T h is is easy  to  see if  we 
ta k e  in to  c o n s id e ra tio n th a t a n  in c rea se  in  th e  p e rcen tag e  o f a sing le  co m p o n en t 
e n ta ils  a decrease  in  th e  p e rc e n ta g e s  of all th e  o th e r  c o n s titu e n ts . I t  is sug-
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g e s te d  th e re fo re  to  exclude  th e  e ffec t o f  th is  d o m in a tin g  c o m p o n e n t (in our 
case  o f S i0 2) an d  to  re fer all a n a ly tic a l d a ta  to  a silica-free h asis  b y  d iv id in g  
all c o n c e n tra tio n s  b y  100-SiOg (if th e  c o m p o n en t c o n c e n tra tio n s  a re  expressed  
in  p e rc e n ta g e s )  [21]. N u m b ers  in  p a re n th e se s  a re  co rre la tio n  co effic ien ts  
c a lc u la te d  in  th is  w ay  a n d  a re  th u s  m ore  co m m en su rab le  w ith  th e  ex p ec ted  
zero  v a lu e  fo r no co v arian ce , th a n  th e  c o rre la tio n  coeffic ien ts c a lc u la te d  from  
th e  ra w  a n a ly tic a l d a ta . In  th e  case o f n o rm a tiv e  co m p o sitio n s  no  such 
p ro c e d u re  w as found  n ec e ssa ry , since  th e  p e rc e n tu a l com p o sitio n  o f  th e  norm  
is n o t  co n tro lled  b y  a sing le  c o n s titu e n t.

C o rre la tio n  coeffic ien ts  as lis ted  in  T ab le  2 h av e  been  c a lc u la te d  for 
ro ck s o f basic  and  in te rm e d ia ry  co m p o sitio n  ta k e n  as one g ro u p , a n d  fo r acid 
v o lcan ic s  as a second one. A lso, coeffic ien ts  h a v e  been  c a lc u la te d  fo r all 
sam p les  ta k e n  to g e th e r, an d  in c lu d in g  th re e  a d d itio n a l sam ples, p ro d u c ts  of

ratio with analytical data'

NaaO K,0 MnO TiO, CO. H..O+ 11,0-

+  0.038 4-0.314 0.135 0.346 0.394 0.089 - 0 .1 0 1 0.059
(4- 0.236) (4  0.376) ( - 0 .0 4 6 ) ( 0.286) ( 0.361) (  -  0.107) ( -  0.032) (+ 0 .0 1 0 )

0.003 +  0.172 0.070 - 0 .3 0 6 - 0 .3 2 6 + 0.027 + 0 .2 2 4 + 0.096
(4 -0 .116) (4 -0.181) ( 0.048) ( 0.250) ( - 0 .2 8 5 ) (+ 0 .0 3 8 ) (+ 0 .2 7 9 ) (+ 0 .1 3 9 )

4-0 .234 4-0.098 4  0.582 + 0 .3 2 4 +  0.246 0.159 — 0.298 0.012
(4  0.254) (4 -0.174) (4 0.608) (4  0.458) (+ 0 .2 9 7 ) ( 0.233) ( - 0 .3 2 3 ) ( - 0 .0 2 7 )

hy lilt il he ap H ,0 cc A l A - c

-  0.379 0.411 0.209 +  0.167 -  0.397 - 0 .0 9 8 - 0 .0 8 9 0.234

- 0.143 0.337 0.307 + 0 .1 5 2 0.330 + 0.186 + 0 .0 2 8 0.032

- 0 .3 1 2 0.042 4 0.296 0.072 +  0.241 - 0.213 0.158 +  0.351

1 B old face num bers den o te  co rre la tion  coefficients sign ifican t on th e  9 5 %  pro b ab ility  
level. N um bers in italics are co rre la tio n  coefficients whose p ro b ab ility  level o f  significance 
does n o t  exceed 80%  against zero.

A ll norm s are CIPW .
2 In c lu d in g  two andesitogenic p seu d o trach y te s  and  an  andesitogenic p ro p y lite , n o t taken 

in to  considera tion  e ither in th e  in te rm ed ia ry  or in  th e  acid  group.
3 Sam ple  classification based  on th e  behav iour o f th e  Sr/Ca ra tio . F o r  d e ta ils  see [10] 

an d  th e  te x t.
* a lk  =  sum  of th e  N a„0  an d  K 20  co n ten t in  pe r cents.

0 .9  F e 20 .
'O h,, =  atom ic iron ox id a tio n  ra tio  F e 3+/F e 3+ +  F e2 +  calculated  as „ „  _ —^ _ 

r t  0.9 F e 20 3 +  PeO
6 M .I. an d  F .I .:  Mafic an d  felsic indices calcu la ted  a f te r  Simpson [23].

n e a r-su rfa c e  p o tassiu m  m e ta so m a tism , n o t lis te d  befo re  in  e i th e r  p reced in g  
g roup .

C onsidering  th e  case w h en  all sam ples a re  ta k e n  to g e th e r , w e can  only  
co n c lu d e  t h a t  th e  c o rre la tio n  coeffic ien ts  ag ree w ith  a genera l te n d e n c y  for
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ra d io g e n ic  87Sr to  c o n c e n tra te  in  th e  m ore ac id  v o lcan ics . T he p o s itiv e  c o v a ri­
an c e  w ith  silica co rre sp o n d s  to  th e  s ig n ifican t d iffe rence  b e tw een  th e  m ean  
87S r/86S r ra tio s  of th e  b a s ic - in te rm e d ia ry  a n d  a c id  g roups, re sp ec tiv e ly . T h e  
c o v a r ia n c e  w ith  A120 3 seem s in s ig n ifican t, b u t  co n sid ered  on a silica-free  
b a s is , i t  tu rn s  o u t to  b e  s ig n if ic a n t even on  th e  99 %  p ro b a b ili ty  level, in 
k e e p in g  w ith  th e  e n h a n c e d  A l20 3/S i0 2 ra tio  in  a c id  vo lcan ics as c o m p ared  to  
b a s ic  a n d  in te rm e d ia ry  ro c k  ty p e s . A s im ila r e x p la n a tio n  can  b e  g iven  fo r  
th e  p o s it iv e  co variance  fo u n d  w ith  to ta l  a lk a lis  a n d  w ith  p o ta ss iu m . Sodium  
is p a r t ly  b o u n d  in  p la g io c la se : th u s  — in sp ite  o f  th e  in crease  of N a 20  c o n te n t 
w ith  in c rea s in g  a c id ity  t h e  covariance  is less ex p ressed  th a n  in  th e  case 
o f  p o ta s s iu m , owing to  th e  l in k  betw een  (basic) p lag io c lase  an d  m afic  m in era ls , 
w h o se  chem ica l c o n s ti tu e n ts  show  a m ark ed  n e g a tiv e  co v arian ce . T h e  h ig h ly  
s ig n if ic a n t  n eg a tiv e  c o v a r ia n c e s  w ith  FeO , M gO a n d  CaO, as w ell as w ith  
t i t a n iu m  an d  p h o sp h o ru s  c a n  be easily c o rre la te d  w ith  th e  d ecrease  o f th e  
n a m e d  com ponen ts w ith  in c re a s in g  ac id ity .

T h e  positive  c o r re la tio n  o f th e  Sr iso to p e  r a t io  w ith  a lu m in iu m  in b o th  
th e  in te rm e d ia ry  an d  th e  a c id  g roups can be a t t r ib u te d  e ith e r to  th e  co rre la ­
t io n  o f  rad io g en ic  Sr w ith  v a ry in g  am o u n ts  o f  fe ld sp a rs , or — m o re  like ly  
to  s e d im e n ta ry  c o n ta m in a tio n . A de ta iled  in sp e c tio n  of our re su lts  in d ic a te s  
t h a t  th e  second p o ss ib ility  m ig h t be th e  rea l c a u se  o f v a ry in g  ra d io g e n e ity , 
a t  le a s t  in  th e  sam ples o f  in te rm e d ia ry  co m p o sitio n . In  th is  g ro u p , a p o s itiv e  
c o r re la t io n  w ith  A120 3 h a s  re su lte d , w ith  a c o e ffic ien t o f -(-0.437. T h e  p resen ce  
o f  co ru n d u m  in th e  n o rm s  o f  a b o u t h a lf  o f th e  sam p le s  in  th is  g ro u p  in d ica tes  
s e d im e n ta ry  c o n ta m in a tio n : th e  am o u n t of ra d io g e n ic  Sr in creases  w ith  th e  
a m o u n t  o f n o rm a tiv e  c o ru n d u m , w ith  a c o rre la tio n  coeffic ien t o f  -(-0.423. 
A t t h e  sam e  tim e , th e  a m o u n t  of A120 3 b o u n d  in  n o rm a tiv e  fe ld sp a rs  and  
fe ld sp a th o id s  shows n o  c o v a ria n c e  w ith  s t ro n tiu m  iso to p e  com p o sitio n . T h e  
p o s it iv e  co variance  w ith  ex cess  silica leads to  th e  sam e  conclusion . In  th e  case 
o f  th e  ac id  group , w h ere  th e  excess silica fo rm in g  n o rm a tiv e  q u a r tz  is fo r th e  
m o s t  p a r t  of m a g m a tic -h y d ro th e rm a l o rig in , a n  in s ig n if ican t b u t  n e g a tiv e  
c o r re la t io n  could be e s ta b lis h e d , in  c o n tra s t to  th e  g ro u p  of b a s ic - in te rm e d ia ry  
ro c k s , w h ere  excess silica  m ig h t be due to  c o n ta m in a tio n , re fle c ted  b y  a p o si­
t iv e  c o rre la tio n  co e ffic ien t.

T h e  n eg a tiv e  c o r re la t io n  w ith  FeO , MgO a n d  CaO p o in ts  to  an  in v e rse  
re la t io n s h ip  betw een  m a fic  m in era ls  and  ra d io g e n ic  s tro n tiu m . In  th e  basic- 
in te rm e d ia ry  group th e  n e g a tiv e  covariance  w ith  MgO an d  CaO is m ore  
e x p re ss iv e  th a n  th e  one  w i th  FeO  as d iopsid ic  p y ro x e n e s  are  m o st a b u n d a n t 
a m o n g  th e  m afic c o n s t i tu e n ts .  In  th e  acid  g ro u p  w ith  h y p e rs th e n e  in  th e  
m o d e , n e g a tiv e  co v a ria n c e  w ith  FeO  an d  MgO b ecom es d o m in a n t, re flec ted  
also  b y  th e  co rre la tio n  co e ffic ien ts  fo rm ed  w ith  th e  co rresp o n d in g  n o rm a tiv e  
m in e ra ls . N egative  c o v a r ia n c e s  w ith  T i0 2, P 20 5 a n d  th e  co rresp o n d in g  no rm s, 
as w ell as w ith  m a g n e tite  fo u n d  in th e  in te rm e d ia ry  g roup  show  t h a t  m in era ls

Acta Geologica Acad(miae Scientiarum Hungaricac 12, 1968



S T R O N T I U M  I S O T O P I C  R A T I O S 9 3

re p re se n tin g  th e  ea rly  p h a se  o f c ry s ta lliz a tio n  c o n ta in  less rad io g en ic  s t ro n ­
t iu m  th a n  th e  felsic co m p o n e n ts .

T h e  lack  of s ig n if ic a n t c o rre la tio n  w ith  a lk a lis  po ssib ly  re flec ts  th e  fa c t 
t h a t  n ea r-su rface  p o ta s s iu m  m e ta so m a tism  w id esp read  in  th e  m o u n ta in  
[25] d id  n o t ind u ce  co n sid e rab le  changes in  th e  iso to p e  co m p o sitio n  o f  s t ro n ­
tiu m . T h is could  be e s ta b lish e d  also  on sam ples N o. 75, 76 an d  77 w h ich  fo rm  
a c o n tin u o u s  m e ta so m a tic  series (w ith  p y ro x en e  a n d e s ite  as th e  com m on  
s ta r t in g  m ate ria l)  from  a s lig h tly  ch lo ritized  p y ro x e n e  a n d e s ite  (N o. 75) 
th ro u g h  a p ro p y lite  (N o. 76) to  a h ig h ly  m e ta so m a tized  an d esito g en ic  “ pseudo- 
t r a c h y te ”  (No. 77, n o rm a tiv e  o rth o c la se  a b o u t 5 0 % ) w ith  no ch an g e  in  th e  
87Sr/86S r ra tio  exceeding  th e  m ea su re m e n t erro rs ( th e  Sr iso to p ic  ra tio s  b e ing  
0.704 ^  0.002, 0.704 ^  0.002 an d  0.707 ±  0.001 re sp e c tiv e ly ) . T h e  p o ss ib ility  
o f  a s lig h t increase o f ra d io g e n ity  w ith  th e  p rog ress o f p o ta ss iu m  m e ta s o m a t­
ism  c a n n o t, how ever, be ex c lu d ed .

S eco n d ary  p rocesses do n o t  coincide w ith  an  e n ric h m e n t o f rad io g en ic  
87S r; th is  is fu r th e r  su p p o r te d  b y  th e  observed  in v a ria n c e  o f th e  87S r/86S r ra t io  
w ith  ca rb o n  d ioxide, H 20  a n d  F e 20 3, as well as w ith  th e  iro n  o x id a tio n  
ra tio  0 Fc ( th e  p o sitiv e  co v a ria n c e  w ith  th e  iro n  o x id a tio n  ra t io  o b se rv ed  
w h en  all sam ples a re  ta k e n  to g e th e r  is due  to  th e  m a rk e d  d iffe rence  in  th e  
g ra d e  of o x id a tio n  b e tw een  th e  b a s ic -in te rm e d ia ry  a n d  th e  acid  g ro u p s).

S ig n ifican t p o sitiv e  c o rre la tio n  has been  e s tab lish ed  w ith  th e  m afic  an d  
felsic indices

“A FcO

Fe.,0, +  FcO MgO
100 and

N a 20  +  K 2() 

\ a . , 0  +  K 20  -J CaO
100

A cco rd in g  to  th e  orig inal in te rp re ta t io n  given h y  S im p s o n  [22 ], th e se  ind ices 
s im ila r  in  c h a ra c te r  an d  u sefu ln ess  to  th e  iro n  a n d  a lb ite  ra tio s  in tro d u c e d  

b y  W a g e r  [26] m ay  se rv e  as an  in d ic a to r  o f su b se q u e n t s tag es  o f  f ra c tio n a l 
c ry s ta ll iz a tio n  of a hom ogeneous m ag m a. In  th is  in te rp re ta t io n , th e  in c rea se  
in  th e  ra tio s  in  q u es tio n , in d ic a tin g  a progress in  f ra c tio n a l c ry s ta ll iz a tio n , 
m a y  be ta k e n  to  in d ic a te  a tim e sequence. I t  w as a lre a d y  show n [16] th a t  
th e  gen era l lack  of such  a c o rre la tio n , in  th e  T o k a j M ts vo lcan ics , re s tr ic ts  th e  
v a lid i ty  o f th e  o rig inal in te rp re ta t io n  in ou r case to  th e  general progress in 
m agm a evolution, n o t n ecessa rily  re flec tin g  d iffe re n t s tag es  o f a f ra c tio n a l 
c ry s ta lliz a tio n  process.

T h e  co rre la tio n  w ith  th e  a b o v e  n am ed  e v o lu tio n a ry  ind ices is m o st co n ­
sp icu o u s in  th e  case o f th e  b asic  a n d  in te rm e d ia ry  rocks. I f  we a re  to  in te r ­
p rè te  th e  v a ria tio n  o f  th e  m afic  a n d  felsic ind ices p u re ly  as a re su lt o f  p ro ­
g ressin g  frac tio n a l c ry s ta ll iz a tio n , th is  w ould  m ean  t h a t  th e  e n ric h m e n t of 
ra d io g e n ic  87Sr has h a p p e n e d  in  th e  course of one an d  th e  sam e  f ra c tio n a tio n  
p ro cess . S ince c ry s ta lliz a tio n  processes can n o t acco rd in g  to  o u r know l-

. I r i n  Geologien A cadem iae S c ien lia ru m  H u n g a rica e  12, 196H



9 4 к .  K OV A CH  e t  al.

ed g e  — p ro d u ce  s ig n if ic a n t f ra c tio n a tio n  in  th e  iso to p es  o f s tro n tiu m  (if such 
a p ro c e ss  occurred , th e  n o rm a liz a tio n  o f th e  m e a su re d  iso to p ic  ra tio s  to  a 
c o m m o n  86Sr/88Sr basis  w o u ld  h av e  cancelled  th is  effect), th e  p a ra lle lism  w ith  
c r y s ta l  f ra c tio n a tio n  ca n  b e  due only  to  th e  e n ric h m e n t o f R b  re la tiv e  to  
s t r o n t iu m  in th e  re s id u a l l iq u id . T he R b /S r ra tio s  fo u n d  in  in te rm e d ia ry  rocks 
le a d  to  th e  conclusion t h a t  in  th is  case a t im e  sp a n  o f a t  le a s t 100 150 m illion
y e a rs  w o u ld  be n ecessa ry  to  p ro d u ce  th e  o b se rv e d  d is tr ib u tio n  o f th e  ra d io ­
g e n ic  87Sr iso tope, in v o lv in g  s im ila r tim e  sp a n  fo r th e  f ra c t io n a tio n  process 
i ts e lf .  T h e  p e rsev eran ce  o f  a d iffe re n tia tin g  (a n d  c o n se q u e n tly  cooling) m agm a 
in  th e  liq u id  s ta te  fo r su c h  a long tim e  w o u ld  ag a in  in v o lv e  la rg e  sizes b o th  
in  t h e  h o rizo n ta l an d  v e r t ic a l  [27] sense.

A n  a lte rn a tiv e  to  th i s  h y p o th esis  is th e  a ssu m p tio n  o f d eep -sea ted  
d if fe re n t ia te d  in tru s io n s  o f  a n  assum ed C re taceo u s  age, w h ich  cou ld  se rv e  an 
a b a s is  fo r in tra c ru s ta l  m a g m a  g en era tio n . S uch  in tru s io n s  are  w ell know s 
in  th e  so u th e rn  p a r t  o f  th e  C a rp a th ia n  b a s in , b u t  th e  la c k  of a n y  in d ic a tio n  
o f  th e  presence  of s y n c h ro n o u s  in tru s iv e  m asses in  th e  b a se m e n t o f th e  area 
u n d e r  in v e s tig a tio n  re n d e rs  th e se  conclusions sp ecu la tiv e .

T h e  n eg a tiv e  c o v a r ia n c e  w ith  th e  e le m e n ta l c o n c e n tra tio n  o f s tro n tiu m  
i ts e l f  is com patib le  w ith  b o th  p rin c ip a l h y p o th e se s  d iscussed  ab o v e . A ssum ing  
c ry s ta l l iz a t io n  d if fe re n tia tio n  as a p rin c ip a l cause  o f v a ria n c e s  in  rad iogen ic  
s t r o n t iu m , th e  n e g a tiv e  c o v a ria n c e  can b e  d u e  to  th e  te n d e n c y  o f Sr to  con­
c e n t r a te  in  th e  early  c ry s ta l l iz a t io n  phase , p ro d u c in g  a low  R b /S r  ra t io  th e re . 
I n  a n  assum ed  c o n ta m in a tio n  process th e  n e g a tiv e  co v a rian ce  w o u ld  only  
im p ly  t h a t  s tro n tiu m  in  th e  p re -ex is tin g  m a te r ia l  su p p ly in g  Sr en rich ed  in th e  
ra d io g e n ic  iso tope w o u ld  b e  p re se n t in  low er c o n c e n tra tio n s  th a n  in  th e  in t ru d ­
in g  m a g m a  being c o n ta m in a te d  b y  tra n s v a p o r iz a tio n  [28, 29] or a ss im ila tio n .

I t  should  be n o te d , h o w ev er, th a t  th e  o b se rv ed  n e g a tiv e  co rre la tio n  
w i th  s tro n tiu m  m ig h t — a t  le a s t in  th e  ac id  g ro u p  — be p a r t ly  due  to  an 
e f fe c t in d u ced  by  th e  c o r re la t io n  of Sr w ith  Ca as n o te d  in  a p rev io u s  p ap er 
[1 0 .] I n  th e  acid g ro u p , a s tro n g  po sitiv e  c o rre la tio n  b e tw een  Sr an d  Ca was 
e s ta b lis h e d , w ith  a c o r re la t io n  coeffic ien t o f -|-0 .863 . I n  th e  g ro u p  o f basic 
a n d  in te rm e d ia ry  ro ck s , h o w ev e r, an  o p p o site  te n d e n c y  seem s to  p rev a il, as 
th e  c o n c e n tra tio n  of S r d ec rea ses  w ith  in c reas in g  CaO c o n te n t;  th e  co rresp o n d ­
in g  c o rre la tio n  co effic ien t — 0.696 is s ig n if ic a n t on th e  9 8 %  co n fid en ce  level 
[1 0 ]. T h is  m eans t h a t  in  th e  b a s ic - in te rm e d ia ry  g ro u p , th e  n e g a tiv e  cor­
r e la t io n  betw een  ra d io g e n ic  S r an d  Sr c o n c e n tra tio n  m u s t be even  m ore p ro ­
n o u n c e d  th a n  i t  is re f le c te d  b y  th e  v a lu e  o f  th e  co rresp o n d in g  co rre la tio n  
c o e ff ic ien t.

T h e  prev ious d iscu ss io n  has a lread y  p o in te d  o u t som e d ifferences in  th e  
b e h a v io u r  of in te rm e d ia ry  a n d  acid  rocks as re g a rd s  th e  c o rre la tio n s  b e tw een  
th e  87S r/86Sr ra tio  a n d  c o m p o n e n t c o n c e n tra tio n  v a lu es . T h e  m o st s tr ik in g , 
h o w e v e r , is th e  c o n tro v e rs ia l  b eh av io u r o f  M nO , T i 0 2 an d  P A  w hen  th e  tw o
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gro u p s a re  co m p ared . In  th e  b a s ic -in te rm e d ia ry  g roup , all th re e  c o m p o n en ts  
rev ea l m ore or less s ig n if ic a n t n eg a tiv e  c o v a ria n c e  w ith  th e  r e la t iv e  a m o u n t 
o f  rad io g en ic  s tro n tiu m , in  acco rd an ce  w ith  th e  conclusion d ra w n  from  cor­
re la tio n s  w ith  o th e r  c o n s titu e n ts . In  th e  ac id  g roup  an  o p p o s ite  te n d e n c y  
a p p e a rs : a s tro n g  c o v a rian ce  w ith  MnO a n d  T i 0 2, an d  a less e x p re ss iv e  b u t 
s till p o s itiv e  one w ith  P 20 5. A lth o u g h  u n s u p p o r te d  b y  o th e r  e v id en ces , th is  
b e h a v io u r  s tro n g ly  c o n tra d ic ts  th e  th eo rie s  o f  co n tin u o u s a c c u m u la tio n  of 
rad io g en ic  s tro n tiu m  in  a d iffe re n tia ted  (o r co n tin u o u sly  d if fe re n tia tin g )  
sy s tem , an d  su p p o rts  th e  th e o ry  o f sed im en t a ss im ila tio n , p re su p p o s in g  only 
t h a t  th e  c o n ta m in a tin g  sed im en t shou ld  c o n ta in  th e  n am ed  e le m e n ts  in 
h ig h er p ro p o rtio n s  th a n  th e  m agm a in v o lv ed . A rgillaceous s e d im e n ts  for 
in s tan ce  m ay  sa tis fy  th is  co n d itio n , ju s t  lik e  a rkoses w hose p re se n c e  in  the  
b a se m e n t in an  u n k n o w n  e x te n t w as e s ta b lish e d  as ea rly  as 1869 in th e  
n o r th e a s te rn  fo reg ro u n d  o f th e  vo lcan ic  a rea . T he p o ssib ility  o f  san d sto n e  
a ss im ila tio n  is d e m o n s tra te d  b y  san d sto n e  a n d  q u a r tz  inc lusions in  th e  dacite  
o f  th e  K opasz  H ill n e a r  T o k a j in th e  so u th e rn m o s t p a r t  o f  th e  m o u n ta in s  
[23, p . 84].

A s im ila r c o n tra d ic tio n  is o b served  in  th e  b eh av io u r o f  a lu m in iu m  
ox ide . E xcess a lu m in a  y ie ld in g  n o rm a tiv e  c o ru n d u m  co rre la tes  in  a po sitiv e  
sense w ith  th e  87Sr/8,iSr ra t io  in  th e  in te rm e d ia ry  g ro u p ; indeed , th e  to ta l  co r­
re la tio n  w ith  A l20 :i is d u e  to  th e  co rre la tio n  w ith  excess a lu m in a . I n  th e  acid 
g ro u p , how ever, th e  rev e rse  seem s to  he th e  case, as no c o rre la tio n  w ith  
n o rm a tiv e  co ru n d u m  h as  been  fo und , w h ereas  a lu m in iu m  o x ide  b o u n d  in  the  
fe ld sp a rs  and  fe ld sp a th o id s  of th e  norm  rev ea ls  a p o sitiv e  c o rre la tio n  w ith  
rad io g en ic  s tro n tiu m . T h is  b e h a v io u r is ag a in  in  keep ing  w ith  th e  a ssim ila tio n  
h y p o th e s is , assu m in g  t h a t  a lu m in iu m  in in te rm e d ia ry  rocks is d e riv e d  for 
th e  m o st p a r t  from  th e  in tru d in g  m agm a, a n d  th a t  c o n ta m in a tio n  in tro d u ces  
b u t  a m in o r a m o u n t a p p e a rin g  as excess A 1 ,0 3. In  th e  case o f th e  a c id  group , 
w h ere  th e  p ro tru d in g  m ag m a m igh t be o f a v o la tile -r ich , h y d ro th e rm a l ty p e  
p o o r in  a lu m in iu m , th e  o verw helm ing  p a r t  o f  to ta l  a lum in ium  c a n  o rig in a te  
from  d igested  sed im en ts  co n ta in in g  c lay  m in e ra ls . T he d iffe re n t b e h a v io u r 
o f  th e  tw o g ro u p s can  th u s  be  due  (p a r tly )  to  th e  d ifference in  w e ig h t and 
ty p e  o f co m p o n en ts  o f  e a r ly  (deep), resp . la te  (shallow ) origin.

As a final conclusion  we m ay  also s ta te  t h a t  th e  re su lts  re p o r te d  in th e  
p a p e r  su p p o rt in g enera l th e  th e o ry  o f c ru s ta l  c o n ta m in a tio n  as  a source 
o f  excess rad iogen ic  87S r fo u n d .in  in te rm e d ia ry  and  acid vo lcan ics , w h en  com ­
p a re d  w ith  th e  ra d io g e n ity  o f  s tro n tiu m  fo u n d  in  re la tiv e ly  u n c o n ta m in a te d  
rocks o f a possib le su b c ru s ta l  orig in . T he d iv e rs ity  of p e tro c h e m ic a l ev o lu tio n , 
as reg a rd s  th e  geochem ical b e h a v io u r o f s tro n tiu m , betw een  ro ck s  o f  in te r ­
m e d ia ry  and  acid  co m p o sitio n  [10] w as fu r th e r  confirm ed  b y  o u r  w o rk , w hich 
show ed th a t  a lth o u g h  c ru s ta l  co n ta m in a tio n  p lay s  an  eq u a lly  s ig n if ic a n t role 
in th e  ev o lu tio n  o f in te rm e d ia te  and  acid  m ag m as, too , th e ir  d e v e lo p m en t
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in to  tw o  m ore or less s e p a ra te  sequences c a n n o t be ex p la in ed  solely  
b y  q u a n t i ta t iv e  d iffe ren ces in  th e  am o u n t o f  c o n ta m in a tin g  m a te r ia l .  T he 
f u n d a m e n ta l  causes o f th is  s e p a ra tio n  m ig h t h e  lo o k e d  for e ith e r  in  processes 
p re c e d in g  c o n ta m in a tio n  ( re f le c te d  by  v a r ia tio n s  in  th e  re la tiv e  c o n te n t  o f 
ra d io g e n ic  s tro n tiu m ) o r, m o re  like ly , w ith in  th e  p ro cess  invo lv in g  c o n ta m in a ­
t io n  i ts e lf . In  th is  re sp e c t o u r  resu lts  s u p p o r t so m e re c e n t th eo rie s  on  th e  
r e m o te  orig in  and v a r ia b le  c ru s ta l  d ev e lo p m en t o f  m agm as in  th e  T e r t ia ry  
v o lc a n is m  of H u n g ary .
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СООТНОШЕНИЕ ИЗОТОПОВ СТРОНЦИЯ В ТРЕТИЧНЫХ ВУЛКАНИТАХ 
ТОКАЙСКИХ ГОР В СЕВЕРО-ВОСТОЧНОЙ ВЕНГРИИ

А. К О В А Ч ,  к. Б А Л О Г  и Г. П А Н Т О

Р е з ю м е
Авторами определено соотношение изотопов 87Sr/86Sr вулканитов различной кислот­

ности, варьирующей от базальтов до риолитов. Распределение значений соотношения рас­
сматриваемых изотопов является аналогичным распределению, установленному другими 
авторами в фельсических вулканитах, причем базальты характеризуются наименьшим 
значением изотопного соотношения. Рнолито-риодацитовые породы значительно обога­
щены радиогенным стронцием по сравнению с породами среднего состава, со значительным 
перекрытием соответствующих значений соотношения изотопов a7Sr/KliSr. Влияние петро- 
химии на изотопное строение стронция было сформулировано в виде коэффициентов кор­
реляции. Оценка значительных соизменеиий (ко-вариаций) привела к выводу, что конта­
минация земной коры могла быть единственной причиной изменчивости соотношения 
87Sr/8ßSr, что подтверждает современные теории о происхождении и развитии магмы в 
процессе третичного вулканизма Венгрии.
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VERGLEICHENDE GEOCHEMISCHE 
UNTERSUCHUNGEN AN GRANITEN AUS UNGARN

Von

M. F ö l d v á r i -V o g l  und K .  B ö j t ö s -V a r r ó k

U N G A RISCH E GEOLOGISCHE ANSTALT, BU DA PEST

Die V erfasser h a b en  n ach  s ta tis tisc h en  geochem ischen M ethoden  d ie u n te rs c h ie d ­
lichen (m ig m atitisch en  u n d  m agm atisch en ) G enesen de r G esteine zw eier u n g a risch e r 
G ran itv o rk o m m en  g e k lä rt. D ie an g ew an d ten  s ta tis tisc h e n  M ethoden  k ö n n e n  a u ch  zur 
K lä ru n g  der G enetik  g ra n itisc h e r G esteine aus a n d e re n  G ebieten  b e itrag en .

In  U n g a rn  s ind  zw ei Ü b e r-T ag e -G ran itv o rk o m m en  im  V elence- 
G ebirge u n d  in  d e r G egend von  F a zek asb o d a  — M órágy  — b e k a n n t.

D ie F a c h li te ra tu r  ü b e r  d iese beiden  G ra n itv o rk o m m en  le i te te  frü h e r 
be id e  G ran itg eb ild e  aus einem  w äh ren d  d er v a risz isch en  O rogenese e n ts ta n ­
d en en  syn g en e tisch en  G ra n itp lu to n  ab . Sz á d e c z k y - K a r d o s s  wies 1959 d a ra u f  
h in , daß  die g ra n itisc h e n  G este ine  des V orkom m ens von  F a z e k a sb o d a  — M ór­
ág y  fü r  ä lte re  m e ta so m a tisc h e  G ebilde m ig m a titisc h e n  U rsp ru n g s  g e h a lte n  
w erden  kö n n en , w ogegen es sich  bei den g ra n itisc h e n  G este inen  des V elence- 
G ebirges um  solche ech ten  m ag m atisch en  U rsp ru n g s  h a n d e lt. D iese  F e s t­
s te llu n g  w urde  au ch  v o n  J a n t s k y  u n d  Cs a l a g o v it s  b e s tä t ig t  u n d  w e ite r­
en tw ick e lt.

Im  L aufe u n se re r  geochem ischen  U n te rsu c h u n g e n  w u rd e  v o n  beiden  
G eb ie ten  zah lre iche  chem ische  A nalysen  d u rc h g e fü h rt. D ie E rg e b n isse  d ieser 
U n te rsu ch u n g en  e rm ö g lich ten  es un s, den  geochem ischen  C h a ra k te r  d e r  b e i­
den  a u f  u n te rsch ied lich e  W eise e n ts ta n d e n e n  G ran itm assen  d u rc h  s ta t is t is c h e  
A u sw ertu n g  zu v erg le ichen .

Von den beid en  V o rk o m m en  s ta n d e n  u n s  m eh re re  h u n d e r t  k o m p le tte  
chem ische A nalysen  sow ie S p e k tra la n a ly se n  v o n  u n g e fä h r 2000 P ro b e n  zur 
V erfügung . A us d iesen  A n a ly sen  w ä h lten  w ir die D a te n  d e r u n z e rse tz te n  
g ran itisch en  G este ine  au s, u n d  die in  d e r sp ä te re n  P h ase  des G ran it-  
m ag m atism u s e n ts ta n d e n e n  G e s te in sv a rie tä ten  (G ra n itp o rp h y r , A p lit , usw .) 
b lieben  u n b e rü c k s ic h tig t. N ach  d ieser A usw ahl s ta n d e n  uns fü r  d ie  A u sw er­
tu n g  der G este in san a ly sen  in sg esam t 66 G este in sp ro b en  zu r V e rfü g u n g , die 
sich  zu g leichen T eilen  a u f  die be id en  V orkom m en  v e rte ilte n .

Bei un seren  U n te rsu c h u n g e n  g ingen w ir v o n  d e r V o ra u sse tz u n g  aus, 
d aß  die s ta tis tisc h e  A u sw ertu n g  d e r geochem ischen  U n te rsu c h u n g e n  an  den 
aus u n te rsc h ie d lic h e r (m ig m a titisc h e r  u n d  m ag m atisch e r) G enese s ta m m e n d e n  
G este inen  v e rsch ied en e  R e s u lta te  ergeben m uß .

Aus den  E rg eb n issen  d er chem ischen  A n a ly sen  an  den b e id e n  G ra n it­
ty p e n  b e rech n e ten  w ir d ie  D u rc h sc h n ittsw e rte  d er H a u p t-  u n d  S p u ren e le ­
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m e n te . F e rn e r e rm itte l te n  w ir  den  W erteb e re ich , in n e rh a lb  dessen  die e inzel­
n e n  H a u p te le m e n te  d e r  b e id e n  V orkom m en sc h w a n k e n , d. h . au ch  die M ax i­
m a l-  u n d  M in im alw erte  d e r  H a u p te le m e n te .

D urchschnittsw erte und Wertebereich der Hauptelemente

Oxyde der 
H au p telemente

D urchschn itts­
w erte

%

Minimal- und 
Maximalwerte

0//о

D urchschnitts­
werte

°/o

Minimal- und 
M aximalwerte

о/

der Gesteine 
des Velence-Gebirges

der
von

jesteine
Mórágy

S i0 2 72,10 68.5 - 75,9 62,08 5 0 ,8 8 - 71.81

TiO , 0,18 0 .0 1 - 0,40 0.75 0,00 1,48

A l,0 3 14,37 12.6 15,8 15,21 10,20 18.32

Fe20 3 0.84 0 .0 2 - 2,75 1,62 0,30 4.97

FeO 1,53 0,17— 2.87 2,76 0,87 6,20

MnO 0,06 0 .0 0 - 0,30 0,06 0,00 0,12

MgO 0,56 0.00— 2,00 3,34 0,50 12.20

CaO 1,29 0,30— 2,40 3,38 0,55 8,66

N a„0 3,28 1,70— 5,20 2,68 0,14 3,45

K 20 4,47 2 ,5 0 - 6,05 4,58 2,27 6,54

H 20  + 1,06 0 ,5 0 - 1,75 1.68 0,76 3,22

H 20 - 0,23 0,02 - 1,10 0,27 0 ,0 5 - 1,21

co 2 0,13 0,00— 0,76 1,14 0,00— 5,76

P 20 , 0,04 0,00 0,11 0.47 0.00 1,59

D ie D u rc h sc h n ittsz u sa m m e n se tzu n g  des G ra n its  im  G ebirge v o n  V elence 
s t e h t  u n te r  den — v o n  N o c k o l d s  1954 p u b liz ie r te n  W e lt-D u rc h sc h n itts ­
w e r te n  den jen igen  d e r A lk a lig ra n ite  am  n ä c h s te n . E in  U n te rsch ied  b e s te h t 
n u r  in so fe rn , als d e r D u rc h s c h n itts w e r t fü r  d as  K 20  des G ra n its  aus dem  
V elence-G eb irge  um  e tw a  1 %  k leiner is t a ls d e r D u rc h sc h n ittsw e r t von 
N o c k o l d s , w ogegen d ie  W e r te  fü r  das A la0 3 u n d  das N a aO e tw as  h ö h er 
lie g e n . D e r  von  N o c k o l d s  angegebene A lk a lig ra n it  h a t  fo lg en d e  p ro zen ­
tu a le  D u rc h sc h n ittsz u sa m m e n se tz u n g :

SiO., 7 2 ,0 8 %
TiO., 0,37
a i 26 3 13,86
F e 20 3 0,86
FeO 1,67
MnO 0.06
MgO 0,52
CaO 1,33
N a -O 3,08
K„Ö 5,46
н „ о + 0,53
p 2o . 0,18
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D ie D u rc h sc h n ittsz u sa m m e n se tzu n g  des G e ste in s ty p s  v o n  F azekas- 
b o d a  M órágy k o m m t u n te r  den  NocKOLDSschen D u rc h sc h n ittsw e rte n  d en ­
jen ig en  des » h y p e rs ten fü h ren d en  G ranod io rit«  am  n ä c h s te n . E s m uß  aber 
b e rü c k s ic h tig t w erden , d aß  die A nalysen erg eb n isse  bei diesem  G este in s ty p u s  
so s ta rk e  S treu u n g en  au fw eisen  (die S iO .,-W erte z. B. solche b is 2 0% ), daß  
d er aus diesen D a te n  b e re c h n e te  D u rc h sc h n ittsw e rt fü r  dieses G eb ie t n ich t 
als c h a ra k te ris tisc h  b e tr a c h te t  w erden  k an n .

D er e rs te  w ich tige  U n te rsch ied  im C hem ism us d er be iden  G ra n itv o r­
kom m en  b e s te h t also in  d en  in n e rh a lb  w e ite r G renzen  v a r iie re n d e n  K o n zen ­
tra t io n e n  der H a u p te le m e n te  des F azek asb o d a  M órágy  V orkom m ens.

F ü r  beide V o rk o m m en  e rm itte lte n  w ir au ch  die D u rc h sc h n ittsw e rte  der 
S p u ren e lem en te . D ie D u rc h sc h n ittsw e rte  d e r w ich tig s ten  u n d  ty p isc h s te n  
S p u ren e lem en te  (in p p m ) s in d  die fo lgenden :

Л« В Вн Со Сг Си Gu Li Ni Pb Sn Sr V

G ran ite  des Velence-
Gebirges

G ran ite  von Fazekas-
0,6 16 300 2.7 4 12 10 60 6 20 2,0 80 8

boda-M órágy 6 130 6 204 47 21 59 34 74 2,4 558 16

D ie c h a ra k te ris tis c h e s te n  U n te rsch ied e  zw ischen  den D u rc h sc h n itts ­
w erten  der S p u ren e lem en te  erscheinen  im  G eh a lt an  Cr, N i, Со, V, Cu; alle 
fü n f  E lem en te  sind  in  den  G este inen  des V elence-G ebirges in  v ie l k le ineren  
K o n z e n tra tio n e n  v e r t r e te n  als in den G este inen  des M órágyer G eb ie tes. E in  
w esen tlich e r U n te rsch ied  ze ig t sich w e ite rh in  im  G eh a lt an  S r, d e r in  den 
G ra n ite n  von  V elence g e rin g er is t. D as B a u n d  das Sn sow ie das Ag sind 
dagegen  eher in  den  G este in en  von  V elence an g e re ic h e rt. D u rch  die ange­
nom m enen  zw eierlei G enesen  k ö n n en  die U n te rsch ied e  in den D u rc h sc h n itts ­
w erten  d er S p u ren e lem en te  e in d eu tig  e rk lä r t  w erden .

D ie H ä u fig k e itsh y s to g ra m m e  und  die k u m u la tiv e n  H ä u fig k e itsk u rv e n  
d e r H a u p te le m e n te  sind  fü r  be ide  g ran itisch e  V ork o m m en  in den A b b ild u n ­
gen 1 — 10 und  11 19 a u fg e tra g en .

D ie H ä u fig k e itsh y s to g ra m m e  der H a u p te le m e n te  füh ren  be i den beiden  
G ra n itty p e n  zu fo lgenden  F es ts te llu n g en :

B ei den  g ra n itisc h e n  G este inen  des V o rkom m ens von F azek asb o d a  
M órágy ze ichne t sich n a tü r lic h  in je d e r  A b b ild u n g  c h a ra k te r is tis c h  die S tre u ­
ung d e r H a u p te le m e n te  in n e rh a lb  w e ite r G renzen  ab . D ie V e rte ilu n g  der 
H a u p te le m e n te  in den  G ra n ite n  des V elence-G ebirges is t m e h r o d er m inder 
reg e lm äß ig  no rm al o d er lo g n o rm al. Die ty p isc h e s te  lognorm ale  V erte ilung  
w eist das H y sto g ram m  des MgO auf.

D ie V e rte ilu n g sk u rv e n  d er G esteine des F az e k a sb o d a  M órágy-G ebietes 
sind  überd ies  auch  d a d u rc h  g ek en n ze ich n e t, d a ß  sie w eit u n reg e lm äß ig e r
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Abb. I .  H ä u fig k e itsv e rte ilu n g  des SiO.,

-  F aiekasboda-M órágy
-  ke/enceer Gebirge

~i--- i----1----J-

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 QS 0,0 1,0 1,1 7,2 1,3 7,4 7,5 7,6
Ti 0q %

Abb. 2. H ä u fig k e itsv e rte ilu n g  des TiO.,

Abb. 3. H äu fig k e itsv e rte ilu n g  des A l20 :l

s in d , a ls  die soeben b e sp ro c h e n e n , ein U m sta n d  d e r  u n b e d in g t a u f  eine 
g e s tö r te  V orgeschich te h in w e is t.

A u ffa llen d  sind n och  d ie  b e id en  M axim a an  d e r V e rte ilu n g sk u rv e  des 
K 20  b e i  den  G esteinen v o n  F a z e k a sb o d a  M ó rág y . E s k a n n  an g en o m m en  
w e rd e n , d aß  diese beiden  M a x im a  d e r K a liu m -V e rte ilu n g sk u rv e  a u f  eine nach-
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1 7 3 4 5 6 7 8 9  10
G esam ieisen  m 
in Fe2 О? %

Abb. 4. H äu fig k e itsv e rte ilu n g  des G esam teisens

Abb. 5. H ä u fig k e itsv e rte ilu n g  des MgO

Abb. 6. I I  ä u f ig k e its v e r te ilu n g  des CaO

trä g lic h e  K a lim e ta so m a to se  h in d e u te t,  d ie  von  Sz a d e c z k y - K a r d o s s  auch  
schon  in seinem  z itie r te n  V o rtrag  a u f  G ru n d  a n d e re r  Ü berlegungen  a n g en o m ­
m en w orden  w ar.

A us den  k u m u la tiv e n  H ä u f ig k e itsk u rv e n  können  d iese lben  C h a ra k te ­
r is t ik a  u n d  U n te rsc h ie d e  abgelesen w e rd e n , w ie auch aus den H ä u fig k e its -  
h y s to g ra m m e n .
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Abb. 7. H ä u fig k e itsv e rte ilu n g  d es N a ,О

Abb. 8. H äu fig k e itsv e rte ilu n g  des К ,О

F ü r  beide G e s te in s ty p e n  b e rech n e ten  w ir au ch  den O x y d a tio n sg ra d , 
g e n a u e r  d ie  V erte ilu n g  d e r F e '" /F e " -W e r te  in  d en  G esteinen d er b e id en  
G eb ie te .
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Abb. 10. H ä u fig k e itsv e rte ilu n g  des H 20

Abb. 11. K u m u la tiv e  H ä u fig k e itsv e rte ilu n g  des S i0 2

D er D u rc h sc h n ittsw e r t des Q u o tie n te n  Fe^C ^/FeO  b e trä g t  h e i den 
G este in en  aus V elence 1,24, bei den  G este in en  von  F a z e k a sb o d a -  M órágy  
1,05. D ie W e rte  zeigen bei beiden  V ork o m m en  e in e  S treu u n g  in n e rh a lb  w e ite r  
G ren zen , n äm lich  zw ischen  0,10 u n d  9,9. D ie  H ä u fig k e itsv e r te ilu n g en  der 
W e rte  F e 30 3/F e 0  s ind  in  d er A bb. 20 fü r  b e id e  G este in sty p en  d a rg e s te ll t .

W eite rh in  k a n n  fe s tg e s te llt w erden , d a ß  bei diesen zwei G este in en  in  der 
V e rte ilu n g  des O x y d a tio n sg rad es  kein  w e se n tlic h e r U n tersch ied  b e s te h t ,  ein
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Abb. 12. K u m u la tiv e  H ä u fig k e itsv e rte ilu n g  des T i0 2

Abb. 13. K u m u la tiv e  H ä u fig k e itsv e r te ilu n g  des A120 3

B ew eis d a fü r , daß  bei b e id e n  G este in s ty p en  n a c h trä g lic h e  E in w irk u n g e n  die 
ä h n lic h e n  O x y d a tio n sg ra d e  h e rb e ig e fü h rt h a b e n .

U n te rs u c h t  w u rd en  fe rn e r  die A lk a lia n te ile  u n d  ebenso w u rd e n  d ie  k -
ш  K ,0  1
W e rte  к  = ------------ ---------- d e r  G este in sp ro b en  b e id e r G ebiete n a c h  B u r r i

K .,0  +  N a 20  I 1
N i g g l i  b e r e c h n e t .
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Abb. 14. K u m u la tiv e  H äu fig k eitsv erte ilu n g  des MgO

Abb. 15. K u m u la tiv e  H ä u fig k e itsv e rte ilu n g  des CaO

F ü r  die G esteine d e r be id en  V ork o m m en  w urden  fo lg en d e  d u rch - 
c h n it t l ic h e  sow ie m in im ale  u n d  m ax im ale  k -W e rte  e rm itte lt :
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Gesteine
des Velence-Gebirges

Gesteine
von Fazekasboda—-Mórágy

^ D urchschn. 0 ,4 8 ^ D u rch sch n . 0 ,5 3

/cm in 0 ,3 3 k" 'm in 0 ,3 9

^ m a x  0 ,6 3 "'max 0 , 9 4

Abb. 16. K u m u la tiv e  H ä u fig k e itsv e rte ilu n g  des N a ,0

Abb. 17. K u m u la tiv e  H ä u fig k e itsv e rte ilu n g  des K ,0
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Abb. 18. K u m u la tiv e  H äu fig k e itsv e rte ilu n g  des + H ;0

-------^ " H 2 0%

Abb. 19. K u m u la tiv e  H äu fig k eitsv erte ilu n g  des ~ H 20

D ie H ä u fig k e itsv e rte ilu n g  d e r A lk a lian te ile  is t in  d e r A b b . 21 d a r ­
g es te llt.

D er D u rc h sc h n itt d e r  fc-W erte lieg t be i den  G este inen  d es  F azek as- 
b o d a  — M órágy-G ebietes e tw as h ö h e r als bei den  G este inen  von  V elence u n d
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Abb. 20. H ä u fig k e itsv e rte ilu n g  des F e 20 3/F e 0

A bb. 21. H ä u fig k e itsv e rte ilu n g  der k -W erte, b e re c h n e t n ach  B u r r i— N i g g l i

v e r te i l t  sich au f einen w e ite re n  W ertebere ich . A n  d e r  H äu fig k e itsv e rte ilu n g s­
k u rv e  d e r A lka lian te ile  t r e t e n  die beiden M ax im a , die an  der H ä u fig k e its ­
v e r te ilu n g sk u rv e  des K aO sch o n  zu b e o b a c h te n  w aren , w ieder auf. D ies 
b e w e is t auch , daß die N a c h w irk u n g  die das zw e ite  M ax im um  v e ru rsa c h t, n u r  
d en  G e h a lt an K , n ic h t  a b e r  die K o n z e n tra tio n  des N a triu m s b ee in flu ß te .

D ie  V a ria tio n sd ia g ra m m e  einiger H a u p te le m e n te  — in  A b h än g ig k e it 
v o m  S iO a-G ehalt — sind  au s  d en  A bbildungen  2 2 — 26 e rs ich tlich . D ie G renz­
lin ie n  des V aria tio n sfe ld es  w u rd e n  von u n s  so fe s tg e leg t, daß  sie die e n t­
fe rn te s te n  P u n k te  v e rb in d e n , d. h. daß alle V a r ia tio n s p u n k te  in n e rh a lb  der 
G re n z e n  des Feldes zu  lieg en  kom m en.

Acta Geologica Acadcmiae Scientiarum Hungaricae 12, 1968
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----— Si02 %

Abb. 23. V aria tio n sd iag ram m  des MgO— Si0.2

D ie V a ria tio n sd ia g ra m m e  d er P ro b en  au s dem  V elence-G ebirge sind 
den jen igen  äh n lich , d ie  fü r  g ran itisch e  G este in e  au ch  von  a n d e ren  V erfassern  
gefunden  w u rd en  (z. B . v o n  H a t t o r i  u n d  M ita rb e ite rn  1960). D ie D iag ram m e 
fü r die G esteine v o n  F azek asb o d a  M órágy zeigen w ieder S tre u u n g e n  in n e r­
halb  w e ite r G renzen . Sie folgen n ic h t n u r  aus d e r g roßen  M an n ig fa ltig k e it der 
S iO a-W erte , so n d e rn  e rgeben  sich aus den  lo ck eren , e in an d e r so g ar ö f te r  w ider­
sp rech en d en  A rte n  d e r Z usam m enhänge . B eso n d ers  d er Z u sam m en h an g  
A120 3—S i0 2 sch e in t au ß e ro rd e n tlich  locker zu sein  (A bb. 22). D agegen  zeig te 
sich, daß  die n e g a tiv e  K o rre la tio n  des G esam te isen s u n d  des S i0 2 be i beiden  
G este in s ty p en  g en ü g en d  e in d eu tig  ist.

Ada Geologien Academiae Scientiarum Hungaricae 12, 1968
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Abb. 24. V a ria tio n sd iag ra m m  des CaO— S i0 2

Abb. 25. V a ria tio n sd iag ra in m  des K 20 — S i0 2

A bb. 26. V a ria tio n sd iag ra m m  des G esam teisens (in  F e 20 3) u n d  des SiO
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V on P ro b en  aus beid en  V orkom m en w u rd e n  sodann  auch  die g e s te in s ­
b ild en d en  H a u p tm in e ra le  ab g eso n d e rt und  a u c h  an  diesen sp e k tra la n a ly tis c h e  
U n te rsu ch u n g en  d u rc h g e fü h r t. Da im a llg em ein  die sp e k tra la n a ly tisc h e n  
U n te rsu ch u n g en  der B io tite  die c h a ra k te ris tis c h e s te n  S p u ren e lem en tw erte  
lie fe rn , w äh lten  w ir fü r  den  V ergleich diese.

D ie in te re ssa n te ren  E rgebn isse  d er S p u re n a n a ly se n  an  den au s beid en  
G ra n itty p e n  s ta m m e n d e n  9 B io titk o n z e n tra te n  v e ra n sc h a u lich t an  H a n d  
d e r U n te rsu c h u n g e n  von  P . Z e n t a i  die a u f  S e iten  116 117 fo lgende T ab e lle
(W erte  in  ppm ).

W ie aus d ieser T ab e lle  ersich tlich , w eisen d ie E rgebn isse  d e r S p u re n ­
a n a ly sen  an  den B io tite n  je  n ach  G ra n itty p u s  w esen tlich e  U n te rsch ied e  auf. 
D er G eh a lt des B io tits  des V elence-G ran its  an  S n , Z r, Y , Sc, Mo, A g, Ce u n d  
Li is t g rö ß er als d er des B io tits  aus dem  G ra n it  v o n  F azek asb o d a  -M ó rá g y . 
H ingegen  e n th ä lt  d er B io tit  des G ran its  v o n  F azek asb o d a  M órágy  m eh r 
R h , Co, N i, Cr, Mn, V u n d  B a. Diese U n te rsc h ie d e  im  S p u re n e le m e n tg e h a lt 
d e r b e id en  B io titty p e n  b ild en  einen w eite ren  B ew eis fü r  die u n te rsch ied lich e  
G enese d e r  beiden  G ran itg e s te in e .

U nsere  U n te rsu c h u n g e n  h ab en  die u n te rsc h ie d lic h e  Genese d e r G este ine  
aus den  beiden  G ra n itv o rk o m m en  e inw andfre i nachgew iesen . D ie im  L au fe  
d er geologischen K a r tie ru n g  gew onnenen in  v ie len  F ällen  u n sich e ren  
B eo b ach tu n g se rg eb n isse  h a b e n  du rch  die s ta t is t is c h e  U n te rsu c h u n g  des 
G este in schem ism us eine e in d eu tig e  V erifik a tio n  e rfah ren .

V on den a n g e w a n d te n  A rten  d er s ta t is t is c h e n  V erfah ren  h ab en  sich  fü r  
die U n te rsch e id u n g  n a c h  d e r E n ts te h u n g  die H ä u fig k e its -  u n d  die k u m u la tiv e  
V erte ilu n g , die V a ria tio n sd iag ram m e, die V e rte ilu n g  der A lk a liq u o tie n te n , 
d ie  U n te rsch ied e  in  den D u rc h sc h n ittsw e rte n  d e r  S p u ren e lem en te  u n d  die 
U n te rsch ied e  im S p u ren e lem en tg eh a lt der B io ti te  als g u t geeignet erw iesen . 
D ie U n te rsu c h u n g  des O x y d a tio n sg rad es  w ar fü r  d iesen  Zw eck n ic h t b e w ä h r t.

U n sere  D iag ram m e v e ran sch au lich en  je n e  U n te rsch ied e , die in  d e r  s t a t i ­
s tisch en  E le m e n tv e rte ilu n g  e inerse its bei den au s einm aliger M ag m ain tru s io n  
s ta m m e n d e n  ech ten  G ra n ite n  des V elence-G ebirges u n d  an d ere rse its  be i den  
G ran itg e s te in en  von  F az e k a sb o d a  M órágy b e s te h e n , die aus e in e r u n te r  
U m stä n d e n  in m eh re ren  E ta p p e n  erfo lg ten  M ig m atis ie ru n g  des u n te rs c h ie d ­
lichen S e d im e n tm a te ria ls  sow ie aus der K a lim e ta so m a to se  h e rv o rg eg an g en  
sind.

Z usam m enfassend  sch e in t das h ier a n g e w a n d te  s ta tis tisc h e  V e rfa h ren  
au ch  in an d eren  F ä llen  p ro b le m a tisc h e r G ran itg en esen  ein geeignetes I n s t r u ­
m en t zu b ie ten .
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Bezeichnung der Probe Be Nb Ce La Sc Y Zr

B io tite  au s  dem  Gestein 
von  F a z ek a sb o d a —Mórágy

l . 2 ,6 _ 9 2 0 — 4 9 — 2 6 0
2 . 4 ,4 — 2 9 0 0 — 53 — 5 5 0
3. 3 5 — 1 2 0 0 — 22 — 9 8 0
4 . 9 — 6 3 0 — 3 3 — 91
5 . 1 0 ,5 — 4 3 0 — 63 2 1 .5 122
6. 3 9 — 7 4 0 3 9 — 1 3 5 0

B io tite  au s  dem  G ranit 
von V elence

1. 4 5 — 1 6 0 0 — 88 3 0 0 8 0 0 0
2 . 1 4 — 1 0 8 0 — 109 3 9 0 8  5 0 0
3 . 15 — 3 8 0 0 — 77 3 9 0 1 0  0 0 0
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Sn V Alt Li Bu R b Co Ni Cr Mo

6 2 5 0 14 4 0 0 3 3 0 4 0 4 0 2 5 0
— 1 6 0 — 3 8 6 0 0 2 9 0 2 5 15 1 6 0 —

10 1 6 0 — 4 3 1 0 3 4 0 25 1 0 0 —

— 2 5 0 — 4 3 1 6 0 0 1 1 0 1 6 15 4 0 —

6 1 0 0 — 4 9 6 0 1 5 2 5 4 0 6 0 —

2 5 0 6 0 1 0 0 0 4 2 0 25 4 0 2 5 0 —

10 4 0 0 ,6 5 4 2 5 0 3 5 10 2 10
16 6 0 0 ,6 1 9 0 2 5 0 6 2 16 3 10 10
2 5 1 0 0 0 ,6 1 0 0 2 5 0 8 0 16 2 10 1 6

C O M PA R A TIV E  G E O C H EM IC A L  IN V E S T IG A T IO N  O F G R A N IT E S

By

M. F ö ld v á ri-Vogl and  K . B öJT ös-V a rrók  

A b s t r a c t

T he d iffe ren t (m igm atic  an d  m ag m atic) genesis o f  th e  rocks o f two g ra n ite  a re a s  o f 
H u n g a ry  has been s tu d ied  by  geochem ical m eth o d s. T h e  s ta tis t ic a l  m ethods u sed  b y  th e  
a u th o rs  m ay  c o n tr ib u te  to th e  c la rifica tion  o f th e  genesis o f  g ra n itic  rocks in o th e r  reg io n s , too .

СРАВНИТЕЛЬНОЕ ГЕОХИМИЧЕСКОЕ ИССЛЕДОВАНИЕ ГРАНИТОВ 
М. Ф Е Л Ь Д В А Р И -Ф О Г Л Ь  И К . Б Е Й Т ё Ш -В А Р Р О К  

Р е з ю м е
Авторы настоящей работы выяснили различие в генезисе (мигматический и магмати­

ческий) двух областей развития гранитов в Венгрии. Примененные ими статистические 
методы позволяют выяснять генезис гранитовых пород и в других районах.
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HYDROGEOCHEMICAL INVESTIGATIONS 
IN THE TOKAJ MOUNTAINS

By

I. B a r ta

IN ST IT U T E  OF M INERALOGY AND GEOLOGY, KOSSUTH LAJOS U N IV ERSITY , D E B R E C E N

Sam ples from  th e  su rface  w a terco u rses o f th e  T okaj M ountains w ere  su b je c ted  
fo r a y e a r  to  regu lar, m o n th ly , chem ical analyses. T h e  essen tia l d issolved c o m p o n en ts  
an d  o th e r  physico-chem ical c h a ra c te ris tic s  o f  th e  w a te rs  w ere stud ied .

1. A survey  of th e  a m o u n ts  o f w a te r  d ra in ed  b y  th e  s tream s p e rm it te d  to  d raw  
u p  a hydrochem ica l balance  fo r th e  a rea , in te rm s o f th e  inorganic  c o n s titu e n ts  rem o v ed  
in  so lu tion . T he dissolved m a t te r  c arried  aw ay  in  a  y e a r  by  th e  w a tercourses fro n t som e 
1300 km 2 of neovolcanic a rea  (a n d  a d ja c e n t sed im e n ta ry  areas) can  be  e s t im a te d  a t 
27,000 m etric  tons.

2. R ela tionsh ips w ere e s tab lish ed  b e tw een  th e  chem ical com position  o f  ru n n in g  
w a te rs , on  th e  one hand , an d  o f th e  c o n ta c tin g  rh y o litic  tu ffs , andesites , a n d  rh y o lite s , 
on  th e  o th er.

T he К  to  Na ra tio  in  th e  w a te rs  com pares well w ith  th e  alkali c o n te n ts  o f th e  
rocks o f th e  ca tch m en t a rea . I n  w a te rs  flow ing  off rh y o lite  tu ff, rh y o lite , a n d  p seu d o ­
tra c h y te  areas, ch arac te rized  b y  a h ig h er К  c o n te n t, th e  К /N a ra tio  is a lso  h igher. 
T he c o m p ara tiv e ly  h igh К /N a ra tio  (1.65) o f rocks in  th e  T okaj M ou n ta in s , is re flec ted  
in  th e  surface  w a ters  (0.44), too .

B ecause of th e  h igh ly  acid  m ean  com position  o f th e  e ru p tiv e  ro ck s o f  th e  reg ion  
(o f th e ir  h igh  S i0 2 co n ten t), th e  ru n n in g  w a ters  are  also very  h igh in silica . T h e  w a te rs  
a re  so ft o r  sligh tly  h ard .

T h e  sulfid ic ore m in e ra liza tio n  o f th e  T e lk ib án y a  area  is a p p a re n t in  th e  h igh 
su lfa te  ion  c o n te n t o f th e  d ra in ag e .

3. Seasonal changes in  w a te r  com position  are  b e tte r  re flected  b y  th e  anions, 
th a n  b y  th e  cations. T he co n ce n tra tio n  of h y d ro g en -ca rb o n ate  ions is h ig h e r  a t  low 
w a te r  level; th e  v a ria tio n  of su lfa te  ions show s an  o p posite  tren d , p a r tic u la r ly  in  te rm s 
o f e q u iv a len t percen tages.

T he eq u iv a len t p e rcen tag es o f ca tio n s rem a in  fa irly  c o n s tan t th ro u g h o u t  th e  
y e a r. A t flood tim es the  К /N a  an d  Ca/Mg ra tio s  a re  som ew hat higher.

Silica co n cen tra tio n  is r a th e r  s te a d y  ro u n d  th e  year.
T he an n u al average o f w a te r  co m position  is b e s t ap p ro x im ated  b y  th e  F e b ru a ry  

and  O c to b er sam ples.

T he In s t i tu te  of M ineralogy an d  G eology o f th e  K ossu th  L ajos U n iv e rs ity  
has p a r tic ip a te d  in  a T okaj M ou n ta in s  geological research  p ro jec t.

P ro fesso r F ö l d v á r i e n tru s te d  th e  a u th o r  w ith  th e  re g u la r  m o n th ly  
chem ical ex am in a tio n  for a y e a r  o f th e  m o u n ta in s ’ w atercourses. T h e  a im  of 
th is  a c t iv i ty  w as th e  d raw ing  u p  o f a hydrogeochem ical balance fo r  th e  a rea , 
b ased  on th e  m ean  d ischarge d a ta  o f  th e  R esearch  In s t i tu te  fo r  W a te r  
R esources [19].

T h e  T o k a j M ountains fo rm  a neovo lcan ic  ran g e  of roughly  n o r th -s o u th  
tr e n d  40 to  55 km  long an d  20 to  30 k m  w ide.

T h e  p o in ts  of sam pling  w ere se lec ted  con fo rm ab ly  to  su g g estio n s by  
F ö l d v á r i . T h ey  a re  show n on th e  m ap  (F ig . 1).
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T h e ca tion  an d  a n io n  equ ivalen ts c o m p u te d  from  th e  analyses show  a 
good agreem ent.

T h e  w a te r an a ly ses  w ere  perform ed fo r  th e  m ost p a r t  using  s ta n d a rd  
m e th o d s  ad v o ca ted  b y  th e  H u n g arian  B u reau  o f  S tan d a rd s  [20]. D ivergences 
fro m  th e  s ta n d a rd  w ere  a llow ed  for th e  f la m e -p h o to m e tric  assay ing  o f a lkalis  
a n d  fo r th e  g rav im e tric  a ssay ing  of silica.

In fo rm a tio n  fro m  th e  C en tra l M eteorological In s t i tu te  reveals th e  cen tra l 
an d  n o r th e rn  p a r t  o f  th e  m o u n ta in s  to  be r ic h e s t in  p rec ip ita tio n s . T ow ards 
th e  e a s t, w est an d  so u th  b o rd e rs , p re c ip ita tio n s  g rad u a lly  grow  scarcer [10].

V. w . va. vm. IX. X  xi. X I. I. II. III. IV. m o n t h

Fig. 2. M o n th ly  d is tr ib u tio n  of p re c ip ita tio n s  in  th e  T okaj M oun ta ins 
V. 1964. — IV . 1965. ---------- lo n g -te rm  average  (1901— 1950)

F ig . 2 show s th e  m o n th ly  d is trib u tio n  of p re c ip ita tio n s  over th e  en tire  area  
o f th e  T okaj M o u n ta in s , as ca lcu la ted  from  th e  d a ta  of 25 p lu v io m étrie  s ta ­
tio n s  [1], in  th e  y e a r  u n d e r  considera tion  (M ay 1964 to  A pril 1965). F o r  co m p ari­
son , th e  long-term  (1901 — 1950) averages o f  th e  m o n th ly  d is tr ib u tio n  of 
p re c ip ita tio n s  w ere also  in d ica ted .

A lth o u g h  th e re  is som e dev ia tion  from  th e  long -term  average  in  ce rta in  
m o n th s , th e  m ean  a n n u a l p rec ip ita tio n  in  th e  re sp ec tiv e  period  (599 m) is 
v ir tu a lly  equal to  th e  lo n g -te rm  average (602 m m ) [1]. H ence, i t  is n o t f a r ­
fe tc h e d  to  re ly  on th e  lo n g -te rm  averages in  assessing  th e  ra te  of ru n o ff  [19]. 
T h e  figu res for th e  m in o r  w atercourses w ere o b ta in e d  in  th is  w ay. F o r po in ts  
w ith  no  m easured  h y d ro g ra p h ic  d a ta , th e  m e a n  d ischarge  values w ere d e te r ­
m in ed  from  th e  m ap  show ing  th e  long-term  a v e rag es  o f each specific ru n o ff  [19]. 
T h is ca lcu la tio n  w as b a se d  on th e  difference b e tw e e n  th e  m ean  a n n u a l p rec ip i­
ta t io n s  in  th e  c a tc h m e n t a rea , on th e  one h a n d , a n d  ev ap o ra tio n  loss on th e  
o th e r .

T ab le  1 lists so m e hydro logical d a ta  co n cern in g  the c a tc h m e n t areas 
o f th e  s tu d ied  w a te rco u rse s  [6], [7], [10], [19].
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Fig. 1. G eological an d  h y d ro g rap h ic  m ap  o f th e  T okaj M ountains 
1. a n d es ite ; 2. rh y o litic  tu f f ;  3. rh y o lite ; 4. d a c ite ; 5. rh y o d a c ite ;  6. a llu v iu m ; 7. pseudo- 

ra c h y te ; 8. loess; 9. c lay , sa n d ; 10. fro n tie r; 11. m ain  w a te rsh e d ; 12. secondary  w a te rsh ed  
13. w a te r  sam p lin g  p o in ts ; 14. rock b o u n d a ry , c o n ta c t;  15 w a tercourses





H Y D R O C U E M I C A L  I N V E S T I G A T I O N S  I N  T H E  T O K A J  M O U N T A I N S 119

Table 1

Some hydrological data of the catchment areas of the examined surface u atercourses

Serial
num ber

Names
of watercourses

Catchment
area,
km*

Long-term 
average of 

mean discharge, 
m*/eec

Long-term average 
of precipitations 

in the catchm ent area
(1901—1950)

Long-tern» average 
o f the  rate  

o f runoff for catch­
m ent area per veai, 

1000 m*
mm 1000 m3

l. H osdát riv. 14.2 0.035 616 8 747.2 1 261.4

2. Csenkő riv. 38.4 0.11 631 24 230.4 3 468.9

3. Gönci riv. 63.4 0.15 619 39 244.6 4 730.4

4. Tekeres riv. 26.6 0.063 604 16 066.4 1 986.8

5. A ranyos riv. 54.4 0.13 608 33 075.2 4 099.7

6. Szerencs riv. 347.2 0.80 587 203 806.4 25 228.8

7. Bózsva riv. (I) 158 0.54 639 100 962.0 17 029.4

8. Bózsva riv. (II) 233.6 0.69 627 146 267.2 21 759.8

9. R onyva riv. 521.8 2.25 — 70 956.0

10. H o ty k a  riv. 32.7 0.09 633 21 680.1 2 838.2

11. R ad v án y  riv. 24.8 0.07 631 15 648.8 2 207.5

12. Tolcsva riv. 137.0 0.28 649 88 913.0 8 830.1

13. B ényei riv. 59.0 0.12 599 35 341.0 3 784.3

14. Bod rop riv . (I) 12 386 111 — — 3500 496.0

15. Bodrop riv . (I I ) 13 579 115 — — 3626 640.0

F o r draw ing  up  th e  hyd rogeochem ical ba lan ce  o f w ater-so lub le  su b stan ce , 
th e  am o u n ts  of w a te r  d ra in ed  b y  th e  s tream s d u rin g  th e  y ea r (as show n in 
th e  la s t colum n of T ab le  1), an d  th e  a n n u a l m ean  hydrochem ical com positio n s 
lis te d  in  T ab le  10 w ere used . T h e  w ater-d isso lved  substances re m o v e d  in  a 
y e a r  b y  th e  s tu d ied  w a te rco u rses  d u rin g  a y e a r  w ere p re sen ted  in  T a b le  2.

In  d ry  periods, som e m in o r s tream s (rivu le ts) h ad  ru n  d ry  a t  th e  selected  
sam pling  p o in ts  an d  d a tes . In  su ch  cases fo r th e  ca lcu la tion  o f  th e  an n u a l 
m ean  c o n te n t o f d isso lved  su b stan ces in  th e  re spec tive  riv u le ts , th e  figure 
of th e  re spec tive  m o n th  w as ta k e n  to  be  zero, fo r no  m a te ria l was t r a n s p o r te d  on 
th e  su rface  a t  th a t  tim e . A lth o u g h  th e  u p p e r reaches of these  r iv u le ts  h a d  no t 
d ried  u p , th e  sam pling  p o in ts  w ere n o t ch anged , in  o rder to  a s su re  the  
u n ifo rm ity  of conditions.

I t  is of course im possib le  to  g ive q u ite  ac c u ra te ly  th e  a m o u n ts  o f  w ater- 
tra n s p o r te d  substances. B o th  q u a lity  an d  q u a n ti ty  o f w a te r h ad  sh o w n  ra th e r  
w ide a range  of v a ria tio n  over th e  tim e  in te rv a l s tu d ied . T he v a r ia t io n  in  th e  
q u a lity  o f surface w a te rs  is in  m a n y  cases due  to  h u m an  in te rfe re n ce . I t  is 
hoped  th a t  averag ing  th e  reg u la r m o n th ly  re su lts  o b ta in ed  d u rin g  a  year 
has y ielded  a ra th e r  com prehensive  im age o f  th e  s itu a tio n .
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Table 2

Tonnages o f dissolved substances transported by the exam ined watercourses during a year

H o sd á t riv . Csenkő riv. Gönci riv. Tekeres riv. Aranyos riv.

C at- N a + t/y ea r 6.93 38.61 37.75 15.44 36.49
ions K.+ „ 3.49 25.01 16.41 9.38 12.18

Ca+ + ,, 38.46 181.50 113.81 50.30 119.75
M g+ + ,, 13.12 63.62 34.39 16.69 39.48
Fe + + ,, 0.12 1.98 0.66 0.18 0.41
Mn+ + ,, 0.01 0.69 0.19 0.00 0.00
T otal ” 62.13 311.41 203.21 91.99 208.31

An- h c <v t/y ea r 91.56 452.87 359.46 178.31 460.80
ions s o 4— „ 84.07 400.98 197.92 68.01 135.58

Cl- „ 2.58 17.17 12.68 12.97 16.07
P O r  - ,, 0.01 1.70 0.52 0.32 0.12
T otal 178.22 872.72 570.58 259.61 612.57

C ations
an ions

+
t/y ea r 240.35 1184.13 773.79 351.60 820.88

H „SiO , 32.85 252.44 240.87 74.92 198.55
T o ta l dissolved 

su b stan ce о 273.20 1436.57 1014.66 426.52 1 019.43

S zeren cs  riv . Bózsva riv. (I) Bózsva riv . (II) Ronyva riv. H otyka riv.

C at- N a + t/y ea r 669.82 220.87 272.00 1 920.78 18.25
ions K  + 219.49 104.90 138.61 704.59 7.66

Ca + + ,, 1 382.29 558.57 701.32 3 045.43 48.42
Mg + + ,, 525.52 144.24 178.65 810.32 12.43
Fe + + 9.08 7.66 11.97 46.83 1.42
Mn+ + il 2.52 3.41 4.79 20.58 0.57
T o ta l ” 2 808.72 1039.65 1307.34 6 548.53 88.75

A n- Н С О ,- t/y ea r 6 655.36 2207.53 2749.79 12 411.62 173.13
ions s o 4— 1 122.43 580.70 691.09 2 868.04 55.20

C l- ,, 355.22 95.19 133.39 1 942.06 14.25
P 0 4- 8.33 4.26 5.87 168.17 0.40
T otal 11 8 141.34 2887.68 3580.14 17 389.89 242.98

C ations
an io n s

+
t/year 10 950.06 3927.33 4887.48 23 938.42 331.73

H „SiO , 1 564.43 1101.97 1357.38 3 542.83 73.79
T o ta l dissolved 

su b s tan ce - 12 514.49 5029.30 6244.86 27 481.25 405.52

In  draw ing up  th e  hy d ro ch em ica l b a la n c e  o f  th e  T okaj M ounta ins we 
ca n  ta k e  in to  accoun t th e  fo llow ing  rivu le ts: H o s d á t , C senkő, Gönci, Szerencs, 
B ó zsv a  (II) , H o ty k a , R a d v á n y ,  Tolcsva, B én y e i riv .

As regards th e  m in o r  m arg in a l areas w h ich  w ere necessarily  neg lec ted  
b y  th e  sam pler, th e ir  c o n tr ib u tio n  to  surface ru n o f f  p resu m ab ly  is b o th  insig ­
n if ic a n t  and  occasional.
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T ab le  2 con tinued

Rad vány riv. Tolceva riv. Bényei riv. Bodrog (I) Bodrog (II)

C at- Na + t/y e a r 7.15 111.26 66.04 35 179.98 33 727.75
ions K* 1.85 50.51 36.06 11 166.58 11 387.65

Ca ♦ + ,, 17.04 432.94 149.67 139 249.73 140 278.43
Mg f + ,, 4.88 119.65 33.72 29 964.25 30 028.58
Fe + + . 0.26 4.50 1.97 2 100.30 2 611.18
M n+ + 0.04 3.97 0.42 455.06 544.00
T otal 31.22 722.83 287.88 218 115.90 218 577.59

An- Н С О ,- t/y e a r 46.00 1715.15 582.90 517 653.35 510 195.71
ions S O ,- - 37.51 304.46 131.05 81 071.49 87 365.76

Cl- 1.96 86.27 48.40 29 754.22 28 469.12
P 0 4- 0.07 3.53 2.54 105.01 108.80
T otal «

85.54 2109.41 764.89 628 584.07 626 139.39

C ations +
anions t /y e a r 116.76 2832.24 1052.77 846 699.97 844 716.98

H.SiO., ,, 28.52 415.19 269.78 55 727.90 51 607.09
T o ta l dissolved

substance ”
145.28 3247.43 1322.55 902 427.87 896 324.07

T he to n n ag es o f  d isso lved  su b stan ces rem o v ed  from  th e  area  o f th e  T okaj 
M oun ta ins in a y e a r  are  lis ted  in  T ab le  3.

The fac t t h a t  m uch  o f th e  tra n sp o rte d  h y d ro g en  ca rb o n a te  h ad  fo rm ed  
from  th e  carbon  d io x id e  o f th e  a ir  has been  d isreg a rd ed .

T he au th o rs  o f th e  vo lum e “ S ketches an d  E ssay s  to  th e  H ydrogeological 
A tla s  of H u n g a ry ”  h a d  g iven  chem ical an a ly ses  o f h u n d red s  o f sp rin g s 
a n d  wells, in d ic a tin g  th e  respective  aqu ifers [14]. In  general th e re  is a 
v e ry  close re la tio n sh ip  in  chem ical com position  b e tw een  th e  w a te r-b earin g  
s t r a ta  and th e  w a te rs . B ecause  o f th e ir  po o r so lu b ility , igneous rocks, c ry s ta l­
line schists, q u a r tz  g rave ls  an d  sandsto n es y ie ld  p o o rly  m inera lized  soft- 
w a te rs . The w a te rs  issu in g  from  areas m ad e  u p  o f  lim estones, do lbm ites, 
m arls , and  loesses a re  h a rd e r  (richer in  sa lts) [11]. T he b est tra c e r  o f ore- 
b ea rin g  areas is th e  h ig h  SOj co n ten t o f th e  d ra in ag e . T he w a te rs  o f areas 
com posed of g ra n ite s  o r o th e r  po tassiu m -rich  rocks are  co m p ara tiv e ly  h igh 
in  p o tassium , e tc .

The geology a n d  h y d ro g ra p h y  of th e  T o k a j M o un ta ins are o u tlin ed  on 
th e  annexed  m ap  (F ig . 1) based  on a re c e n tly  issued  geological m ap  of 
1 : 200 000 scale [8]. T h e  e x p la n a to ry  n o te  to  th e  m ap  [9] co n ta in s a com pre­
hen siv e  b ib lio g rap h y  o f re le v a n t lite ra tu re . P re d o m in a n t rocks a re : rh y o lite  
tu ffs  ]> andesites />  rh y o lite s . T he average  chem ical com positions o f th e  com ­
m on rock  ty p es (vo lcan ics) a re  show n in T ab le  4. F o r  th e  ca lcu la tio n  o f a v e r­
ages, th e  chem ical an a ly ses  o f 139 rocks w ere u sed  ([5 ], [9]).
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Table 3

Tonnages o f  dissolved substances removed 
fro m  the Tokaj M ountains  

by surface watercourses during a year

t/year

C ations N a + 1 227.8

K  + 499.1

Ca + + 3 065.4

Mg + + 986.0

Fe + + 32.0

Mn + + 13.2

T o ta l 5 823.5

Anions HCO -
1 3

so -
12 826.2 

3 024.7

ci- 671.9

43 JO
1 1 1 23.0

1
T o ta l 16 545.8

Cations - f an ions 22 369.3

H 3S i0 3 4 235.2

T o ta l d isso lved  substance 26 604.5

F ro m  Table 4 an d  fro m  th e  p e rcen tag e  d is tr ib u tio n  o f th e  in d iv id u a l 
ro c k  ty p e s  on the  surface (T ab le  5), th e  av erag e  p e tro ch em ical com positions 
o f  t h e  p a r tic u la r  c a tc h m e n t a rea s  w ere c a lcu la ted  (Table 6).

T h e  Q u a te rn a ry  sed im en ts  occu rring  in  th e  c a tc h m e n t a rea s , p rim arily  
on th e  b o rd e rs  of the  m o u n ta in s , w ere assum ed to  be equal in  p e tro ch em ica l 
c o m p o s itio n  to  the  average  o f  th e  a rea . A real in c rem en ts  due  to  re lie f  h a v e  been 
ig n o re d .

T h e  average chem ical com positio n s o f r iv e r  w a te rs  w ere p re se n te d  in 
T a b le  7 ; th e  conven tional p .p .m . va lues, e q u iv a len t p ercen tag es, a n d  o th e r 
h y d ro c h e m ic a l ch a rac te ris tic s  w ere assem bled  in  T ab le  10.

A ch a rac te ris tic  fe a tu re  o f  th e  vo lcan ics o f th e  area  is a h ig h  K /N a 
ra t io . A ccord ing  to  Z e n t a i  [21], it  averages 1.65 fo r th e  e n tire  T okaj 
M o u n ta in s .

T h e  percentages o f  ions in  th e  rocks are  of course n o t th e  sam e as in 
th e  w a te r s  co n tac ting  th e m  (see T ab le  8). W eighed  b y  th e  size o f  th e  c a tc h ­
m e n t a re a s , th e  average К /N a  ra tio  o f th e  exam ined  w a te rco u rse s  of th e  
e n tire  a r e a  is 0.44, ra th e r  h ig h  a v a lu e  fo r su rface  w ate rs. T h e  ra t io  o f to ta l 
К  ' to  t o ta l  N a ‘r , rem oved fro m  th e  en tire  m o u n ta in s  in a y e a r  is 0.41. This 
is la rg e ly  d u e  to  the  h igh  d isch a rg e  an d  re la tiv e ly  low К  r ion c o n te n t  o f th e
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T able  4

Average chemical compositions o f  the common rock types 
(volcanics) o f  the T o ka j M ountains

Pseudo-
trachyte

Rhyolitic
tu ff Rhyolite Rhvodacite Dacite

Pyroxene
andesite

Si °Ol о 30.43 34.32 34.83 32.52 29.70 28.32

T i 0.50 0.06 0.06 0.15 0.35 0.31

AI 8.49 6.69 7.09 8.35 8.89 9.20

F e ,H 2.18 0.67 0.66 0.93 1.63 1.75

F e 11 0.24 0.33 0.40 0.83 1.77 2.29

Mn 0.03 0.04 0.03 0.10 0.09 0.09

Mp 0.25 0.32 0.05 0.43 1.22 2.09

Ca 0.88 0.96 0.73 1.64 3.65 4.75

Na 0.46 1.21 2.28 2.09 2.14 1.78

К 8.87 3.87 3.63 2.98 2.19 1.63

P 0.02 0.01 0.02 0.03 0.08 0.07

0.17 0.47 0.21 0.26 0.17 0.15

0 47.48 51.05 50.01 49.69 48.12 47.57

T o ta l % 100.00 100.00 100.00 100.00 100.00 100.00

* R esu lting  from  chem ically hound (of > -f-1 1 0 °C ) water.

Table 5

Share o f  exposed Tokaj M o u n ta in  rocks by catchment areas

Serial
num ­
ber

Name of 
watercourse

Size of 
catch­
ment 
area 
km*

Pseudo­
trachyte

O'/о

Rhyolitic
tu ff
о//о

Rhyolite

%

Rhyo-
dacite

о/

Dacite

%

Pyroxene
andesite

%

Sedi­
mentary-

rocks
о

Total

l . H o sd át riv . 14.2 13.62 37.40 11.99 — 2.19 17.26 17.54 100.01

2 . Csenkő riv . 38.4 9.58 24.39 35.59 — 6.47 11.43 12.53 99.99

3. Gönci riv . 63.4 — 5.76 11.45 — 3.07 37.60 42.11 99.99

4 . Tekeres riv . 26.6 —  ‘ 5.95 — — — 94.05 100.01

5 . A ranyos riv. 54.4 — 21.09 10.33 — — 68.58 — 100.01

6. Szerencs riv. 303.6 — 48.23 3.61 — — 41.80 6.36 100.01

7. Bózsva riv . (I) 158 1.48 33.93 31.90 8.58 9.06 10.18 4.87 100.01

8. Bózsva riv . ( I I ) 233.6 1.01 39.35 25.20 5.85 9.36 6.94 12.29 100.01

9. H o ty k a  riv. 32.7 — 54.93 3.08 — — 41.98 — 99.99

10. R ad v án y  riv . 24.8 — 89.15 4.60 — — 6.24 — 99.99

11. Tolcsva riv . 137.0 — 16.16 8.16 — 3.89 71.79 — 100.01

1 2 . B ényei riv . 59.0 — 72.87 10.90 — 8.40 7.83 — 100.01
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Table 6

Average petrochemical compositions ( in  terms o f  concentrations by elements)

H osdát riv. Csenkő riv.1
Gönci riv. Tekeres riv. Aranyos riv.

Si % 32.37 32.97 30.28 28.67 30.25

T i 0.19 0.16 0.23 0.29 0.23

A1 7.63 7.54 8.52 9.05 8.45

F e m 1.17 1.04 1.42 1.69 1.41

F e 11 0.78 0.72 1.69 2.18 1.69

M n 0.05 0.05 0.08 0.09 0.08

Mg 0.66 0.50 1.46 1.98 1.50

Ca 1.78 1.55 3.52 4.52 3.54

N a 1.39 1.71 1.84 1.74 1.71

К 4.15 3.90 2.28 1.77 2.32

P 0.03 0.03 0.06 0.07 0.06

H 0.31 0.27 0.19 0.16 0.22

о 49.49 49.56 48.43 47.79 48.54

T o ta l  % 100.00 100.00 100.00 100.00 100.00

S zeren cs r iv u le t (see below ). I f  th e  Szerencs r iv u le t  is d isregarded  an d  on ly  
th e  r iv u le ts  T ekeres an d  A ran y o s  are  ta k e n  in to  considera tion , th e  K /N a  
ra t io  increases to  0.49. A c o m p u ta tio n  of th e  g lo b a l average  of К /N a in  r iv e r  
w a te rs  accord ing  to  th e  ab o v e  p rincip le  from  C l a r k e ’s d a ta  [3] y ie ld ed  a 
v a lu e  as low  as 0.36.

T h e  К /N a  ra tio s  of r iv e r  w ate rs re flec t as a ru le  th e  p e tro ch em ica l 
co m p o s itio n  of th e  c a tc h m e n t areas.

T h e  hydrochem ical av e rag es of th e  H o ty k a  an d  R ad v án y  r iv u le ts  
c a n n o t b e  ta k e n  in to  fu ll co n sid e ra tio n  as th e se  d ra in e d  no w a te r for a co n sid ­
e ra b le  p a r t  of th e  yea r.

O f th e  w atercou rses ex am in ed , th e  C senkő r iv u le t  has th e  h ighest r e la ­
tiv e  ion  c o n te n t (0.65), w hich  is acco u n ted  fo r  b y  th e  w ide sp read  o f  
p o ta ss iu m -ric h  rocks in  its  c a tc h m e n t a re a —rh y o lite s , rhyo litic  tu ffs , a n d  
p se u d o tra c h y te s , f irs t o f all. I n  th e  case of th e  H o s d á t riv u le t, th e  in flu en ce  
o f  th e  a n d e s ite  areas a d ja c e n t to  th e  sam pling  lo c a lity  is also fe lt; th e  re la tiv e  
a b u n d a n c e  o f  K + ions is so m ew hat re d u c e d  (0 .50 ). T he area  d ra in e d  
b y  th e  riv u le ts  G önci, T o lcsv a  an d  A ran y o s  is, in  th is  tu rn  la rg e ly  
m a d e  u p  o f andesites an d  th e  К /N a values o f th e  w a te rs  a re  co rrespond ing ly  
lo w er (0 .43, 0.45 an d  0.33 resp ec tiv e ly ). One o f th e  low est va lues was o b se rv ed  
in  th e  A ran y o s r iv u le t, even  th o u g h  som e rh y o lite s  a n d  rhyo litic  tu ffs  occur 
in  th e  u p p e r  reaches o f th e  s tre a m . I t  is w ell k n o w n , how ever, th a t ,  u n lik e
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o f  the exam ined catchment areas o f  the Tokaj M ountains

Szerencs riv. BÓZSVU riv. (I) Bózsva riv. (II) Hotyku riv. R advány riv. Tolcsva riv. Bényei riv.

31.66 33.18 33.33 31.81 33.96 29.87 33.51

0.17 0.13 0.12 0.16 0.08 0.25 0.10

7.83 7.48 7.37 7.76 6.87 8.61 7.12

1.15 0.92 0.89 1.13 0.74 1.48 0.83

1.20 0.75 0.69 1.16 0.45 1.80 0.61

0.06 0.05 0.05 0.06 0.04 0.08 0.05

1.10 0.51 0.48 1.06 0.42 1.60 0.51

2.64 1.61 1.5? 2.55 1.19 3.77 1.47

1.51 1.79 1.71 1.48 1.30 1.74 1.45

2.86 3.39 3.45 2.92 3.72 2.18 3.53

0.04 0.03 0.03 0.04 0.01 0.06 0.02

0.32 0.30 0.32 0.33 0.44 0.20 0.39

49.46 49.86 50.03 49.54 50.78 48.36 50.41

100.00 100.00 100.00 100.00 100.00 100.00 100.00

] \ a + ions, th e  leached  К  ions because o f  th e  red u c tio n  of th e  ion ic  ra ­
dius in  so lu tio n  are  lik e ly  to  be b o u n d  b y  th e  c lay  m inerals in th e  soils o r  in 
th e  r iv e r  b ed ; on th e  o th e r  h a n d , th e y  e n te r  th e  tissues of p la n ts . H ence , 
in  w a n t of a su ffic ien t rech arg e , th e  К  ! ion  c o n te n t of a riv er w a te r  will 
g rad u a lly  decrease w ith  d is tan ce  or, to  be m ore  p recise , th e  w a te r co m p o sitio n  
will a d ju s t  to  th e  chan g es in  en v iro n m en t. A cco rd ing ly , th e  in flu en ce  o f  th e  
and esitic  surfaces p re d o m in a tin g  in  th e  low er reach es of th e  c a tc h m e n t a rea  
is s tro n g e r. A n oppo site  effect is found  in  th e  case o f th e  T olcsva a n d  G önci 
riv u le ts . T h e  bed of th e  G önci r iv u le t is inc ised  in  rhyo lites  an d  in  th e  low er 
p a r ts  o f th e  ca tc h m e n t area  o f th e  T olcsva r iv u le t  th e re  are p o ta ss iu m -ric h  
rocks, w hose effect can  b e tte r  be d e tec ted  a t  th e  sam pling  po in ts.

T h e  w a te r  of th e  B ényei r iv u le t co m p ares  well w ith  th e  av e rag e  p e tro ­
chem ical com position  o f th e  a rea , К  1 ions b e in g  re la tiv e ly  a b u n d a n t  in it 
(К /N a  =  0.55). I ts  a n n u a l m ean  К  c o n te n t in  abso lu te  an d  e q u iv a le n t
p e rcen tag es  is h ighest am ong  all th e  exam ined  w atercourses.

In  th e  B ózsva r iv u le t, th e  h igh К /N a  ra tio  b o th  in th e  u p p e r (I) a n d  th e  
low er ( I I )  reaches o f th e  s tream  is in  good a g reem en t w ith  th e  p e tro c h e m is try  
of th e  c a tc h m e n t a rea . T h e  sligh t increase o f  К  c o n te n t in th e  low er p a r t  of 
th e  a rea  is also re flec ted  b y  th e  w ate rs (К /N a , I :  0.48; I I :  0.51).

T h e  Szerencs r iv u le t — m ost im p o r ta n t  in  th e  w estern  p a r t  o f  th e  
m o u n ta in s  d ra in s a reas  o f a v aried  p e tro g ra p h ic  com position  — a n d es ite s ,
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Table 7

A n n u a l average chemical com positions ( in  terms o f concentrations

H osdát 
1 riv.

Csenkő
riv. Gönci riv.

Tekeres
riv .

Aranyos
riv.

Szerencs
riv.

Bózsva riv.
■ (b

N a  % 2.54 2.69 3.72 3.62 3.58 5.35 4.39
К 1.28 1.74 1.62 2.20 1.19 1.75 2.09
Ca 14.08 12.63 11.22 11.80 11.75 11.05 11.11
Mg 4.80 4.43 3.39 3.91 3.87 4.20 2.87
F e 0.04 0.14 0.07 0.04 0.04 0.07 0.15
Mn 0.00 0.05 0.02 0.00 0.00 0.02 0.07
C 6.60 6.21 6.97 8.23 8.90 10.47 8.64
S 10.27 9.32 6.51 5.32 4.44 2.99 3.85
Cl 0.95 1.20 1.25 3.04 1.58 2.84 1.89
p 0.00 0.04 0.02 0.02 0.00 0.02 0.02
Si 4.32 6.32 8.54 6.32 7.00 4.50 7.87

*H 0.86 0.98 1.20 1.14 1.25 1.20 1.29
*o 54.26 54.25 55.47 54.36 56.40 55.54 55.76

T o ta l  % 100.00 100.00 100.00 100.00 100.00 100.00 100.00

* H  an d  0  chem ically b ound  in w ater-d issolved ions.

rh y o lite s , a n d  rhyo litic  tu ffs . T h e  im m ed ia te  e n v iro n m en t of th e  s t r e a m  is 
la rg e ly  m a d e  up  of a v a r ie ty  o f  rh y o lite  tu ffs  co v e red  over v a s t a reas b y  loessic 
an d  lo a m y  beds of v a rio u s th ick n ess . T he a b so lu te  K + ion co n ten t o f th e  s tre a m  
is r a th e r  h igh , b u t th e  К /N a  ra tio  is as low  as  0 .33. This seem s to  be  la rge ly  
due  to  th e  ab u n d an ce  o f  N a + exsolved from  th e  a m b ie n t loessic-loam y s t r a ta f  
w h ich  red u ces  th e  re la tiv e  a b u n d an ce  o f K + ions. In  sum m er th e  w a te r  o- 
th e  s t r e a m  is o ften  a lkaline . T h e  co m p ara tiv e ly  low  Ca/Mg ra tio  — a c h a ra c te r , 
is tic  f e a tu re  o f loess areas is also p re se n t in  th e  Szerencs r iv u le t  (see T a b le  8) 

T h e  c a tc h m e n t a rea  o f th e  T ekeres r iv u le t  is m ade u p  o f p y ro x en e  
a n d e s ite s , b u t  th e  К /N a  ra tio  in  th e  w a te r  is v e ry  high (0.61). I t  is p ro b ab le  
t h a t  c e r ta in  deep-seated  aq u ife rs  of th e  c a tc h m e n t a rea  are rocks c o m p a ra tiv e ly  
h igh  in  К  c o n te n t, fo r, a t  f lo o d tim es  (in M arch , A p ril), th e  К /N a ra tio  becom es 
low er (0 .54). In  th e  o th e r  w ate rco u rses , th e  К /N a  ra tio  was found  to  in crease  
a t  th e  sa m e  tim e. This in c rea se  was p a r t ic u la r ly  s trik in g  in th e  case o f  th e  
C senkő (0 .93), H o sd á t (0 .73), an d  B ózsva (0 .65 ; 0.63). A ccord ingly , w a te r 
a n a ly se s  a f te r  h eav y  ra in s  o r snow -m elt m ay  y ie ld  m ore p e r tin e n t in fo rm a tio n  
a b o u t th e  a rea  u n d er c o n s id e ra tio n , as —• ow ing to  th e  increased c o n tr ib u tio n  
b y  th e  m o re  m inera lized  g ro u n d -w a te rs  from  d eep e r-sea ted  s tr a ta ,  a n d  to  th e  
m ore  a b u n d a n t  ru n o ff th e  r iv e r  w ate rs are  less in fluenced  b y  th e  chem ical 
c o m p o s itio n  o f th e  rocks.
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b y  elem ents) o f  the surface watercourses examined

Bdzeva riv. 
<")

Ronyva
riv.

H otyka
riv.

Radvány
riv.

Tolcsva
riv.

Bényei
riv.

Bodrog
(G

Bodrog
(H)

4.36 6.99 4.50 4.77 3.43 4.99 3.90 3.76

2.22 2.56 1.89 1.23 1.56 2.73 1.24 1.27

11.23 11.08 11.94 11.39 13.33 11.32 15.43 15.65

2.86 2.95 3.07 3.25 3.68 2.55 3.32 3.35

0.19 0.17 0.36 0.18 0.14 0.15 0.23 0.29

0.08 0.07 0.14 0.03 0.12 0.03 0.05 0.06

8.67 8.89 8.40 6.05 10.40 8.68 11.29 11.20

3.69 3.48 4.54 8.36 3.13 3.31 3.00 3.25

2.14 7.07 3.51 1.31 2.66 3.66 3.30 3.18

0.03 0.20 0.03 0.01 0.04 0.06 0.00 0.00

7.82 4.64 6.54 7.92 4.60 7.34 2.22 2.07

1.29 1.08 1.18 1.08 1.20 1.25 1.11 1.09

55.42 50.82 53.90 54.42 55.71 53.93 54.91 54.83

100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

A few m easu rem en ts  show ed  th e  w a te r of th e  R a d v á n y  r iv u le t ru n n in g  
o ff from  rhyo litic  tu f f  a reas to  be  in co n tra s t to  th e  fo rm er -  c o m p a ra tiv e ly  
low  in К  ions (0.26).

H igher ion c o n te n ts  a re  co n co m itan t to  h ig h er degrees o f o x id a tio n  
(Ope) [15], in th e  d ra in ag e  a reas  as show n in T ab le  8.

No su b s ta n tia l d ifference in  Ca/Mg betw een  th e  rocks an d  th e  w a te rs  of 
th e  m o u n ta in s  could be o b se rv ed ; th e  values o b ta in ed  fo r w a te rs  a re  s ligh tly  
h ig h er, th o u g h  w ith o u t a n y  d ire c t, co nsisten t co rre la tio n .

T h e  river w ate rs o f th e  T oka j M ountains a re  u su a lly  so ft, or s ligh tly  
h a rd , desp ite  th e  v e ry  m ark ed  c o n cen tra tio n  in  th e  su m m er season  o f the  
w a te rs  o f  m inor riv u le ts . A n n u a l m ean  hardness is le a s t in  th e  G önci r iv u le t 
(5.05° scale) and  in th e  B ózsva , th e  m ain  d ra in  of th e  e a s te rn  p a r t  o f th e  
m o u n ta in s  (6.40°). T he w a te rs  o f th e  R ad v án y , H o ty k a  an d  S zerencs are 
v e ry  so ft, too. A t 12.44°, th e  w a te r  o f th e  Szerencs r iv u le t is so m ew h at of 
an  ex cep tio n  p ro b ab ly  ow ing to  poor cond itions o f ru n o ff  in  th e  “ Szerencs 
E m b a y m e n t” and  to  in te ra c tio n  w ith  th e  m ixed loessic-loam y s t r a ta  overly ing  
th e  vo lcanics. F o r th is  reaso n , th e  w a te r o f th e  S zerencs r iv u le t is n o t very  
c h a ra c te r is tic  o f th e  vo lcan ic  a rea  u n d er co n sid e ra tio n . T h e  g ro u n d -w ate rs  
o f  th e  “ Szerencs E m h a y m e n t”  a re  often  a lkaline [9]. T h e  increase  o f  hardness
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Table 8

Serial
num ber

Name of 
watercourse

Ion ic  ratios of the annual 
averages of water 

compositions

Ionic ratios and О ре values of the average 
petrochemical compositions of the  catchment 

areas

К Ca К  +  Na К Ca К  +  Na 1
O reNa Mg Ca +  Mg N a Mg Ca -f Mg j

l . H o sd á t riv. 0.50 2.93 0.20 2.99 2.69 2.27 3.34
2. Csenkő riv. 0.65 2.85 0.26 2.28 3.10 2.74 3.24

3. G önci riv. 0.43 3.31 0.37 1.24 2.41 0.83 1.86

4. T ekeres riv. 0.61 3.02 0.37 1.01 2.28 0.54 1.72

5. A ranyos riv. 0.33 3.03 0.31 1.35 2.36 0.80 1.85

6 . Szerencs riv. 0.33 2.63 0.47 1.89 2.40 1.17 2.13
7. B ózsva riv. (I) 0.48 3.87 0.46 1.89 3.15 2.44 2.75

8. B ózsva riv . (II) 0.51 3.92 0.47 2.01 3.18 2.57 2.85

9. R o n y v a  riv. 0.37 3.76 0.64 — — , — —
10. H o ty k a  riv. 0.42 3.89 0.43 1.97 2.41 1.22 2.16
11. R a d v án y  riv. 0.26 3.50 0.41 2.86 2.83 3.12 3.65

12. T olcsva riv. 0.45 3.62 0.29 1.25 2.36 0.73 1.83

13. B ényei riv. 0.55 4.44 0.56 2.43 2.88 2.52 3.01
14. B odrog (I) 0.32 4.65 0.27 — — — —
15. B odrog (II) 0.34 4.67 0.27 - — —

in th e  C senkő and H o sd á t r iv u le ts  can he ascribed  to  h ig h er su lp h a te  co n ten ts  
d u e  to  th e  ra th e r  in te n s iv e  w ea th e rin g  of su lp h id e  ores.

T h e  annual m ean  to ta l  d isso lved  m a tte r  w as fo u n d  to  be  200 to  300 p .p .m . 
T h e  h ig h e s t value was fo u n d  in  th e  Szerencs (434 p .p .m .) , th e  low est in th e  
G önci (163 p.p.m .).

T h e  sulphide ore m in e ra liz a tio n  of th e  T e lk ib á n y a  a rea  is c lea rly  in d ica ted  
b y  th e  su lp h a te  c o n te n t o f  th e  Csenkő and H o sd á t r iv u le ts  d ra in in g  th e  area, 
s tr ik in g ly  high in b o th  a b so lu te  an d  eq u iv a len t p e rc e n ta g e  v a lu es . T he m ain  
a n io n  in  th e se  w aters is th e  s u lp h a te  ion, o u tm a tc h in g  even h y d ro g en  ca rb o n a te . 
T h e  sa m e  m ay  be th e  case w ith  th e  B ózsva, too . T h e  tr ib u ta r ie s  o f th e  u p p er 
re a c h e s  o f  th e  riv u le t d ra in  o re-m inera lized  a reas , an d  th e  av e rag e  su lp h a te  
ion  c o n te n t  over th is  s tre a m  section  is, co rresp o n d in g ly , so m ew h at h igher 
( I :  3 4 .1 0 ; I I :  31.76).

S ilica  is highly en ric h e d  in  th e  w atercou rses o f th e  m o u n ta in s . This is 
in  g o o d  agreem ent w ith  th e  m ark ed  ac id ity  o f m o st e ru p tiv e  rocks of th e  
a re a . T h e re  is how ever, n o  s tra ig h tfo rw a rd  re la tio n sh ip  be tw een  ac id ity  of 
ro ck s a n d  silica in  th e  w a te rs . O ne reason  fo r th is  m a y  be t h a t  th e  rock  typ es 
o c c u rr in g  here do n o t s u b s ta n t ia l ly  differ in  Si c o n te n t. On th e  o th e r  hand
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S i 0 2 in  th e  w a te rs  is b u t  p a r t ly  ion ized , m o stly  colloidal, o f  low  s ta b ility , 
in c lin ed  to  coagu la tion  an d  d ep o sitio n , so t h a t  its  c o n c e n tra tio n  m a y  be 
in flu en ced  by a n u m b er o f  fac to rs . T h e  p e rc e n ta g e  o f silica in  th e  w a te r  o f th e  
B odrog  riv e r is, on th e  av e rag e , 3 to  4 tim es less th a n  in  th e  m in o r  r iv u le ts  
ex am in ed . This fac t, to o , can  be  asc rib ed  for th e  m ost p a r t  to  co llo idal p ro p e r­
tie s ; longer tra n s p o r t  an d  g re a te r  d e p th  o f  w a te r  a re  co n d u c iv e  o f  silica 
p re c ip ita tio n .

T h e  influence  of th e  e a s te rn  p a r t  o f th e  T o k a j M ountains u p o n  th e  w a te r 
com p o sitio n  o f th e  B odrog  is in s ig n if ican t, as th e  B o d ro g -d ra in ed  p a r t  o f  th e  
m o u n ta in s  is b u t  a few p e r  c en t o f th e  to ta l  c a tc h m e n t a rea  o f th e  r iv e r , also 
i t  is in th is  section  th a t  th e  w a te r  o f th e  B odrogköz on th e  s o u th  also  en te rs  
th e  river. The sligh t changes in w a te r  com po sitio n  over th e  r iv e r  sec tio n  ex ­
am in ed  are , how ever, in no  c o n tra d ic tio n  to  th e  a fo rem en tio n ed  fe a tu re s  of 
th e  m o u n ta in s . T hus, a s lig h t decrease  o f a n n u a l average sa lin ity  a n d  conse­
q u e n tly  o f hardness is o bserved  (d isso lved  ions: I. 241.88 p .p .m ., I I .  232.92 
p .p .m .; to ta l  h a rd n ess: I . 7.54°, I I .  7.32°). T h e  average su lp h a te  ion  c o n te n t 
a n d  th e  re la tiv e  a b u n d an ce  o f p o tass iu m  show , in th e ir  tu rn , a s lig h t increase 
(su lp h a te  ion: 1. 23.16 p .p .m ., I I .  24.09 p .p .m .; К /N a ra tio : I. 0 .32, II . 
0.34) [12].

F ro m  th e  q u a n ti ta t iv e  d a ta  o f th e  d isso lved  su b stan ces rem o v ed  from  
th e  T okaj M ountains in a y e a r  (T able  3) av erag e  chem ical co m p o sitio n s o f  th e  
w a te rs  d ra in ed  from  th e  area  can  be  ca lc u la ted  (colum n I , T a b le  9). F o r 
co m p ariso n  th e  global averages o f r iv e r  w a te rs , based  on Cl a r k e ’s v a lu es  [3], 
can  be  ca lcu la ted  in th e  sam e w ay  (co lum n I I ,  T ab le  9).

Table 9

l 11 I II

W eight per cent

Na 4.83 5.79 4.13
К 1.97 2.12 2.04
Ca 12.06 20.39 12.57
Mg 3.88 3.41 3.50
(Fe, A1),03 0.25 2.75 0.32
c o 3 49.65 35.15 45.44
s o , 11.90 12.14 14.29
a 2.64 5.68 2.34
N 03 — 0.90 —
S i0 2 12.82 11.67 15.37
T o ta l % 100.00 100.00 100.00
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D e v ia tio n  from  th e  g lo b a l average is fo u n d  g re a te s t fo r th e  Ca , 
COa a n d  C D  ions. T h e  Ca/M g ra tio  is s u b s ta n tia lly  low er, th e  К /N a  ra tio  
h ig h e r in  th e  T okaj M o u n ta in s . T he T okaj M o u n ta in s  w a te rs  are, as a ru le , 
p o o r in  ch lo ride .

E x c lu d in g  th e  S zerencs r iv u le t th e  p e rc e n ta g e  ra tio s  undergo  slight 
ch an g es  (co lum n  I I I ,  T ab le  9). T h e  co n cen tra tio n  o f  S 0 4 , S i0 2, th e  К /N a  an d
Ca/M g ra tio s  increase, th e  p e rc e n ta g es  of C 0 3 an d  Cl-  decrease.

In  all, i t  can  be c o n c lu d ed  th a t  th e  q u a lity  o f  su rface  w aters is essen tia lly  
d e fin ed , also  in  th e  T o k a j M o u n ta in s , by  th e  p e tro g ra p h ic  com position  of th e  
e n v iro n m e n t. C orre la tions b e tw e e n  w a te r q u a lity  an d  rock com position  are, 
h o w ev e r, in  m ost cases r a th e r  general. F o r  a ll th e  p ro fo u n d  and ex ten siv e  
re sea rcn  in to  th is  to p ic , th e r e  s till are som e fa c to rs  th a t  can n o t q u ite  sa tis ­
fa c to r ily  be  accoun ted  fo r.

T h e  chem ical co m p o sitio n  of surface w a te rs  evolves th ro u g h  a chain  
of in tr ic a te ,  com plex, ch em ica l, physico-chem ical, a n d  collo id-chem ical in te r ­
a c tio n s  r a th e r  d ifficu lt to  f a th o m  w ith  th e  m ean s a t  ou r disposal.

T h e  c a tc h m e n t a rea s  in c lu d e  a w ide v a r ie ty  o f  geological s tru c tu re s  
an d  ch em ica l com positions, a n d  w h a t is re flec ted  b y  th e  w ate rs is a cu m u la tiv e  
effec t. O f course, se le c tiv ity  a n d  precision can  be  im p ro v ed  b y  red u c in g  th e  
a reas  in v e s tig a te d , i.e. b y  se lec tin g  sh o rt sec tions o f  w ate rcou rses for d e ta iled  
e x a m in a tio n .

W a te r  q u a lity  is c o n tro lle d  no t only b y  th e  ab so lu te  chem ical com posi­
t io n  o f  th e  in d iv id u a l fo rm a tio n s . T he so lub ilities o f  th e  m ineral c o n s titu e n ts , 
th e ir  re s is ta n c e  to  w ea th e rin g , a re  ex trem ely  im p o r ta n t . T he m inerals called 
v a r ia b le  com ponen ts b y  S z a d e c z k y - K a r d o s s  a re  co m p ara tiv e ly  m ore liab le  
to  w e a th e r  [17]. T he s tru c tu re , p o ro s ity , g ra in  size o f  th e  rock etc. a re  also o f  
im p o r ta n c e .

A  h an d ic a p  to  th e  so lu tio n  of th e  p ro b lem  is th a t ,  p a rtic u la r ly  in  th e  
case o f  d eep er-sea ted  s t r a ta ,  ev en  th e  litho log ic  o r p e tro g rap h ic  co m position  
is n o t  k n o w n  in every  case.

T h e  q u a lity  of su rface  w a te rs  m ay  be  s tro n g ly  in fluenced  b y  h u m a n  
a n d  a n im a l a c tiv ity  an d  b y  v e g e ta tio n , too .

T h e  chem ical co m p o sitio n s of surface w a te rs  show  m arked  seasonal 
ch an g es, p a r tic u la r ly  s tr ik in g  in  m inor w a te rco u rses . In  th e  d ry  a n d  w arm  
seasons, th e ir  w ate rs a re  m o re  co n cen tra ted , c o n ta in in g  p le n ty  of d isso lved  
sa lts . A t th e  sam e tim e , som e sa lts of low er so lu b ility  w ill p re c ip ita te . In  
th is  co n n ec tio n  even h y d ro g e n  ca rb o n a te  ions b o u n d  to  sodium  (a lk a liza tio n  !) 
h a v e  b een  en coun tered  in  so m e rivu le ts . O n th e  o th e r  h an d , in  th e  hu m id  
seasons o r  a t  snow m elt, th e  sm a ll w atercourses a re  s tro n g ly  d ilu ted . I n  la rg e r 
r iv e rs , e.g. in  th e  B odrog , th e s e  in fluences a re  r a th e r  w ell-balanced . T he 
chan g es o f  sa lt c o n te n t re f le c t th e  d ifferences in  w a te r  level: th e  passin g  o f  
floods.
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T h e  changes in w a te r  q u a lity  over a y e a r  are  listed  in  ta b le s  a n n e x e d  
to  th e  p a p e r  (see T ables 11 to  25).

T h e  eq u iv a len t p e rcen tag es  o f  th e  in d iv id u a l ca tions are  — a p a r t  from  
th e  ex trem e  cases n ea rly  c o n s ta n t in d e p e n d e n tly  o f th e  seasons. A cco rd ­
in g ly , th e  ra tio s  of th e  m ain  ca tio n s  in  th e  w a te rs  are  n ea rly  c o n s ta n t  ty p ic a l 
o f th e  re sp ec tiv e  w atercou rses. H ence , it  is m ere ly  th e  d ischarge t h a t  changes 
d u rin g  th e  y e a r ; th e  re la tiv e  a m o u n ts  o f th e  ca tio n s do no t ch an g e  s u b s ta n ­
tia lly .

T h e  Ca/Mg ra tio  show s b u t  s lig h t changes. A t floods, p ro b a b ly  b ecau se  
o f th e  h ig h er so lub ility  o f  Mg sa lts , th is  fig u re  is som ew hat h ig h e r  th a n  a t 
low w a te r .

T h e  v a ria tio n  of th e  К /N a  ra tio  is s lig h tly  m ore m ark ed . A t floods, 
th e  re la tiv e  am o u n t of К  is h igher.

In  th e  case of an ions, seaso n a l changes are  m ore strik ing . F lu c tu a tio n s  
ro u n d  th e  y e a r  are  p a r tic u la r ly  s tro n g  in  th e  cases o f th e  su lp h a te  a n d  h y d ro g e n  
c a rb o n a te  ions.

H y d ro g en  ca rb o n a te  va lu es  (b o th  ab so lu te  an d  eq u iv a len t p e rc e n ta g es)  
are  h ig h e r in  th e  d ry  season , a t  low  w a te r. T h e  v a ria tio n  of th e  s u lp h a te  ion 
c o n te n t is u su a lly  of an  o p p o site  tre n d . A fte r ex ten siv e  ra ins an d  a f te r  sn o w ­
m e lt — i.e. in  d ilu ted  w a te rs  — su lp h a te  ions a re  enriched , p a r t ic u la r ly  in  
th e  re la tiv e  sense. This is p ro b a b ly  due  to  a m ore  com prehensive sh e e tw a sh . 
A lso exposed  to  th e  oxygen  o f  th e  a ir  sc a tte re d  su lph ide  m inera ls  a re  m ore 
in te n s iv e ly  w ea thered  on exposed  su rfaces; a f te r  being oxidized in to  m ore 
so lub le  su lp h a te s , th e y  are  d ire c tly  w ashed  in to  th e  w atercourses. O n th e  o th e r  
h a n d , h e a v y  ra in s expel th e  m ore  c o n c e n tra te d  g roundw aters in  lo n g  in te r ­
ac tio n  w ith  th e  deeper se a te d  s t r a ta .  T h e  e q u iv a le n t p e rcen tag e  s u lp h a te  ion 
c o n te n t o f th e  M arch an d  A pril w a te r  sam ples is in  m an y  cases n e a r ly  th e  sam e 
as, o r even  h ig h er th a n , th e  fig u re  fo r th e  h y d ro g en -ca rb o n a te  ion.

T h e  a m o u n t of silica is r a th e r  s te a d y  ro u n d  th e  year.
I n  th e  a rea  exam ined  th e  O c to b er an d  F e b ru a ry  sam ples a re  c losest 

to  th e  a n n u a l average w a te r  com position .

*

I t  is a p lea sa n t d u ty  to  th a n k  P ro fesso r F ö l d v á r i  fo r th e  selection of th e  su b je c t  a n d  
fo r  his adv ice  in th e  so lu tion  o f som e p ro b lem s th e  a u th o r  had  to face d u rin g  th is  w o rk .
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Table 10

A n n u a l average water qualities o f  
(Ju n e  1964

Hosdát Csenkő Gönci Tekeres Aranvos Szerencs
riv. riv . riv. riv. riv. riv.

N a + p.p .m .
T h a n ’s e q .%

8.37
8.78

11.13
9.98

7.98
15.56

9.32
13.84

10.68
14.15

26.55
19.76

K " p.p .m . 4.21 7.21 3.47 5.66 3.56 8.70
T h an ’s e q .% 2.68 3.74 4.00 4.84 2.77 3.78

Ca + + p.p.m . 46.45 52.32 24.06 30.39 35.05 54.79
T h a n ’s e q .° G 56.59 54.26 53.33 52.60 53.85 46.91

О

__ M g +  +
p.p .m .
T h a n ’s e q .%

15.85
31.71

18.34
31.39

7.27
26.67

10.07
28.72

11.55
29.23

20.83
29.38

Fe + + p.p .m . 0.14 0.57 0.14 0.11 0.12 0.36
T h a n ’s e q .% 0.24 0.42 0.44 — — 0.17

M n + + p.p .m . 0.01 0.20 0.04 0.00 0.00 0.10
T h an ’s e q .% — 0.21 — — — —

T otal p.p .m .
T h an ’s e q .%

75.03
100.00

89.77
100.00

42.96
100.00

55.55
100.00

60.96
100.00

111.33
100.00

HCO3 p.p.m . 110.60 130.55 75.99 107.70 134.88 263.80
T h an ’s e q .% 45.14 45.44 56.82 61.75 69.72 76.33

S O j-
p.p.m . 101.56 115.59 41.84 41.07 39.68 44.49
T h an ’s e q .% 52.62 51.17 39.55 30.18 26.18 16.43

Cl- p.p.m . 3.12 4.95 2.68 7.84 4.70 14.08
T h an ’s e q .% 2.24 2.97 3.63 7.72 4.10 7.07

Р О Г p.p.m . 0.02 0.49 0.11 0.19 0.04 0.33
T h an ’s e q .% 0.42 0.35 — 0.17

T ota l p .p .m . 215.30 251.58 120.62 156.80 179.30 322.70
T h an ’s e q .% 100.00 100.00 100.00 100.00 100.00 100.00

C atio n s +  anions, p .p .ra . 290.33 341.35 163.58 212.35 240.26 434.03

H 2S i0 3, p .p .m . 39.68 72.77 50.92 45.25 58.12 62.01

T o ta l  dissolved su b stance, p .p .m . 330.01 414.12 214.50 257.60 298.38 496.04

A lk a lin ity . W ° 1.81 2.14 1.25 1.77 2.21 4.32

T o ta l  hardness0 : (G erm an  scale) 10.14 11.55 5.05 6.57 7.57 12.47

C arb o n ate  hardness0 : (G e rm an  scale) 5.08 6.00 3.48 4.95 6.20 11.75

D isso lved  oxygen, p .p .m . 11.00 10.69 10.18 10.89 10.57 11.62

PH colorim etrically 7.41 7.66 7.48 7.70 7.56 8.01

PH electrically 7.43 7.66 7.55 7.75 7.57 8.01
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the surface watercourses exam ined  
to  A pril 1965)

BÓ/.SVH riv. Bózsva riv. Konyva H otyka Hadvóny TolcRva Bényci Bodrog Bodrog
(I) (io riv. riv. riv. riv. riv. (I) (и)

12.97 12.50 27.07 11.03 8.90 12.60 17.45 10.05 9.30
18.12 17.94 25.99 17.65 19.31 12.79 20.43 13.66 12.78

6.16 6.37 9.93 4.63 2.30 5.72 9.53 3.19 3.14
5.18 5.32 5.51 4.41 2.97 3.49 6.45 2.48 2.56

32.80 32.23 42.92 29.25 21.24 49.03 39.55 39.78 38.68
53.07 53.49 47.13 53.68 52.47 56.98 52.96 61.49 61.66

8.47 8.21 11.42 7.52 6.07 13.55 8.91 8.56 8.28
22.65 22.26 20.71 22.79 24.75 25.81 19.62 21.74 21.72

0.45 0.55 0.66 0.87 0.33 0.51 0.52 0.60 0.72
0.65 0.66 0.44 1.10 0.50 0.47 0.54 0.62 0.96

0.20 0.22 0.29 0.35 0.06 0.45 0.11 0.13 0.15
0.32 0.33 0.22 0.37 0.47 — — 0.32

61.05 60.08 92.29 53.65 38.90 81.86 76.07 62.31 60.27
99.99 100.00 100.00 100.00 100.00 100.01 100.00 99.99 100.00

129.63 126.37 174.92 104.57 57.32 194.24 154.03 147.88 140.68
70.67 71.13 63.08 64.53 47.47 75.89 69.61 77.07 76.24

34.10 31.76 40.42 33.34 46.72 34.48 34.63 23.16 24.09
23.67 22.68 18.46 26.04 48.99 17.18 19.89 15.29 16.50

5.59 6.13 27.37 8.61 2.45 9.77 12.79 8.50 7.85
5.33 5.84 16.92 9.06 3.54 6.68 9.94 7.64 7.26

0.25 0.27 2.37 0.25 0.09 0.40 0.67 0.03 0.03
0.33 0.34 1.54 0.37 — 0.24 0.55 —

169.57 164.53 245.08 146.77 106.58 238.89 202.12 179.57 172.65
100.00 99.99 100.00 100.00 100.00 99.99 99.99 100.00 100.00

230.62 224.61 337.37 200.42 145.48 320.75 278.19 241.88 232.92

64.71 62.38 49.93 44.57 41.07 47.02 71.29 15.92 14.23

295.33 286.99 387.30 244.99 186.55 367.77 349.48 257.80 247.15

2.13 2.07 2.87 1.71 0.94 3.18 2.53 2.42 2.30

6.54 6.40 8.64 5.82 4.37 9.98 7.59 7.54 7.32

5.85 5.72 7.77 4.80 2.63 8.88 6.89 6.74 6.46

11.23 11.80 6.12 10.67 11.55 9.34 10.54 7.14 7.57
7.85 7.95 7.41 7.46 7.66 7.60 7.71 7.47 7.50

7.88 8.00 7.42 7.41 7.64 7.59 7.73 7.49 7.54
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7. Hosdát

Table 11

1. 2. 3. 4.

N a  + p.p.m .
T h an ’s eq .%

10.0
8.79

9.8
9.07

dried up d ried  up

K  + p.p.m .
T h an ’s eq .%

5.8
3.07

5.7
3.16

C a + + p.p.m .
T h an ’s eq .%

55.38
56.44

54.37
57.17

d#o
я

M g+ + p.p.m .
T h an ’s eq .%

18.61
31.29

17.62
30.59

U
F e  + + p.p.m .

T h an ’s eq .%
0.43
0.4!

0.11

M n+ + p.p.m .
T h an ’s eq .%

0.00 0.00

T o ta l p.p.m .
T h an ’s eq .%

90.22
100.00

87.60
99.99

H C O 3 p.p.m .
T h an ’s e q .%

148.2
51.26

142.8
50.77

SO* ~ p.p.m .
T h an ’s eq .%

107.5
47.26

103.2
47.05

A
ni

on
s

C l- 

P 04 “

p.p.m .
T h an ’s eq .%  

p.p.m .
T h an ’s eq .%

2.6
1.48

0.07

3.7
2.19

0.06

T o ta l p.p.m .
T h an ’s eq .%

258.37
100.00

249.76
100.01

C atio n s -f" anions, p .p .m . 348.59 337.36

H 2S i0 3 , p .p .m 41.3 54.1

T o ta l d issolved substance, p .p .m . 389.89 391.46

A lk a lin ity , W ° 2.43 2.32

T o ta l  h a rd n e ss0 (G erm an scale) 12.03 11.66

C a rb o n a te  hardness" (G erm an  scale) 6.81 6.52

D isso lv ed  oxygen, p .p .m . 7.75 5.38

PH colorim etrica lly 7.7 6.95

РЛ e lec trica lly 7.55 6.94

A ir te m p e ra tu re , °C 24.1 22.0

W a te r  tem p e ra tu re , °C 21.5 18.7

D a te o f sam pling \ .  29. V I. 29. V II. 29. V I I I .  28.
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river

5. 6. 7. 8. 9. 10. 11. 12.

dried  u p 11.9 11.3 6.9 9.0 9.0 3.2 4.2
8.40 7.98 9.01 7.94 9.15 12.84 12.59

4.8 4.4 4.0 3.9 3.9 2.7 2.7
1.98 1.79 3.00 2.04 2.35 6.42 4.90

69.71 71.88 36.03 56.37 48.96 10.86 14.48
57.33 58.47 54.05 57.23 57.28 49.54 50.35

23.88 23.78 13.62 19.59 16.13 3.98 5.45
32.29 31.76 33.63 32.79 31.22 30.28 31.47

0.03 0.01
—

0.28
0.30

0.03 0.01 0.18
0.92

0.20
0.70

0.04 0.00 0.04 0.00 0.00 0.02 0.02

110.36 111.37 60.87 88.89 78.00 20.94 27.05
100.00 100.00 99.99 100.00 100.00 100.00 100.01

178.2 181.1 62.1 124.1 110.2 19.6 29.1
48.83 49.09 31.78 42.03 43.30 28.83 33.57

141.8 142.8 101.8 129.8 108.4 35.6 43.1
49.33 49.09 66.04 55.90 53.83 66.67 62.94

3.9 4.0 2.6 3.4 4.1 1.9 1.9
1.84 1.82 2.18 2.07 2.87 4.50 3.50

0.00 0.00 0.00 0.00 0.03 0.00 0.00
— — — — — — —

323.90 327.90 166.50 257.30 222.73 57.10 74.10
100.00 100.00 100.00 100.00 100.00 100.00 100.01

434.26 439.27 227.37 346.19 300.73 78.04 101.15

32.0 36.1 58.2 34.8 28.3 33.8 38.5

466.26 475.37 285.57 380.99 329.03 111.84 139.65

2.92 2.97 1.02 2.03 1.81 0.32 0.48

15.26 15.54 8.18 12.40 10.57 2.33 3.28

8.19 8.32 2.85 5.70 5.06 0.90 1.33

10.71 14.11 13.62 13.65 12.62 11.32 9.83

7.7 7.8 7.3 7.6 7.3 7.1 7.25

7.79 7.90 7.53 7.45 7.31 7.10 7.26

13.2 3.5 - 1 .1 0.1 - 2 . 5 10.7 12.5

9.3 1.8 0.0 0.3 0.7 6.7 12.6

IX . 28. X . 28. X I. 27. X II. 21. I. 27. I I .  25. I I I .  29. IV. 27.
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2. Csenkő

T a b l e  1 2

i- 2- 3. 4.

N a  + p.p.m . 12.3 14.9 » , 12.9
T h an ’s eq .% 9.67 10.03 9.05 9.61

К  + p.p.m . 7.2 8.8 8.7 7.6
T h an ’s eq .% 3.28 3.55 3.21 3.26

p.p.m . 59.88 70.76 75.50 63.44
•Л T h an ’s eq .% 54.56 54.48 55.04 54.20

_o
Mg * + p.p.m . 20.93 24.65 26.92 22.94

в T h an ’s eq .% 31.39 31.33 32.26 32.42

p.p.m . 1.52 0.91 0.47 0.49
T h an ’s eq .% 0.91 0.46 0.29 0.34

M n + + p.p.m . 0.37 0.29 0.20 0.15
T h an ’s eq .% 0.18 0.15 0.15 0.17

T o ta l p.p.m . 102.20 120.31 125.99 107.52
T h an ’s eq .% 99.99 100.00 100.00 100.00

H C O 3 p.p.m . 152.8 188.2 188.7 163.7
T h an ’s eq .% 46.64 48.66 46.05 47.10

s o ^ _ p.p.m . 129.5 148.8 166.5 136.6
T h an ’s eq .% 50.37 48.97 51.71 49.91

=
C l- p.p.m . 4.9 4.3 4.2 4.9

T h an ’s eq .% 2.61 1.90 1.79 2.46

P 0 7 — p.p.m . 0.51 0.94 0.96 0.88
T h an ’s eq .% 0.37 0.47 0.45 0.53

T o ta l p.p.m . 287.71 342.24 360.36 306.08
T h an ’s eq .% 99.99 100.00 100.00 100.00

C ations -j- an ions, p .p .m . 389.91 462.55 486.35 413.60

H 2S i0 3 , p .p .m . 77.0 84.5 81.9 81.4

Io ta d isso lved substance, p .p .m . 466.91 547.05 568.25 495.00

A lk a lin ity , W ° 2.50 3.08 3.09 2.68

T o ta l h a rd n e ss0 (G erm an scale) 13.20 15.58 16.76 14.16

C arb o n a te  h a rd n ess0 (G erm an scale) 7.01 8.64 8.67 7.52

D issolved oxygen , p .p .m . 8.68 7.54 8.41 8.95

Pj-j co lo rim etrica lly 7.8 7.8 7.9 7.9

PH e lec tr ica lly 7.74 7.80 7.92 8.01

A ir te m p e ra tu re , °C 24.3 26.5 24.5 23.3

W ate r te m p e ra tu re , °C 17.1 20.4 19.6 16.4

D ate of sam pling V. 29. V I. 29. V II. 29. V I I I .  28.
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river

5. 6. 7. 8. 9. 10. 11. 12

13.7 11.6 12.8 7.7 11.0 11.6 5.0 5.9
9.69 10.06 9.95 11.62 10.48 9.73 12.72 12.21
8.4 7.9 8.1 6.4 6.7 6.5 4.6 5.6
3.45 4.02 3.73 5.63 3.71 3.31 6.94 6.57

66.88 53.78 61.20 29.99 4 8 .9 6 56.88 18.10 22.41
54.84 53.92 54.17 52.82 53 .28 55.25 52.60 52.58
23.57 18.96 21.68 9.95 17.81 19.59 5.76 7.33
31.86 31.39 31.62 28.87 31 .88 31.32 27.17 28.17

0.40 0.56 0.52 0.53 0 .47 0.37 0.29 0.29
0.16 0.40 0.35 0.70 0 .4 4 0.19 0.58 0.47
0.11 0.22 0.24 0.26 0 .18 0.18 0.11 0.09
— 0.20 0.18 0.35 0 .22 0.19 —

113.06 93.02 104.54 54.83 85 .12 95.12 33.86 41.62
100.00 99.99 100.00 99.99 100.01 99.99 100.01 100 .00

172.5 135.8 157.7 67.8 124.1 125.4 38.0 51.9
47.40 45.98 46.32 40.07 4 6 .0 3 41.16 36.69 40 .87

143.1 116.8 135.5 72.0 106.2 131.5 46.4 54.2
49.92 50.10 50.63 54.15 50.11 55.02 57.40 54.33

4.8 5.9 5.7 5.7 5 .9 6.2 3.5 3.4
2.35 3.51 2.87 5.78 3 .85 3.61 5.92 4.81
0.72 0.76 0.40 0.15 0 .14 0.18 0.08 0.12
0.33 0.41 0.18 — 0.20

321.12 259.26 299.30 145.65 2 36 .34 263.28 87.98 109.62
100.00 100.00 100.00 100.00 9 9 .9 9 99.99 100.01 100.01

43 4 .1 8 352.28 403 .84 200.48 3 21 .46 358.40 121.84 1 51 .24
80 .9 77.0 77.0 68.6 70.7 69.2 49.9 55.1

5 15 .08 429.28 480 .84  , 269.08 392 .16 427.60 171.74 2 0 6 .3 4

2.83 2.23 2.58 1.11 2 .03 2.05 0.62 0.85
14.79 11.90 13.56 6.49 10.95 12.47 3.86 4.83

7.93 6.24 7.25 3.11 5 .70 5.76 1.75 2.38
9.52 9.94 13.01 13.00 13 .96 13.39 11.40 10.43
7.7 7.55 8.0 7.4 7.75 7.45 7.15 7.55
7.81 7.62 7.70 7.47 7 .7 5 7.42 7.23 7.50

18.1 14.6 3.5 0.9 0 .1 0.5 12.5 15.5
12.1 9.3 1.8 0.3 0.3 0 .0 5.4 11.6

I X . 28. X . 28. X I . 27. X I I . 21 . I . 27. 11. 25. I I I .29. I V . 27 .
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3. Gönc i

T ab le  13

1. 2. 3. 4.

N a  + p.p.m . 7.3 13.9 14.2 10.4
T h an ’s e q .% 15.92 17.54 12.42 17.51

K > p.p.m . 3.6 6.0 6.8 4 .6
T h an ’s eq .% 4.48 4.39 3.41 4.67

Ca + + p.p.m . 21.37 36 .24 57.75 2 6 .37
T h an ’s e q .% 52.74 52.63 57.72 50 .97

• 2 M g  + +
a

p.p.m . 6.47 10.38 15.82 8.38
T h an ’s e q .% 26.37 24.85 26.05 26.85

О
F e  + + p.p.m . 0.24 0.29 0.26 0 .10

T h an ’s e q .% 0.50 0.29 0.20 —

M n  + + p.p.m . 0.00 0.22 0.18 0.00
T h an ’s e q .% — 0 .29 0.20 —

T o ta l p.p.m . 38.98 67.03 95.01 49 .85
T h an ’s e q .% 100.01 99 .99 100.00 100 .00

H C 05- p.p.m . 70.3 146.3 258.0 76 .0
T h an ’s e q .% 57.79 73 .39 86.50 50.61

S O j- p.p.m . 37.8 34.9 24.4 54 .3
T h an ’s eq .% 39.70 22.32 10.43 45 .75

G

ю
т

у p .p.m . 1.7 4.7 5.0 2.7
T h an ’s e q .% 2.51 3.98 2.86 3.24

P O r -
p.p.m . 0.09 0.37 0.44 0 .24
T h an ’s eq .% 0.31 0.20 0 .40

T o ta l p.p.m .
T h an ’s eq .%

109.89
100.00

186.27
100.00

287.84
99.99

133 .24
100.00

C a tio n s  +  anions, p .p .m . 148.87 2 53 .30 382.85 183.09

H 2SiOg , p .p .m . 45.2 55.1 74.9 50.4

T o ta l  d isso lved  substance, p .p .m . 194.07 308 .40 457.75 2 33 .49

A lk a lin i ty , W ° 1.15 2.40 4.23 1.25

T o ta l  h a rd n e ss0 (G erm an scale) 4.48 7.46 11.73 5.62

C a rb o n a te  h a rd n ess0 (G erm an scale) 3.23 6.72 11.73 3.49

D isso lv ed  oxygen, p .p .m . 6.59 6.01 5.70 8.02

PH co lo rim etrica lly 7.3 7.05 7.1 8.35

PH e lec tr ica lly 7.43 7.09 7.14 8.44

A ir te m p e ra tu re °c 25.3 26.5 28.8 26.2

W a te r  tem p e ra tu re , °C 24.8 27.2 22.9 28.9

D a te  o f sam plin У V . 29. V I . 29. V I I . 29. V I I I . 28.
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river

5. 6. 7. 8. 1 9. 10. 11. 12.

9.0 8.4 8.2 4.6 6.2 6.3 3.3 4.0
15.79 17.62 15.86 16.00 14.29 15.43 14.29 15.32

4.0 3.2 2.9 2.1 2.5 2.4 1.5 2.0
4.05 3.81 3.08 4.00 3.17 3.43 4.08 4.50

26.55 21.20 23.79 13.27 20.51 19.31 10.51 11.89
53.44 50.48 52.42 52.80 54.50 54.86 53.06 53.15

8.07 7.12 7.86 4.08 6.39 5.66 3.35 3.70
26.72 28.10 28.63 26.40 27.51 26.29 28.57 27.03

0.10 0.06 0.09 0.17 0.17 0.04 0 .10 0.08
— — — 0.80 0.53 —

0.02 0.00 0.00 0.00 0.07 0.00 0.02 0.00

47 .74 39.98 42 .84 24.22 35.84 33.71 18.78 21.67
100.00 100.01 99 .99 100.00 100.00 100.01 100.00 100.00

80.7 55.7 62.7 24.1 51.3 47.5 16.5 22.8
53.23 45.27 46.19 32.77 45.41 44.32 26.47 31.36

52.0 49.4 53.8 36.6 45.2 43.1 34.0 36.6
43.55 51.24 50.22 63.87 50.81 51.14 69.61 64.41

2.9 2.6 2.8 1.3 2.4 2.8 1.4 1.8
3.22 3.48 3.59 3.36 3.78 4.54 3.92 4.24

0.02 0.06 0.06 0.00 0.06 0.03 0 .00 0.00

135.62 107.76 119.36 62.00 98 .96 93.43 51.90 61.20
100.00 99.99 100.00 100.00 100.00 100.00 100.00 100.01

183.36 147.74 162.20 86.22 134.80 127.14 70.68 82.87

51.0 46.0 44.7 57.2 52.8 48.9 37.7 47.1

234 .36 193.74 206 .90 143.42 187.60 176.04 108.38 129.97

1.32 0.91 1.03 0.39 0.84 0.78 0.27 0.37

5.57 4.61 5.14 2.80 4.34 4.00 2 .24 2.56

3.71 2.56 2.88 1.11 2.36 2.18 0 .76 1.05

9.26 11.30 14.36 12.89 14.04 13.13 11.37 9.49

7.7 8.3 8.3 7.1 7.3 7.15 7.0 7.15

7.89 8.32 8.25 7.20 7.30 7.20 7.06 7.26

20.7 15.4 4.0 - 0 . 6 1.1 0 .0 11.8 14.8

20.2 13.4 1.8 1.2 0 .1 0.2 6.8 13.5

I X . 28. X . 28. X I . 27. X I I . 21. I . 27. I I . 25. I I I . 29. I V . 27.
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4. Tekeres

Table 14

1. 2- 3. 4.

N a + p.p.m .
T h an ’s e q .%

10.3
13.27

d ried  u p dried  up 11.7
14.96

к + p.p.m .
T h an ’s e q .%

7.8
5.90

8.4
6.16

tu
Ca + + p.p.m .

T h an ’s e q .%
35.99
53.10

34.65
50.73

Я Mg + + p.p.m .
T h an ’s e q .%

11.30
27.43

11.73
28.15

F e  + + p.p.m .
T h an ’s e q .%

0.30
0.30

0.00

M n + + p.p.m .
T h an ’s e q .%

0.00 0.00

T o ta l p.p.m .
T h an ’s e q .%

65.69
100.00

66.48
100.00

H CO3 p.p.m . 145.0 133.6
T h an ’s e q .% 71.69 65.18

S O p p.p.m . 34.3 42.6
T h an ’s e q .% 21.69 26.49

I  C l- p.p.m . 7.6 9.5
T h an ’s e q .% 6.32 8.03

p
1 i p .p.m . 0.44 0.40

'l'h an ’s e q .% 0.30 0.30

T o ta l p.p.m . 187.34 186.10
T h an ’s e q .% 100.00 100.00

C atio n s -p anions, p .p .m . 253.03 252.58
HoSiO j , p .p .m . 41.3 50.4

T o ta l dissolved substance, p .p .m . 294.33 302.98

A lk a lin ity , W ° 2.38 2.19

T o ta l  h a rd n ess  (G erm an scale) 7.64 7.55

C a rb o n a te  hardness (G erm an  scale) 6.66 6.14

D isso lved  oxygen, p .p .m . 7.33 8.22
р ц  co lorim etrically 7.7 7.55
pj-j e lec trica lly 7.74 7.61

A ir tem p e ra tu re , C 24.5 27.2

W a te r  tem p era tu re , C 18.2 20.5

D a te  o f  sam pling V. 29. V I. 29. V II. 29. V II I .  28.
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5. 6. 7. 8. 9. 10.
11

12.

11.0 12.0 10.8 7.0 9.9 8.4 5.5 6.6
13.91 15.43 13.47 14.35 13.23 12.63 14.20 14.87

7.7 6.8 5.9 4.2 5.0 4.5 3.0 3.3
5.80 5 .04 4 .30 5.26 4.00 3.86 4.73 4.10

35.17 35.17 37 .06 21.55 34.82 31.03 17.75 20.68
51.01 51 .93 53.01 51.20 53.23 54.39 52.66 52.82

12.26 11.31 12.47 7.33 11.73 10.05 5.87 6.70
29.28 27 .60 29.23 28.71 29.54 29.12 28.40 28.21

0.00 0.08 0.02 0.32 0.06 0.02 0.12 0.13
— — — 0.48 — — —

0.00 0 .00 0 .00 0.00 0.00 0.00 0.00 0.00

66.13 65 .36 66.25 40.40 61.51 54.00 32.24 37.41
100.00 100.00 100.01 100.00 100.00 100.00 99.99 100.00

140.2 133.0 150.4 53.2 120.3 101.9 44.3 55.1
66.67 66 .46 70.69 43.72 61.95 60.29 42.20 47.37

42.1 39.1 34.8 46.5 43.4 41.7 42.6 43.6
25.51 24 .70 20.69 48.74 28.30 31.41 51.44 47.89

9.4 10.0 10.3 5.3 10.8 8.3 3.9 3.3
7.54 8 .54 8 .33 7.54 9.75 8.30 6.36 4.74

0.41 0 .16 0 .16 0.00 0 .14 0.14 0 .04 0.01
0.29 0 .30 0 .29 — ■ — — —

192.11 182.26 195.66 105.00 174.64 152.04 90 .84 102.01
100.01 100.00 100.00 100.00 100.00 100.00 100.00 100.00

258.24 247 .62 261.91 145.40 236.15 206.04 123.08 139.42

37.7 40 .0 34.3 72.5 41.1 38.7 46.3 50.2

295.94 287 .62 296.21 217.90 277.25 2 44 .74 169.38 189.62

2.30 2.18 2 .46 0.87 1.97 1.67 0.73 0.90

7.74 7.53 8 .06 4.70 7.58 6.66 3 .84 4.44

6.45 6.11 6.91 2.44 5.53 4.69 2 .04 2.53

10.11 10.44 12.78 12.42 13.77 13.50 11.04 9.26

7.7 8.1 7.9 7.5 7.7 7.6 7.3 7.9

7.61 8.11 8.04 7.52 7.70 7.62 7.52 8.07

22.9 16.6 7.0 1.3 0.7 1.1 12.4 14.9

17.3 12.3 5.2 2.5 0 .6 0.2 7.8 14.5

I X . 28. X . 28. X I . 27. X I I . 21. I . 27. I I . 25. I I I . 29. IV . 27.
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Table 1 5

5 .  Aranyos

1. 2. 3. 4.

N a  + p.p.m . 10.9 d ried  up dried  up 15.7
T han’s e q .% 14.20 14.78

К  +
p.p.m . 3.8 5.1
T han’s e q .% 3.02 2.83

Ca + +
p.p.m . 35.56 48.27
T h an ’s e q .% 53.47 52.39

До M g + + p.p.m . 11.51 16.76
T han’s e q .% 28.70 30.00

U
F e + + p.p.m . 0.47 0.02

T han’s e q .% 0.60 —

M n + +
p.p.m . 0.00 0.00
T han’s e q .% — —

T o ta l p.p.m . 62.24 85.85
T han’s eq .% 99.99 100.00

H C .O “ p.p.m . 146.3 195.7
T han’s eq .% 74.77 72.62

s o r - p.p.m . 33.5 48.0
T han’s e q .% 21.81 22.62

—о C l- p.p.m . 3.8 7.6
*0 T han’s e q .% 3.43 4.75

"d 0
1 1 1 p .p.m . 0.14 0.06

T han’s e q .% — —

T o ta l p.p.m . 183.74 251.36
T han’s e q .% 100.01 99.99

C a tio n s  +  anions, p.p.m . 245.98 337.21

H 2SiO 3 > P-P.m . 57.7 71.5

T o ta l d isso lved  substance, p .p .m . 303.68 408.71

A lk a lin ity , W ° 2.40 3.21

T o ta l h a rd n e ss  (Germ an scale) 7.62 10.62

C a rb o n a te  hardness (G erm an scale) 6.72 8.99

D isso lv ed  oxygen, p.p.m. 8.44 7.06

PH co lo rim etrica lly 7.7 7.5

PH e le c tr ica lly 7.81 7.52

A ir te m p e ra tu re . c° 25.0 23.9

W a te r  tem p era tu re , C 16.5 17.9

D a te o f sam pling V. 28. V I. 27. V II. 29. V II I .  28.
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river
—

5. 6. - 8. 9. 10. 11. 12.

14.9 12.8 12.4 8.8 9.4 9.8 5.9 6.2
14.61 14.21 13.88 14.73 13.31 13.92 15.20 14.14

4.7 4.1 3.7 3.0 3.0 3.0 2.5 2.7
2.70 2.54 2.31 3.10 2.60 2.59 3.51 3.66

47.92 41.72 41.89 27.41 33.96 34.48 18.44 20.86
53.71 52.79 53.73 53.10 54.87 55.66 53.80 54.45

15.71 14.56 14.25 9.01 11 .0 0 10.48 5.76 6.49
28.99 30.46 30.08 28.68 29.22 27.83 27.49 27.75

0.02 0.02 0.01 0.37 0.02 0.03 0.13 0.14
— 0.39 —

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 .00

83.25 73.20 72.25 48.59 57.38 57.79 32.73 36 .39
100.01 100.00 100 .00 100.00 100.00 100.00 100.00 100.00

206.7 180.8 185.5 84.2 129.2 125.4 42.4 52.6
78.65 76.49 79.37 55.65 71.38 68.79 40.70 44 .79

35.1 35.9 30.1 48.2 34.8 38.3 45.4 47.5
16.94 19.38 16.45 40.32 24.58 26.85 55.23 51 .56

6.8 5.8 5.7 3.6 4.3 4.6 2.4 2.4
4.41 4.13 4.18 4.03 4.04 4.36 4.07 3.65

0.09 0.03 0.03 0.00 0.00 0.05 0.02 0.01

248.69 222.53 221 .33 136.00 168.30 168.35 90.22 102.51
100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

331.94 295.73 293.58 184.59 225.68 226.14 122.95 138.90

55.1 54.9 53.0 88.7 48.4 49.7 53.6 48.6

387.04 350.63 346 .58 273.29 274.08 275.84 176.55 187.50

3.39 2.96 3.04 1.38 2.12 2.05 0.70 0.86

10.33 9.19 9.14 5.91 7.29 7.24 3.91 4.42

9.50 8.31 8.53 3.87 5.94 5.76 1.95 2.41

7.88 9.46 12.16 12.20 14.00 13.33 11.09 10.10

7.5 7.65 7.7 7.5 7.7 7.5 7.3 7.55

7.54 7.66 7.72 7.51 7.73 7.52 7.30 7.42

22.8 13.7 4.3 1.1 0.8 - 0 . 3 10.5 14.6

14.4 10.7 4.8 2.7 1.1 0.4 6.5 12.2

I X . 28. X . 28. X I . 27. X I I . 21. I . 27. I I . 25. I I I . 29. I V . 27.
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Table 16

6. Szerencs

1. 2. 3. 4-

N a + p.p.m . 34.8 33.0 32.7 34.0
T h an ’s e q .% 25.17 24.74 21.07 21.51

К  + p.p.m . 11.2 10.8 10.9 10.6
Thanks eq .% 4.83 4.84 4.15 4.07
p.p.m . 45.60 44.62 59.30 61.20

СЙ T h an ’s eq .% 37.83 38.41 43.92 44.33

Mg + + p.p.m . 23.29 22.39 25.14 25.03

C
at T h an ’s e q .% 31.83 31.83 30.56 29.94

F e  + + p.p.m . 0.50 0.21 0.41 0.22
T h an ’s eq .% 0.33 0.17 0.15 0.15

M n + + p.p.m .
T h an ’s e q .%

0.13 0.04 0.18
0.15

0.11

T o ta l p.p.m . 115.52 111.06 128.63 131.16
T h an ’s eq .% 99.99 99.99 100.00 100.00

HCO-3 p.p.m . 268.5 270.4 326.4 338.1
T h an ’s eq .% 75.08 78.55 81.55 82.32

SOj — p.p.m . 41.6 34.8 34.9 34.8
T h an ’s eq .% 14.85 12.77 11.13 10.85

О Cl p.p.m . 20.6 17.0 16.6 16.1
T h an ’s eq .% 9.90 8.51 7.16 6.69

PO-4—
p.p.m . 0.33 0.28 0.29 0.24
T h an ’s eq .% 0.17 0.18 0.15 0.15

T o ta l p.p.m . 331.03 322.48 378.19 389.24
T h an ’s eq .% 100.00 100.01 99.99 100.01

C atio n s -f- anions, p .p.m . 446.55 433.54 506.82 520.40
H 2S i0 3 , p .p .m . 62.7 47.6 64.7 76.7
T o ta l  d isso lved substance, p .p .m . 509.25 481.14 571.52 597.10

A lk a lin ity , W ° 4.40 4.43 5.35 5.54
T o ta l h a rd n ess (G erm an scale) 11.74 11.40 14.09 14.33
C a rb o n a te  hardness (G erm an scale) 11.74 11.40 14.09 14.33
D isso lv ed  oxygen, p.p.m . 11.81 11.91 11.30 8.07
PH co lo rim etrica lly 8.5 8.5 8.25 8.25
PH e lec trica lly 8.58 8.51 8.23 8.31
A ir te m p e ra tu re , °C 23.6 27.1 28.1 25.0
W a te r  tem p e ra tu re , °C 26.7 29.6 25.7 25.2
D a te o f  sam pling V. 28. V I. 27. V II. 29. V II I .  28.

Acta Geologica Academiae Scientiarum Hungaricae 12, 1968



I l  Y  D K O C H E M I C A L  I N V E S T I G A T I O N S  I N  T H E  T O K A J  M O U N T A I N S 1 4 5

river

5. 6. 7. 8. 9. 10. n . 12.

32.6
20.67

31.1
18.70

30.9
18.23

12.8
14.81

24.2
17.02

29.5
18.50

11.3
16.44

11.7
15.36

10.5
3.93

9.9
3.46

9.9
3.40

5.1
3.44

8.4
3 .40

9.0
3.32

3.8
3.36

4.3
3.31

61.88
44.98

69.81
48.20

72.74
49 .39

40.34
53.17

6 3 .26
51.22

70.33
50.72

32.41
54.36

36.03
54.22

25.35
30.28

25.98
29.50

25.66
28.71

12.78
27.78

2 1 .16
28 .20

23.05
27.31

9.32
25.50

10.79
26.81

0.15
0.14

0.36
0.14

0.42
0.14

1.02
0.79

0 .20
0 .1 6

0.27
0.14

0.32
0.34

0 .29
0 .3 0

0.08 0.11 0.15
0.14

0.15 0 .07 0.04 0.07 0 .07

130.56
100.00

137.26
100.00

139.77
100.01

72.19
99.99

117.29
100.00

132.19
99.99

57.22
100.00

63 .18
100 .00

331.8
80.35

324.2
80.22

348.9
80.45

131.7
59.02

271.0
73 .39

322.9
78.25

106.4
59.79

125.4
63 .38

36.4
12.85

46.7
13.60

44.9
13.22

60.3
34.43

56.3
19.34

46.8
14.50

47.7
34.02

48 .7
31 .08

15.8
6.65

15.0
5.89

15.7
6.19

8.2
6.28

14.8
6 .94

16.8
6.95

6.0
5.84

6 .3
5 .5 4

0.40
0.15

0.52
0.28

0 .34
0.14

0.32
0.27

0 .52
0 .3 3

0.48
0.30

0.18
0.34

0 .08

384.40
100.00

386.42
99.99

409 .84
100.00

200.52
100.00

342.62
100 .00

386.98
100.00

160.28
99.99

180.48
100 .00

514.96 523.68 549.61 272.71 459.91 519.17 217.50 2 4 3 .6 6
65.5 66.0 68.4 63.7 63.7 67.9 52.0 45.2

580.46 589.68 618.01 336.41 5 23 .61 587.07 269.50 2 8 8 .8 6

5.44 5.31 5.72 2.16 4 .4 4 5.29 1.74 2 .0 6
14.50 15.75 16.09 8.59 13.73 15.15 6.68 7 .53
14.50 14.90 16.03 6.05 12.45 14.84 4.89 5 .7 6
10.97 11.85 12.84 12.53 13.14 13.44 10.89 10.71

8.4 7.9 8.0 7.55 7.75 7.8 7.6 7.65
8.51 7.88 7.84 7.57 7 .76 7.73 7.62 7 .64

20.5 11.0 2.0 1.2 1.2 - 4 . 8 10.2 10.2
19.0 9.0 4.0 1.7 2.7 0.0 7.8 9 .9

I X . 28. X . 29. X I . 28. X I I . 22. I . 28. 11. 26. I I I . 30. I V . 28.
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Table 17

7. Bózsua

1. 2. 3. 4.

p.p.m . 12.8 17.1 19.3 15.2
T h an ’s eq .% 18.01 19.02 20.79 19.76

К  + p.p.m .
T h an ’s eq .%

5.8
4.82

7.6
4.88

8.0
4.95

6.4
4.79

Ca + + p.p.m .
T h an ’s eq .%

32.88
52.73

40.73
52.19

41.89
51.73

36.37
54.19

III
M g + + p.p.m . 8.83 10.70 10.89 8.59

T h an ’s eq .% 23.47 22.62 22.03 20.96
о

F e  + +
p.p.m .
T h an ’s eq .%

0.51
0.64

0.91
0.77

0.44
0.50

0.31
0.30

M n + + p.p.m .
T h an ’s eq .%

0.22
0.32

0.45
0.51

0.13 0.09

T o ta l p.p.m .
T h an ’s eq .%

61.04
99.99

77.49
99.99

80.65
100.00

66.96
100.00

HCOj- p.p.m . 136.1 179.8 202.6 155.4
T han’s eq .% 73.60 78.67 84.05 77.51

s o r p.p.m .
T h an ’s eq .%

31.5
21.78

29.8
16.53

21.0 
11.14

27.8
17.63

c
C l- p.p.m . 4.6 5.8 5.9 5.5

T h an ’s eq .% 4.29 4.27 4.30 4.86

P O :
p.p.m .
T h an ’s eq .%

0.38
0.33

0.66
0.53

0.68
0.51

0.08

T o ta l p.p.m . 172.58 216.06 230.18 188.78
T h an ’s eq .% 100.00 100.00 100.00 100.00

C atio n s +  anions, p .p .m . 233.62 293.55 310.83 255.74

H 2SiO s, p .p .m . 61.6 68.4 68.4 75.9

T o ta l d isso lved substance, p .p .m . 295.22 361.95 379.23 331.64

A lk a lin ity , W ° 2.23 2.95 3.32 2.55

T o ta l h a rd n ess (G erm an scale) 6.63 8.16 8.37 7.07

C a rb o n a te  hardness (G erm an scale) 6.26 8.16 8.37 7.07

D isso lv ed  oxygen, p .p .m . 7.90 9.17 11.63 12.15

PH co lo rim etrica lly 8.0 7.7 8.55 8.35

PH e le c tr ica lly 8.29 7.72 8.58 8.41

A ir te m p e ra tu re , C 23.3 26.1 25.2 18.0

W a te r  tem p e ra tu re , C 21.6 24.4 21.2 16.4

D a te o f  sam pling V. 27. V I. 26. V II. 31. V I I I .  31.
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river I

5. 6. 7. 8. 9. 10. 11. 12.

16.0 12.9 13.3 и л 11.5 12.3 6.5 7.6
20.05 17.95 18.24 15.89 16.50 17.21 16.28 17.37

7.3 6.4 5.7 6.0 6.1 5.5 4.2 4.9
5 .44 5.45 4.72 4.97 5.28 4.55 6.40 6.84

36.03 32.75 33.18 33.44 33.10 33.79 19.13 20.34
51.58 52.24 52.20 55.30 54.46 54.55 55.23 53.16

9.32 8.90 9.27 8.59 8.38 8.59 4 .50 5.13
22.06 23.40 23.90 23.18 22.77 23.05 21.51 22.10

0.49 0.56 0.54 0.39 0.53 0.27 0.26 0.24
0.57 0.64 0.63 0.33 0.66 0.32 0.58 0.53

0 .26 0.26 0.20 0.22 0.22 0.15 0.07 0.11
0.29 0.32 0.31 0.33 0.33 0.32 — —

69.40 61.77 62.19 59.74 59.83 60.60 34.66 38.32
99.99 100.00 100.00 100.00 100.00 100.00 100.00 100.00

161.5 128.5 133.9 104.5 119.0 119.7 50.0 64.6
7 7 .2 6 69.41 70.06 58.97 65.44 66.44 49 .10 55.50

29.5 35.3 36.8 47.5 39.9 38.8 35.4 35.9
17.78 24.34 24.52 34.14 27.85 27.46 44.31 39.27

5.5 6.2 5.7 7.2 6.9 6.3 3.8 3.7
4 .66 5.92 5.10 6.90 6.38 6.10 6.59 5.23

0 .36 0.16 0.26 0.03 0.22 0.08 0 .03 0.02
0.29 0.33 0.32 — 0.33 — —

196.86 170.16 176.66 159.23 166.02 164.88 89.23 104.22
99.99 100.00 100.00 100.01 100.00 100.00 100.00 100.00

266.26 231.93 238.85 218.97 225.85 225.48 123.89 142.54

70.2 69.7 65 .0 67.3 56.4 64.2 54.3 55.1

336.46 301.63 303.85 286.27 282.25 289.68 178.19 197.64

2.65 2.11 2.20 1.71 1.95 1.96 0.82 1.06

7.19 6.63 6.78 6.66 6.56 6.71 3.72 4.03

7.19 5.91 6.15 4.80 5.47 5.50 2.30 2.97

9 .56 12.28 12.13 12.66 13.14 12.07 11.09 10.97

7.8 7.6 7.8 7.55 7.65 7.5 7.35 8.3

7.79 7.71 7.77 7.49 7.68 7.40 7.38 8.29

18.9 9.7 9.8 0.7 3.0 - 1 . 6 9.0 12.7

14.5 6.5 5.9 0.0 1.3 0.0 7.4 14.8

I X . 30. X . 30. X I . 30. X I I . 23. I . 30. I I . 27. 111. 31. I V . 29.
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8. Bózsva

Table 18

1. 2. 3. 4.

N a  + p.p.m .
T h an ’s e q -%

13.0
17.95

16.0
19.44

17.6
20.27

14.1
18.65

K  + p.p.m . 6.7 9.1 9.4 7.2
T h an ’s e q -% 5.45 6.48 6.40 5.50

Ca + + p.p.m . 33.31 36 .50 38.18 35.17
X T h an ’s e<T  0 53.21 51.27 50.67 53.52
О

Ö
M g + + p.p.m .

T h an ’s e q -%
8.46

22.44
9 .23

21.41
9.79

21.33
8.80

22.02

F e  + + p.p.m . 0.55 0.91 0.77 0.38
T h an ’s e q -% 0.64 0 .84 0.80 0.31

M n + + p.p .m .
eq-%

0.22 0.51 0.61 0.13
T h an ’s 0.32 0 .56 0.53 —

T o ta l p.p.m . 62.24 72.25 76.35 65.78
T h an ’s e q -% 100.01 100 .00 100.00 100.00

11CO3 p.p.m . 138.0 163.0 181.1 153.2
T h an ’s e q -% 74.10 78 .76 82.04 78.44

S0 7 - p .p .m . 28.8 25.5 20.6 23.9
X T h an ’s e q -% 19.67 15.63 11.88 15.63
О

C l- p.p.m . 6.0 6.0 7.2 6.4
45 T h an ’s e q -% 5.57 5.01 5.52 5.63

P O r - p.p .m . 0.72 0.48 0.76 0.24
T h an ’s e q -% 0.66 0 .59 0.55 0.31

T o ta l p.p.m . 173.52 194.98 209.66 183.74
T h an ’s e q -% 100.00 99 .99 99.99 100.01

C ations -f- anions, p .p .m . 235.76 267 .23 286.01 249.52

H 2S i0 3, p .p .m . 57.7 71.2 59.0 70.5

T o ta l d issolved substance, p .p .m . 293.46 338 .43 345.01 320 .02

A lk a lin ity , W ° 2.26 2.67 2.97 2.51

T o ta l  h a rd n ess  (G erm an scale) 6.61 7.23 7.60 6.95

C a rb o n a te  hardness (G erm an  scale) 6.34 7.23 7.60 6.95

D isso lved  oxygen, p .p .m . 9.81 10.32 11.94 10.01

PH colorim etrica lly 8.4 8.0 8.55 8.15

PH elec trica lly 8.49 8.09 8.58 8.21

A ir te m p e ra tu re °c 23.5 30.3 26.0 16.3

W a te r  tem p e ra tu re , °C 26.8 27.3 25.3 15.1

D ate o f sam pling V . 27. V I . 26. V I I . 31. V I I I . 31.
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river II.

5. 6. 7. 8. 9. 10. 11. 12.

14.9 13.1 13.3 10.6 11.4 11.9 6.8 7.3
19.35 18.27 18.24 15.07 16.33 17.81 15.87 15.84

7.1 6.4 5.8 5.7 5.2 4.9 4.3 4.6
5.36 5.13 4.72 5.14 4.33 4.11 5.82 5.94

35.34 33.10 33.10 32.58 33.10 32.23 21.89 22.24
52.38 52.88 51.89 55.48 55.00 55.14 57.67 54.95

9.11 8.59 9.32 8.27 8.69 8.06 4.50 5.65
22.32 22.44 24.21 23.29 23.67 22.60 19.58 22.77

0.37 0.79 0.63 0.67 0.39 0.27 0.53 0.34
0.30 0.96 0.63 0.68 0.33 0.34 1.06 0.50

0.15 0.15 0.15 0.26 0.15 0.07 0.13 0.11
0.30 0.32 0.31 0.34 0.33 — — —

66.97 62.13 62.30 58.08 58.93 57.43 38.15 40.24
100.01 100.00 100.00 100.00 99.99 100.00 100.00 100.00

152.0 128.5 135.2 101.3 120.3 114.0 59.5 70.3
76.15 71.04 71.38 59.07 67.47 66.55 52.97 58.67

28.3 32.8 33.8 45.0 36.4 35.8 36.6 33.6
18.04 22.90 22.51 33.45 26.03 26.69 41.08 35.71

6.2 6.5 6.4 7.3 6.9 6.7 4.0 4.0
5.50 6.06 5.79 7.47 6.51 6.76 5.95 5.61

0.32 0.14 0.16 0.14 0.08 0.12 0.06 0.01
0.31 — 0.32 — — — — —

186.82 167.94 175.56 153.74 163.68 156.62 100.16 107.91
100.00 100.00 100.00 99.99 100.01 100.00 100.00 99.99

253.79 230.07 237.86 211.82 222.61 214.05 138.31 148.15

62.4 70.5 58.5 68.9 57.2 60.1 55.4 57.2

316.19 300.57 296.36 280.72 279.81 274.15 193.71 205.35

2.49 2.11 2.22 1.66 1.97 1.87 0.98 1.15

7.05 6.61 6.78 6.47 6.63 6.37 4.10 4.42

6.98 5.91 6.21 4.65 5.53 5.24 2.74 3.23

10.97 12.50 13.16 13.56 13.14 13.62 11.30 11.24

8.5 8.1 8.05 7.6 7.65 7.3 7.4 7.75

8.68 8.29 8.05 7.56 7.68 7.30 7.40 7.70

20.1 10.0 9.9 0.4 2.0 - 2.0 9.7 13.6

18.2 9.8 6.0 0.0 0.0 0.0 7.0 10.2
IX . 30. X . 30. X I. 30. X II .  23. I. 30. II . 27. I I I .  31. IV . 29.
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9. R o n y  va

Table 19

2 . 3. 4 .

N a + p.p.m . 20.4 27.8 76.5 29.5
T han’s e q - % 19.87 24.49 38.28 28.96

K > p.p.m . 8.2 11.9 22.6 11.8
T han’s e q - % 4.69 6.12 6.67 6.79

Ca + + p.p.m . 45.94 47.29 66.88 39.82
If) T han’s e q - % 51.12 48.16 38.39 45.02
о

M g + + p.p.m . 12.51 12.17 16.76 9.74
CŰ

О
T han’s e q - % 22.99 20.41 15.86 18.10

F e  + + p.p.m . 1.12 0.80 0.71 1.11
T han’s e q . ° 0 0.89 0.61 0.34 0.90

M n+ + p.p.m . 0.43 0.31 1.24 0.41
T han’s e q - % 0.44 0.20 0.46 0.23

T o ta l p.p.m .
T han’s e q - %

88.60
100.00

100.27
99.99

184.69
100.00

92.38
100.00

H C O j p.p.m . 203.9 193.8 339.4 176.3
T h an ’s e q - % 74.06 65.43 62.12 63.94

S O - - p.p.m . 30.6 41.6 31.5 36.1
T han’s e q - % 14.19 17.90 7.37 16.59

О C l- p.p.m . 17.8 27.0 81.8 27.9
"S T han’s e q - % 11.09 15.64 25.81 17.48

РО Г
p.p.m . 0.91 1.45 13.20 2.80
T han’s e q - % 0.66 1.03 4.69 1.99

T o ta l p.p.m . 253.21 263.85 465.90 243.10
T han’s e q - % 100.00 100.00 99.99 100.00

C a tio n s  -f- anions, p.p.m . 341.81 364.12 650.59 335.48

H jS iO 3, p .p .m . 26.5 37.2 60.1 55.9

T o ta l d isso lved  substance, p .p .m . 368.31 401.32 710.69 391.38

A lk a lin i ty , W ° 3.34 3.18 5.56 2.89

T o ta l  h a rd n e ss  (German cale) 9.31 9.42 13.22 7.82
C a rb o n a te  hardness (G erm an scale) 9.31 8.90 13.22 7.82

D isso lv ed  oxygen, p.p.m . 6.83 3.52 14.71 0.86
pj-l co lo rim etrica lly 7.7 7.2 8.1 7.15

PH e le c tr ica lly 7.77 7.13 8.13 7.22

A ir te m p e ra tu re °c 23.4 30.4 26.1 29.5

W a te r tem p e ra tu re , °C 23.5 26.6 22.0 19.8

D a te of sam pling V. 27. V I. 28. V II. 30. V II I .  29.
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river

s . 6. 7. 8. 9. 10. 11. 12.

34.0 25.7 28.3 15.3 22.2 26.4 8.7 10.1
30.71 24.83 24.60 17.91 21.27 25.05 16.81 16.54

13.2 1 0 .0 9.5 7.6 8.5 7.4 3.8 4.7
7.05 5.76 4.80 5.23 4.82 4.14 4.42 4.51

42.75 42.92 48.78 36.89 46.03 44.82 24.82 28.10
44.40 47.45 48.60 50.69 50.44 48.80 54.87 52.63

10.16 11.73 13.20 11.21 12.88 12.15 6.28 8.27
17.22 21.29 21.60 25.34 23.25 21.79 23.01 25.56

0.54 0.51 0.64 0.72 0.30 0.21 0.57 0.67
0.41 0.44 0.40 0.83 0.22 0.22 0.88 0.75

0.18 0.18 0.11 0.13 0.11 0.11 0.09 0.13
0.21 0.22 — — —

100.83 91.04 100.53 71.85 90.02 91.09 44.26 51.97
100.00 99.99 100.00 100.00 100.00 100.00 100.00 99.99

190.0 168.1 215.9 113.3 155.8 177.3 71.6 93.7
62.32 62.44 68.21 53.45 58.35 62.99 52.47 59.69

35.8 38.3 40.6 54.7 53.7 45.9 39.3 36.9
15.03 18.10 16.18 32.76 25.63 20.78 36.77 29.84

35.8 28.8 26.8 16.2 23.4 25.0 8.5 9.5
20.24 18.33 14.64 13.22 15.10 15.37 10.76 10.47

3.80 1.52 1.60 0.48 1.14 1.33 0.14 0.10
2.40 1.13 0.96 0.57 0.92 0.87 —

265.40 236.72 284.90 184.68 234.04 249.53 119.54 140.20
99.99 100.00 99.99 100.00 100.00 100.01 100.00 100.00

366.23 327.76 385.43 256.53 324.06 340.62 163.80 192.17

58.2 54.6 47.6 62.7 61.2 49.7 44.2 41.3

424.43 382.36 433.03 319.23 385.26 390.32 208.00 233.47

3.11 2.76 3.54 1.86 2.55 2.91 1.17 1.54

8.32 8.71 9.87 7.74 9.41 9.07 4.92 5.84

8.32 7.73 9.87 5.21 7.16 8.15 3.29 4.31

2.60 3.30 1.32 9.51 6.61 4.46 10.58 9.11

7.25 7.3 7.3 7.3 7.4 7.2 7.45 7.55

7.44 7.28 7.28 7.41 7.42 7.10 7.40 7.45

22.3 11.5 9.4 - 0.8 2.4 - 1.2 14.2 14.9

15.0 9.9 4.2 0.0 0.1 0.0 8.0 11.3

IX . 29. X . 30. X L  30. X I I .  23. I. 30. II . 26. I I I .  30. IV. 29.
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Table 20

10. H otyka

1. 2. 3. 4.

N a + p.p.m . 16.3 d ried  u p d rie d  u p  dried  up
T h an ’s eq .% 15.85

к  + p.p.m . 10.5
T han’s eq .% 6.03

Ca + + p.p.m . 44.13
CD T han’s eq .% 49.11
О M g + + p.p.m . 12.93
Л T h an ’s eq .% 23.66

'w
F e  + + p.p.m . 4.61

T han’s eq .% 3.57
M n + + p.p.m . 2.16

T han’s eq .% 1.78
T o ta l p.p.m . 90.63

T h an ’s eq .% 100.00

H C O 7 p.p.m . 210.9
T h an ’s eq .% 77.93

S O ; " p.p.m . 26.2
T han’s eq .% 12.39

Й Cl p.p.m . 14.5
T h an ’s eq .% 9.23

P O r p.p.m . 0.56
T h an ’s eq .% 0.45

T o ta l p.p.m . 252.16
T h an ’s eq .% 100.00

C ations -f- anions , p.p.m . 342.79
II,S iO 3, p .p .m . 12.2
T ota l d isso lved  substance, p .p .m . 354.99

A lk a lin ity , W ° 3.46
T o ta l h a rd n e ss  (Germ an scale) 9.10
C arb o n a te  ha rd n ess (G erm an scale) 9.10
D isso lved  oxygen , p .p.m . 0.16
PH co lo rim etrica lly 7.4
PH e lec tr ica lly 7.22
A ir te m p e ra tu re , °c 16.5
W ater te m p e ra tu re , C 19.5
D ate  o f sam p lin g V. 27. VI. 26. VII. 30. VIII. 29.
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river

5. 6.
7'

8. 9. 10. 11. 12.

dried up 15.0 9.0 11.5 12.0 7.2 6.2
18.90 19.50 18.32 17.57 17.32 16.77
4.7 3.3 5.0 3.5 2.6 2.8
3.49 4.00 4.76 3.04 3.91 4.35

37.75 21.37 29.48 34.13 20.00 17.93
54.65 53.50 53.85 57.43 55.87 55.28
9.53 5.45 7.54 7.86 4.82 4.50

22.67 22.50 22.71 21.96 22.35 22.98
0.28 0.30 0.17 0.14 0.17 0.41
0.29 0.50 0.37 — 0.56 0.62
0.07 0.04 0.04 0.02 0.04 0.09

67.33 39.46 53.73 57.65 34.83 31.93
100.00 100.00 100.01 100.00 100.01 100.00

159.6 58.3 99.4 107.6 50.0 46.2
76.83 49.74 61.98 61.97 46.07 47.50
25.3 39.1 33.1 36.1 38.3 35.3
15.54 42.41 26.24 26.41 44.94 45.63
9.0 5.4 10.2 11.7 5.7 3.8
7.33 7.85 11.03 11.62 8.99 6.87
0.28 0.10 0.56 0.15 0.08 0.00
0.29 _ 0.76 — — —

194.18 102.90 143.26 155.55 94.08 85.30
99.99 100.00 100.01 100.00 100.01 100.00

261.51 142.36 196.99 213.20 128.91 117.23
40.0 61.4 44.5 41.6 54.1 58.2

301.51 203.76 241.49 254.80 183.01 175.43

2.62 0.95 1.63 1.76 0.82 0.76
7.48 4.25 5.86 6.59 3.91 3.55
7.33 2.68 4.57 4.95 2.30 2.12

13.99 12.42 13.23 13.43 10.86 10.63
7.8 7.25 7.6 7.5 7.4 7.25

• 7.81 7.30 7.40 7.47 7.42 7.25
1.2 1.5 0.9 - 1 .8 9.2 11.5
1.5 1.4 0.0 0.0 7.8 11.9

IX. 29. X. 29. XI. 28. XII. 22. I. 28. II. 27. III. 31. IV. 29.
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Table 21

11. R advány

1. 2. 3. 4.

N a + p.p.m .
T h an ’s e q .%

d ried  up d ried  up dried  up d ried  up

K  + p.p.m .
T h an ’s eq .%

Ca + + p.p.m .
T h an ’s e q .%

C
at

io
n: M g + +

F e  + +

p.p.m .
T h an ’s e q .%  

p.p.m .
T h an ’s e q .%

M n + + p.p.m .
T han’s eq .%

T o ta l p.p.m .
T h an ’s eq .%

H C O t p.p.m .
T h an ’s eq .%

s o 4- - p.p.m .
T h an ’s eq .%

A
ni

on
s

CI­

P Ó T - -

p.p.m .
T h an ’s e q .%  

p.p.m .
T h an ’s e q .%

T o ta l p.p.m .
T han’s eq .%

C a tio n s  +  anions, p .p .m .

H 2S i0 3, p .p .m .

T o ta l d issolved substance, p .p .m .

A lk a lin i ty , W °

T o ta l  h a rd n ess  (G erm an scale) 

C a rb o n a te  hardness (G erm an scale)

D isso lv ed  oxygen, p .p .m . 

PH co lo rim etrica lly

PH e lec trica lly  

A ir  te m p e ra tu re °c
W a te r  tem p e ra tu re , C 

D a te  o f  sam pling У. 27. V I. 26. V II. 30. V III . 29.
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river

5. 6. 7. 8. 4. 10. 11. 12.

d r i e d  u p d r i e d  u p d r i e d  u p 8.9
18.06

10.2
22.00

7.4
18.93

9.1
18.10

3.6
4.17

2.1
2.50

1.4
2.96

2.1
2.26

22.75
52.31

20.69
51.50

18.27
53.85

23.27
52.49

6.49
24.54

5.87
24.00

5.03
24.26

6.91
25.79

0.48
0.93

0.06 0.11 0.68
0.90

0.03 0 .0 0 0.02 0.18
0.45

42.25
100.01

38.92
100.00

32.23
100.00

42.24
99.99

50.0
38.86

56.4
47.18

43.7
42.60

79.2
59.91

56.3
55.45

45.2
48.21

44.2
54.44

41.2
39.63

4.2
5.69

3.3
4.62

1.8
2.96

0.5
0.46

0.14 0.12 0.03 0.08

110.64
100.00

105.02
100.01

89.73
100.00

120.98
100.00

152.89 143.94 121.96 163.22

56.9 26.8 48.1 32.5

209.79 170.74 170.06 195.72

0.82 0.92 0.72 1.30

4.68 4.25 3.72 4.85

2.30 2.59 2.01 3.64

12.12 11.80 12.36 9.93

7.1 7.2 8.8 7.55

7.12 7.20 8.80 7.45

3.2 - 2 .0 6.1 14.2

0.0 0.0 8.0 13.8

IX . 29. X . 29. X I. 28. X II . 22. I. 30. II . 27. I I I .  31. IV. 28.

A cta  Geologica Academ iae S c ien tiarum  H u n g a r ica e  12, 1968



1 5 6 . BARTA

12, Tolcsva

T able  22

1. 2 . 3. 4.

N a  + p.p .m . 15.0 16.3 18.2 17.5
T h an ’s eq .% 13.63 13.03 13.55 13.31

K > p.p .m . 7.0 4.0 5.9 8.4
T h a n ’s eq .% 3.77 1.83 2.57 3.68

C a + + p.p .m . 54.60 60.93 64.30 63.26
№ T h a n ’s eq .% 57.02 55.78 55.06 55.17
tíО Mg + + p.p .m . 14.51 18.77 20.01 18.33
ai T h a n ’s eq .% 24.95 28.26 28.13 26.44

CJ
Fe + + p.p .m . 0.47 0.87 0.39 1.22

T h a n ’s eq .% 0.42 0.55 0.17 0.70
M n + + p.p .m . 0.22 0.83 0.91 1.18

T h an ’s eq .% 0.21 0.55 0.51 0.70
T o ta l p.p.m . 91.80 101.70 109.71 109.89

T h a n ’s eq .% 100.00 100.00 99.99 100.00

H C 0 7 p.p .m . 222.3 252.3 285.6 269.1
T h an ’s eq .% 78.11 78.41 81.39 79.17

S O : - p.p .m . 31.2 37.6 30.8 36.3
T h an ’s eq .% 13.95 14.77 11.13 13.64

О СГ p.p .m . 12.4 12.2 14.3 13.6
"3 T h a n ’s eq .% 7.51 6.44 6.96 6.82

POT p.p .m . 0.60 0.56 1.04 0.68
T h an ’s eq .% 0.43 0.38 0.52 0.36

T o ta l p.p .m . 266.50 302.66 331.74 319.68
T h a n ’s eq .% 100.00 100.00 100.00 99.99

C ations -f- an io n s , p .p .m . 358.30 404.36 441.45 429.57
H 2SiO 3, p .p .m . 41.6 48.6 46.0 51.5
T o ta l d isso lved  su b stan ce , p .p .m . 399.90 452.96 487.45 481.07

A lk a lin ity , W ° 3.64 4.14 4.68 4.41

T o ta l h a rd n e s s0 (G erm an scale) 10.98 12.85 13.60 13.08

C arbonate  h a rd n ess0 (G erm an scale) 10.21 11.60 13.12 12.37

D issolved oxygen , p .p .m . 11.61 8.90 6.71 3.47
PH co lo rim etrica lly 8.2 7.6 7.8 7.35

PH e lec trica lly 8.29 7.58 7.80 7.33

A ir te m p e ra tu re , °C 21.5 29.0 27.2 26.4

W ate r te m p e ra tu re , °C 25.4 28.2 23.2 21.6

D ate  o f  sam pling V. 28. V I. 27. V II. 30. V I I I .  29.

A c ta  Geologica A ca d em ia e  S c ien tia ru m  H ungaricae 12, 1968
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river

5. 6. 8. 9. 10. l l . 12.

15.7 12.2 13.7 8.3 10.4 11.8 5.5 6.6
12.62 11.21 12.71 12.54 11.87 12.53 12.97 13.12
10.0 7.0 5.5 4.5 5.2 4.9 3.0 3.2

4.82 3.81 2.97 3.83 3.43 2.95 4.32 3.62
61.54 55.16 54.99 33.44 45.16 48.44 21.03 25.51
56.96 58.14 58.05 58.19 59.37 59.46 56.76 57.47
16.03 14.98 14.66 8.69 11.52 12.47 5.76 6.81
24.49 26.00 25.64 24.74 25.07 25.06 25.41 25.34

0.50 0.82 0.60 0.47 0.18 0.12 0.27 0.20
0.37 0.63 0.42 0.70 0.26 — 0.54 0.45
1.14 0.40 0.31 0.13 0.11 0.07 0.04 0.04
0.74 0.21 0.21 — - — —

104.91 90.56 89.76 55.53 72.57 77.80 35.60 42.36
100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

278.0 218.1 224.8 104.5 165.3 174.8 57.6 78.5
84.76 77.32 78.97 62.64 73.24 72.77 51.37 60.28
22.7 36.1 34.1 39.9 34.5 38.3 37.3 34.9

8.74 16.20 15.24 30.40 19.46 20.36 42.62 34.11
11.8 9.8 9.7 6.5 9.2 9.7 3.8 4.2

6.13 6.05 5.79 6.59 7.03 6.87 6.01 5.61
0.48 0.56 0.12 0.22 0.24 0.14 0.06 0.07
0.37 0.43 — 0.37 0.27 — —

312.98 264.56 268.72 151.12 209.24 222.94 98.76 117.67
100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

417.89 355.12 358.48 206.65 281.81 300.74 134.36 160.03
41.9 47.6 42.4 62.7 49.1 41.1 45.0 46.8

459.79 402.72 400.88 269.35 330.91 341.84 179.36 206.83

4.56 3.58 3.68 1.71 2.71 2.86 0.94 1.29
12.30 11.15 11.08 6.68 8.97 9.65 4.27 5.14
12.30 10.02 10.33 4.80 7.59 8.03 2.65 3.61
4.91 8.56 10.09 12.46 13.54 12.73 9.84 9.28
7.3 7.45 7.55 7.55 7.7 7.5 7.35 7.90
7.41 7.41 7.35 7.56 7.67 7.52 7.35 7.80

19.5 10.7 1.8 2.3 0.7 1.3 15.7 12.2
16.2 10.7 2.8 2.7 0.3 0.8 10.8 11.2

IX . 29. X . 29 X I. 28. X II .  22. 1. 28. II . 26. I I I .  30. IV . 28.
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13. B en yei

T able  23

1 2. 3. 4 .

N a + p.p.m . 19.5 21.6 19.8 27.3
T h a n ’s eq .% 20.33 20.94 22.99 26.62

к + p.p .m . ю л 13.0 10.9 12.0
T h an ’s eq .% 6.46 7.35 7.49 6.94

Ca+ + p.p .m . 44.56 46.95 37.49 43.10
Hi T h an ’s eq .% 53.11 52.12 50.00 48.10

_o M g + + p.p.m . 9.83 10.38 8.43 9.84
cd

w> T h an ’s eq .% 19.38 18.93 18.45 18.12
F e  + + p.p.m . 0.80 0.64 0.80 0.37

T h an ’s eq .% 0.72 0.44 0.80 0.22
M n+ + p.p .m . 0.13 0.18 0.33 0.07

T h an ’s eq .% — 0.22 0.27
T o ta l p.p.m . 85.52 92.75 77.75 92.68

T h an ’s eq .% 100.00 100.00 100.00 100.00

H C O - p.p .m . 184.3 209.3 178.6 176.0
T h an ’s eq .% 73.84 78.67 80.05 65.45

S O ; - p.p.m . 29.3 21.9 19.1 55.0
T h an ’s eq .% 14.91 10.55 10.93 26.14

О C l- p.p.m . 15.5 15.0 9.8 11.9
< T h an ’s eq .% 10.76 9.63 7.65 7.73

P 07 p.p.m . 0.80 1.44 1.44 1.08
Chan’s eq .% 0.49 1.15 1.37 0.68

T o ta l p.p.m . 229.90 247.64 208.94 243.98
T h an ’s eq .% 100.00 100.00 100.00 100.00

C ations -f- an ions , p .p .m . 315.42 340.39 286.69 33 6.66
H 2SiO 3, p .p .m . 65.5 84.5 81.1 79.8
T otal d isso lv ed  substance, p .p .m . 380.92 424.89 367.79 416.46

A lk a lin ity , W ° 3.02 3.43 2.93 2.88
T o ta l h a rd n e s s0 (G erm an scale) 8.50 8.97 7.19 8.30
C arb o n ate  h a rd n ess0 (G erm an scale) 8.47 8.97 7.19 8.09
D issolved oxy g en , p .p .m . 11.42 7.36 6.87 8.29
PH co lo rim etrica lly 8.1 7.7 7.7 7.65
PH e le c tr ica lly 8.17 7.73 7.70 7.72
Air te m p e ra tu re , °c 21.2 26.5 25.3 21.7
W ater te m p e ra tu re , °C 16.2 20.6 20.9 15.8
D ate  o f sam p lin g V. 28. V I. 27. V II. 30. V I I I .  29.

A r ia  Geologica A ca d em ia e  S c ien tia ru m  H u n g a rica e  12, 1968
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river

5. 6. 7. 8. 9. 10. 11. 12.

18.2 22.8 16.8 13.2 14.7 16.4 9.5 9.6
19.46 22.30 18.34 17.22 17.93 17.84 18.72 18.34

11.0 11.2 8.5 8.7 9.0 8.9 5.4 5.1
6.90 6.53 5.53 6.65 6.44 5.78 6.39 5.68

44.47 45.16 43.80 36.20 39.48 44.65 23.79 25.00
54.68 50.68 54.77 54.38 55.18 56.03 54.34 54.59

9.22 10.89 10.06 8.59 8.69 9.74 5.34 5.86
18.72 20.05 20.85 21.15 19.89 20.10 20.09 20.96

0.26 0.60 0.52 0.67 0.49 0.37 0.39 0.37
0.25 0.45 0.50 0.60 0.56 0.25 0.46 0.44

0.00 0.11 0.07 0.11 0.09 0.11 0.07 0.11

83.15 90.76 79.75 67.47 72.45 80.17 44.49 46.04
100.01 100.01 99.99 100.00 100.00 100.00 100.00 100.01

195.7 178.2 181.7 119.0 143.1 160.2 58.3 64.0
79.85 67.91 77.00 61.32 67.92 68.85 43.78 47.30

18.7 45.7 23.9 38.9 32.6 35.0 49.0 46.4
9.70 22.09 12.92 25.47 19.65 19.11 47.00 43.69

13.8 14.0 13.9 14.7 14.9 16.0 7.2 6.8
9.70 9.30 10.08 12.89 12.14 11.78 9.22 8.56

0.80 0.80 0.05 0.36 0.44 0.44 0.10 0.26
0.75 0.70 — 0.31 0.29 0.26 0.45

229.00 238.70 219.55 172.96 191.04 211.64 114.60 117.46
100.00 100.00 100.00 99.99 100.00 100.00 100.00 100.00

312.15 329.46 299.30 240.43 263.49 291.81 159.09 163.50

73.3 81.9 77.0 81.4 63.2 68.9 50.2 48.9

385.45 411.36 376.30 321.83 326.69 360.71 209.29 212.40

3.21 2.92 2.98 1.95 2.35 2.63 0.95 1.05

8.35 8.83 8.44 7.04 7.53 8.49 4.56 4.85

8.35 8.19 8.35 5.47 6.58 7.36 2.68 2.94

9.46 10.42 13.39 12.68 13.87 13.61 9.90 9.26

7.75 7.65 7.9 7.7 7.75 7.7 7.4 7.55

7.93 7.70 7.85 7.62 7.77 7.72 7.40 7.40

18.6 11.2 1.8 2.2 0.8 - 1 .2 16.4 12.2

13.3 8.6 2.0 2.9 0.1 0.0 11.1 9.6

IX . 29. X . 29. X I. 28. X II .  22. I. 28. II . 26. 111. 30. IV . 28.
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Tabic 24

14. Bodrog

1. 2. I  3.
1

4.

N a + p.p .m . 10.9 21.6 13.7 r
14.5

T h an ’s e q .% 13.09 21.22 14.32 15.48
К  + p.p .m . 2.8 5.1 4.5 4.7

T h an ’s e q .% 1.95 2.93 2.67 2.95
Ca + + p.p .m . 44.65 48.33 49.13 48.96

СЙ T h an ’s e q .% 61.84 54.40 59.47 59.95
_o M g+ + p .p .m . 9.67 11.06 ] 1.73 10.27rtО T h an ’s e q .% 22.00 20.54 23.30 20.64

F e  + + p.p .m . 0.87 0.76 0.23 0.74
T h an ’s e q .% 0.84 0.68 0.24 0.74

M n + + p .p .m . 0.17 0.37 0.04 0.29
T h an ’s e q .% 0.28 0.23 — 0.24

T o ta l p .p .m . 69.06 87.22 79.33 79.46
T h an ’s e q .% 100.00 100.00 100.00 100.00

H C O ^ p.p .m . 169.7 217.5 193.8 193.8
T h a n ’s e q .% 80.11 80.91 78.66 79.30

so 4- - p.p .m . 21.5 18.7 24.5 26.5
ся T h an ’s e q .% 12.97 8.86 12.66 13.72
О C l- p.p.m . 8.5 15.8 12.3 10.0

T h an ’s e q .% 6.92 10.23 8.68 6.98
P O i - - p.p.m . 0.04 0.05 0.08 0.01

T h an ’s e q .% — —

T o ta l p .p .m . 199.74 252.05 230.68 230.31
T h an ’s e q .% 100.00 100.00 100.00 100.00

C ations +  anions , p .p .m . 268.80 339.27 310.01 309.77
H„SiO a, P-P-ni. 10.1 15.3 10.9 19.8
T o ta l dissolved substance, p .p .m . 278.90 354.57 320.91 329.57

A lk a lin ity , W ° 2.78 3.56 3.17 3.18
T o ta l h a rd n e ss0 (G erm an scale) 8.47 9.31 9.58 9.22
C arbonate  h a rd n ess0 (G erm an  scale) 7.80 9.31 8.90 8.90
D issolved oxygen, p .p .m . 3.46 0.0 8.19 1.53
PH co lo rim etrica llv 7.5 7.4 7.75 7.3
PH e lec trica lly 7.65 7.36 7.86 7.33
A ir tem p e ra tu re , °c 19.5 32.2 25.9 16.2
W ate r tem p e ra tu re , °C 19.5 25.3 24.8 20.0
D ate of sam pling V. 27. V I. 26. V II. 31. V III . 31.
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river I

6. 7. 8. 9. 10. 11.

10.0 8.4 6.0 5.1 10.8 11.0 4.4 4.2
12.1» 11.88 10.88 10.14 14.64 12.94 8.60 8.04
3.9 3.2 2.5 2.3 2.9 2.9 1.6 1.9
2.83 2.64 2.51 2.76 2.18 1.89 1.81 2.23

14.82 38.44 30.00 27.58 39.30 47.06 29.48 29.65
63.17 63.37 62.34 63.13 61.06 63.34 66.52 66.07

9.22 7.96 6.49 6.07 8.38 9.64 5.97 6.28
21..33 21.45 22.18 23.04 21.50 21.29 22.17 23.21

0.42 0.50 1.48 0.47 0.43 0.37 0.56 0.37
0.28 0.66 2.09 0.92 0.62 0.27 0.90 0.45
0.09 0.09 0.09 0.04 0.07 0.15 0.07 0.07

— 0.27 — —
68.45 58.59 46.56 41.56 61.88 71.12 42.08 42.47
99.99 100.00 100.00 99.99 100.00 100.00 100.00 100.00

166.8 139.3 101.6 88.7 139.3 167.2 96.2 100.7
78.67 W.03 72.29 70.39 74.03 75.90 72.81 75.69
22.7 22.5 23.9 22.2 26.0 28.0 22.0 19.5
13.54 15.88 21.65 22.33 17.53 16.07 21.20 18.81
9.5 7.5 5.0 5.2 9.2 10.3 4.5 4.2
7.78 7.09 6.06 7.28 8,44 8.03 5.99 5.50
0.01 0.02 0.05 0.00 0.03 0.04 0.03 0.00

199.01 169.32 130.55 116.10 174.53 205.54 122.73 124.40
99.99 100.00 100.00 100.00 100.00 100.00 100.00 100.00

267.46 227.91 177.11 157.66 236.41 276.66 164.81 166.87
12.2 12.2 12.5 31.7 22.1 15.1 13.8 15.3

279.66 240.11 189.61 189.36 258.51 291.76 178.61 182.17

2.73 2.28 1.67 1.45 2.28 2.74 1.58 1.65
8.40 7.21 5.69 5.26 7.43 8.81 5.50 5.60
7.67 6.40 4.67 4.07 6.40 7.68 4.42 4.63
3.20 8.78 11.23 12.64 9.29 7.05 10.43 9.91
7.25 7.4 7.6 7.5 7.5 7.25 7.6 7.6
7.39 7.43 7.55 7.55 7.51 7.20 7.60 7.48

19.1 12.1 7.8 0.6 3.8 1.4 8.7 14.0
15.9 9.5 3.6 0.5 0.0 0.0 7.2 11.0

IX . 30. X . 30. X I. 30. X II . 23. I. 27. I I .  27. I I I .  31. IV. 29.

1) Acta Geologica Academiae Scientiarum Hungaricae 12, 1968



1 6 2 I. ВАНТА

Table 25

15. Bodrog

1. 2. 3. 4.

N a  + p.p.m . 10.0 16.0 14.3 14.0
T h an ’s eq .% 12.18 16.05 16.02 15.40

K  + p.p.m . 2.7 4.3 4.3 5.0
T han’s eq .% 1.98 2.56 2.84 3.28

Ca + + p.p.m . 44.13 50.66 45.51 44.82
■J) T han’s eq .% 62.32 58.84 58.66 56.31

_o M g + + p.p.m . 9.73 11.33 10.32 11.7*
cd T han’s eq .% 22.66 21.63 21.96 24.24

F e  + + p.p.m . 0.69 0.71 0.44 0.63
T han’s eq .% 0.57 0.70 0.52 0.51

M n + + p.p.m . 0.26 0.29 0.09 0.33
T han’s eq .% 0.28 0.23 — 0.25

T o ta l p.p.m . 67.51 83.29 74.96 76.51
T han’s eq .% 99.99 100.01 100.00 99.99

H C O 7 p.p.m . 165.3 204.5 183.0 178.3
T han’s eq .% 79.24 80.53 79.79 74.49

so  7 - p.p.m . 22.4 21.4 21.0 34.5
T han’s eq .% 13.74 10.82 11.70 18.37

c r p.p.m . 8.6 12.7 11.3 10.0

<
T han’s eq .% 7.02 8.65 8.51 7.14

PO, - - p.p.m . 0.04 0.08 0.10 0.03
T han’s eq .% — —

T o ta l p.p.m. 196.34 238.68 215.40 222.83
T han’s eq .% 100.00 100.00 100.00 100.00

C ations +  an ions, p.p.m . 263.85 321.97 290.36 299.34

H 2S i0 3, p .p .m . 9.1 12.7 11.7 20.5

T o ta l d isso lv ed  substance, p .p .m . 272.95 334.67 302.06 319.84

A lk a lin ity , W ° 2.71 3.35 3.00 2.92

T o ta l h a rd n e s s 0 [German scale) 8.41 9.70 8.74 8.97

C a rb o n a te  h a rd n ess0 (G erm an scale) 7.59 9.40 8.41 8.19

D isso lv ed  oxygen , p.p.m . 4.49 6.99 8.35 0.26

PH co lo rim etrica lly 7.5 7.5 7.95 7.3

ppi e le c tr ic a lly 7.7 7.51 8.06 7.38

A ir te m p e ra tu re °c 19.2 27.6 25.2 20.9

W a te r  te m p e ra tu re , °C 20.8 27.0 25.2 19.8

D a te  o f  sam pling Y.28. VI. 27. V II. 30. V I I I .  29.
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river I I

5. 6. 7. 8. 9. 10. i i . 12.

9.1 8.1 6.1 5.0 10.6 10.3 4.3 3.8
12.86 11.67 10.79 9.61 14.20 13.01 8.84 7.58

3.6 3.1 2.9 2.7 2.8 2.8 1.8 1.7
2.89 2.67 2.90 3.06 2.16 2.02 1.86 1.90

39.13 38.10 30.68 29.30 40.34 44.13 28.44 28.96
62.70 63.33 63.49 63.76 62.04 63.58 66.05 68.25

8.06 7.85 5.55 6.07 8.38 8.90 5.76 5.65
21.22 21.67 19.09 21.83 21.30 21.10 21.86 21.80

0.32 0.57 2.39 1.06 0.29 0.31 0.87 0.39
0.32 0.67 3.32 1.75 0.31 0.29 1.39 0.47
0.04 0.09 0.26 0.10 0.07 0.13 0.09 0.07
— — 0.41 — — — — —

60.25 57.81 47.88 44.23 62.48 66.57 41.26 40.57
99.99 100.01 100.00 100.01 100.01 100.00 100.00 100.00

142.5 138.4 99.4 91.8 145.0 153.2 90.6 96.2
76.97 77.74 70.56 68.95 75.56 74.70 71.50 76.33
23.5 21.7 26.3 25.3 25.2 27.2 22.4 18.2
16.12 15.41 23.81 24.20 16.51 16.96 22.71 18.36
7.5 7.0 4.7 5.4 8.9 9.8 4.3 4.0
6.91 6.85 5.63 6.85 7.94 8.33 5.80 5.31
0.03 0.02 0.03 0.00 0.00 0.04 0.03 0.00

173.53 167.12 130.46 122.50 179.10 190.24 117.33 118.40
100.00 100.00 100.00 100.00 100.01 99.99 100.01 100.00

233.78 224.93 178.34 166.73 241.58 256.81 158.59 158.97
10.9 10.1 5.2 33.8 17.7 13.5 13.3 12.2

244.68 235.03 183.54 200.53 259.28 270.31 171.89 171.17

2.34 2.27 1.63 1.51 2.38 2.51 1.48 1.58
7.33 7.14 5.57 5.50 7.58 8.23 5.31 5.36
6.55 6.36 4.57 4.22 6.66 7.04 4.16 4.42
6.49 8.21 9.67 11.56 8.44 7.05 10.08 9.27
7.35 7.45 7.6 7.5 7.45 7.3 7.55 7.6
7.49 7.48 7.60 7.59 7.43 7.30 7.50 7.52

17.2 8.6 1.2 1.9 - 1 . 0 - 4 . 8 14.1 13.1
14.0 9.7 4.0 1.6 0 .0 0 .0 8.0 11.2

IX . 29. X . 29. X I. 28. X II .  22. I. 28. I I .  26. I I I .  30. IV . 28.
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ГИДРОГЕОХИМИЧЕСКИЕ ИССЛЕДОВАНИЯ ПО МАТЕРИАЛАМ 
ИЗ ТОКАЙСКИХ ГОР

И . Б А Р Т А

Р е з ю м е
Поверхностные водотоки Токайских гор в течение года ежемесячно подвергались 

систематическому химическому анализу. Изучались растворенные в водах основные ком­
поненты, а также другие физико-химические показатели вод.

1. Путем количественной оценки стока вод был составлен гидрогеохимический 
вещественный баланс рассматриваемого района с подсчетом основных неорганических 
компонентов, перенесенных в виде раствора в течение года. Общее количество веществ, 
унесенных в виде раствора поверхностными водотоками в течение года из неовулкани- 
ческого района площадью примерно 1300 км2 (включая краевые части), оценивается в 27 
тысяч тонн.

2. Автор пытался найти зависимость между химическими составами речных вод, 
с одной стороны, и находящихся с ними в контакте риолитовых туфов, андезитов и рио­
литов, с другой.

Соотношение выявленных в воде ионов К и Na хорошо сог ласуется с щелочностью 
пород водосборной площади. В водах, стекающих с площадей, сложенных риолитовыми 
туфами, риолитами и псевдотрахитами с повышенным содержанием К, величина соотно­
шения ионов K/Na также повышена. Характерное для горных пород Токайских гор более 
высокое среднее значение соотношения K/Na (1,65) справедливо также для поверхностных 
вод (0,44).

В связи с сильно кислой природой, то есть с высоким содержанием S i02 извержен­
ных пород рассматриваемого района, речные воды также отличаются с повышенным 
содержанием кремниевой кислоты. Это воды довольно мягкие, бедные солями, или лишь 
слабо жесткие.

О сульфидном оруденении района с. Телькибанья ярко свидетельствует высокое 
содержание сульфатных ионов в водах, стекающих с данной площади.

3. На анионах сезонные изменения состава воды сказываются сильнее. Концентра­
ция ионов гидрокарбоната при мелководье повыше, в то время как изменение содержания 
ионов сульфата происходит, как правило, противоположно этому, особенно, если эти 
данные выражаются в эквивалентных процентах.

Для количества катионов, выраженных в эквивалентных процентах, обычно наблю­
дается хорошее совпадение в течение года. При паводках значения K/Na и Ca/Mg несколько 
повышены.

Кремниева якислота присутствует в довольно равномерном количестве, независимо 
от смены времени года.

К среднегодовому составу воды больше всего приближаются составы проб, отобран­
ных в феврале и октябре.
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STUDIES ON THE “SCHLIER” FORMATION

I. G R A N U L O M E T R IC A L  T Y P E S  O F  T H E  “ S C H L IE R ” FO R M A T IO N  
IN  N O R T H  H U N G A R Y

B y

A. F ö l d v á r i  and K . H a j d ú -M o l n á r

M INERALOGICAL AND PETR O C R A PH IC A L IN ST ITU TE,
TECHN ICA L U N IV ERSITY  FOR HEAVY IN D U STR Y , M ISKOLC, HUNGARY

On th e  basis o f  ty p ic a l sam ples co llected  b y  th e  geological su rv ey o rs  o f H u n g a ry ’s 
schlier areas, 3 p rin c ip a l ty p es  an d  1 seco n d ary  one  hav e  been g ran u lo m etrica lly  d is­
tin g u ish ed : 1. O ttn a n g  ty p e  (w ith  tw o  su b ty p e s), 2. san d y  schlier, an d  3. u n s te a d y  
ty p e  w ith  tw o o r m ore m ax im a. T hese  ty p es  can  be d iscerned  in b o th  th e  O ligocène 
and  M iocene schliers.

T he ty p e  lo ca lity  o f th e  “ sch lier”  fo rm a tio n  is in  th e  V ienna B asin  (O tt-  
n an g , A u stria ), a t  th e  ea s t end of th e  A lp ine M olasse zone. In  th e  C a rp a th ia n  
B asin , specially  in  N o rth  H u n g a ry , th e  sch lier fo rm a tio n  is found  in  a m uch 
g re a te r  a rea  th a n  in A u stria . T he s tra tig ra p h ic a l positio n  o f th e  “ sch lie r”  
o f O ttn a n g  w as considered  M iocene, m ore a c c u ra te ly  H e lv e tian . A ccord ing  
to  m ore recen t researches, th e  A u s tr ia n  “ sch lie r”  su bd iv ides as follow s: 
H e lv e tian  (O ttn a n g ), B u rd iga lien  (H all), C h a ttia n  (W eis). I t  was se t dow n 
b y  E . N oszky sen .: in  N o rth -H u n g a ry  also tw o  horizons of th e  “ sch lie r”  
facies ex ist s tra tig ra p h ic a lly . T he f irs t in  th e  low er p a r t  of th e  C h a ttian  s tag e , 
th e  second in th e  H e lv e tia n  stag e  o f M iocene age. I t  had  im p o rtan ce  o f eco­
nom ic v iew  th a t  th e  M iocenic brow n co a l-b ea rin g  g ro u p  o f N o rth -H u n g a ry  lay  
b e tw een  th e  tw o  “ sch lie r”  horizons.

In  b o th  A u s tr ia  and  H u n g a ry  th e  sch lier is a g roup  o f lay e rs  severa l 
h u n d re d  m eters  th ic k . T he classical m o n o g rap h  o f th e  H u n g a ria n  sch lier 
w as w ritte n  by  N o s z k y  sen. [1]. T h e  geological d a ta  of in ten siv e  m in ing  in 
th e  la s t 20 years  w as an a ly sed  by  V it á l is  a n d  B a r t k ó .

T he m a te ria l fo r th e  p re se n t s tu d y  w as co llec ted  in  th e  course of geological 
fie ld  w ork  of severa l decades b y  N o s z k y  sen ., S c h r é t e r , H o r u s i t z k y  an d  
F ö l d v á r i . T o check  th e  u n ifo rm ity  sch lier facies we h av e  exam ined  also som e 
sam ples n o t com ing  from  N o rth  H u n g a ry , e.g. specim ens from  K om ló, Mecsek 
M o u n ta in s , S o u th  H u n g a ry .

In  fie ld  w ork , th e  geologists d is tin g u ish  th e  c h a ra c te r is tic  sch lier rocks 
b y  eye. I n  th e  course  o f ou r s tu d ies  we w ished  to  a ccu ra te ly  e stab lish  th e  
fea tu re s  o f th e  sch lie r fo rm atio n . T h e  p re se n t s tu d y  (I), w as perfo rm ed  w ith  
th e  p u rp o se  to  decide w h e th e r th e  m acroscop ical d is tin c t rocks can be d is­
tin g u ish ed  also b y  litho log ic  m eans. W h a t a re  th e ir  g ran u lo m etric  fea tu res?

Acta Geologica Academiae Scientiarum Hungaricae 124 1968



A . F Ö L D V Á R ] a n d  К . H A JD Ú -M O L N Á R1 6 8

Table 1

Sam ples apperta in ing  to curves o f  type I

No. Site
1

Age I  Coll, by*

1/c G algagu ta , Ö reghegy () H

3/a M ogyoród, P ap sze rh eg y m H

4/a Sashalom rn N

S/a B udafok m F

7/a V á ch a rty án m >

10/a H o n t, H o n ti-sz ak a d ék rn N

12/a C sitár о N

15/a K arancsság о N
18/a H ollókő, Szőlőhegy m N
20/b K iskér, S án d o r tá ró m S

21/a M árkháza о N

24/a E gerbocs m N

26/a M ikófalva m

2$/a Máié m S

28/a F első n y árád n i S

30/a Z ádorfa lva m S

30/b Z ádorfalva m s
31/a R ag á ly O s
32/a Szuhafő m s
33/b K om ló m F

34/a Y aszar m F

35/a Szopok m F

39/c M átran o v ák , K is te lek -b án y a m F

N = Noszky, E . sen. Age of the  sam ples
S = Schréter, z. о =  Oligocène
F  = Földvári, A. m =  Miocene
H  = H orusitzkv, F.

A re th e y  u n ifo rm , or o f sev e ra l ty p e s , as m a y  be ex p ec ted ?  O u r g ra n u ­
lo m e tr ic  m easu rem en ts  ca rr ied  o u t  b y  a co m b in a tio n  o f siev ing  an d  p ip e tte  
an a ly s is  w ith  a so d iu m -o x a la te  s ta b iliz e r  [3 — 6] p ro o v ed  th e  N o r th H u n g a r ia n  
rocks to  b e lo n g  to  th ree  d is tin c t m a in  ty p e s  an d  one su b ty p e  (See th e  ta b le s  
a n d  d ia g ra m s) . R em ark ab ly  en o u g h  th e  g ran u lo m e tric  cu rves w ere l i t t le  
s c a tte re d  a b o u t th e  ca lcu la ted  m ean . T h e  m easu rem en ts  th u s  p ro v ed  th e  so u n d ­
ness o f  th e  d is tin c tio n  b y  eye as p ra c tise d  b y  th e  fie ld  geologists an d , on th e  
o th e r  h a n d ,  th e  regu lar r e p e tit io n  o f  c h a ra c te r is tic  ty p e s  in  th e  sch lier succes­
sion. I n  fu r th e r  sed im en to lo g ica l, s tra tig ra p h ic a l an d  palaeogeograp liica l 
re se a rc h , th e  estab lished  ro ck  ty p e s  se rv e  as base  p o in ts , an d  th e  v a r ia b ili ty
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0,00023 4 5 6 7 8 9  3 4 5 6 7 8 9  3 4 6 789 3 4 6 7 8 9
0,001 0,002 0,01 Q02 0,05 0,1 0,2 0,5 1,0 2,0

Fig. 1. C um ula tive  cu rv e
1. H u n g a rian  schlier ty p e  I ;  C a lcu la ted  average of th e  exam in ed  23 sp ec im en s; 2. D evia­
tio n  field  o f th e  exam ined  23 sp ec im en s; 3. T he m o st d issem in a ted  in d iv id u a l v a lu e s  o f the

curves

F ig. 2. F req u en cy  d is tr ib u tio n  curve 
H u n g a rian  schlier ty p e  I
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Table 2

G rain-size analysis data o f  the samples

Vе 3/a 4 /a 5/a 7/a 10/a 12/a 15/a 18/a 20/b 21/a

> 0 .1 7.1 9.8 4.3 11.8 5.5 5.8 4.8 9.8 8.2 13.1 15.2

0.1 — 0.05 14.0 10.1 8.2 4.9 7.5 10.8 11.0 5.8 13.8 9.9 8.3

0.05 — 0.02 18.1 27.3 12.3 29.2 20.4 20.2 12.7 23.5 22.1 10.8 23.4

0.02  — 0.01 14.8 19.4 19.8 30.3 19.7 24.7 28.7 22.1 17.4 19.3 17.8

0.01 — 0.005 15.5 15.2 37.1 17.8 19.0 19.7 16.7 12.4 12.6 14.7 12.6

0.005 — 0.002 9.8 13.2 13.6 5.6 10.8 10.6 13.3 7.2 8.6 13.9 5.5

0 .0 0 2 — 0.001 6.2 4.9 4.6 0.3 6.4 8.0 12.7 8.7 6.6 18.1 11.8

< 0 .0 0 1 14.2 10.7 10.2 10.4 5.1

V 99.7 99.9 99.9 99.9 100.0 99.8 99.9 99.7 99.7 99.8 99.7

o f t h e  sed im ents m ay  b e  ex p re sse d  in term s o f  th e  d ev ia tio n  from  th o se  fixed 
ty p e s .

W e have d is tin g u ish ed  th e  types on th e  b as is  of th e  su m m a ry  curves 
a n d  h a v e  com puted  fro m  th e m  th e  m ean v a lu e s  o f  th e  ty p es .

F ig . 3. C um ulative cu rv e
1. H u n g a r ia n  schlier ty p e  I /A ; C a lc u la te d  average of th e  e x am in ed  22 specim ens; 2. D ev ia ­
t io n  f ie ld  o f  th e  exam ined 22 sp e c im en s ; 3. The m ost d isse m in a ted  in d iv id u a l v a lu es o f th e

curves
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apperta in ing  to curves o f  type I

24/a 26/» 27/a 28 /. 30 /. 30/b 31/a 32/a 33/b 34/a 35/a 39/c
Average

curve

10.9 5.3 18.3 6.7 6.3 10.7 4.3 15.1 5.8 0.8 5.2 0.2 8.1

10.6 5.0 2.6 9.2 9.6 8.9 19.7 7.6 10.8 2.3 8.4 2.8 8.8

14.8 19.9 19.7 36.2 32.0 25.8 27.1 26.7 19.8 24.3 13.2 18.2 21.6

24.5 23.8 18.3 22.7 16.6 18.7 13.9 18.9 18.0 27.1 16.6 19.8 20.5

23.3 17.3 14.9 11.9 3.6 9.1 8.7 11.1 14.2 13.0 17.9 17.4 15.4

3.5 12.9 9.1 8.1 17.8 13.4 8.7 12.2 17.3 17.2 16.0 16.2 11.5

4.9 7.0 16.7 5.0 6.5 13.2 7.2 4.1 3.6 5.2 15.6 9.1 8.1

7.6 8.6 7.7 10.4 4.1 10.4 10.0 7.0 16.3 5.8

100.1 99.8 99.6 99.8 100.1 99.8 100.0 99.8 99.9 99.9 99.9 100.0 99.8

T he m ode o f th e  freq u en cy  curves o f  th e  ty p e s  I  an d  I /a  a re  locally  
o v erlap p in g  b u t  th e  m ain  ty p es can  still he  ch a rac te rized  b y  th e  m odes. 

T y p e  I gives a o n e-p eak  frequency  cu rve . I t s  m ode is a t  a b o u t 0.01 m m . 
O n th e  freq u en cy  cu rv e  of ty p e  I/a , th e  m o d e  is sh ifted  to  0.04 m m .

F ig. 4. F req u en cy  d is tr ib u tio n  cu rve  
H u n g a rian  schlier ty p e  I/A
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Tabic 3

G rain-size distribution param eters o f the sam ples appertaining to curves o f  type  I

Q , Q, Md D Q g

Mo
F ,Z Fs DQsz

Mo, Mo 2 Mo3

l /c 0.0022 0.025 0.0082 0.0054 0.91 0.0114 3.37 0.022

3/a 0.004Ő 0.025 0.014 — 0.0017 0.819 0.0103 2.35 0.017
4 /a 0.0038 0.015 0.006 0.0034 1.26 0.0056 1.97 0.0055

5/a 0.0068 0.023 0.014 — 0.0009 0.89 0.0081 1.84 0.013
7/a 0.0027 0.018 0.0082 —  0.003 0.93 0.008 2.58 0.013

10/a 0.0042 0.021 0.01 — 0.003 1.02 0.0084 2.24 0.013

12/a 0.0029 0.018 0.0085 —  0.002 0.85 0.0075 2.49 0.013

15/a 0.0028 0.023 0.011 — 0.002 0.73 0.0051 2.87 0.013
18/a 0.0032 0.028 0.016 —  0.0004 0.59 0.0124 2.95 0.032

20/b 0.0018 0.025 0.0075 —  0.006 0.96 0.0116 3.70 0.013

21/a 0.0039 0.032 0.014 —  0.003 0.82 0.014 2.70 0.013 0.022

24/a 0.0044 0.025 0.009 —  0.006 1.20 0.0103 2.38 0.0075

26/a 0.0025 0.018 0.008 — 0.0022 0.81 0.0077 2.68 0.013

27/a 0.003 0.027 0.010 — 0.005 0.90 0.012 3.00 0.017

28/a 0.007 0.025 0.017 + 0 .0 0 1 0.88 0.009 1.90 0.022

30/a 0.0022 0.025 0.014 + 0 .0 0 4 0.53 0.0114 3.4 0.022

30/b 0.003 0.026 0.013 — 0.001 0.60 0.011 2.8 0.022 0.013

31/a 0.0028 0.03 0.016 — 0.0014 0.61 0.0136 3.26 0.023

32/a 0.0047 0.028 0.015 0.0013 0.76 0.0066 2.64 0.017
33/b 0.0025 0.024 0.0085 — 0.005 0.91 0.0107 3.10 0.022

34/a 0.0023 0.015 0.0075 — 0.001 0.78 0.0063 2.55 0.013

35/a 0.0034 0.021 0.014 +  0.002 0.63 0.0089 2.50 0.022 0.0029

39/c 0.0014 0.014 0.0048 - 0.0029 0.92 0.0063 3.2 0.013

F sz =  a r i th m e t ic a l  q u a rtile  skew ness
Fg =  c o e ff ic ie n t o f geom etrical q u a r ti le  skew ness
DQsz =  a r ith m e tic a l  q u a rtile  d e v ia tio n
D Q g =  c o e ffic ie n t of so rting
Q , =  Q u a r t i l  1
Q3 =  Q u a r t i l  3
Md =  M e d ian
M ot =  M o d u s 1
M o2 =  M o d u s 2
l l o j  =- M o d u s 3
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Fig. 5. C u m u la tiv e  c u rv e
1. H u n g a rian  schlier ty p e  I I ;  C alcu lated  average o f  th e  ex am in ed  20 specim ens; 2. D ev ia ­
tio n  field  of th e  ex am in ed  20 specim ens; 3. T he m o st d isse m in a ted  ind iv idual v a lu e s  o f  th e

curves

0,2

3" cr o~ c r  cy 
F ig . 6. F requency  d is t r ib u t io n  curve 

H un g arian  sch lier ty p e  I I

<N 
c5
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Table 4
Sam ples apperta in ing  to curves o f  type la

No. Site Age Coll, by*

l /b G alg ag u ta m H

i / d G alg ag u ta , F a rk asb erk i ta n y a m H

l/ i G a lg ag u ta , T ég lagyár о F

1/1 G a lg ag u ta , T ég lavető о H

2/b Ácsa, E h esh eg y m H

2/e Á csa, C ig án y p o rta о H

3/b M ogyoród m F

6/a Alsógöd m N

8/a B ér, N ag y h eg y m N

11/a D régely O N

13/a Felsőzellő m S

14/a Szécsény O N

16/a E te s, B á n y a te le p O S

16/b E te s m N

19/a G aráb O N

20/a K iskér, H idegvölgy in S

22/a Sám sonháza m N

23/a B ü kkszék , C sászárvölgy m S

23/b B ükkszék Ш S

29/a G öm örszőllős m s
39/b M á tran o v á k , D arazsik  p u sz ta m F

41 P a rá d sa sv á r , N ag y -ú tk an y a r m F

* A b b rev ia tio n s of n am es o f geologists and  of age are  iden tica l w ith  th o se  o f  T ab le  1

Table 5
Grain-size analysis data apperta in ing

l /b i /d l/ i i / i 2/b 2/e 3/b 6/a 8/a 11/a

> 0 .2 1.4 1.2 ___ — — — 2.1 4.2 2.1 1.4

rHd!CNl
d

20.3 11.9 8.1 7.4 8.3 11.5 18.7 26.6 20.8 14.7

0.1 — 0.05 10.1 19.1 29.1 27.6 24.5 15.4 19.4 14.5 14.6 7.9

0.05 — 0.02 21.4 27.2 22.1 24.2 22.8 23.9 20.4 13.6 17.8 24.7

0.02  — 0.01 16.8 11.1 14.1 14.1 15.7 11.7 12.6 16.6 11.6 14.7

0.01 — 0.005 10.4 9.2 8.5 10.9 9.0 13.2 12.4 10.4 10.2 15.7

0 .0 0 5 — 0.002 12.4 12.7 7.5 7.8 8.2 11.2 6.1 7.5 9.1 10.0

0 .0 0 2 — 0.001 7.1 5.8 4.9 7.9 11.4 13.0 8.2 6.3 6.8 6.2

< 0 .0 0 1 1.6 5.3 6.9 4.4

S 99.9 99.8 99.6 99.9 99.9 99.9 99.9 99.7 99.9 99.7
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1. H u n g a rian  schlier ty p e  I I I ;  C a lcu la ted  average o f th e  exam in ed  5 specim ens; 2. D evia'
tio n  field  o f th e  exam ined  5 specim ens

O ur c o m p a ra tiv e  e x am in a tio n s  have  show ed th e  O ttn a n g  sch lie r to  be 
analogous w ith  ty p e  I ,  w h ich  could  be  called th e  O ttn a n g  ty p e  on th is  accoun t.

T he m ode o f th e  sa n d y  sch lier, ty p e  I I ,  is a t  0.1 m m .
T y i ie I I I  gave a freq u en cy  cu rve  w ith  th re e  p eak s; th e  re la tiv e  h e igh ts 

o f th e  peak s w ere v a ria b le . T h is “ u n b a la n c e d ”  sed im en t re flec ts  th e  effect 
o f v a rio u s in d e p e n d e n t fac to rs  upon  th e  sed im en ta tio n .

to curves o f  type I I I

13/a 14/a 16/a 16/b 19/a 20/a 22/a 2 3 /. 23/b 29 /. 39/b 41
Average

curve

— — — — 0.8 1 . 0 0.4 — 1.2 0.8 — — 0.8

5.0 9.8 7.2 9.8 13.2 13.2 16.1 11.6 12.1 14.5 0.8 1.9 11.9

22.1 17.1 29.6 19.2 15.0 24.2 11.5 15.2 14.2 26.3 8.1 18.6 18.2

18.8 26.7 8.1 18.2 24.2 28.5 20.1 35.3 34.5 22.2 36.4 31.8 23.7

17.4 13.2 12.1 13.6 10.9 10.7 18.9 18.8 17.2 10.9 18.2 13.8 14.3

10.5 13.3 18.6 18.8 12.4 12.5 10.1 5.8 6.1 10.1 8.8 10.8 11.3

12.7 11.3 11.6 5.7 7.0 3.3 12.7 3.0 3.5 5.1 10.1 7.1 8.7

3.7 4.3 12.5 3.5 8.9 6.5 10.1 3.3 10.8 6.7 5.1 4.2 7.3

9.6 4.1 10.9 7.3 6.8 3.2 12.5 11.7 4.0

99.8 99.8 99.7 99.7 99.7 99.9 99.9 99.8 99.6 99.8 100.0 99.9 100.2
I
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Table 6

Grain-size d istribu tion  o f  samples apperta in ing  to curves o f  type I /a

Q, Q3 Md F„z F g i>Q,z D Q g
Mo,

Mo

Mo2 Moa

1/b 0.0048 0.05 0.017 0.012 0.964 0.023 3.22 0.09 0.022

1/d 0.0048 0.044 0.019 — 0.0054 0.76 0.0196 3.03 0.022

1/i 0.0075 0.045 0.022 — 0.0042 0.83 0.0187 2.45 0.045

1/1 0.0062 0.043 0.020 -0 .0 0 4 6 0.82 0.0184 2.63 0.045

2/1) 0.0055 0.051 0.017 0.0112 0.98 0.0227 3.04 0.022

2/e 0.0033 0.032 0.016 — 0.0026 0.69 0.0143 3.11 0.022

3/b 0.0055 0.06 0.02 - 0 .0 0 9 0.75 0.0273 3.20 0.09 0.022

6/a 0.007 0.062 0.026 0.009 0.83 0.027 2.97 0.058

8/a 0.0035 0.062 0.019 0.015 0.82 0.029 4.21 0.022

11/a 0.004 0.029 0.015 0.003 0.75 0.0125 2.72 0.022

13/a 0.0028 0.033 0.013 — 0.006 0.80 0.0151 3.40 0.045

14/a 0.0041 0.034 0.016 -0 .0 0 3 0.73 0.0149 2.88 0.022

16/a 0.0035 0.048 0 . 0 1 1 0.015 1.18 0.022 3.70 0.045 0.0055

16/b 0.0044 0.038 0.013 0.005 0.92 0.0168 2.90 0.0055 0.045

19/a 0.0033 0.04 0.017 0.007 0.46 0.0184 3.48 0.022

20/a 0.0082 0.048 0.023 0.005 0.86 0.0199 2.60 0.022

22/a 0.013 0.098 0.014 0.008 0.91 0.0171 3.20 0.014

23/a 0.009 0.033 0.019 0.002 0.91 0.012 1.90 0.022

23/b 0.0045 0.025 0 015 - 0 . 0 0 1 0.80 0.010 2.10 0.022

29/a 0.007 0.051 0.025 - 0.004 0.76 0.022 2.69 0.044

39/b 0.0025 0.023 0.014 + 0 .0 0 1 3 0.54 0.0102 3.04 0.022

41 0.0035 0.028 0.016 + 0 .0 0 0 3 0.62 0.0122 2.83 0.022

Acta Geologica Academiae Scientiarum Hungaricae 12, 1968



S T U D I E S  O N  T H E  “ S C H L I E R "  F O R M A T I O N , I . 177

Table 7

Sam ples appertaining to curves o f  type I I

N... Size__ Age Coll,

1/e G alg ag u ta , F u n tu s-p u sz ta о H

1/f G alg ag u ta , M átyáshegy ni H

1/g G alg ag u ta , G utai-hegy m H

1/h G algagu ta , H ab ran -vö lgy о K
1/k G alg ag u ta , G utai-szöllok m II

2/f Ácsa, É hes-hegy о H

3/c M ogyoród m N

3/d M ogyoród, N agypapszer-hegy m H

4/b Sashalom , A nna ó t 5. m N

4/c Sashalom m N

9/a S zan d av á ra lja m N

17/a Lócz (borc-lio lc 26 in ) O N

25/a Szentdom onkos m N

36/a Arló (S tan d -u p  fo rm ation  of soil slip) m F

36/b Arló (S tan d -u p  form ation  of soil slip) m F

37 Szucs m F

38/a P é te rv ásá ra m F

38/b No. 14. k m  stone  behind P é terv ásá ra m F

39/a M átran o v ák , Pétervö lgy i pusz ta m F

4 0 M átrab a lla , D ckicsjuss F

* A bbrev iations o f nam es of geologists and of age a re  iden tical w ith  th o se  of Table 1.
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Table 8
Grain-size analysis data o f  the samples

l/e i/f i/g l/h l/k 2/f 3/c 3/d 4/b

> 0 .3 2 __ 7.4 5.4 6.3 7.2 — — 7.4

0.32 0.2 0.4 7.6 6.0 5.4 5.0 5.7 3.6 2.3 12.4

0.2 — 0.1 28.4 44.1 28.0 46.3 28.2 32.8 20.8 45.1 45.5

0.1 — 0.05 25.6 7.4 21.1 9.6 13.8 19.5 33.6 16.2 4.9

0.05 — 0.02 16.3 20.6 15.8 8.7 14.5 11.6 13.4 11.8 5.3

0.02 — 0.01 9.7 3.8 8.5 6.1 9.4 9.1 13.6 6.3 12.2

0.01 — 0.005 11.7 6.1 6.4 5.0 7.6 8.6 7.6 11.3 7.1

0 .0 0 5 -  0.002 5.4 1.6 5.2 4.2 7.9 6.2 1.2 3.6 4.6

0 .0 0 2 — 0.001

< 0 .0 0 1

2.4 1.5 3.5 8.2 5.8 6.4 6.1 3.4 0.4

T 99.9 100.1 99.9 99.8 99.4 99.9 99.9 100.0 99.8

F ig . 8. F re q u e n c y  d is tr ib u tio n  cu rv e  
H u n g a r ia n  schlier ty p e  I I I
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apperta in ing  to curves o f  type I I

♦/« 9/a 17/a 25/a 36/a 36/b 37 38/a 38/b 39/a 40
A verage

curve

8.1 — 5.6 — — — 1.2 8.1 7.8 — 5.3 3.6

11.6 2.5 9.1 7.0 — — 10.2 14.6 19.2 6.1 19.2 7.3

43.1 21.9 33.2 38.3 1.4 11.0 42.5 44.0 38.1 37.5 28.9 32.9

13.9 18.1 8.6 17.4 48.4 37.7 16.6 3.5 7.2 9.2 15.6 17.3
0.5 21.4 3.5 11.1 29.9 30.4 8.1 3.4 10.2 12.4 10.1 12.9
9.4 11.2 8.3 7.1 8.1 11.6 9.0 9.1 2.3 6.4 5.8 8.4

10.1 7.2 9.2 7.0 2.2 2.6 0.6 2.9 3.2 5.2 4.9 6.3

1.3 11.7 8.6 3.8 6.3 1.3 3.7 5.5 5.9 2.6 2.7 4.7

1.8 6.1 1.9 8.3 3.6 5.3 3.8 0.5 4.0 4.5 2.4 4.0

11.9 4.0 8.5 2.1 16.1 5.2 2.4

99.8 100.1 99.9 100.0 99.9 99.9 99.7 100.1 100.0 100.0 100.1 99.8

Table 9
G rain distribution param eters o f the samples apperta in ing  to curves o f type I I

Q, Q, M,i FM
Mo

DQsz DQ,,
Mo, Mo2 Moj,

1/e 0.011 0.075 0.038 — 0.005 0.7 0.032 2.61 0.09
1/f 0.025 0.12 0.083 + 0 .0 1 1 0.66 0.047 2.19 0.09 0.022

1/g 0.015 0.095 0.048 —0.007 0.79 0.040 2.52 0.09
1/h 0.018 0.10 0.075 + 0 .0 1 6 0.57 0.041 2.35 0.09 0.0058

1/k 0.0085 0.098 0.016 — 0.0026 0.69 0.014 3.11 0.022
2/f 0.009 0.088 0.048 — 0.001 0.6 0.039 3.12 0.09

3/c 0.013 0.073 0.04 —0.003 0.77 0.03 2.37 0.045

3/d 0.016 0.11 0.067 + 0 .0 0 4 0.62 0.047 2.62 0.09
4/b 0.017 0.13 0.09 + 0 .0 1 6 0.52 0.056 2.76 0.09 0.013

4/c 0.035 0.12 0.081 + 0 .0 0 4 0.8 0.042 1.85 0.09 0.006

9/a 0.007 0.068 0.024 — 0.013 0.91 0.031 3.12 0.03
17/a 0.0038 0.092 0.028 — 0.023 0.78 0.039 4.9 0.09 0.022 0.0028
25/a 0.013 0.098 0.062 + 0 .0 0 0 3 0.60 0.042 2.74 0.09
36/a 0.018 0.052 0.032 -  0.003 0.95 0.017 1.6 0.045
36/b 0.017 0.052 0.032 — 0.003 0.95 0.017 1.6 0.045
37 0.025 0.12 0.079 +  0.0065 0.69 0.0475 2.2 0.058
38/a 0.013 0.13 0.090 + 0 .0185 0.456 0.0585 3.2 0.09
38/b 0.025 0.13 0.090 +  0.0125 0.634 0.0525 2.29 0.09
39/a 0.004 0.13 0.045 — 0.022 0.50 0.063 • 5.71 0.09
40 0.02 0.13 0.09 +  0.015 0.56 0.055 2.55 0.09
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Table 10

Sam ples appertaining to curves o f  type I I I

No. Size Age Coll, by*

l /a G a lgagu ta 0 H

2/a Acsa m N

2/d Á csa, Ú jlak i-p u sz ta 0 H

2/c A csa, K lokocs-puszta о H

33/a K om ló m F

* N  =  Noszky E . sen. Age of th e  sam ples:
F  =  F ö ldvári A. о =  Oligocène
H  =  H orusitzky  F . m  =  Miocene

Table 11

Grain-size analysis data o f  the samples apperta in ing  to curve o f type I I I

i/« 2/a 2/d 2/e 33/a
Average

curve

> 0 .3 2 ----- 4.2 7.5 — — 2.8

0.32 — 0.2 — 5.1 5.4 1.7

0.2 0.1 6.4 15.8 17.1 9.9 10.8 12.0

0.1 0.05 4.1 19.2 5.7 5.7 3.1 7.6

0.05 0.02 24.5 15.1 13.2 29.1 19.4 20.2

0.02 0.01 16.8 17.1 13.6 7.9 17.5 14.6

0.01 — 0.005 12.2 2.8 11.2 13.7 14.6 10.9

0.005 — 0.002 18.1 11.3 17.6 17.3 14.8 15.8

0.002 —0.001 17.8 9.4 6.4 7.1 12.3 10.6

< 0 .0 0 1 1.8 9.1 7.2 3.6

2 99.9 100.0 99.5 99.8 99.7 99.8

Table 12

Grain distribution param eters o f  samples apperta in ing  to curves o f  type I I I

Q. 0з M j F rZ F*g d q , 2 DQg
Mot

Mo

Mo., Mo,

l /a 0.002 0.02 0.008 — 0.003 0.79 0.009 3.16 0.022 0.0029 0.09

2/a 0.0075 0.072 0.025 — 0.0157 0.97 0.0322 3.10 0.013 0.0015 0.09

2/d 0.003 0.08 0.015 — 0.027 1.10 0.038 5.10 0.09 0.0015 0.013

2/c 0.002 0.027 0.0094 —0.005 0.78 0.014 3.61 0.022 0.0015 0.09

33/a 0.0019 0.028 0.0075 —0.007 1.04 0.013 3.84 0.013 0.09 0.0028
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F ig . 9. 1. H u n g arian  sch lie r sam p le s ; 2. A u s tr ia n  sch lie r sam ples; 3. I. ty p e  o f H un g arian  
sch lie r; 4. I /a  ty p e  of H u n g a r ia n  sch lier; 5. I I  ty p e  o f H u n g a rian  sch lie r; 6. I l l  ty p e  of 

H u n g a rian  schlier; 7. I  ty p e  of A u s trian  sch lie r; 8. I/a  ty p e  o f A u s tr ia n  sch lier
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STUDIES ON THE “SCHLIER” FORMATION

II. G R A N U L O M E T R IC A L  T Y P E S  O F  T H E  A U S T R IA N  “ S C H L IE R ”

By

A . F ö l d v á r i an d  G y . S zöőr

M INERALOGICAL AND PETRO G RA PH ICA L IN STITU TE,
TECHNICAL U N IV E R S IT Y  FOR HEAVY IN D U STRY , M ISKOLC, HUNGARY 

M INERALOGICAL AND GEOLOGICAL IN ST ITU TE, KOSSUTH U N IV ER SITY , D EB R EC E N , HUNGARY

The sam ples from  ty p e  loca lity  o f A u s tr ia  has been in v es tig a te d  fo r th e  e x a c t 
com parison w ith  th e  H u n g a ria n  sam ples. T h e  sch lie r sam ples from  A u s tr ia  a re  su itab le  
fo r two H u n g a rian  ty p es . H ence, th e  h o rizo n ta l ex ten sio n  of th e  H u n g a ria n  schlier 
ty p es  goes fa r b ey o n d  th e  fro n tie r  o f  H u n g ary .

Acta Geologica Academiae Scientiarum Hungaricae Tomus 12 (1 —4), pp. 183—187 (1968)

In order to com pare the rocks of the H ungarian “ schlier” form ation  
w ith  the Austrian original “ schlier” form ation, we have exam ined  some 
A ustrian samples, in th e  conviction  that on ly  m easurem ents carried out 
w ith a given m ethod in the sam e laboratory are suited for accurate com ­
parison. The Austrian specim ens were put at on disposal by geological insti­
tu tes o f Vienna, by the interm ediary o f Cs e p r e g h y -M e z n e r ic s  (P alaeonto logi­
cal D ep t., H ungarian N ational Museum).

Fig. 1. C um ula tive  cu rve
] . A u s tr ian  schlier ty p e  I ;  C a lcu la ted  average  of th e  exam in ed  7 sp ec im ens; 2. D eviation  
field  o f  th e  exam ined 7 spec im ens; 3. T he m ost d issem in a ted  in d iv idual v a lu e s  o f th e  curve^
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F ig . 2 . F req u en cy  d is tr ib u tio n  cu rve  
A u s tr ia n  schlier ty p e  I

F ig . 3. C um ulative  cu rve
1. A u s tr ia n  schlier ty p e  I /A ; C alcu lated  average  o f th e  ex am ined  2 specim ens
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T h e exam ined  sch lie r sam p les  are co m p arab le  w ith  th e  H u n g a ria n  ty p es 
I an d  I /a . A m ong th e  A u s tr ia n  sam ples th e re  w as no  analogous to  th e  H u n g a ria n  
ty p e s  I I  an d  I I I .

F ig . 4. F req u en cy  d is tr ib u tio n  cu rv e  
A u s tr ia n  schlier ty p e  I/A

T he c h a ra c te r  o f th e  freq u en cy  curve o f th e  A u s tr ia n  ty p e  I  is analogous 
to  t h a t  o f th e  H u n g a ria n  ty p e  I ,  h u t  its  m ode is a t  0.005 m m , i.e. i t  is of 
a f in e r  g ra in  th a n  th e  H u n g a ria n  ty p e  I. A sam p le  from  th e  ty p e  lo ca lity , 
O ttn a n g , was found  to  be lo n g  to  th is  ty p e .

Table 1
Grain-size analysis data o f  samples apperta in ing  to curves o f  type I

O ttnang H all Marburg Stöckl Jahring Ausser
R epn ik  
( fossil I- 
fe rous)

Average
curve

> 0 .1 0.5 1.2 4.1 7.8 3.3 1.2 3.4 3.1

0.1 —0.05 9.7 10.5 3.8 1.4 4.4 4.6 3.6 5.4

0.05 —0.02 20.0 14.1 6 .6 12.0 14.1 14.7 11.4 13.3

0.02 —0.01 19.7 26.3 13.7 13.1 20.5 19.8 16.7 18.5

0.01 —0.005 18.9 19.9 18.0 18.7 17.7 19.1 22.1 19.1

0.005—0.002 16.3 13.5 20.8 21.2 16.5 16.9 18.9 17.7

0.002—0.001 5.3 6 .2 10.5 12.8 8.8 8.7 11.7 9.1

< 0 .0 0 1 9.7 8.1 22.3 13.0 14.3 15.0 12.2 13.5

100.1 99.8 99.8 100.0 99.6 100.0 100.0 99.7
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Table 2*

Grain distribution param eters o f  samples apperta in ing  to curves o f  type I

Md F sz OQsz DQg
Mo

Qi Q3 Fg
Mo , Moa

O ttn a n g 0.0022 0 .0 1 8 0.007 - 0.0031 0 .89 0.0079 2.83 0 .012

H a ll 0.0025 0 .0 1 5 0.007 - 0 .0017 0.87 0.0062 2.4 0 .012 0.0055

M arb u n g 0.0008 0 .0 0 8 0.0028 - 0 .0016 0.91 0.0036 3.17 0 .0028

S tö ck l 0.0015 0 .0 1 5 0.0035 - 0.0047 1.35 0.0067 3.17 0 .0028 0.09

J  a h r in g 0 .0016 0 .0 1 3 0.0055 - 0 .0018 0.82 0.0057 2.85 0 .012

A usser 0.0017 0 .0 1 2 0.005 - 0 .0018 0.9 0.0051 2.65 0 .012

R e p n ik
(fossiliferous) 0.0015 0 .012 0.0041 - 0 .0026 1.03 0.0052 2.8 0 .0122 0.09

Table 3

G rain-size analysis data o f  sam ples 
apperta in ing  to curves o f  typ e  I /a

mian
St. Leonhard 

im
W indischbuckel

Average
curve

> 0.1 13.7 13.1 13.4

0.1  — 0 .0 5 18.2 16.1 17.2

0.05  — 0 .02 24.0 21 .7 22.9

0.02  — 0.01 14.5 13.5 14.0

0.01  — 0 .0 0 5 8 .6 8 .7 8.6

0 . 0 0 5 — 0 .0 0 2 8 .8 10.2 9.5

0 . 0 0 2 - 0 .001 4.4 8.1 6.2

< 0 .001 7.8 8.5 8.1

100.0 99 .9 99.9

Table 4

Grain distribution param eters o f  samples apperta in ing  to curves o f  type I /a

Q. Q3 Md Fg D Q ,Z DQg Mo

S a sm a n 0.005 0.045 0.018 - 0 .0 0 7 0.83 0.02 3.0 0.023

S t. L eo n h a rd  im W in-
d isch b u ck e l 0.0028 0.04 0.015 — 0.0064 0.70 0.0186 3.78 0.023

T h e frequency character of the A ustrian ty p e  I/a is analogous to the  
H u n garian  type I/a, but its  m ode is at 0.02 m m , i .e .  it is likew ise finer grained 
th an  th e  Hungarian ty p e  I/a .

* A b b re v ia tio n s  are id en tica l w i th  th o se  in  “ Schlier S tu d ies  I ”
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The authors express their gratitude to  Mrs. K. Hajdú-Molnár for having  
prepared the diagram s.
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STUDIES ON THE “SCHLIER” FORMATION

I I I .  T H E  P A L A E O G E O G R A P H Y  O F T H E  “ S C H L IE R ”
IN  N O R T H  H U N G A R Y

By

A. F ö l d v á r i  und К . H a j d ú -Mo ln ár

M IN E R AI.OGICAL AND PETRO G RA PH ICA L IN ST ITU TE,
TECH N ICA L U N IV E R SIT Y  FO R HEAVY IN D U STRY , M ISKOLC, HUNGARY

T he zones c o n s tru c ted  fro m  th e  g ran u lo m etric  ty p e s  o f th e  H u n g a r ia n  sch liers 
ru n  p a ralle l to  th e  la n d  b e lts  M iocene. T he litho facies m ap  d ra fte d  by  th e  m e th o d  of 
K rum bein -S loss, how ever, show s th e  influence o f th e  b iozones o f th e  sea  w a te r  an d  
o f lan d -d e riv ed  k a rs t-w a te r  flow s. T h e  zones o f th is  k in d  ru n  su b p e rp en d ic u la r  to  th e  
g ran u lo m etric  ones. B o th  m ap s show  th e  ex istence  of a N N E -s tr ik in g  sa n d y  b e lt  in 
th e  c o n tin u a tio n  of th e  M esozoic B u d a  M oun ta ins. I t  m ay  be due  e ith e r to  a b io h erm  
or to  tec to n ic  d is tu rb an c es , o r to  sea cu rren ts .

The present paper deals w ith  th e  areal distribution of the schlier ty p es  I, 
la ,  II  and I I I  d istinguished in  th e  course of our studies on schlier granu­
lom etry  [1]. T hough the exam ined rocks are not o f  the same age and stage  
th e  construction o f a rock facies m ap on a granulom etrical basis for th e  schlier 
form ation w ith  high th ickness m akes sense nevertheless, because it  had  
form ed under th e  sam e stead y  conditions during a long period from th e  U pper  
O ligocène to th e  Middle M iocene. On the basis o f our data we have a ttem p ted  
also the finer and more detailed  evaluation  o f lithofacies of the ty p e  applied  
la te ly  to both recent and fossil m arine sedim ents. Because we h ave found  
th e  areal distribution o f the typ es to  be the sam e in th e  Oligocène and M iocene, 
w e consider our starting-point as justified .

The facies zones on th e  distribution map are in agreem ent w ith  the  
N E —SW trend o f the H ungarian M ountains and follow  the contours o f  the  
M iocene dry lands. There is a central clayey zone stretching from  H on t to  
A ggtelek; accom panied on either side by a zone o f  schlier typ e I/a  w ith  a 
fin e  sand con ten t. N ortheast o f th e  ancient Bükk M ountains island there is 
a san d y spot o f  th e  ty p e  II. A quite sandy strip o f typ e II o f N N E  SSW  
trend  stretching from Sashalom  to  Lócz includes th e  sam ples from M ogyoród, 
w hich are rich in sponge spicules. (A bio-shoal?)

The palaeogeographical m ap described above is in effect a facies m ap of 
th e  clastic com ponents. K r u m b e i n  and Sloss used a sand-shale ratio  В : C 
where В is the percentage o f grains above and C the percentage o f grains below  
0.02 m m . As a com plem ent th ey  indicate also th e  non-clastic (i.e ., chem ical) 
com ponent togeth er  w ith  th e  clastic  ratio. In the case o f the schlier th is  la tter  
expresses ch iefly  the C aC 03 con ten t, thus characterizing also the rock build ing  
role o f the biogene com ponents.
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Table 1

Values calculated on the basis o f  weight percentages o f  the rock building components

N um ber 
of the 

sam ples
CaC03 [A]

В + c A
cA

l /a 18.1 5.5 0.539

1/b 11.03 9.1 1.14

1/c 11.94 8.3 0.65

1/d 10.84 9.2 1.48

1/e 12.06 8.2 2.42

1/f 13.72 7.2 6.69

!/g 5.56 17.9 3.24

1/b 13.72 7.2 3.25

1/i 10.53 9.4 1.44

1/k 8.9 11.2 2.25

1/1 13.45 7.4 1.46
2/a 7.07 14.1 1.46
2/b 10.19 9.8 1.25

2/c 26.94 3.7 0.81

2/d 12.29 8.1 0.97

2/e 14.34 6.9 1.03
2/f 9.41 10.6 2.30
3/a 13.9 7.2 0.89
3/b 16.74 5.9 1.54

3/c 18.31 5.5 2.51

3/d 15.72 6.4 3.055

4/a 30.31 3.3 0.33
4/b 13.68 7.3 3.11

4/c 36.79 2.8 3.39
5/a 6-38 15.6 0.85
6/a 12.21 8.2 1.44
7/a 14.61 6.8 0.49

8/a 17.45 5.7 1.24

9/a 12.82 7.8 1.76

10/a 3.18 31.4 0.59

1 l /a 10.69 9.3 0.95

12/a 12.78 7.8 0.40

13/a 13.05 7.6 0.85

14/a 14.92 6.7 1.16

15/a 10.11 9.9 0.65

N um ber 
of the 

samples
C aC 03 [A]

В + c 
X

В
cT

16/a 11.62 8.6 0.82

16/b 16.92 5.9 0.89

17/a 8.46 11.8 1.50

18/a 13.60 7.3 0.80

19/a 9.26 10.7 1.14

20/a 6.53 15.3 2.02

20/b 10.23 9.8 0.51

2 l /a 8.59 11.6 0.89

22/a 8.17 12.2 0.93

23/a 15.3 6.6 1.64

23/b 17.09 5.8 0.99

24/a 14.86 6.7 0.57

25/a 8.95 11.1 2.83

26/a 9.38 10.6 0.43

27/a 14.48 6.9 0.70

28/a 2.53 39.0 1.09

29/a 11.99 8.4 1.77

30/a 13.26 7.5 0.92

30/b 17.93 5.5 0.83

31/a 17.18 5.8 1.04

32/a 19.95 5.0 0.98

33/a 20.21 4.9 0.50

33/b 17.09 5.8 0.57

34/a 27.24 3.6 0.38

35/a 15.85 6.3 0.36

36/a 2.91 34.3 3.94

36/b 3.42 29.2 3.78

37 10.34 9.7 3.7

38/a 4.86 20.5 2.7

38/b 4.88 20.6 4.7

39/a 5.80 17.2 1.87

39/b 11.24 8.9 0.82

39/c 15.32 6.5 0.26

40 6.27 15.9 3.76

41 11.73 8.5 0.99
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F ig . 2. L itho facies m ap
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P lotting  in a triangle diagram the B/C ratio as defined above and the  
e la stic ity  ratio В -(- C/A, where A  means the C aC 03 content. T he result 
perm its the construction o f  a lithofacies map th at represents the com pound  
effect o f the inorganic and chem ical (-biogene) com ponents.

The CaC03 content o f  the schlier sam ples w as determ ined b y  th e  aid 
o f  a Scheibler device. (See T able I.)

The first H ungarian lithofacies map constructed  in this w ay , largely  
reflects the facies zones o f the CaCO;! content, i . e . ,  o f the biogene elem ent 
arranged in N —- S trending strips. It shows th at on the lithofacies m ap th e  
biological facies appear independently  of the facies zones of the c lastic  com ­
ponents. The facies zones o f th e  clastic schlier types show more d istin ctily  the  
connection  with dry lands, w hich had supplied the detritus, w hereas the  
lithofacies map reflects the b iological zoning o f th e  ancient sea. It is w orth  
m ention  that the sandy shoal strip from Sashalom  to Lősz appears also on 
th e  lithofacies map.

The lithofacies map strik ingly  reflects the petrological-chem ical co n stitu ­
tion  o f  the adjoining dry lands. The lithofacies zones of high C aC 03 con ten t  
are in contact w ith dry lands w hich consist o f carbonatic rocks and supplied  
karst-w ater flows to the sea. (Bükk M ountains, Gömör-Torna K arst, B uda  
M ountains). On the other hand, the Yepor M ountains and Dunazug M ountains, 
w hich  largely consist o f volcanics and other ch iefly  silicatic rocks, border 
on lithofacies zones o f low C aC 03 content.
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STUDIES ON THE “SCHLIER” FORMATION

IV . F O R A M IN IF E R A L  B IO F A C IE S  ZO N K S O F  T H E  “ S C H L IE R ”
IN N O R T H  H U N G A R Y

By

A. F ö l d v á r i  and K . S z a b ó -S o m o g y v á r i

M INERA LOGICAL AND PETRO G R A PU I CAL IN ST ITU TE,
TECHNICAL U N IV ER SITY  FOR HEAVY IN D U ST R Y , MISKOLC

On th e  basis o f th e  a b u n d an ce  of fo ram in ife rae  -  f irs t of all, g lo b ig e rin ae  — 
biofacia l zones can  be  d is tin g u ish ed . T he b iofacies m ap  show s a ra th e r  good ag ree m e n t 
w ith  th e  litho facies m ap , w hereas th e  g ra n u lo m e tric  m ap  is d ep en d en t u p o n  source  
a rea s o f d e tr i ta l  m ate ria ls .

The palaeontological exam ination of 65 sam ples gave the fo llow ing  
results.

The microfossil content fo the sam ples was found to be fairly uniform  
although some o f them  belonged to the O ligocène Chattian stage, som e to  the  
M iocene H elvetian  stage. T hey contained F o r a m in i f e r a ,  spicules o f  sponges 
and echinoids and otoliths o f fish, except for a few  sandy sam ples w hich held  
on ly  som e sponge spicules.

As a rule, the F o r a m in i f e r a  are sm all w ith  thin-w alled calcareous tests. 
The num ber of species is m edium  or low7. P lankton ic forms ( G lo b ig e r in a  bullo-  
i d e s )  are rather abundant (up to  91 per cent in som e sam ples), w hereas in 
m any sam ples th ey  are alm ost entirely absent. B eside the G lo b ig er in a e  there  
are am ong the benthonic species euryhaline form s, such as C ib ic id e s , N o n i o n ,  
R o t a l i a , stenohaline form s are also abundant, but th ey  are very sm all and  
belong to just a few species, ( B o l i v i n a ,  B u l i m i n a , R o b u lu s ,  D e n t a l i n a , N o d o -  
s a r i a ,  C a s s id u l in a , P u l l e n i a , U v ig e r in a ,  etc.) The three great groups are repre­
sented  as follows

Planktonic 30 per cent,
E uryhaline 36 per cent,
Sthenohaline 34 per cent.
In the Oligocène sam ples sponge spicules are much less abundant than  

in the H elvetian  ones (F ig. 1). There is also a conspicuous difference betw een  
th e  Chattian and H elvetian  specim ens concerning the spread o f o to liths  
enriched again in the H elvetian  sam ples. H ow ever, the schlier o f b oth  ages 
contains the sam e cosm opolitan species, so th a t, if  the depth is unknow n, 
th e  stratigraphic assessm ent is som etim es equivocal. Still, we have separated  
th e  Chattian sam ples from the H elvetian  ones and classed each according to  
its  faunistic content in to  one of four groups taking in regard th e  per cent

13 A c ta  Geologien A cadem iae  Sc ien tia ru m  H u ngaricae  124 1968



194 A. F Ö L D V Á R I a n d  К .  S Z A B Ó -S O M O G Y V Á R I

IV
Fig. 1. F req u en cy  o f sponge  spicules

1. H e lv e tian  fre q u e n c y ;
2. C h a ttian  freq u e n c y

of p lan k ton , the faunistic variab ility , th e  dom inant species, and we have  
determ ined  various zones o f depth. On th e  basis o f the m icrofauna w e m ay  
sta te  th a t  the deposits cam e to  exist m ostly  in th e  neritic zone, w ith  overlaps 
on th e  b a th ya l and littoral zones. Sea-w ater did not especially favour the  
spread o f big forms w ith  th ick  tests, for presum ably there were ch illy  currents 
flow in g  in th is branch o f th e  T ethys. N either could the salt content h ave been  
quite uniform , influenced as it was by fresh-w ater inflows. This is noticeable  
m ain ly  in  the northeastern part of the area.

Chattian sam ples

T hese sam ples o f ty p e  A, where the abundance o f G lo b ig e i in a e  is over 
45 per cen t, w ith a m edium  or high num ber o f species. The prevailing genera 
are C i b i c i d e s - B o l i v i n a - B u l i m i n a .  E uryhaline form s occur only occasionally. 
In th e  b ath ya l zone the num ber o f benthonic species is low, as com pared  
to  th e  great abundance o f plankton, but in  v iew  o f the relatively great variety  
of sp ecies, our sedim ent belongs to  the deep border of the neritic zone.

In  th e  sam ples of ty p e  B , G lo b ig er in a  occur in a m iddling abundance  
(18 to  45 per cent, less than in ty p e  A). A m ong th e  benthonic species, C ib ic id e s  
and B o l i v i n a  prevail also in  th is type; B u l i m i n a  is slightly  repressed. In  som e  
sam ples D e n ta l in a  is noticeably  frequent, thou gh  the number o f its species 
is sm all as com pared to  the Middle O ligocène. H ere and there, R o b u lu s  occurs 
in greater num bers, but w ith few species and tin y  tests . This type contains the  
only  R upelian  species ( P la n u l i n a  o s n a b r u g e n s i s ) .  In some places, R o la l ia  
and N o n i o n  also appear in greater num bers. A ll th ese  are deep neritic sedim ents.
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In the samples o f  ty p e  C the percentage o f G lob iger in a  is very  low , with 
a m edium  or large num ber o f species. C ib ic id e s  is the prevailing species, but 
R o b u lu s  is more abundant than  before. The role of B o l i v i n a  and B u l im in a  
is fairly subordinate; in tw o  sam ples, U v ig e r in a  is abundant, w hile in some 
sam ples P u l le n ia  and N o d o s a r ia  are in second place. In one sam ple, agglutinate  
species ( C y c la m m in a ,  B a t h y s ip h o n ,  H a p lo p h r a g m o id e s )  are found in strik­
in gly  large numbers. This is the shallower part of the neritic zone.

In the only sam ple o f typ e D , R o t a l ia  b eccar ii  prevails, in association  
w ith  a few other species o f very  small size. This is the littoral zone w ith  brackish  
w ater.

Helvetian samples

In type A, the G lo b ig e r in a  content is, here too, over 45 per cent. The 
prevailing genera are C ib ic id e s ,  B o l i v i n a , N o n io n .  The num ber o f species is 
m edium  or high. This ty p e  seem s som ew hat shallower than th e  sim ilar Oligo­
cène one, for its plankton and also B o l i v i n a  and B u l i m i n a  characteristic of 
a deeper sea are less abundant. This is th e  deep border o f th e  neritic zone.

In type B, G lo b ig e r in a  occurs in 45 to  20 per cent. The num ber o f species 
is m edium  or low; th is is the difference against the sim ilar C hattian  type. 
The fauna likewise differs in percentual com position: N o n i o n  and R o ta l ia  
are as abundant as C ib ic id e s .  A few sam ples abound also in  B o l i v i n a  and 
R o b u lu s  but samples rich in D e n ta l in a  are absent. These circum stances suggest, 
th a t whereas the depth zone did not change, the water was m ixed  w ith  fresh 
w ater in some places. The sedim ents are deep-neritic.

In type C the G lo b ig e r in a  content is very low, less th an  10 per cent. 
The number of species is m edium  or high. Am ong the benthon ic species, C ib i­
c id e s  is dom inant: B o l i v i n a  and B u l i m i n a  are also fairly frequent, w hile R o b u ­
lu s  is playing an insign ificant part as com pared to th e  C hattian  samples. 
This is the shallower part o f the neritic zone.

In type D th e  G lo b ig e r in a  content is under 10 per cen t, w ith  a small 
num ber of species. The sam ples carry few  F o r a m in i f e r a  i f  an y , about half 
o f them  contain a few  sponge spicules only. The predom inant genera are: 
R o t a l ia ,  N o n io n ,  and E l p h i d i u m .  This is th e  littoral zone w ith  brackish water.

In the following tab le  the types are compared in respect o f  th e  salinity  
preferences and abundance o f the F o r a m in i f e r a :
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Table 1

C hattian H elvetian

P lank ton ic  1
о//0

Euryhaline Stenohaline
о/ 0//о /о

Plank ton ic Euryhaline

. %
Stenohaline

°/o

T y p e  A 82 7 n 69 19 12
T y p e  В 28 31 41 30 39 31
T y p e  C 4 28 68 9 30 61
T y p e  D 14 51 35 9 80 11
A verage 32 29 39 29 42 29
A v e i age C h a ttia n +  H elvetian: 30 36 34

T he facts enum erated above permit to  s ta te  th a t, in the O ligocène, 
th e  w ater  was slightly sa ltier  and calmer and was thus more favourable to  
th e  enrichm ent of G lo b ig e r in a .  Freshwater in flow s are indicated  by the small 
n u m b er o f species and th e  re la tiv e ly  high percentages o f  euryhaline elem ents, 
m ore pronounced in th e  H e lv e tia n  samples presum ably  because the in flow  
o f m ore fresh water affected  ev en  the types o f th e  deeper zones. The faunistic  
v a r ia b ility , i.e., the variation  o f  th e  number o f species is greater in the Chattian  
th a n  in  th e  H elvetian. B esid es m ajor inflows o f fresh w ater one defin itely has 
to  reck on  w ith a cooling o f  th e  clim ate or rather w ith  cold sea-currents.

M ap 1 shows the areal distribution of th e  ty p es  o f th e  Chattian schlier. 
T he w ater  deepened tow ards th e  north, w hile th e  ty p es of shallow depth  
occur in  isolated spots.

M ap 2 exhibiting th e  areal distribution o f th e  ty p es o f the H elvetian  
sch lier , is more com plicated th a n  Map 1. Deep w aters la y  also in this period  
to  th e  north , but only in  th e  w e st, while in the east littora l facies form a strip  
of N  — S direction.

M ap 3 and 4 show th e  percentual distribution o f  the G lob iger in a  content 
in th e  C hattian and H elv e tia n  schliers, respectively.
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РАБОТЫ О ШЛИРОВОЙ ФОРМАЦИИ I - I V .
А . Ф Ё Л Ь Д В А Р И  И С О Т Р .

Р о з  ю м е

Широко развитая олигоцено-миоценовая шлировая формация была охарактеризо­
вана и четырех статьях по своим измеряемым показателям.

1. По типовым образцам, отобранным геологами, проводившими геологическую 
съемку на площадях развития шлира в Венгрии, были гранулометрически выделены 3 
главные типа и 1 второстепенный: 1. оттнангскмй тип (с двумя подтипами), 2. песчанистый 
шлир и 3. неустойчивый тип с несколькими максимумами. Данные типы могут быть выде­
лены как в олигоценовых, так и миоценовых шлирах.

И. Образцы шлира, взятые на территории Австрии, относятся к вышеупомянутому 
оттнангскому типу. Следовательно, выдержанность выделенных на территории ВНР 
типов шлира выходит за пределы республики.

III. Зоны гранулометрических типов венгерского шлира простираются параллельно 
миоценовой суше. Однако, литофациальная карта, составленная методом Крумбейн 
Слосса, отображает влияние биогеографических поясов моря и карстовых вод, поступа­
ющих с суш в морской водоем. Эти последние простираются примерно перпендикулярно 
гранулометрическим зонам. И тем, и другим способом можно выявить песчанистую зону 
ССВ-го простирания в продолжении Будайских гор. Она обусловлена либо биогермами, 
либо тектоническим нарушением, либо морскими течениями.

IV. На основании количества фораминифер, в первую очередь, глобигерин, можно 
выделить биофациальные зоны. Биофациальная карта показывает большее соответствие 
литофациальной карте, в то время как карта, составленная по гранулометрическим дан­
ным, является функцией суши — области сноса обломочного материала.

Вышеизложенные исследования будут продолжаться обработкой полных разрезов 
шлировых толщ с точки зрения их микроминералогии и других особенностей.
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ENTWICKLUNGSGESCHICHTLICHE 
UND PALÄOGEOGRAPHISCHE GRUNDZÜGE 

DES UNGARISCHEN UNTERPANNONS
Von

L . K Ő R Ö S S Y

U N G A R ISC H ER  ERDÖL- UND GASTRUST, BUDAPEST

A uf G ru n d  zah lre ich er T iefbohrungen  k a n n  das U n te rp an n o n  in  5 ffo rizon te  
au fg e te ilt w erden . E s sind  dies

5. san d iger T o n m erg el-H o rizo n t,
4. san d iger H o riz o n t,
3. M ergel-T onm ergel-H orizon t,
2. K a lk m erg e l-H o rizo n t und  
1. B asa lk o n g lo m era t.

D ie drei o b ersten  H o rizo n te  sind  regional v e rb re ite t.
Das u n te rp a n n o n isch e  B innenm eer tra n sg re d ie r te  n ach  d e r p rä p o n tisc h e n  E ro ­

sion zu erst im  SO -Teil d e r  G roßen T iefebene, im  D rau -B eck en  u n d  in  den  inneren 
B eckenteilen  de r K le in en  T iefebene. Von d iesen  Senken  b re ite te  es sich  a u f  die um lie­
g enden  G ebiete au s, ohne  d a ß  es jed o ch  das gesam te  heu tig e  B ecken  se lb s t am  E nde 
des U n te rp an n o n s ü b e r f lu te t  h ä tte . Zwischen B a la to n , D onau  u n d  M ecsek-G ebirge gab 
es ein größeres zu sam m en h än g en d es F estlan d , andersw o ab er m eh re re  in se la rtig e  E rh e ­
bungen . Zu B eginn des O b erp an n o n s b re ite te  sich die T ransg ression  w e ite r  aus, doch 
g ab  es au ch  zu d ieser Z eit noch  Inseln  in  T ra n sd an u b ien . D iese sow ie e in  größeres 
zusam m en h än g en d es F e s tla n d  zwischen B ak o n y - u n d  M ecsek-G ebirge u n d  größere 
G ebiete im  w estlichen  Teil des Landes w urden  vom  B in n en m eer e rs t  s p ä te r  im Ober- 
pan n o n  ü b e rflu te t.

Die H o rizo n te  des U n te rp an n o n s  w urd en  in P ro filen  v e ran sc h a u lic h t, die in 
T ran sd an u b ien  N -S , in de r G roßen T iefebene N W -S O  verlau fen , u n d  a n  3 K a rten .

D ie geologischen V erhältnisse, wie sie im ungarischen P an n on -Becken 
zu E nde des Miozäns und während des Pliozäns bestanden, w erden mit der 
zunehm enden E rschließung einzelner Teilgebiete dieses Beckens im m er deut­
licher erkannt. Zwischen Sarm at und Pannon glaubte K a r r e r  (1877) eine 
D enudation und Lücke festzustellen , w ogegen andere Verfasser eine fort­
dauernde Sedim entation annahm en ( H a l a v Áts  1911, L óc zy  1916). Nach 
neueren Unterlagen h atte  es in Ungarn verm utlich nur in eng um schriebenen  
Teilgebieten eine kontinuierliche Sedim entation gegeben, w ährend sich ander­
w ärts U nterbrechungen und Schichtlücken erkennen lassen. E rstm alig  wurde 
eine solche von S z á d e c z k y - K a r d o s s  (1938) und S ü m e g h y  (1939) für die 
K leine Tiefebene nachgew iesen.

Von der unteren, m ittleren und oberen Sarm atstufe Sinzow s und Andru- 
sow s läßt sich in Ungarn nur die untere (w olhynische) Stufe au f Grund ihrer 
ervillienführenden Fauna m it Sicherheit unterscheiden. Nach S u e s s , A n d r i i - 
s o w  und V a d á sz  um faßt der Sarmat die regressiven Sed im ente des Spät­
m iozäns.

A da  Geologica Academiae Scientiurum Hungaricae Tomus 12 (1 —4), pp. 199—217 (1968)
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N ach M. P a u c a  (1935) w ar die Verbindung zw ischen dem osteuropäischen  
und  dem  pannonischen B innenm eer in der Z eit zw ischen U ntersarm at und  
U nterpannon  unterbrochen, so daß sich die beiden  G ebiete in diesem  Z eit­
a b sch n itt  verschiedenartig fortentw ickelten . D ie osteuropäischen m ittel- und  
obersarm atischen und m eotisch en  Ablagerungen kom m en nach P a u c a  im 
pannonischen  Becken n icht vor. D ie Verbindung zw ischen den beiden Becken  
kam  erst im U nterpannon w ieder zustande und dem zufolge wurden auch 
die Ablagerungen der beiden  Becken wieder einander ähnlich.

Übergangs- (B rücken-) Faunen zwischen Sarm at und Pannon, von w el­
chen  z. B. L ö r e n t h e y  schrieb (1903), sind nach S c h r é t e r  (1941) n icht vor­
h an d en , vielmehr kom m en nur um gehäufte und  zusam m engespülte F au­
nen vor.

Im  pannonischen B ecken  brachten epirogenetische Bew egungen zu Ende 
des M iozäns eine allgem eine H ebung sowie die Spuren einer Regression zustande. 
Es b ild eten  sich w eiträum ige Festlandschw ellen (attische synorogene B ew e­
gu n gen ), doch blieben in einzelnen  kleineren und tieferen B eckenteilen  R elik t­
seen  zurück, in welchen sich die Ablagerung verm utlich  ununterbrochen  
fo r tse tz te . Allerdings feh lt v o n  ihren süß wässerigen Ablagerungen jene Fauna, 
die für das osteuropäische O berm iozän und U nterpliozän des H auptbeckens  
ken n zeich n en d  ist.

N ach  den T iefbohrungen lag ein großer Teil Ungarns nach der 
a llgem ein en  Regression zu E n d e des Miozäns (am  E nde des Sarm ats und  
zu B eg in n  des Pliozäns) trock en . Auf dem em porgehobenen Land war die 
D en u d a tio n  am W erk, die auch die Ablagerungen der unm ittelbar vor­
angegangenen  Stufen von  großen Flächen mehr oder m inder t ie f  w egschaffte  
(p repontische Erosion).

Übergangschichten zwischen M iozän und Pliozän

J en e  kleineren B eck en ab sch n itte , in denen m utm aßlich  in R eliktenseen  
eine fortdauernde A blagerung vor sich ging, liegen n icht im  zentralen Teil 
des h eu tigen  P liozän-B eckens, sondern eigentüm licherw eise an dessen Rändern  
(R an d sen k en ).

D iese  fortdauernde A blagerung war verm utlich  au f jene G ebiete b e­
sch rän k t, wo auch die A blagerungen des Sarm ats eine größere M ächtigkeit 
erreich t hatten . Nach J a s k ó  (1947) i s t  die M ächtigkeit der sarm atischen A b­
lagerungen  im Wiener B ecken  1000 m, in der Grazer B ucht 600 m , im Bek- 
ken v o n  Zala (Budafa) 639 m , im  Siebenhürgischen B ecken  (Erdoszentgyörgy) 
860 m  u n d  im nördlichen Teil der K leinen T iefebene nach tschechoslow aki­
schen Bohrungen ca. 200 m . Im U ng-Latorca-Becken hei Csap hat eine  
B ohrung 1040 m Sarmat durchteuft.
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Der besterschlossene B eckenteil Ungarns ist der von Zala-Órség im 
SW -Teil des Landes, wo in 18 Schürfgebieten m ehrere hundert Bohrungen die 
U bergangschichten zw ischen Miozän und Pliozän durchteuft haben. D a hier 
Miozän und Pliozän n icht scharf gegeneinander abgegrenzt sind, wird die 
Grenze bei der Verarbeitung der Bohrlochproben häufig verschieden tief 
gezogen. Die polyhalin  brackischen Ablagerungen des U nterpannons gehen 
nach unten in eine fossilleere lim nische Schichtenfolge, dann in die bracki­
schen Sedim ente des U ntersarm ats mit spärlicher Fauna über. Zwischen Mio­
zän und Pliozän lassen sich weder w esentliche lithologische U nterschiede, 
noch Spuren einer D iskordanz feststellen. An der stratigrafischen Grenze 
(bei Budafa, Lovászi, Bajosa, O ltáré, Csesztreg usw .) lieg t in 10 — 20 m M ächtig­
keit ein blättriger, fisch-schuppiger Mergel und gelblich-grau gestreifter K alk­
m ergel, der unseres E rachtens bereits der sarm atischen Stufe angehört. Die 
spärlichen kleinen E lphidien  und Miliőimen und B ryozoen-Fraginente hin­
gegen, die in größeren T iefen anzutreffen sind, deuten  bereits auf die Torton- 
Stufe h in.

Aus der 3480 m tiefen  Bohrung bei Spacince au f der slow akischen Seite 
der K leinen Tiefebene erw ähnt M o r k o v s k y  eine Schichtenfolge, die eine 
fortdauernde Sedim entation zwischen Miozän und P liozän bew eisen kann. 
Es lassen sich anhand der Mikrofauna alle drei H orizonte der sarm atischen  
Stufe des W iener B eckens nachw’eisen. Die spätsarm atischen kaolinhaltigen  
Tone lassen nach M o r k o v s k y  auf eine Regression schließen; doch entfalten  
sich die konkordant darauffolgenden unterpannonischen Ablagerungen allm äh­
lich aus dem Sarinat. N ach  H o m o l a  (1958) kann links von der D onau in der 
K leinen Tiefebene, im B eckeninnern zwischen Sarm at und U nterpannon eine 
anhaltende Sedim entation angenom m en werden, an den Beckenrändern trans- 
grediert jedoch das M ittelpannon über die denudierte O berfläche der sarm ati­
schen Ablagerungen. Für die K leine Tiefebene dürfen wir also gleichfalls eine 
örtlich fortdauernde Sedim entation  zwischen M iozän und Pliozän annehmen.

Im nordöstlichen B eckengebiet der Slow akei (in der U ng-Latorca- 
Ebene) besteht der obere Teil des Sarmats aus einer m ächtigen lim nischen  
Schichtenfolge, w elcher gleichfalls lim nische pannonische Sedim ente aufgela­
gert sind. In diesem B ecken ist auch schon der O bertorton brackisch in 2000 m 
M ächtigkeit vorhanden. Er wird nach der Bohrung von  Gálszécs von sarm a­
tischen und pannonischen Brack- und Süßw asser-Schichten in 707 m Mäch­
tigkeit überlagert.

Sarm atisch-unterpannonische Ü bergangsschichten wurden auch von  den 
Rändern des pannonischen B eckens, von den Rändern des Mecsek-, des Bakony- 
und des Réz-Gebirges erw ähnt, doch handelt es sich hier eher um  ein unge- 
häuftes Material, das n ich t eine fortdauernde A blagerung bew eisen kann. In 
der U m gebung von V árpalota liegt nach K ó k a y  (1954) über dem Sarm at 
Unterpannon; zwischen beiden »deutet die en tartete Mikro- und Makrofauna
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einer etw a  einen halben M eter m ächtigen B ank die zunehm ende Versüßung 
des W assers an. D iese B an k  geht sodann in die M elanopsis- und Congeria- 
fü h ren d en  Schichten des U nterpannons über«.

E in e  Zusam m enfassung der »Ü bergangs-Schichten« zw ischen Sarmat 
u n d  P annon  hat B a r t h a  (1966) auf Grund der B eobachtungen von  L ö r e n - 
t h e y , V i t á l i s , Za l á n y i , B o d a  und K ó k a y  sow ie seiner eigenen U ntersuchun­
gen auch  für andere G ebiete gegeben . Doch selbst wenn der B ew eis erbracht 
w ürde, daß es sich an diesen P u n k ten  des Beckenrandes tatsächlich  um  Über­
gan gssch ich ten  zwischen der Sarm at-Stufe und U nterpannon handelt, sollte das 
w en ig e  Meter m ächtige U nterp an n on  der B eckenränder im V ergleich zu den 
m ehreren  hundert, ja tau sen d  M etern im B eckeninnern als lückenhaft angese­
hen w erden. Am B eckenrand kann nur ein geringer (u. zw. nach unseren 
U ntersuchungen  der oberste) Teil des U nterpannons vertreten  sein. D a n n  
m u ß  j e d o c h  zw ischen  d e m  u n te r e n  S a r m a t  u n d  d e m  oberen T e i l  d e s  U n te r p a n n o n s ,  
r e g io n a l  gesehen , eine S c h ic h t lü c k e  vo rh a n d en  se in ,  und die w enige M eter m ächti­
gen  Ü bergangsschichten b ew eisen  keineswegs eine fortdauernde Ablagerung.

D er Beachtung w ert is t  weiterhin die allgem eine V ersüßung zwischen  
S arm at und Pannon.

In  den Becken lieg t das Unterpannon w eit auf älteren Form ationen  
(K r ista llin e , m esozoischen F orm ationen, Oberkreide- und P aläogen-F lysch  
u sw .) und nur örtlich au f dem  U ntersarm at. Auch dieser U m stand spricht 
dafür, d a ß  d ie  M ö g l ic h k e i t  e i n e r  lü cken loser  A b la g e r u n g  zw isc h e n  S a r m a t  u nd  
P a n n o n  n u r  a u f  k le in en  G eb ie te n  gegeben w a r  ; doch  f i n d e n  s ich  a u ch  a n  diesen  
S te l l e n  n u r  d ie  t ieferen  T e i le  d e r  sa rm a tis c h e n  S ch ich ten fo lge ,  d i e  v ie l fa ch  den  
C h a r a k t e r  von E r o s io n s re s ten  a u fw e is e n .  Ö rtlich  ( w ie  e tw a  in  d e r  N y í r s é g )  feh len  
a u c h  d i e  untersten  H o r i z o n te  d e s  über d em  U n te r s a r m a t  l ieg en d en  P a n n o n s , w a s  
a u c h  e in e  Sch ich ten lücke b e d e u te t  ( p r ä p o n t i s c h e  E r o s io n ) .

Zusam m enfassend lä ß t sich  behaupten, daß wir im südlichen Teil der 
K le in en  und im inneren T eil den Großen T iefebene Ungarns keine allgem ein­
v erb re ite ten  Ü bergangsschichten zwischen M iozän und P liozän  kennen. In 
der G roßen Tiefebene und in  großen G ebieten Transdanubiens liegt das polyha- 
lin -brack ische U nterpannon m it einer Schichtlücke und diskordantem  Basal­
konglom erat über den D enudationsresten  des brackischen U ntersarm ats oder 
h ä u fig  über älteren F orm ationen .

Die U nterteilung des Unterpannons

In  den inneren B eck en geb ieten  des Landes wird die paläo-m esozoische  
B eck en soh le  nur fleck en m ässig  durch einzelne M iozänablagerungen bedeckt. 
D ie  Verbreitung des M iozäns widerspiegelt eine paläogeographische Situation  
m it seichten  M eeresästen.
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Im  Land zwischen D onau und Theiß liegen nach neueren Bohrungen  
w estlich  von K ecskem ét und um K iskunhalas tortonische und eventuell 
auch helvetische Sedim ente von  sehr großer M ächtigkeit, während sie ander­
w ärts fehlen. Diese großen M ächtigkeitsunterschiede (0 m 900 m) sind F ol­
gen der tektonischen B ew egungen, die sich w ährend des Miozäns (steirische  
Phase) und nachher (präpontische Erosion) abgespielt haben. In den ungari­
schen Becken setzte eine allgem eine Ablagerung von  mehr oder m inder gleicher 
M ächtigkeit erst im unteren Pannon ein; sie hat allm ählich fast das ganze 
Becken aufgefüllt.

D ie pliozän-pleistozäne Schichtenfolge erscheint uns als ein  einziger 
gew altiger A blagerungszyklus in drei A bschnitten . Er begann m it einer trans- 
gressiven Ablagerung geringer M ächtigkeit, die sich in einer langandauernden  
ausgeglichenen, äußerst langsam en, feinkörnigen und nur ah und zu durch san­
dige Lagen unterbrochenen Sedim entation fortsetzte . Schließlich begann allm äh­
lich oder stellenw eise auch p lötzlich  die m annigfaltige, durch die W echsella­
gerung zunehm end sandigeren und gröberen M aterials gekennzeichnete R e­
gressionsepisode; die M ächtigkeit ihrer Ablagerungen übertraf jene der Trans- 
gressionsepisode und in der R egel auch die der m ittleren, ausgeglichenen  
E pisode. Ihre nach oben zu im m er gröber w erdenden Ablagerungen gingen  
schließlich nach der völligen  Auffüllung des Beckens in sum pfige, flu v ia tile , 
lakustrische und subaerischc Festlandsedim ente über.

D as Unterpannon um faßt die Transgressions- sowie die m ittlere E pisode, 
w ogegen das Oberpannon m it der R egressionsepisode zusam m enfällt. Die 
Regression zwischen Unter- und Oberpannon infolge der rhodanischen Phase  
m achte sich stellenw eise (Szolnok, Algyő) auch im Becken durch eine D iskor­
danz bemerkbar. In kleineren Flecken setzt auch das Oberpannon m it Trans- 
gressionssedim enten ein; vom  oberpannonischen Binnenm eer wurden zu dieser 
Zeit auch Gebiete überflutet die im U nterpannon trockengelegen w aren, z. B. 
der w estliche Teil des Landes zw ischen Donau und Theiß sowie SO -Transdanu- 
bien. D ie lokale Transgression des Oberpannons wurde jedoch u nm ittelbar  
von den allgem einen regressionsbedingten Sedim entation  verfolgt.

Innerhalb des großen pannonischen Sedim entationszyklus lassen  sich 
m ehrere F luktuationen erkennen: Episoden der ruhigen, langsam en A b lage­
rung feingekörnter Sedim ente w echseln m it E pisoden ab, in denen sich  gröbe­
res Material ablagerte.

U m  d ie  E n tw ic k lu n g  d er  p a n n o n is c h e n  A b la g eru n g e n  in  B e ck e n  re k o n ­
s tr u ie re n  zu  k ön n en , w o l len  w i r  d iese lben  in  H o r i z o n te  e in te ilen .  D ie  ä ltesten  
pannonischen Sedim ente m üssen wir in jenen engen B eckenteilen su ch en , wo 
wir zw ischen Miozän und P liozän eine lückenlose Ablagerung angenom m en  
haben, wo also das B asalkonglom erat fehlt. In den sonstigen G ebieten  unter­
scheiden wir im U nterpannon von  800 1000 in M ächtigkeit ein B asa lk on glo ­
m erat der Transgression und die nachfolgenden m ächtigen, ausgeglichenen
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S ed im en te . Diese letzteren  lassen sich aufgrund von  Schw ankungen in der 
A blagerung in weitere v ier  Teilhorizonte u n terte ilen , die auf w eiten  G ebieten  
des L andes nachweisbar sind . Zusammen m it dem  B asalkonglom erat unter­
sch eid en  wir also nach A bb. 1 und 2 folgende fü n f unterpannonische H orizonte:

5. sandiger Tonm ergel-H orizont,
4 . sandiger H orizont,
3. M ergel-Tonm ergel-Horizont,
2. K alkm ergel-H orizont,
1. B asalkonglom erat.

1. U n t e r p a n n o n is c h e s  B a s a lk o n g lo m e r a t

Zu Beginn der U nterpannon-Transgression war das R elief der sinkenden  
B eck en soh le gegliedert, die D enudation k onnte sich noch weiträum ig fortset­
zen . A us den ersten Sed im en ten  zu schließen, waren jedoch die dam aligen  
H öhenunterschiede geringer als die gegenw ärtigen. H eute lassen die geophysi­
k a lisch en  Verm essungen m ehr als 3000 m hohe, u nter dem Pannon begrabene 
G ebirgszüge verm uten, und  die Bohrungen haben  ihr V orhandensein auch 
ta tsä ch lich  bewiesen. D as unterpannonische B asalkonglom erat is t  jedoch  
n ich t so grob, daß es v o n  so hohen Gebirgen herstam m en  könnte. D as erwähnte 
R e lie f  der Beckensohle ist erst durch die tek ton isch en  Bew egungen nach  dem  
U nterpannon  entstanden.

D ie ersten p an n on isch en  Ablagerungen b estehen  aus den Produkten  
der lok alen  D enudation, dem  Abrasionsgeröll der Brandungsküsten und dem  
groben Fluvialgeröll der Flußm ündungen zusam m en. Diese Schichtenreihe  
is t  j e  nach  den O berflächenform en der ehem aligen  Beckensohle untersch ied­
lich  m ächtig: an den e in st emporragenden S tellen  ist sie weniger m ächtig, 
w en n  sie nicht ganz feh lt.

Stellenw eise lieferte  die Denudation keinerlei zur Bildung eines B asal­
k onglom erats geeignetes M aterial. Wo das pannonische Binnenm eer au f tonige 
tu ffig e , oder tuffitische B ildungen  stieß (sarm atisch-tortonische Tone, Mergel, 
T uffgestein e, Paläogen-, K reide-F lysch usw .), dort feh lt das Basalkonglom erat. 
S tellen w eise trifft m an jed o ch  auch Tongerölle.

D as Basalkonglom erat entstam m t in der R egel dem nahen G rundgebirge, 
w ob ei das gröbere Geröll nur über kürzere E ntfernungen  verfrachtet wurde. 
B ei Pusztaföldvár b esteh t das 5 — 75 m m äch tige  B asalkonglom erat haupt­
säch lich  aus kristallinem  Schiefer. Es en thält kaum  etwas vom  M aterial der 
m esozoischen  B eckensohle, die 5 10 km w eiter b ei Pusztaszöllos und T ótkom ­
lós an steh t, und um gekehrt.

D a das gröbere M aterial des B asalkonglom erats nur über kürzere E n t­
fernungen  transportiert w urde, ist der H orizont horizontal lückenhaft. In  den
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oberen , fe iner g e k ö rn te n  L agen  des B asa lk o n g lo m era ts  fin d en  sich in  g rößerer 
A u sd eh n u n g  Q u a rz san d sch ich ten , deren  M ateria l von  w e ite rh e r s ta m m t.

D ie E in o rd n u n g  des B asa lk o n g lo m era ts  in  das U n te rp a n n o n  is t durch  
F ossilien  m eh rfach  b e leg t.

W o im m er die fo rtsc h re ite n d e  T ran sg ression  des u n te rp a n n o n isc h e n  
B innenm eeres das G rundgeb irge  die Q uelle g roben  G erölls m it A blage­
ru n g en  b ed eck te , h ö r te  die B ildung  des B asa lk o n g lo m era tes  au f, o d e r w urde 
die B ildungszone des B asa lk o n g lo m era ts  m it d er Z eit la n d e in w ä rts  versch o ­
ben . U n te r  so lchen U m stä n d e n  b ild e te  sich das B asa lk o n g lo m era t o ffenbar 
n ic h t im  ganzen  B ecken  gleichzeitig .

I n  ein igen tie fen  M iozänhecken am  R a n d e  des p an n o n isc h e n  Beckens 
ging die A blagerung  an  d er M iozän-P liozän-W ende u n u n te rb ro c h e n  w eiter; 
die ä lte s te n  u n te rp a n n o n isc h e n  A b lagerung  k am en  eben an  d iesen  S tellen 
z u s ta n d e , wo sich  kein  ech tes T ran sg ressio n s-B asa lk o n g lo m era t b ild en  k o n n te . 
D ie B ild u n g  des p an n o n isch en  B asa lk o n g lo m era ts  d a u e rte  ö rtlich  also auch 
noch  im  O h erp an n o n  fo r t, u . zw. in  je n e n  höhergelegenen  B eck en te ilen , 
wo das B in n en m eer e rs t im  O h erp an n o n  v o rd ran g . D as B asa lk o n g lo m era t 
is t  d a h e r , wie g esag t, n ic h t ü b e ra ll g le ich a ltrig ; es k a n n  also jew eils n u r  fü r  die 
gegebene S telle  als die do rtig e  ä lte s te  p an n o n isch e  S ch ich t an g eseh en  w erden. 
Ü berall, wo das p an n o n isch e  B in n en m eer e rs t s p ä te r  tra n s g re d ie r te , fehlen 
ü b e r dem  B asa lk o n g lo m era t die tie fe ren  H o rizo n te  des U n te rp a n n o n s . Selbst 
A usbisse von  B asa lk o n g lo m era t an  d er O berfläche  w u rd en  b esch rieb en , wie 
e tw a  vom  B akony-G ebirge  (im  B ran d u n g sg erö ll des S te inm eeres v o n  K övesk á l 
sow ie in  den  G egenden von  K ővágóörs, K ő h á t u n d  Süm eg).

W o im m er die S ch ich ten re ih e  des U n te rp a n n o n s  v o lls tä n d ig  is t , liegt 
ü b er dem  B asa lk o n g lo m era t ü b era ll d er K alk m erg e l als n ä c h s te r  g u t abgrenz- 
b a re r  H o rizo n t.

2. K alkm ergel-H orizont

D e r dem  B asa lk o n g lo m era t au fg e lag erte  K a lk m erg e l-H o rizo n t u m faß t 
g rau e , b rä u n lich g rau e , h a r te , d ickbank ige  oder d iinnsch icb tige  M ergel von 
m uscheligem  B ru ch . H ö h ere  K a lk g eh a lte  gehen  m it he lle re r F ä rb u n g  H a n d  in 
H an d . D er K a lk g eh a lt e rre ic h t stellenw eise 80 90% , in  d er F o rm  v o n  ton igen
K a lk s te in b ä n k e n .

D er K alkm ergel is t h äu fig  in  R ed u k tio n szo n en  e n ts ta n d e n  u n d  deshalb  
s ta rk  p y r ith a lt ig . E r  is t das P ro d u k t e iner lan g sam en  A b lagerung  in  ziem lich 
tie fem  W asser, oder in  geschlossenen B u ch ten  m it schw ach du rch b ew eg tem  
W asser, wo n u r  des fe inkö rn ige  M ateria l w eit e n tfe rn te r  oder f la c h e r  K ü sten  
h in g e lan g te .

T yp isch e  K alk m erg e l fin d en  sich an  S te llen , wo v e rh ä ltn ism ä ß ig  w enig 
k lastisch es M ateria l h in k am , so daß  sich re la tiv  g rößere M engen chem ischer
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G em en g e te ile  ab se tz ten . W o d ie  S tröm ungen  g rö ß ere  M engen von  K la s tik a  
m i t f ü h r te n ,  ging der K a lk m e rg e l in  Mergel u n d  T o n m erg e l ü b er. In  einigen 
tie fe re n  T eilbecken  (im  Ó rség- u n d  im  süd lichen  Z a la -B eck en  sowie in  e inzel­
n en  T e ile n  des B eckens v o n  B ékés), wo m äch tig es  U n te rp a n n o n  v o rlieg t, 
s in d  s t a t t  K alkm ergel S an d  u n d  T onm ergel e n ts ta n d e n .

T y p isc h  ist der K a lk m e rg e l übera ll, wo die v o rp an n o n isch e  B eckensohle 
aus k a rb o n a tisc h e n  G es te in en  b e s te h t, wo also g ü n stig e  G egebenheiten  zur 
B ild u n g  v o n  K alksch lam m  V orlagen, wie e tw a ü b e r  den  m esozoischen B eck en ­
so h len  des T ran sd an u b isch en  M itte lgebirges, im  L a n d  zw ischen D onau  und  
T h e iß  u n d  in  der G egend v o n  T ó tk o m ló s, in  den  n ö rd lich en  Teilen  des L an d es 
je n s e i ts  d e r  Theiß u n d  in  g ro ß e n  Teilen des D rau -B eck en s.

D e r  K a lk m erg e l-H o rizo n t is t v e rm u tlich  id e n tisc h  m it dem  w e itv e r­
b r e i te te n  »W eißm ergel«-H orizont im  süd lichen  T eil d er G roßen  T iefebene. 
L e tz te r e r  u n te rsch e id e t s ich  lediglich  in  se in e r w eniger fo rtg e sc h ritte n en  
D ia g e n e se  vom  s tä rk e r  d ia g e n e tisc h  b e a n sp ru c h te n  K alkm ergel der tie fe ren  
B e c k e n te ile . Die Fossilien  b ew eisen  ein p an n o n isch es A lte r (obgleich m a n  sie 
s te llen w e ise  als sa rm a tisc h  b e tr a c h te t  h a t).

D  e r K alkm ergel is t  h ie r  O lm u tte rg este in , m itu n te r  b ild e t e r auch  
S p e ic h e r  von  K lu ft bzw . K a v e rn e n ty p  (T ó tkom lós).

3. M ergel-Tonm ergel-H orizont

Ü b e r  dem K alk m erg e l b ild e te  sich m it e in er a llm äh lichen  A bnahm e des 
K a lk g e h a lte s  ohne sch a rfe  G renze ein 80 200 m  m äch tig e r T onm ergel-
H o r iz o n t  aus. W egen d e r v ie len  lokalen  U n te rsch ied e  in  d er B ezeichnung  
(L e n ti-  u n d  H ahó t-M ergel, g ro ß er oder r ie se ln d e r M ergel usw . in  T ra n s ­
d a n u b ie n  bzw. Y alenciennesien-T onm ergel in  d e r G roßen  T iefebene) w ar seine 
a llg e m e in e  V erb re itung  la n g e  Z e it h in d u rch  n ic h t e rk a n n t. E r  k o m m t au sg e­
d e h n t  a u f  zu sam m en h än g en d en  F lächen  sow ohl in  T ra n sd a n u b ie n  als aucli 
in  d e r  G roßen  T iefebene v o r  (A bb. 3).

D ie  M ergel-Tonm ergel s ind  im  a llgem einen  g rau  bis d u n k e lg rau  und  
ä u ß e r s t  fe inkörn ig , h ie  u n d  d a  jed o ch  m it d ü n n e n  (n u r w enige M illim eter 
s ta rk e n )  Zw ischenlagen eines fe in en , g lim m erfü h ren d en  S andes, In  den  tie fe ren  
B e c k e n  is t  der M ergel in fo lg e  hohen  H an g en d d ru ck es  schiefrig . In  se iner 
ty p is c h e n  E n tw ick lung  is t  d e r  M ergel-T onm ergel-H orizon t das P ro d u k t e iner 
la n g  a n h a lte n d e n , la n g sa m e n  u n d  ausgeglichenen A b lagerung  aus so langsam  
s trö m e n d e m  W asser, d aß  s ich  auch  die fe in s te n  G em engeteile  abzuse tzen  
v e rm o c h te n . N ach den  U n te rsu c h u n g e n  von  M o l n á r  k a n n  die Schlam m - 
u n d  T o n fra k tio n  in  d iesem  H o riz o n t 95%  erre ich en , einen  W ert, d er in  den 
h ö h e re n  H orizon ten  n ic h t m e h r  w iederkom m t.

Z u r  Zeit dieses H o riz o n te s  d ü rfte  das u n te rp a n n o n isc lie  B in n en m eer 
se in e  g rö ß te  Tiefe e rre ic h t h a b e n . N ach e iner S ch ä tzu n g  von  V ö l g y i  a u f

Acta Geologica Academiae Scientiarum Hungaricae 12, 1968



A
d

a
 G

eologica A
cadem

iae Scientiarum
 H

ungaricae 12, 1968

•ÜAbb. 3. D ie V erb re itu n g  des u n te rp an n o n isch en  M ergel-T onm ergelhorizonts. Z eichenerk lärung : 1. F estlan d sfläch en  im 
ersten  D ritte l des U n terp an n o n s; 2. vom  B innenm eer b edeck te  F läch en  im  e rsten  D ritte l des U n tc rp an n o n s
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G ru n d  e in e r von Sz e b é n y i  ab g e le ite ten  M ethode  b e tru g  die W assertiefe  
m a x im a l 500 m . Zu dem  g leichen  E rgebn is ge lan g te  Sz é l e s  a u fg ru n d  der 
Ö ko log ie  d er F au n a . E in e  F o lg e  der schw achen  D urchbew egung  des W assers 
is t  d a s  re d u k tiv e  M ilieu u n d  d as  E n ts te h e n  fe inen  P y rits . Es k a n n  angenom m en  
w e rd e n , d aß  dieser H o riz o n t v iele  der w ich tig s ten  M u tte rg es te in e  flüssiger 
K o h len w asse rs to ffe  u m fa ß t.

A n  den  R än d ern  d e r e in s tig en  B ecken, an  den  S tellen  ra sch e r, u n ru h ig e r 
S e d im e n ta tio n e n , is t d e r M erge l-T onm ergel-H orizon t n ich t ty p isc h , m it m ehr 
o d e r m in d e r  m äch tigen  Z w ischengelagerungen  fe inkö rn iger S an d ste in e . In  
d em  r a s c h  abgesunkenen  u n d  au fg efü llten  tie fe n  B ecken  von  S ü d w est-U n g a rn  
e n th ä l t  d ieser H o rizo n t e ine  vorw iegend  san d ig e  S ch ich ten re ihe . H ie r  sind 
led ig lich  die w eniger m ä c h tig e n  T onm ergele in lagerungen  m it den  an d e rw ärts  
ty p is c h e n  B ildungen id e n tisc h  (s. B ohrp ro fil R észnek , A bb. 1). In  d er G roßen 
T ie fe b e n e  hingegegen g ib t es G eb ie te , in  denen  d e r M ergel-T onm ergel-H orizont 
gegen  d e n  m ittle ren , »sandigen« H o rizo n t des U n te rp a n n o n  d esha lb  n ic h t sch a rf 
a b g e g re n z t w erden k a n n , w eil sich  der ton ige  C h a ra k te r  auch  in  d iesen  fo r tse tz t.

Im  B ecken inneren  d e r K le in en  T iefebene w urde  der M ergel-T onm ergel- 
H o r iz o n t  n u r  in  der B o h ru n g  M osonszen tjános 4. d u rc h te u ft. H ie r  b e trä g t 
se ine  M äch tig k e it m ehr als 500 m . D er an  d e r D o n a u  gelegene T eil d e r K leinen  
T ie fe b e n e  m uß also am  A n fa n g  des U n te rp an n o n ien s  ein k rä f tig  sinkendes 
G e b ie t gew esen sein.

D ie se r  H orizon t is t  a u c h  im  südw estlichen  Teil des L andes stellenw eise 
a u ß e ro rd e n tlic h  m äch tig  (C sesztreg  700 m , R eszn ek  900 m ), jed o ch  is t e rd o r t  
n ic h t  ty p is c h  (sandig) a u sg e b ild e t. D o rt is t au ch  das M iozän ä u ß e rs t  m äch tig , 
d ie k r ä f t ig e  Senkung g e h t a lso  a u f  m iozäne Z e iten  zurück .

D e r  M erg e l-T o n m erg el-H o rizo n t lä ß t  s ich  au ch  im  D ra u -B e c k e n  w eit 
v e rfo lg e n . V om  W esten  h e r  schob  sich gegen  K a p o sv á r h in  zw ischen  die 
F e s t lä n d e r  d er M ecsek u n d  B a k o n y , süd lich  v o n  dem  gleichfalls n o ch  u n ü b e r- 
s c h w e m m te n  H o rst v o n  In k e  u n d  n ö rd lich  v o n  d er H o rs tk e tte  v o n  G örge­
t e g — B a b ó c sa  eine B u c h t v o r . A u f diesen H o rs te n  feh lt d er H o riz o n t ganz, 
zu m  T e il is t  sogar au ch  das M iozän  ab g e trag en .

Z w isch en  der K le in en  T ie feb en e  u n d  dem  B ecken  v o n  Z a la , n ö rd lich  
v o n  V a s v á r ,  zeichnet sich  v o m  B eg inn  des U n te rp a n n o n s  eine sch m ale  M eeres­
enge a b . Sie v e rläu ft im g ro ß e n  ganzen  d er h e u tig e n  R á b a  e n tla n g . A ls In se l 
h o b  s ic h  aus ih r  die m io zän e  v u lk an isch en  M asse von  P á sz to r i em p o r, w äh ­
re n d  H a lb in se ln  im  W esten  d ie  a ltp a läo zo isch e  H o rs tk e tte  v o n  M ihá ly i, im 
O ste n  h in g eg en  die m esozo ische  H o rs tk e tte  v o n  K á ld  h a lb in se la r tig  in  das 
B in n e n m e e r  vo rschoben .

D e r  m ittle re  Teil des L a n d e s , das G eb ie t zw ischen  M ecsek- u n d  B akony- 
G e b irg e  sow ie die w estlich e  H ä lf te  des L an d es  zw ischen D o n au  u n d  T heiß  
w a re n  n o c h  F es tlan d . H ie r  f e h l t  d er u n te rs te  T e il des U n te rp a n n o n s . Ö stlich  
v o n  d ie se m  F estlan d e  v e rfo lg te  die K ü s te  des u n te rp a n n o n isc h e n  B innen-
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m ceres zu r Z eit des M erg e l-K a lk m erg e l-H o rizo n ts  im g ro ß en  gan zen  die 
B ru ch lin ie  P u sz tam érg es  — N ag y k ő rö s . In gew issen w estlich en  A u sb u c h tu n g e n  
dieses M eeres e rre ich te  d iese r H o rizo n t eine un g ew ö h n lich e  g roße M äch tig k e it. 
In  e inze lnen  k le in e ren  B eck en te ilen  des L an d es zw ischen D o n au  u n d  T heiß  
(z. B . zw ischen K ecsk em ét u n d  Iz sák , in d e r U m g eb u n g  von  K isk u n h a la s )  
sind  au ch  die to r to n isc h e n  A b lag eru n g en  fü r  die g ro ß e  T iefebene ungew ö h n lich  
m ä c h tig ; diese k le inen  B eck en  s ind  auch  am  A n fan g  des P a n n o n s  t ie fe r  g esu n ­
ken  als die an g eb en d en  G eb ie te .

D as G eb ie t ö s tlich  d e r  L in ie  P u sz tam érg es  N ag y k ő rö s w u rd e  vom  
B in n en m eer schon  zu  B eg in n  des P a n n o n s  ü b e r f lu te t ,  w obei d ie  K ü s te  im 
O sten  längs d er k r is ta llin e n  Schiefer- u n d  G ra n itm a sse n  u n d  m esozoischen  
A b lag eru n g en  des H o rs te s  v o n  B a tto n y a  v e r lie f  u n d  a n d e rw ä rts  d ie h eu tig e  
L an d esg ren ze  p ass ie rte . Z u r m ä c h tig s te n  S e d im e n ta tio n  (m eh r als 300 m) 
k am  es h ie r an  d er T h e iß . N ach  O sten  zu is t  die M äch tig k e it um  100 200 m
g eringer. In  d ie  n ö rd lich en  u n d  n o rd ö s tlich en  T eile  d er G roßen  T ie feb en e  w ar 
die u n te rp a n n o n isc h e  T ran sg re ss io n  zu d ieser Z e it noch  n ic h t v o rg e d ru n g e n , 
die K ü s te  zog vom  V o rlan d e  des M átra - u n d  B ük k -G eb irg es  b is  n a c h  D ebrecen  
h in . 1) as G eb ie t d er m io zän en  V u lk a n ite  im  N o rd o s ten  des L an d es  (N yírség) 
Avar zu  B eg inn  des P a n n o n s  n och  F e s tla n d .

Als Ö lm u tte rg e s te in  h a t  d er H o riz o n t eine ziem lich  g roße B e d e u tu n g .

4. Sandiger H orizont

D en ausgeg lichenen  V erh ä ltn issen  d e r soeben  b esp ro ch en en  S e d im e n ta ­
tio n sp erio d e  fo lg ten  w ech se lh a fte re , w eshalb  d ie  A b lag eru n g  von  T o n m erg e l und 
M ergel im m erfo rt d u rch  E in la g e ru n g e n  m ä c h tig e r  S an d h o rizo n te  u n te rb ro c h e n  
w urde . D ieser sand ige  H o riz o n t lä ß t  sich  a u f  g roßen  F läch en  in  M äch tig k e iten  
v o n  e tw a  200 400 m  nach w eisen . V on dem  T o n m erg e l-M erg e l-H o rizo n t in
se inen  L iegenden  t r e n n t  e r s ich  im  allgem einen  re c h t  sc h a rf  ab , w ä h re n d  er 
n ach  oben  in  d er R egel a llm äh lich  Ü berg än g e  au fw e ist. N ach  d e r  frü h eren  
N o m e n k la tu r  w ar er in  T ra n sd a n u b ie n  als » E d ericser S andserie« , a ls »B azita- 
H orizont«  usw ., in  d er G ro ß en  T iefebene h in g eg en , wo e r sich e rs tm a lig  als 
e rd ö lfü h ren d  erw iesen h a t ,  als »Szolnoker Sand« b e k a n n t.

N ach  den  b ish e rig en  U n te rsu c h u n g e n  sc h w a n k t die v o rh e rrsc h e n d e  
K o rn g rö ß e  zw ischen 0,1 u n d  0,2 m m . E s h a n d e lt  sich  u m  einen  w o h lso rtie r te n  
S an d , der zu r H a u p tsa c h e  au s  sch arfen , h ö ch sten s  k a n te n g e ru n d e te n  Q uarz- 
k ö rn ch en  b e s te h t. S te llenw eise  is t auch  d e r F e ld sp a t h äu fig , w as die N ähe 
des A b trag u n g sg eb ie tes  a n d e u te t .  H äu fig  k o m m en  au ch  fe in e r M u sk o v it, 
B io tit , M ag n e tit, se lten e r R u til , T u rm a lin , G ra n a t, C h lo rit u n d  A p a t i t  als 
m inera lische  G em engeteile  v o r. D as B in d e m itte l is t  ein  k a lk ig e r T o n , d er auch 
in m e h r  oder w eniger d ick en  S ch n ü ren  u n d  sogar in  S ch ich ten  zw ischen  den 
S a n d sc h ic h te n  v o rk o m m t.
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D ie  m it dem S a n d b ä n k e n  w echsellagernden  T onm ergel-M ergel-S ch ich- 
te n  g le ich en  den jen igen  des v o ran g eh en d en  H o riz o n ts .

D a s  gröbere M a te ria l g e la n g te  in  das B ecken  in fo lge  des A nw achsens der 
R e lie fen erg ie  im  A b tra g u n g sg e b ie t als Folge te k to n is c h e r  B ew egungen . H ie r­
be i k a m  es — aus d e r s c h a rfe n  u n te re n  A b g ren zu n g  des san d ig en  H o rizo n ts  
zu  sch ließ en  — zu z iem lich  sch ro ffen  V e rän d e ru n g en , w äh ren d  d e r V organg  
n a c h  o b en  hin  stu fen w eise  m it  a llm äh lichen  Ü b e rg ä n g e n  a b k la n g  (A bb. 
1 2 ) .

D iese r H orizon t e ig n e t sich  g u t zur S p e ich eru n g  von  E rd ö l u n d  E rd g as . 
E r  e n th ä l t  u. a. die b e d e u te n d e n  L a g e rs tä tte n  v o n  B u d a fa , L ovászi, E d eric s , 
S zo ln o k  u n d  S zandaszö llős. D a  auch  die lith o lo g isch en  V e rä n d e ru n g en  als 
S p e ic h e r  dienen k ö n n en , i s t  au ch  die K e n n tn is  d e r  M äch tig k e itsän d e ru n g en  
u n d  A uskeilungen  des H o r iz o n ts  w ichtig .

D ieser höhere H o r iz o n t  des U n te rp a n n o n s  is t  n u n  schon  w e ite r v e r ­
b r e i te t  a ls der u n m itte lb a r  d a ru n te r lie g en d e . E r  is t  z u r  V erfo lgung  d er B innen- 
m e e rtra n sg ress io n  g u t g e e ig n e t (A bb. 4).

D ie  u n te rp a n n o n isc h e  In se l bei P ász to ri in  d e r  K le inen  T iefebene ra g t 
n o c h  a u s  dem  B in n en m eer n a c h  w ie v o r em por, is t  ab e r k le in e r gew orden . 
D e r  u n lä n g s t noch als H a lb in se l vo rsp rin g en d e  H o rs t  bei M ihályi is t n u n  eine 
In s e l;  in  S ü d -T ran sd an u b ien  is t  d ie  Insel bei G ö rg e teg  B abócsa  u n te r  dem  
M eer v e rschw unden . A u ch  in  d er G roßen T ie feb en e  tra n s g re d ie r t  das M eer 
in  w e ite n  G ebieten. E s h a t  d ie  H alb inse l bei K ecsk em é t ü b e r f lu te t  u n d  ist 
au c h  in  den  G ebieten d e r  H a jd ú s á g  und  d er N y írség  v o rgesto ssen .

I n  T ran sd an u b ien  w a r  d ie  S enkung  ü b e rd u rc h sc h n itt l ic h  s ta rk , im  S ü d ­
w e s te n  u n d  im D rau -B eck en  e r fa ß te  sie jed o ch  n u r  k le inere  G eb ie te . In  der 
G ro ß e n  T iefebene b e w irk te  d ie  s tä rk e re  S en k u n g  z u r  Z eit dieses H o rizo n tes  
n ö rd lic h  von  Szolnok, b e i  O ro sh á z a , N agyszénás, F á b iá n se b e s ty é n  u n d  M akó 
d ie  A b lag e ru n g  m ä c h tig e r  S ed im en tm assen .

Im  östlichen T eil d e r  K le in e n  T iefebene u n d  im  V orlande  des B ak o n y - 
u n d  M átra-G eb irges ( J á s z b e ré n y , F arm os) fe h lt d e r  obere Teil des san d ig en  
H o r iz o n ts  und  ste llenw eise  au ch  der d a rau ffo lg en d e  (oberste ) u n te rp a n n o ­
n isc h e  H o rizo n t, so d aß  s ich  das O berp an n o n  u n m itte lb a r  a u f  ein  v e rh ä ltn is ­
m ä ß ig  tie fes  U n te rp a n n o n  a u f la g e r t .

L än g s der W e s tk ü s te  des B eckens von  S zeged  h e rrsc h t au ch  in  d iesem  
s o n s t  san d ig en  H o riz o n t d e r  T onm ergel v o r, w esh a lb  sich  L iegendes u n d  
H a n g e n d e s  n u r schw er u n te rsc h e id e n  lä ß t.

Z u r  Zeit des sa n d ig e n  H o riz o n ts  w ar das u n te rp a n n o n isc h e  B in n en m eer 
d u rc h  d as  M ecsek-G ebirge, d a s  T ran sd an u b isch e  M itte lg eb irg e  u n d  d ie  a n ­
sc h lie ß e n d e n  F e s tlä n d e r  n o c h  in  ein  tra n sd a n u b isc h e s  u n d  ein sü d o s tp an n o - 
n isc h e s  B ecken (in d e r  sü d lich es  G roßen T ie febene) g e te ilt. Z w ischen  den 
b e id e n  B ecken  b e s ta n d  e in e  V erb in d u n g  v e rm u tlic h  n u r  e tw as w e ite r  sü d lich , 
je n s e i ts  d er L andesgrenze  ( im  B ácsk a-D rau -B eck en ).
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Abb. 4. V erb re itu n g  u n d  M äch tig k eit des u n te rp an n o n isch en  sandigen  H o rizo n ts . Z eichenerk lärung : 1. F es tlan d fläch en  
im  m ittle ren  Teil des U n te rp an n o n s; 2. V om  B innenm eer bed eck te  F läch en  im  m ittle ren  Teil des U n te rp an n o n s; 3. L in ien  g le icher
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5. Sár, diger Tonm ergel-H orizont

G egen  E nde d er U n te ip a n n o n s  se tz te n  a llm äh lich  w ied er ru h ig e re  V er­
h ä l tn is s e  ein, u n te r  w e lc h e n  sich  eine ö rtlic h  3 0 0 —500 m  m ä ch tig e , m it 
m e rg e lsa n d ig e n  T onm ergel- u n d  se lten e r m it S a n d s te in sc h ic h te n  w echsel­
la g e rn d e  T onm ergelserie  a b s e tz te .  D a sich  d iese fe in e re  A b lag eru n g en  aus 
d em  lieg en d en  sand igen  H o r iz o n t  a llm äh lich  en tw ick e ln , is t ih re  A bgrenzung  
n a c h  u n te n  stellenw eise u n s ic h e r . Ih re  obere G renze  l ä ß t  sich  dagegen  m ei­
s te n s  le ic h t erkennen  (A b b . I  u n d  2).

D iesem  H orizo n t k o m m t eine ähn lich e  p ra k tis c h e  B e d e u tu n g  zu wie 
d e n  w e i te r  ohen b e h a n d e lte n , da  seine S an d sc h ic h te n  an  m eh re ren  S tellen  
K o h len w asse rs to ffe  sp e ic h e rn  u n d  se in e T o n b ä n k e  s te llenw eise  M u tte rg este in s- 
E ig e n s c h a f tc n  aufw eisen.

G eograph isch  h a t  d ie se r  H o riz o n t die g rö ß te  A u sd eh n u n g  u n te r  allen 
u n te rp a n n o n is c h e n  H o r iz o n te n . D ie In se ln  u n d  au ch  die H a lb in se ln , von 
M eer z u v o r  noch v e rs c h o n t, s in d  n u n  v e rsch w u n d en . D en  g rö ß te n  R a u m ­
g e w in n  e rre ich te  das B in n e n m e e r  in  den n o rd ö s tlic h e n  T eilen , d e r G roßen 
T ie fe b e n e , H ajd ú ság  u n d  N y írsé g , d ie  es o ffen b ar zum  g rö ß te n  Teil ü b e rf lu te t  
h a t t e ,  o bg le ich  h ier g roße  In s e ln  tro c k e n b lie b e n  u n d  n u r  A b lag eru n g en  gerin ­
g e r M ä c h tig k e it vo rliegen . E in  w eites G eb ie t zw ischen  M ecsek- u n d  B akony- 
G e b irg e  w a r  jedoch  auch  a m  E n d e  des U n te rp a n n n o n s  noch  n ic h t ü b e rf lu te t;  
h ie r  k a m  es erst im  O b e rp a n n o n  zur T ran sg re ss io n . D er H o rs t, d er von 
K a p o s v á r  gegen In k e  h in z o g , w a r  zum  T eil au c h  F e s tla n d . In  d er K leinen  
T ie fe b e n e  hingegen w a r d e r  H o rs t  von  M ihály i u n d  d ie  G egend v o n  P ász to ri 
b e re i ts  ü b e rf lu te t  (A bb. 5).

D ie se r  H orizon t l ä ß t  s ic h  am  O stran d  d e r  K le in en  T ie febene  u n d  im 
n ö rd lic h e n  Teil der G roßen  T ie feb en e  n ic h t e rk e n n e n : e r is t  e n tw ed e r a ty p isch  
a u s g e b ild e t  oder gar n ic h t  v e r t r e te n .  Im  le tz te re n  F a lle  w u rd en  die b e tre ffe n ­
d e n  G e b ie te  erst n ach  d e r o b e rp a n n o n isc h e n  T ran sg re ss io n  w ied er zu A b lage­
ru n g s rä u m e n .

D  as V orkom m en d e r  d re i a llgem ein  v e rb re i te te n  u n te rp a n n o n isc h e n  
H o r iz o n te  haben  w ir a u f  K a r te n sk iz z e n  d a rg e s te llt . D ie K a r te n  zeigen n u r  
je n e  S te lle n  an, wo sich  d ie  H o rizo n te  g u t u n te rsc h e id e n  lassen . E s m ag 
je d o c h  w e ite re  G ebiete g e b e n , w o die b e tre ffe n d en  H o riz o n te  a ty p isc h  und  
d a h e r  n ic h t  k la r e rk e n n b a r  s in d .

O berpannon

A u f  die ruh ige A b la g e ru n g  der u n te rp a n n o n isc h e n  san d ig en  Mergel 
fo lg te n  unverm ittelt u n ruh igere , abwechslungsreichere V erhältnisse. Im  ganzen 
L a n d e  k a m e n  S an d sch ich ten  v o n  g roßer M äch tig k e it z u s ta n d e , die oben  m it
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Abb. 5. D ie V erb re itu n g  des u n te rp a n n o n isch e n  o b ersten  (Sand-M ergel-) H o rizo n ts . Z eichenerk lärung : 1. T ertiä re  
vu lk an isch e  O berflächengeb ilde ; 2. jungpaläozoisch-m esozoische (P z 2-Mz-) O berflächengebilde; 3. k rista llin e  O berflächengebilde: 
4. F es tlan d fläch en  im oberen  Teil des U n te rp an n o n s; 5. vom  B in n en m eer b ed eck te  F läch en  im  oberen  Teil des U n te rp an n o n s
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s a n d ig e n  T onm erge ln  in  w ach sen d er Z ah l u n d  M äch tig k e it w ech se llag ern . 
D ie  w ech se ln d e  u n d  im m e r g rö b ere  B e sch a ffen h e it d e r K la s tik a  is t  e in  E rg e b ­
n is  j e n e r  te k to n isc h e n  V o rg än g e , die a u c h  d ie lokalen  T ran sg re ss io n en  des 
O b e rp a n n o n s  v e ru rsa c h te n . W o im m er B o h ru n g e n  in d ich tem  N e tz  ein  e in ­
d e u t ig  id e n tif iz ie rte s  O b e rp a n n o n  a u f  u n te rp a n n o n isc h e r  U n te rla g e  v o rfa n d e n  
(S z o ln o k , A lgyő), d o rt ze ig t jew eils eine d e u tlic h  e rk en n b a re  W in ke ld isko rd a n z  
d ie  B ew eg u n g  an  d er G renze  zw ischen U n te r-  u n d  O b erp an n o n  an .

D ie  lithologisch-tektonischen Veränderungen w urden auch durch  fa u n i-  
stischen  verfolgt. Z u u n te rs t  in  d e r  S ch ich ten re ih e  lieg t e tw a 100 — 200 m  sand iges 
S e d im e n t o b erp an n o n isch en  C h a rak te rs , in  dem  gewisse u n te rp a n n o n isc h e  
A r te n  n o c h  V orkom m en, a b e r  au ch  sch o n  o b erp an n o n isch e  a u f ta u c h te n . 
B a k t h a  u n d  S z é l e s  e rk lä re n  dies d a d u rc h , d a ß  einzelne A rten  d ie  Ä n d e ru n ­
g en  d e r  U m w e ltv e rh ä ltn isse n , die m it den  te k to n isc h e n  B ew egung v e rb u n d e n  
w a re n , ü b e rleb ten .

D ie  Grenze zw ischen U nter- und O berpannon liegt wohl bei der scharfen  
lithologischen Ä nderung . S ie w id e rsp ieg e lt s ich  im  allgem einen  v o rzü g lich  
a u c h  in  d en  g eo p h y sik a lisch en  B o h rlo ch m essu n g en  u n d  m it e in iger Ü b u n g  is t 
es m ö g lic h , sie ü b e ra ll im  L a n d e  zu e rfassen  u n d  d e ra r t  U n te r- u n d  O b er­
p a n n o n  g eg en e in an d er ab zu g ren zen  (vgl. A b b . 1 u n d  2). M it der lithologischen  
Ä n d e ru n g  treten ja  auch die ersten oberpannonischen F ossilien  au f.

D a s  N iv eau  des v ö llig en  A u sste rb en s d e r  u n te rp a n n o n isc h e n  F a u n a  als 
G re n z e  zw ischen  U n te r-  u n d  O b e rp an n o n  zu  w äh len  w äre  v e rfe h lt, te ils  weil 
d ie se r  V o rg an g  a llm äh lich  v o r  sich g ing, te ils  w eil w ir d an n  a u f  Z u fa llsfu n d e  
v o n  F o ss ilie n  angew iesen  w ä re n , u n d  te ils  w eil w ir d an n  keine M ög lich k e it zu 
e in e r  K o rre la tio n  fü r  das gan ze  L an d  h ä t te n .

F ü r  die E rd ö l- u n d  E rd g a ssc h ü rfu n g  k o m m t diesem  H o riz o n t eine 
im m e r  g rö ß e re  B e d e u tu n g  zu. D ie im  u n te r s te n  T eil des O b erp an n o n s reg io n a l 
v e r b r e i te te n  m äch tig en  S a n d sc h ic h te n  s in d  a u c h  he ißw asserhöffig  u n d  als 
g e o th e rm isc h e  E n erg ieq u e llen  e rk a n n t.

D a s  O b erp an n o n  is t  w esen tlich  b esser b e k a n n t,  besonders au ch  in  p e tro -  
g ra p h is c h e r  H in s ich t als das U n te rp a n n o n . N a c h  diesen K e n n tn isse n  h ab e n  
s ich  d ie  ä lte s te n  u n re ifen , sch w ach  so r tie r te n  m erge ligen  S an d ste in e  des O b er­
p a n n o n s  als A b lag eru n g en  e in e r la k u s tr isc h e n , d e lta -f lu v ia tile n  F az ies  erw ie­
sen . N a c h  oben zu w erden  d ie  S ed im en te  im  allgem einen  re ife r u n d  besser 
s o r t ie r t ,  doch  d au e rn  d ie  u n ru h ig e n , w echse lvo llen  A b lag e ru n g sv e rh ä ltn isse  
fo r t ,  w a s  sich  u. a. d a r in  o ffe n b a rt, daß  sich  au ch  d er S o rtie ru n g sg ra d  v e r­
ä n d e r t .  A us den  S ch w erm in era lien  u n d  F e ld sp a te n  im  S and  zu sch ließen , k am en  
d ie  h ie r  ab g e lag erten  S ed im en te  aus w e it e n tfe rn te n  A b trag u n g sg eb ie ten . 
Im  o b e rs te n  Teil des O b e rp an n o n s  fin d en  sich  bei e iner geringeren  S o rtie ru n g  
h ä u f ig  m itte l-  u n d  fe in k ö rn ig e  S ed im en te . D ie  la k u s tr isc h e n  A b lag eru n g en  
w e rd e n  se lten e r, ih re  R o lle  w ird  a llm äh lich  d u rc h  f lu v ia tile  su m p fig e  u n d  
eo lisch e  A b lagerungen  ü b ern o m m en .

Acta Geologien Academiae Scientiarum Hungaricae 12, 1968
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E n tsc h e id e n d  fü r  d ie  A u sb ildung  d e r p a läg eo g rap h isech n  V erh ä ltn isse  
w ar noch zu r Z eit d e r U n io w e tz le r i-S c h ich te n d a s  h is in  die B a k o n y —M ecsek 
N agykőrös-G egend  re ich en d e , re la tiv  s te ig en d e  G eb ie t u n d  das v e rh ä l tn is ­
m äß ig  s tä rk e r  s in k en d e  G eb ie t des D ra u -B e c k e n s : S z á d e c z k y - K a u d o s s  
(1938) h a t  aus d er w e itv e rb re ite te n  D iag o n a lsc h ic h tu n g  in der K le in en  T ie f­
ebene u n d  im  B ecken  v o n  Z ala sü d -sü d ö stlich e  S tro m ric h tu n g e n  n ach g e- 
Aviesen.

E in e  allgem ein  an w e n d b a re  lith o log ische  M ethode , die es g e s ta t te n  
w ü rd e , das O b e rp an n o n  im  g anzen  B ecken  zu g lied e rn , is t  noch  n ic h t b e k a n n t. 
S z á d e c z k y - K a r d o s s  (1938) h a t  fü r den  n ö rd lic h e n  Teil d er u n g a risch en  
H ä lf te  d e r K le inen  T ie feb en e  eine S ch w an k u n g  des C aC 0 3-G eh altes  um  
2 5 %  nachgew iesen . C a C 0 3 k a n n  v ie lle ich t eine G ru n d la g e  zu r G lied eru n g  des 
O b e rp an n o n s  auch  in a n d e re n  L an d este ilen  sein . V on p a läo n to lo g isch er S eite  
w u rd en  b ish e r v e rsch ied en e  G liederungen  v o rg esch lag en . B a r t h a  g lied e rt 
das O b erp an n o n  a u fg ru n d  e in er Z u sam m en fassu n g  u n se re r  h eu tig en  K e n n t­
n isse  u n d  a n h a n d  von  e ingehenden , m o d e rn en  p a läo n to lo g isch en  U n te r ­
su ch u n g en  in dre i H o rizo n te .
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D E V E L O P M E N T  A N D  P A L E O G E O G R A P H IC A L  C H A R A C T E R IS T IC S  
O F  T H E  H U N G A R IA N  L O W E R  PA N N O N IA N

By

L. K Ő R Ö SSY  

A b s t r a c t

O n  th e  basis of n u m ero u s d eep-borings tlie  L ow er P an n o n ian  can  be  d iv id ed  in to  
5 leve ls . T h ese  are th e  follow ing:

5. th e  san d y  c lay -m arl level,
4. th e  san d y  level,
3. th e  m arl—clay -m arl level.
2. th e  lim e-m arl level and
1. th e  basal-conglom erate.

T he th re e  u p p e r  levels are reg io n a lly  spread .
T h e  Low er P a n n o n ian  in lan d -sea  tran sg ress  ’d a f te r  th e  P re p o n tia n  erosion  f ir s t  to the  

S E -p a r t  o f  th e  G reat H u n g a rian  P la in , to  th e  D ra v a-B a sin  and  to  th e  in n er b a s in s  o f th e  
Sm all P la in .  T he tran sg ress io n  sp re ad  o ver th e  su rro u n d in g  lan d s w ith o u t o v erflow ing  th e  
b a s in -o f- to d a y  itself up  to  th e  en d  of th e  Low er P a n n o n ian . A larg e r u n b ro k e n  m a in la n d  w as 
to be  fo u n d  am ong L ake B a la to n , th e  D an u b e  an d  M ecsek M oun ta ins, at o th e r  p laces  several 
is lan d -lik e  e levations developed . A t th e  beg in n in g  of th e  U p p er P a n n o n ia n  tran sg ress io n  
has s p re a d  on b u t for th e  tim e  b e in g  several is lan d s rem ain ed  in  T ra n s d a n u b ia . These 
lan d s  w h ic h  can  be regarded  as a g re a te r  u n b ro k e n  m a in la n d  betw een  th e  B ak o n y  a n d  Mecsek 
M o u n ta in s , a n d  some larger te r r i to r ie s  on th e  w este rn  p a r t  o f th e  co u n try  hav e  been  overflow n 
b y  th e  in la n d -se a  la te r  in th e  U p p e r  P a n n o n ian .

T h e  levels of th e  L ow er P a n n o n ia n  will be d e m o n s tra te d  in sections w h ich  sp read  in 
T ra n s d a n u b ia  in N—S, and on th e  G re a t H u n g a rian  P la in  in  N W —SE  d irec tio n  an d  3 m aps.

ИСТОРИЯ ГЕОЛОГИЧЕСКОГО РАЗВИТИЯ И ПАЛЕОГЕОГРАФИЧЕСКАЯ 
СХЕМА В НИЖНЕМ ПАННОНЕ ВЕНГРИИ 

л. кёрёши  
Р е з io м е

На основе данных, полученных из многочисленных пробуренных скважин, нижний 
паннон может быть расчленен на 5 горизонтов. Эти следующие:

5. горизонт песчанистых-глинистых мергелей,
4. горизонт песчаников,
3. горизонт мергелей и глинистых мергелей,
2. горизонт известковистых мергелей,
1. горизонт базальных конгломератов.

A d a  G eologica Academ iae Sc ien tia ru m  H ungaricac  12. 1968
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Из этих верхние 3 горизонта выдержаны регионально. Вслед за допонтнческим эрозионным 
периодом трансгрессия нижне-паннонского моря зафиксирована в юговосточных районах 
Больвюй Венгерской Низменности, в бассейне реки Драва и в центральных частях Малой 
Венгерской Низменности. Из этих участков седиментационного бассейна расширилось 
нижне-паннонское море, захватывая окружающие территории, но полностью не были 
покрыты морем эти районы до конца нижнего паннона. На значительной территории в 
это время существовала единая суша между озером Балатон, рекой Дунай и горами 
Мечек, а также остались над уровнем моря в виде отдельных островов небольшие участки.

В начале верхнего паннона трансгрессия продолжалась, но и в это время существо­
вали незатопленные участки острова. Они потерпели интенсивные погружения, вслед­
ствие чего более поздно, но они также были затоплены морем в Задунайских областях, 
а также в области между горами Баконь и Мечек.

Горизонты нпжнепаннонских образований в Задунайских районах продемонстри­
руют геологические профиля, составленные но разрезам отдельных, скважин по напра­
влению Север-Юг, а на Большой Венгерской Низменности — по направлению Севе- 
розапад Юговосток, и на з карты.

Ada Ueologicu . Icuüemiav Scicnliarui Hungaricae 12 , I960
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THE PLIOCENE-PLEISTOCENE BOUNDARY 
IN THE HUNGARIAN BASIN

By

A. R ó n a i

H U N G ARIA N  GEOLOGICAL IN ST IT U T E , BUDAPEST

A m ore th a n  3000 m th ick  u n b ro k e n  succession  of P liocene a n d  P le is tocene  
sed im en ts, m arine  an d  co n tin en ta l in th e  G re a t H u n g a rian  B asin  gives th e  p o ss ib ility  to 
s tu d y  th e  cond itions a t  th e  end o f th e  P liocene  an d  in  th e  early  P le is to cen e .

R ecen t in v es tig a tio n s  an d  boreholes o f sc ien tific  aim  w ith  c o n tin u o u s  core­
sam pling  fu rn ish ed  m a n y  fau n is tica l and  f lo ris tic a l d a ta  to  th e  e x a m in a tio n  o f P le is to ­
cene an d  Q u a te rn a ry  tec to n ism , th e  c o n d itio n s o f sed im en ta tio n  an d  th e  changes of 
v eg e ta tio n  a n d  c lim ate.

As to  th e  tec to n ism  th e  m iddle  P liocene  is charac te rized  by o sc illa to ry  m ove­
m en ts  o f th e  whole sea b o tto m . In  th e  la te  P liocene  th e  b asin  b o tto m  h as  b e en  parcelled  
up  to  pieces.

T he Q u a te rn a ry  tec to n ism  show s cy clica l subsidence a lte rn a tin g  w ith  rest- 
periods in th e  local basin s an d  period ica l u p lif t  in  som e o th er p a r ts . In  th e  n o rth e rn  
p a r t  o f th e  G rea t H u n g a rian  B asin  9— 10 co n secu tiv e  sinking s tages h a v e  b e en  d em o n ­
s tra te d  in th e  Q u a te rn a ry .

F rom  th e  palaeon to log ica l p o in t o f v iew , U p p e r P le istocene se d im e n ts  a re  rich  
in  m o lluscan-fauna  a n d  co n ta in  m an y  po llens an d  spores. T he U p p e r P liocene  is in 
th e  c o n tra ry , v e ry  p o o r (or even  q u ite  s te rile ) in  all k inds o f traces o f life . T h e  M iddle 
an d  L ow er Q u a te rn a ry  is again  p a r tly  rich  in  m olluscs and  it  is a long  th e  w hole se­
quence rich  in ostraco d s an d  pollen grains.

T he c lim ate  o f  th e  M iddle Pliocene in  th e  H u n g a rian  B asin  w as in  g en era l w arm  
and  w et. B u t th ere  w ere periods a t  th e  en d  o f  th is  e ra  w ith  te m p e ra te  a n d  even  cool 
c lim ate , too. In  th e  la te  Pliocene th e  c lim a te  w as w arm , p a r tly  d ry  a n d  p a r tly  w et. 
T he Q u a te rn a ry  w as w arm  a t th e  beg inn ing , te m p e ra te  in  th e  m iddle  a n d  cold  a t  the  
end . F lu c tu a tio n s  o f te m p e ra tu re  an d  h u m id ity  hav e  caused v a r ia tio n s  in  th e  c lim ate. 
A b o u t 36 d iffe ren t c lim atic  cycles can  be d e m o n s tra te d  in th e  n o r th e rn  p a r t  o f the 
H u n g a rian  B asin  acco rd ing  to  th e  pollen  sp e c tra  o f  th e  m ore th a n  400 m  th ic k  Q u a te r­
n a ry  series.

Fossil soil ho rizons (m ore th a n  s ix ty  in  th e  Q u a te rn a ry ) are  m ore  n u m ero u s  a t 
th e  beg inn ing  and  en d in g  o f th e  filling  p rocess o f  th e  g rad u ally  su b s id in g  depressions.

T h e H u n g a ria n  B asin  is one o f th e  m o s t a p p ro p ria te  reg ions fo r  s tud ies 
on  th e  d ev e lo p m en t o f P lio cen e-P le is to cen e  sequences an d  on th e  b o u n d a ry  
b e tw een  th em . D u rin g  th e  P liocene th e  in n e r  C a rp a th ia n  b asin  w as a s tead ily  
in c rea s in g  p a r t  o f th e  T u ra n ia n  sea. T h e  lo w er P a n n o n ia n  sa lt w a te r  deposits 
a n d  th e  U p p er P a n n o n ia n  b ra c k ish -w a te r  d ep o sits  h av e  a to ta l  th ic k n e ss  of 
3000 — 4000 m . T he tra n sg re ss io n  c u lm in a te d  in  th e  second h a lf  o f  th e  P lio ­
cene. T hough  th e  b asin  h a d  been filled  u p  a t  th e  end  o f th e  P lio cen e  an d  th e  
te r r i to r y  has becom e la n d  su rface , som e lo ca l b asin s w ere fo rm ed  d u rin g  th e  
Q u a te rn a ry  an d  f lu v ia tile  s e d im e n ta tio n  w as going on in  th e m .

O ne o f th is  b asin s  w as th o ro u g h ly  e x p lo red  d u rin g  th e  la t e s t  y ea rs  by  
m ean s o f boreholes. C o n tinuous co re -sam p lin g  w as perfo rm ed  a n d  th e  sam ples 
w ere  an a ly sed  in  d iffe ren t lab o ra to rie s . T h e  Q u a te rn a ry  b asin  in  q u e s tio n  lies
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in  th e  n o r th e r n  p a r t  of th e  H u n g a r ia n  G rea t P la in , n a m e d  Já sz ság -d ep ress io n , 
in th e  n e ig h b o u rh o o d  of th e  to w n  Szolnok. T h e  te r r i to ry  w as c o n tin u a lly  
su b s id in g  d u rin g  th e  P lio cen e  a n d  th e  P le is to cen e . T h e  m o v em en t w as slow  
in th e  s e c o n d  p a r t  o f th e  P lio c e n e  an d  in  th e  Q u a te rn a ry  th e  sed im en ts  a re  
fin e  s a n d  a n d  clay, in  th e  m a jo r  p a r t  s a n d -f lo u r  a n d  sa n d -d u s t. T h e y  
c o n ta in  m a n y  fossils b o th  f a u n a l  a n d  flo ral.

T h e  m a in  borehole  n e a r  J á s z la d á n y  has a d e p th  of 950 m . I t  en d e d  in  
U p p e r  P a n n o n ia n  (th e  second  p a r t  of th e  P lio cen e) la y e rs  m ark ed  b y

L im n o c a rd iu m  szabói L ök .
P a ra d a cn a  cf. okrugici BRUS.
L im n o c a rd iu m  cf. p ro x im u m  F u c h s
P ro sodacna  vutskitsi B r u s .
L im n o c a rd iu m  sp.
L y to s to m a  grammica  B r u s .
L . zagrabica  cf. maceki BRUS.
D reissen sio m ya  unioides F u c h s

Fig. 1. B o reh o le  a t  Já sz lad án y . M ollusc Log.
1. Q u a te r n a r y  m olluscs; 2. S te rile ; 3. U p p e r Pliocene a n d  Q u a te rn a ry  fresh w ate r m olluscs: 
4. S te r ile ;  5. U p p e r P an n o n ian  f re s h w a te r  m olluscs; 6. U p p e r  P a n n o n ian  (M iddle P lio cen e )

o ligohaline  m olluscs

S e d im e n t p e tro g ra p h ic  a n a ly se s  and p a la e o n to lo g ic a l in v e s tig a tio n s  o f 
th e  s a m p le s  from  th e  b o rin g  fu rn is h  a d e ta iled  p ic tu re  a b o u t th e  d ev e lo p m en t 
an d  th e  e n v iro n m e n t o f th e  te r r i to r y  a t th e  L a te  P lio cen e  era  an d  all o v e r 
th e  Q u a te r n a r y .  T hey  can  b e  su m m e d  up  as fo llow s.

A s t o  th e  fauna. A cco rd in g  to  th e  sp ec ia lis ts : B a rth a  an d  K k o l o p p . 
th e  la y e r s  ab o u n d  in m o llu scan  fa u n a  from  950 m  to  730 m d ep th . T h e y  a re
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o v erla in  b y  a series of s te rile  s t r a ta  to  450 m . F ro m  330 m  to  250 m  lay e rs  
a re  s te rile  aga in . F ro m  230 to  th e  to p  o f  th e  b o reho le  p le n ty  o f  m o llu scan  
fossils a re  to  be fo u n d  in  th e  co re-sam ples. T h e  m olluscs from  950 m  to  730m  
a re  o ligohaline  species. In  th e  d e p th  b e tw een  760 and  730 m th e  m a jo r i ty  
o f th e  g a s tro p o d  shells a re  of f re sh w a te r  o rig in :

M elanopsis  cf. fu c h s i  B r u s .
B ith y n ia  sp.
Theodoxus sp.
L im n ea  sp.
Planorbis sp.
XJnio sp.
Tacheocampylea doderleini B r u s .
T rich ia  cf. stria tiform is  (L ölt.)
Strobilops tia ru la  (SdGBR.)
C lausilia  cf. p u m ila  Z ie g .
H elicigona  sp.
L im a x  sp.
A egopis  sp.

T h ey  re p re se n t th e  b eg inn ing  o f  th e  L a te  P liocene .
In  th e  d e p th  from  450 m  to  330 m  th e  lay e rs  are  v e ry  p o o r in  shells. 

T h e  few ones to  he  found  as B ith y n ia 's, P la n o rb is 's, U nio 's  do n o t d e te rm in e

m

F ig. 2. M icro fauna  log
1. Q u a te rn a ry  O s traco d a ; 2. S terile ; 3. Pliocene O stracoda

th e  age. B u t th e re  a re  also som e V iv ip a ru s  species m ak ing  th e  end o f  th e  L a te  
P liocene  such  as V iv ip a ru s m azuran ic i B r u s . (420 m ). T he a ssem b lag e  m a y  
he considered  as a tra n s i t iv e  one be tw een  P liocene  and  P le is to cen e . T h e  
m olluscs from  230 m  to  th e  su rface  a re  all o f Q u a te rn a ry  age. T h e y  a re  fre sh ­
w a te r  an d  te r re s tr ia l  species.

A ccord ing  to  th e  m o llu scan  fa u n a , th e  P lio cen e-P le is to cen e  b o u n d a ry  
m ay  be d raw n  a t  th e  d e p th  o f 400 m. Som e u n c e rta in tie s  a re  cau sed  b y  th e
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100-

400- :

500-î

600-

700-
730-

Quercus dominance 
Pinus dominance
Pinus dominance 
Pinus dominance 
Pinus-Quercus dominance 
Pinus-Quercus-Piceo dominance 
Larix-Salix dominance

■Taxodiaceae,Quercus dominance

Cargo, Corglus,Pinus dominance 
Quercus-Qingko-Larix dominance 
Corylus-Quercus dominance 
Alnus,Cary a, Nyssa dominance

-Alnus dominance 
■Abies-Ulmus dominance 
Alnus dominance 
-Quercus-Carya dominance

Jàxodiaceae. C upressaceae dominance

Sterile
Ш '

-Quercus dominance 
■Alnus dominance 
-Pinus dominance

-Pinus-Fagus dom in ance  

-Pinus-Betula dominance 

rAlnus dom inance  

F ig. 3. T ype  o f fo re s t
1. M ixed fo re s t; 2. P in e  fo res t; 3. M ixed  fo re s t  w ith  p ine  dom inance

s te r ile  sec tio n  (230 — 330 m ) ab o v e  th is  t r a n s i t iv e  p a r t .  T he f irs t  shells fount) 
ab o v e  th is  s te rile  p a r t  a re :

P is id iu m  am n icu m  (MÜLL.)
B ith y n ia  operculum  (cf. leachi)  (Sh e p p .)
V alvata  p isc in a lis  (MÜLL.)
V alvata na tic ina  Mk e .
P lanorbis corneus (L .)

S z é l e s  h as e x a m in e d  th e  m ic ro fau n a  o f  th e  b o rin g . She re p o r te d  t h a t  
a g re a t  m a n y  F o ra m in ife ra  o f  d iffe ren t ages h a d  b een  found  re d e p o s ite d  in 
th e  P lio cen e  an d  P le is to c e n e  lay e rs , an d  s c a t te re d  som e R ad io la ria , G em ula , 
E c h in o id e a  b ris tle s . A ll th e se  a re  a llo ch to n o u s in  th e  p lace. A u to ch to n o u s  are  
th e  o s tra c o d s , w hich  a b o u n d  all over th e  le n g th  o f th e  borehole . 14 species 
a re  p re s e n t. T h e  fo llow ing  ones are  re p re se n te d  b y  th e  b iggest n u m b e r  o f 
in d iv id u a ls :
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Candona purallela G. W . MÜLLER 
Candona neglecta G. O. Sars 
Candona rostrata B r a d y -N o rm .
Cyclocypris huckei T r ie b e l  
Cyclocypris laevis (O. F. M ü l l e r )
Cyclocypris ovum ( J u r in e ) (in th e  E a rly  P le is tocene  only)
Ilyocypris gibba R a m d o hr
Limnocylhere inopinata  (B a ir d ) (in the Late Pleistocene only)
Cytherissa lacustris (G. O. Sa r s) (in the Early Pleistocene only)
Cyprideis litoralis (B r a d y ) (in the Early Pleistocene only)
Leptocythere ballica K l ie  (in the Early Pleistocene only)

O stracods are  to  be  fo u n d  c o n tin u o u s ly  from  th e  to p  o f  th e  b o reho le  
to  436 m  d ep th . F ro m  t h a t  p o in t to  735 m  th e  lay e rs  a re  s te r ile . A t 735 m 
o s tra c o d s  re a p p e a r b u t  i t  is species of P liocene  (P a n n o n ia n ) age  w h ich  are 
p re se n t:

Candona extensa Za l .
Candona labiata Za l .

A ccord ing  th e  o s tra c o d  shells, th e  b o u n d a ry  b e tw een  P lio cen e  and  
P le is to cen e  lies 436 m  deep . I t  is to  be em phasized  th a t  u n d e r  th is  b o u n d a ry  
th e  P liocene  ends b y  a 300 m  th ic k  s te rile  sequence.

R ich  pollen a n d  sp o re  fo u n d s  a ffo rd  us a q u ite  d e ta iled  p ic tu re  o f  th e  
d e v e lo p m e n t of v e g e ta tio n  in  th e  su rro u n d in g  te r r i to ry . P o llen s  h a v e  been 
fo u n d  in  all core-sam ples in  a s to n ish in g  big  n u m b e r ex cep t fo r th e  la y e rs  from  
734 m  to  527 m . M ore th a n  1500 p re p a ra tio n s  h a v e  been  m ad e  b y  H . L ő r in c  
a n d  m a n y  of th em  c o n ta in e d  2 — 3000 p o llen -g ra in s  each.

T h e  U pper P a n n o n ia n  (M iddle P liocene) lay ers  are  c h a ra c te r iz e d  by  
a m an ifo ld  v e g e ta tio n  w hich  w as v e ry  rich  u n d e r  a w arm  an d  w e t c lim a te . 
O verw helm ing  w ere th e  M inus tre e s , beside th e m  U lm us, Taxodiaceae, Fagus 
a n d  Fagaceae w ere p re se n t in  co n sid erab le  p ro p o rtio n . As re a l te rm o p h ile  
species Engelhardtia , Zelkova, Cédrus, Tsuga , P in u s  h a p loxy lon , N yssa , 
G ingko  a re  rep re sen ted , b esid e  Iu g la n s, T ilia , Castaneae, Q uercus, A b ies.

I t  is rem ark ab le  t h a t  th e re  a re  m an y  po llens of such  tre e s  as w ell w hich 
a re  c h a ra c te r is tic  o f  te m p e ra te  a n d  even of cool c lim a te  as P in u s  silvestris, 
B etu la , P icea  an d  o th e rs . I n  som e lay e rs  th e y  a re  even p re p o n d e ra n t . Som e 
p a lin o lo g is ts  consider th e se  P in u s  pollens red ep o sited . H o w ev er, b e fo re  th e  
P lio cen e , th e  c lim a te  w as even  w arm er in  th is  reg ion , th e re fo re  th e  over­
w h elm in g  P in u s  silvestris  spores cou ld  n o t d e riv e  from  o lder s t r a ta .  W e h av e  
to  a d m it th a t  d u rin g  th e  M iddle P liocene  o ccu rred  cool p e rio d s , to o , a lm ost 
as cool as in  th e  f ir s t  p a r t  o f th e  Q u a te rn a ry .

T h e  L a te  P liocene  seem s to  h av e  b een  w arm er an d  d r ie r , th a n  som e 
p a r ts  in  th e  m idd le  o f  th is  p é rio d e . In  th is  t im e  th e  H u n g a r ia n  B a s in  was 
la n d  su rface  an d  th e  p o llen s  p e rish e d  on th e  w arm  an d  a l te rn a te ly  w e t and  
d ry  su rface  as well as th e  sn a il shells an d  v e r te b ra te  bones. T h e  m o s t w e a th e r­
p ro o f  re m n a n ts  w ere th e  p o llens. T he s te rile  sec tio n  o f th e  L a te  P liocene  
la y e rs  is th e  sh o rte s t i f  th e  po llen s  and  spores a re  considered .
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Number of grains

F ig .  4 . Vegetation and pollen content 
1. Mixed forest; 2. Pine forest; 3. Mixed forest with pine dominance

A fte r  th e  w holly  s te r i le  sequence th e  b e g in n in g  new  v e g e ta tio n  (from  
527 m  u p w ard ) is s im ila r  to  th e  fo rm er one, w h ich  e x is ted  befo re  th e  s te rile  
p e r io d . I n  abo u t 300 m  d e p th  beg ins a change. I t  in d ic a te s  th e  cooling o f th e  
c l im a te ,  b u t  w ith  r e c u r r e n t  w a rm er episodes. I t  is fro m  130 m  u p w a rd  th a t
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F ig . 5. Mineralogical composition of the sand layers 
I. Piroxene, green amphibols and metamorphic minerals; 2. Metamorphic minerals, micas; 
3. Magmatic and metamorphic minerals; 4. Many weathered minerals; 5. Calcite-dolomite

th e  c lim a te  w as rea lly  cold. P in u s  silvestris  n o t  on ly  p rev a ils  am ong th e  tre e s  
b u t  i t  is a lm o st exclusive . P in e  fo rests  d o m in a te d  in  th is  tim e  th e  reg ion .

T he m in era lo g ica l in v e s tig a tio n  o f th e  sa n d s  show s som e m in o r a n d  
fo u r m a jo r changes in  th e  d ra in ag e  a rea , cau sed  b y  th e  a lte rn a tin g  u p h e a v a l 
o f th e  d iffe ren t p a r ts  o f th e  b a s in -h o rd e rin g  m o u n ta in s . T he m in o r ch an g es  
w ere fre q u e n t in  th e  second h a lf  o f th e  Q u a te rn a ry  e ra , as th e  basin  h a d  b een  
filled  u p , an d  th e  riv e rs  w ere w an d erin g  fa r  an d  w ide all over th e  p la in . 
T he m ain  changes a re  o bserved  a t  th e  d e p th s  o f  200, 360, 490, 710 m , re sp e c ­
tiv e ly . T h e y  m a rk  th e  d a te s  of th e  m o st s tr ik in g  te c to n ic  m o v em en ts . T h e  
w hole sequence  is d iv id ed  b y  th e m  in to  five p a r ts .  T h e  f irs t p a r t  (950 — 710 m) 
is c h a ra c te riz e d  by  th e  d o m in an ce  of a u to c h to n o u s  m inera ls  as c a lc ite  a n d  
do lom ite . T h ere  are  few , if  an y  f lu v ia tile  d ep o sits . T h is tim e  is p a ra lle liz ab le  
xvitli th e  m idd le  P liocene p erio d , th e  lay ers  a re  sed im en ts  of th e  P a n n o n ia n  
sea. T he second p a r t  (700 490 m) of th e  seq u en ce  inc lu d e  m a te ria ls  t r a n s ­
p o rte d  from  th e  w est, from  th e  D an u b e  reg io n . M any  w ea th e red  g ra in s  
in d ica te  w arm  c lim a te  an d  long periods w ith o u t se d im e n ta tio n . C h a ra c te r ­
istic  m inera ls  a re : ep id o te , tu rm a lin e , d is th e n e , a n d a lu z ite  and  m a g n e tite . 
T h e  sands w ere d ep o sited  u n d e r  th e  w arm  an d  a l te rn a te ly  w et and  d ry  c lim a te  
of th e  L a te  P liocene . T he te r r i to ry  w as m o stly  la n d  su rface . T he th ird  sec tio n  
(4 9 0 —360 m) a b o u n d s  in  m in era ls  of m a g m a tic  o rig in . N o rth w est from  th e  
basin  a t  th e  daw n  o f th e  P le is to cen e  th e  vo lcan ic  B örzsöny  M ou n ta in s  w ere  
u p lifted  a n d  from  th e  w ea th e rin g  of its  a n d e z ité  ro ck s m an y  b row n  a m p h i­
boles, b io tite s  a n d  also h y p e rs th c n e s  w ere tr a n s p o r te d  in to  th e  b a s in .B u t th e  
overw helm ing  m a jo r ity  o f th e  m in era ls  from  th is  d e p th  are o f m e ta m o rp h ic  
origin (ch lo rite ) an d  th e re  a re  also n u m ero u s w e a th e re d  grains.
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F ig . 6. L ithologic log a n d  calcium  con­
te n t

1. Clay; 2. S ilt; 3. Sand

Fig. 7. Soils
I .  Soils o f d ifferen t k in d  [18]. G raypod- 
sols a n d  d a rk  chernozem s. Som e p e a ty  
la y e rs  [2]; I I .  D ifferen t k in d  o f fossil soil 
[30]. B ro w n  an d  d a rk -g ra y  chernozem s, 
m a rs h y  soils. P e a ty  layers [3]; I I I .  Im m a ­
tu re  lig n it s trip es [16] an d  m a rs h y  p ea ty so ils  
[16]. Som e chernozem s. L a te r i t ie re d  soils [5]; 
IV . L ig n ite  strip es an d  lig n itic  c lay  [9]

A t th e  b eg in n in g  o f th e  Q u a te rn a ry , cy clica l f lu v ia tile  se d im e n ta tio n  is 
s ta r t in g .  In  th e  fo u r th  p e rio d  (360 200 m ) m e tam o rp h ic  m in e ra ls  (ch lo rite ,
g a rn e t  a n d  m an y  m icas) d e riv ed  from  P a laeo zo ic  g ro u n d -m o u n ta in s  (N o rth e rn
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Fig. 8. Big periods of the Quaternary 
1. Cold; 2. Temperate; 3. Warm

C a rp a th ia n s )  p re d o m in a te . T he la te s t  p e rio d , th e  second h a lf  o f  t h e  Q u a te r ­
n a ry  is re p re se n te d  b y  m a n y  li t t le  changes in  th e  m inera log ica l co m p o sitio n  
o f th e  san d s. T h e  d ra in  d irec tio n  w as o f n o r th e a s t .  M etam orph ic  ro c k s  o f th e  
C a rp a th ia n s  give th e  lo a d -m a te r ia l of th e  r iv e rs ;  g a rn e t, ep id o te , tu rm a lin e , 
d is th e n e , zo isite , a c tin o lite , tre m o lite , b io t i te ,  ch lo rite  occur from  th is  d e p th  
on in  th e  san d s. T h e  rocks o f th e  In n e r  C a rp a th ia n  vo lcan ic  zo n e  a re  also 
re p re se n te d  b y  p y ro x en es , g reen  am p h ib o les . B io tite s  and  c h lo r ite s  in  th is  
sec tio n  a re  o f m ag m a tic  orig in  an d  so is p e rh a p s  a p a r t  of th e  g a rn e ts ,  too . 
T h e  changes are  d u e  to  th e  general u p lif t  o f  th e  m o u n ta in s  b o rd e r in g  n o r th ­
w ard s th e  H u n g a ria n  B asin . T hese ev en ts  o c c u rre d  in  th e  U p p e r P le is to c e n e .

T he ca lc ium  c a rb o n a te  c o n te n t o f th e  la y e rs  is o f  co n sid e rab le  in te re s t . 
T h e  P a n n o n ia n  series b e tw een  950 an d  700 m  is v e ry  rich  in  ca lc iu m . A ll beds 
c o n ta in  10 30 %  o f ca lc ium  ca rb o n a te . T h e  L a te  P liocene te r r e s t r ia l  s t r a ta
are  p o o r in  calc ium . All along th e  270 m  th ic k  series, ca lc iu m  c a rb o n a te  
c o n te n t v a rie s  a b o u t 1 3 %  on ly  e x c e p tio n a lly  rises to  10 -2 0 % . T h e  d is­
t r ib u tio n  o f  ca lcium  is v e ry  irre g u la r  a long  th e  t r a n s i t  sec tion  a t  th e  P liocene- 
P le is to cen e  b o rd e r (430 350 m ). B eds w ith  1 — 2 %  calcium  c a rb o n a te  con­
te n t  a l te rn a te  w ith  o th e rs  c o n ta in in g  30 4 0 % . A d is tin c t r e g u la r i ty  is to  be
o b serv ed  in th e  ca lc ium  c o n te n t in  th e  Q u a te rn a ry  sequence. F ro m  th e  b o tto m  
to w a rd s  th e  to p  th e  ca lc ium  c o n te n t in c rea se s  along a s t r a ig h t  t r e n d  line 
w ith  sm all f lu c tu a tio n s . T h e  series s ta r ts  w ith  1 — 2 %  and  en d s w ith  20 —
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3 0 %  o f  ca lc iu m  c a rb o n a te  (CaCO.,). F rom  350 to  180 m th e  d e v e lo p m e n t is 
slow  w ith  som e recu rren ces , f ro m  180 to  th e  to p  i t  is s tro n g  and  decisive .

A lso  fossil soils m a y  b e  o f  som e use in  th e  re sea rch  of th e  s tr a t ig ra p h ic  
b o rd e rs . A  considerab le  a m o u n t  of th em  w as fo u n d  in th e  b o reho le  p ro file . 
T h e y  a re  m o stly  m a rc h y  a n d  p ea t-so ils , b u t  m a n y  o th e r  so il-types a re  re p re ­
s e n te d  as  w ell. F ro m  950 m  to  620 m th e re  a re  n o  fo ssil soils, only som e lig n ite  
in te r c a la t io n s  and  lig n itic  c la y s . These c o rre sp o n d  to  th e  la s t s ta g e  o f  th e  
sh a llo w  P a n n o n ia n  sea p re c e d in g  its  f in a l d e s ic c a tio n . F ro m  620 m  to  370 m 
th e r e  a re  also th in  lig n itic  c la y s , b u t  m ore a re  th e  m a rsh y -p e a ty  soils a n d  
so m e  b ro w n  chernozem s. S tr ik in g  are  th e  la te r i te - l ik e  red  soils a p p e a r in g  in  
m a n y  b e d s  a t  th e  d e p th s  o f  570 and  480 m , w h ich  are  som etim es sev era l 
m e te rs  th ic k . T hese m a rk  th e  f in a l p a r ts  o f P lio c e n e  sed im en ta tio n  in  m a n y  
o th e r  p laces  of th e  F lu n g a ria n  B asin.

S u m m a riz in g  o u r s tu d ie s , th e  s tra t ig ra p h ic  b o u n d a ry  be tw een  P lio cen e  
a n d  P le is to c e n e  can  be  t r a c e d  in  th e  b o reh o le  a t  J á sz la d á n y  a t  th e  d e p th  
o f  4 3 0  m . I t  m u st be r e m a rk e d , how ever, t h a t  th e  370 m and  480 m  in c lu d es  
a s e q u e n c e  o f tra n s it iv e  c h a ra c te r .

T h e  ty p e  of s e d im e n ta tio n , th e  m a te r ia ls  th em se lv es , th e  c a rb o n a te  
c o n te n t ,  th e  in fluence o f te c to n ic  m o vem en ts re f le c ted  in th e  m in era lo g ica l 
c o m p o s itio n  of th e  lay e rs , as w ell as th e  m o llu sc  fa u n a , m ic ro fau n a  a n d  th e  
p o lle n  sp o re  assem blages su g g e s t, w ith  sm all d iffe ren ces , th is  b o u n d a ry . I t  is 
m a rk e d  b y  an  essen tia l c h a n g e  o f facies: th e  la g o o n a r  an d  te r re s tr ia l  d e p o s its  
a re  c h a n g e d  to  f lu v ia tile  o n es. T his change is re f le c te d  b y  th e  m o llu scs an d  
th e  m ic ro fa u n a , too ; b u t  th e r e  is a v a s t s te r ile  sequence  w hich m a k e s  th e  
b o rd e r  u n c e r ta in . T he a l te r a t io n  in  th e  v e g e ta t io n  w as v e ry  slow, th e  c lim a te  
h a v in g  b e e n  w arm  an d  m o d e ra te  in  th e  f i r s t  h a l f  o f th e  Q u a te rn a ry . T he 
c l im a te  w as changed  m ore  v ig o ro u s ly  a t  th e  b o u n d a ry  betw een  th e  m id d le  an d  
th e  u p p e r  p a r t  of th e  P le is to c e n e ; th is  la te r  h a v in g  been  rea lly  co ld  in  th e  
H u n g a r ia n  B asin . T he c a lc iu m  c a rb o n a te  c o n te n t  o f  th e  layers show s som e 
c o n n e c tio n  w ith  th e  cooling  o f  c lim ate , an d  h e lp s  u s  in  d iscovering  th e  m ain  
b o u n d a r ie s .  T he te c to n ic a lly  c a lm  period  to w a rd s  th e  end  of th e  P lio cen e  w as 
a b r u p t ly  fin ish ed  a t  th e  b e g in n in g  of th e  P le is to c e n e . T he m o v e m e n ts  are  
p ro v e d  b y  th e  changed  m in era lo g ica l c o m p o s itio n  o f th e  f lu v ia tile  san d s . 
T h e  ty p e  o f se d im e n ta tio n  a n d  th e  s e d im e n ta ry  cycles show  su b d iv is io n  
b o u n d a r ie s  w ith in  th e  Q u a te rn a ry  a t  th e  d e p th  o f  65, 170, 270 a n d  345 m, 
d iv id in g  i t  in to  five  p a r ts . B u t  th e  m ain  in n e r  b o rd e rs  of th e  P le is to cen e  can 
b e  t r a c e d  a t  130 an d  285 m  d e p th , re sp e c tiv e ly  th e  u p p e r p a r t  h a v in g  been  
co ld , t h e  m idd le  te m p e ra te  a n d  th e  low er w a rm .

T h e  b asin  in  th e  n o r th e r n  p a r t  o f th e  H u n g a r ia n  G rea t P la in  w as 
g r a d u a l ly  sink in g  w ith  sm all d ifferences — a lm o s t  a t  th e  sam e ra te . In  c o n ­
se q u e n c e  th e  th ick n ess  o f e a c h  sequence is ro u g h ly  re la tiv e  to  th e  c o rre sp o n d ­
in g  t im e  in te rv a l of s e d im e n ta tio n . T he g ra in  size  of th e  sed im en ts  v a rie s
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w ith in  a sm all range ( th e  m a jo r i ty  o f th e  lay ers  a re  s ilts) and  th e re fo re  th e  
re sp e c tiv e  tim es of th e  se d im e n ta tio n  o f th e  d iffe ren ts  sec tio n s can  b e  ro u g h ly  
c o m p a re d . W e know  th e  re c e n t r a te  of te c to n ic  m o v em en t. B y  Já s / .la d á n y  
th e  m easu re  of th e  su b sid en ce  is 5 m m  pro  10 y e a rs  acco rd in g  to  g eodetic  
m e a su re m e n ts . T his m eans t h a t  2000 years w ere re q u ire d  fo r th e  d ep o sitio n  
o f  one m e te r  s ilty  m a te ria l in  th is  p lace. In  th e  d e p th  o f 4 0 0 —500 m  th e  fine- 
s tra t i f ie d  clays co n ta in  6000 sh ee ts  p ro  m eter. W ith  re g a rd  to  th e  tw o  in u n d a ­
tio n  p e riods p ro  y ea r, 3000 y e a rs  are  n ecessary  fo r 1 m  o f f in e ly  la m in a te d  
c lay -se d im e n t. T he san d y  la y e rs  req u ire  less tim e  fo r  th e  sam e th ic k n e ss . T he 
u n ifo rm ity  o f th e  sed im en ts  he lps us to  e v a lu a te , a t  le a s t a p p ro x im a te ly , 
th e  t im e  needed  for th e  se d im e n ta tio n  of th e  Q u a te rn a ry  sequence . I t  w as 
fo u n d  to  be equal to  a b o u t 1.4 m illion  years. T h e  d u ra tio n  o f th e  co ld  p e rio d  
o f  th e  P le istocene , w hich  in c lu d es  m o st p ro b a b ly  th e  tw o  la s t  g lac ia ls  o f  th e  
E u ro p e a n  s tra tig ra p h y  an d  th e  la s t  in te rg lac ia l can  be  e s tim a te d  to  a b o u t 
250 000 300 000 y ears . T h e  m id d le  p a r t  of th e  P le is to cen e  w h ich  w as a t
th e  beg in n in g  te m p e ra te , la te r  on cool la s ted  a b o u t 300 000 y ea rs . F o r  th e  
w a rm  section  550 000 600 000 y e a rs  and  fo r th e  t r a n s i t iv e  one 200 000 y e a rs
•can be ca lcu la ted .
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О ГРАНИЦЕ МЕЖДУ ПЛИОЦЕНОМ И ПЛЕЙСТОЦЕНОМ 
В ВЕНГЕРСКОМ БАССЕЙНЕ

А. РОНАИ 

Р е з ю м е

Проведение стратиграфической границы между плиоценовыми и плейстоценовыми 
отложениями в пределах Венгерского бассейна облегчается наличием выдержанной на 
обширной площади морской и осадочной толщи плиоценовых и плейстоценовых отло­
жений общей мощностью свыше 3000 м.

Начатые в последнее время исследования, в том числе колонковое бурение с полным 
отбором керна, дали очень большое количество палеонтологических и литологических 
данных, по которым можно судить о тектонических движениях и климатических измене­
ниях в плиоценовое и плейстоценовое время.

Для середины плиоцена характерны эпирогенетические осцилляции установленные 
на больших территориях. В конце плиоцена фундамент бассейна был раздроблен локаль­
ными впадинами. В четвертичное время ритмичные опускания привели к циклическому 
осадконакоплению. В пределах Венгерского бассейна можно выделить 9—10 фаз опус­
кания.

Верхнепаннонские (среднеплиоценовые) отложения богаты моллюсками и микро­
фауной, а также спорами и пыльцой. То же самое относится также к четвертичным отло­
жениям. Залегающие между ними верхнеплиоценовые отложения в большей части терри­
тории Венгерского бассейна характеризуются полным отсутствием органических остатков.

Судя по растительности, устанавливаемой на основании спорово-пыльцевого ана­
лиза осадков, в среднеплиоценовое время климат был теплым и влажным, но иногда насту­
пало похолодание уже в это время. Конец плиоцена характеризовался теплым климатом 
со сменой сухих и влажных фаз. В первую половину четвертичного времени климат был 
теплым, к средней части он стал умеренным, а в последней трети наступил холодный 
климат. По пыльцевым комплексам можно выделить 36 мелких колебаний климатических 
условий.

Прослойки лигнита и погребённые почвы (более 60 таких прослоев можно выявить 
внутри четвертичной толщи мощностью 430 м) также способствуют установлению границы 
между плиоценом и плейстоценом и, вообще, подразделению толщи.
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ROUNDNESS OF GRAINS 
IN UNCONSOLIDATED DEPOSITS,

YTSONTA LIGNITE PROSPECT AREA, 
NORTHEAST HUNGARY

By

M . M iklós and L .  P e s t y

H UN G ARIA N  RESEA RCH  IN ST IT U T E  FO R MINING
AND GEOCHEMICAL RESEA RCH  LABORATORY OF TH E  H U N G A R IA N  ACADEMY OF SCIEN CES, BU DA PEST

T h e  ro u n d n ess  o f  q u a r tz  gra ins o f 0.32 to  0 .64 size was m easu red  on  80 U pper 
P a n n o n ian  and P le is to cen e  cores o f 10 b o rin g s d rilled  in the  V ison ta  p ro sp e c t area, 
s i tu a te d  eas t of th e  to w n  G yöngyös. T he ro u n d n e ss  o f th e  grains, d e te rm in e d  by  the  
cvp  m eth o d  was su b je c ted  to  a s ta tis tic a l e v a lu a tio n . T he d is tr ib u tio n s  ro u n d n e ss  of 
th e  sam ples were p lo tte d  in  h is to g ram -ty p e  d ia g ra m s : tw o p a ram ete rs , a  a n d  ß , were 
in tro d u ced  to fo rm ally  ch arac te rize  th e  cu rves (see below ). The said p a ra m e te rs  were 
p lo tte d  in fence d iag ra m s o f m aps to  show  sp a tia l  d is trib u tio n .

T he re su lts  p e rm it to  s ta te  th e  fo llow ing: 1) T he early  d eposits  o f  th e  U p p e r 
P a n n o n ian  c o n ta in  g ra ins o f va rio u s ro u n d n ess  a n d  of various le n g th  o f  tra n sp o r t.  
2) T he layers b e tw een  lig n ite  seam s w ell-so rted , u su a lly  have  d is tr ib u tio n  cu rv es  each 
w ith  a d e fin ite  p eak . 3) T he Q u a te rn a ry  se d im en ts , poorly  sorted , m o stly  h a v e  e longate  
and  f la t  curves. T h e  above  d a ta  p e rm it to  co n clu d e  up o n  th e  orig in  o f  th e  deposits .

T he p ro b lem  a t ta c h e d  in th e  p re se n t s tu d y ,  i.e. th e  c h a ra c te r iz a tio n  
a n d  g en e tic  e v a lu a tio n  o f c la s tic  s e d im e n ta ry  ro ck s on th e  basis  o f  th e  gra in  
m orp h o lo g y , has long  been  in th e  fo re g ro u n d  o f geological re se a rc h . T he 
m e th o d  used  b y  us w as th e  cpv  m e th o d  o f S z á d e c z k y -K a r d o ss  [20 a n d  21] 
found  m ost a p p ro p r ia te  b y  a u th o rs  w ho c o m p a re d  d ifferen t m e th o d s  (e.g. 
Z in g g  [25], S c h n e id e r h ö h n  [13], K r u m b e in  P e t t ijo h n  [5 ], S t r a u sz  
[14 an d  15], E . P é c s i-D o náth  [12].) R e c e n t c o n tr ib u tio n  [26] w ere  also 
ta k e n  in to  c o n sid e ra tio n .

T he p re se n t p a p e r  re p o rts  on p a r t  o f  a  com plex  sy s te m a tic  re sea rch  
p ro g ram , concern ing  th e  reg ion  a t  th e  fee t o f  th e  M á tra  and  B ü k k  M o u n ta in s  
in its  a sp ec ts  o f a n a ly tic a l geology, s t r a t ig r a p h y , sed im en ta ry , p e tro g ra p h y , 
s tru c tu re , h y d ro g eo lo g y , e tc . [6 9].

T he exam ined  reg io n  (F ig . 1) is th e  so u th e a s te rn  fo re land  o f  th e  M átra  
M ou n ta in s  eas t of G y ö n g y ö s. B y  th e  ev id en ce  o f  som e deep b o rin g s  d rilled  
in  th e  v ic in ity  th e  s u b s tr a tu m  consists h ere  o f  Paleo-M esozoic ro ck s e ssen tia lly  
s im ila r to  th o se  c ro p p in g  o u t in  th e  B ü k k  M o u n ta in s . A bove th is  s u b s tra tu m  
th e  p resen ce  of E o cen e  a n d  O ligocène d e p o s its  in  facies s im ila r to  th e  ones 
fo u n d  n o r th  of th e  M á tra  M o un ta ins is h ig h ly  like ly . T he M iddle a n d  U pper 
M iocene vo lcan ics o f th e  M á tra  M ounta ins w ere  tra c e d  by d rillin g  o v e r a huge 
a rea  an d  in  co n sid e rab le  th ick n ess  u n d e r th e  H u n g a ria n  P la in s. T h e  sed im en t 
o f a sea, a d v an c in g  from  th e  SSE an d  g ra d u a lly  losing sa lin ity , w ere  super-

Acta Geologien Academiae Scientiarum Hungaricae Tomus 12 (1 —4), pp. 231—254 (1968)
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NW
height above 
sea level

A .62/Ba  
+ 167,00 SE

V.155/A
166.37

IVcoahbed 

V. coal-bea

Fig. 2. Geological p ro file  in N W -SE  d irection . T o r to n ia n : 1. A ndesite; U p p e r  P a n n o n ian : 
2. L ign ite  seam ; 3. S an d ; 4. Clay; Q u a te rn a ry : 5. A n d e site  boulders; 6. R ew o rk ed  and esite

tu ff; 7. C lay

posed  u p o n  th e  v o lcan ic , w ith  th e  s a n d y , arg illaceous and  l ig n ite  U p p e r 
P a n n o n ia n  as th e  p rin c ip a l e lem en t (F ig . 2). N u m b erin g  th e  l ig n ite  seam s 
0 to  V I from  to p  to  b o tto m  we m ark ed  th e  b a r re n  layers b e tw een  th e  in d i­
v id u a l seam s O/o, Ia /o , I I /o , e tc ., g iv ing  to  each  th e  n u m b er o f th e  o v erly in g  
seam . T h e  v a rio u s  b a rre n  lay e rs , coalesced  on  acco u n t of th e  d is a p p e a ra n c e  
o f  som e lig n ite  seam s a t  g re a te r  d e p th , w ere  m ark ed  M. T h e  fo rm a tio n s  
m a rk e d  K I I I /o ,  K IY /o , an d  KY/o re p re se n t th e  b a rre n  in te rb e d d in g s  in  th e  
re sp e c tiv e  lig n ite  seam s. T h e  U p p e r P a n n o n ia n  is covered b y  a  c o n n e c te d  
sh ee t (f) o f Q u a te rn a ry  dep o sits  o v erly in g  i t  w ith  a de fin ite  lith o lo g ic  and  
a n g u la r  u n co m fo rm ity .

T h e  m o rp h o lo g y  o f th e  g ra in s o f c la s tic  ro ck s has a t tr a c te d  th e  a t te n t io n  
o f  n u m ero u s  w o rk ers , (W e n t w o r t h  [24], H a g e r m a n n  [3], C o x  [2 ], SzÁ- 
d e c z k y -K a r d o ss  [16 — 21], W a d e l l  [23], e tc .)  as re su lt, v a r io u s  m e th o d s  
o f m e a su re m e n t a n d  ca lcu la tio n  w ere d ev e lo p ed . As regards th e  n u m erica l 
c h a ra c te r iz a tio n  of th e  ro u ndness of g ra in s , th e  v a lu e  v -|- p /2 , in tro d u c e d

Acta Geologien Acadcmiae Scientiarum Hungaricae I ? ,  1968



2 3 4 M . M IK L Ó S  an d  L . P E S T Y

by  S z á d e c z k y - K a r d o s s , e lim in a te d  in d iv id u a l e rro rs  o f m e a su re m e n t to  
a h ig h  d eg ree . F o r f lu v ia l t r a n s p o r t  i t  h a d  b e e n  p ro v e d  to  v a ry  as th e  lo g a ­
r ith m  o f  t r a n s p o r t  d is ta n c e . F o llow ing  a p ro p o sa l o f S z á d e c z k y - K a r d o s s  
[21],  PÉC SI a n d  P é c s i - D o n Át h  com piled  a se ries  o f 10 tab le s , com posed  
of th e  p h o to g ra p h s  o f g ra in s  o f  d iffe ren t size h u t  id e n tic a l ro u n d n ess , w ith  
a v iew  to  acc e le ra te  m e a su re m e n ts  and  f a c il i ta te  th e  s tu d y  o f g ra in s  o f  less 
th a n  0 .5  m m  size.*

W e  h a v e  e x te n d e d  ou r an a ly s is  o f ro u n d n e ss  to  80 sam ples from  10 b o re ­
holes d r il le d  in  th e  Y iso n ta  p ro sp e c t area. S ix  o f  th e  holes (A. 28, A . 50, M. 7, 
Y. 114, V . 118 an d  V. 145) w ere  d rilled  w ith o u t  m u d  c ircu la tio n  as f a r  as 
p o ss ib le , w h ile  th e  re m a in in g  fo u r  (A. 62 /B a, V. 155/A , V. 156/AI an d  Y. 157/A) 
w ere d r i l le d  w ith  th e  u su a l w a te r  flu sh . O w ing to  th e  possib le c o n ta m in a tio n  
of th e  sa m p le s  th e  re lia b ili ty  o f  th e  second g ro u p  is in fe rio r to  th a t  o f th e  f ir s t  
g ro u p . T h e  g ra in  size f ra c tio n s  of 0.32 to  0 .64 m m  of th e  80 sam p les  w ere  
s e p a ra te d  b y  screen ing . T h is f ra c tio n  w as th e  c o a rse s t g ra in  size g ro u p  s till 
a b u n d a n t  enough  fo r a s ta t is t ic a l  e x a m in a tio n . 25 to  30 q u a rtz  g ra in s  w ere  
th e n  p ic k e d  o u t u n d e r  a m icroscope  a n d  p h o to g ra p h e d  (F ig. 3). T h e  ro u n d n e ss  
of a p p ro x im a te ly  2500 g ra in s  w as d e te rm in e d  o n  fo u r se p a ra te  occasions. 
T h e  12 ,000  d a ta  or so th u s  o b ta in e d  w ere th e n  o b je c te d  to  th e  s ta t is t ic a l  
e v a lu a tio n  p re se n te d  in  th is  p a p e r .

A s th e re  w as no im p o r ta n t  d ifference in  th e  av e rag e  ro u n d n ess  o f  th e  
sam p le s  co n sid e red , th e  u su a l ro u ndness p a ra m e te rs  such  as n - f  p /2  co u ld  
n o t sh o w  u p  an y  s ig n if ic a n t d ifferences. To d e m o n s tra te  such  d iffe ren ces, 
a m o re  p ro fo u n d  in v e s tig a tio n  o f d is tr ib u tio n  h a d  to  be p e rfo rm ed . T h e  
V - f -  p /2  d is tr ib u tio n  o f th e  in d iv id u a l sam p les  w as p lo tte d  in  h is to g ra m s . 
(F igs 4 — 20 , an d  T ab le  1.) C u m u la tiv e  cu rves w ere  less a p p ro p r ia te  fo r  re g io n a l 
c o m p a ra tiv e  ex am in a tio n s . T h e  curves w ere c h a ra c te r iz e d  by  p a irs  o f  p a ­
ra m e te r s ,  s lig h tly  d iffe ren t fro m  th e  u su a l ones o f  m a th e m a tic a l s ta t is t ic s :  th e  
p a irs  o f  th e s e  p a ra m e te rs  w ere  th e n  p lo tte d  in  a c o o rd in a te  system .

O n e  o f th e  p a ra m e te rs  (a) rep re sen ts  th e  q u o tie n t  of th e  p e rc e n ta g e  
of th e  m o s t  p o p u lo u s  ro u n d n e ss  in te rv a l in  th e  sam p le  by  th e  sum  o f th e  
p e rc e n ta g e s  o f all th e  o th e r  in te rv a ls . The q u o tie n t  a , expressive o f th e  so r tin g  
o f ro u n d n e s s  o f th e  sam ple , is th e  g rea te r , th e  m o re  g ra in s fall w ith in  a sing le  
ro u n d n e ss  in te rv a l. In  th e  p re s e n t in v e s tig a tio n , a  w as found  to  v a ry  fro m
0.42 to  2 .70 .

T h e  o th e r  p a ra m e te r  (ß ) is th e  q u o tie n t o f  th e  percen tag e  o f th e  m o st 
p o p u lo u s  ro u n d n ess  in te rv a l in  th e  sam ple b y  th e  n u m b e r  o f n o n -e m p ty  in te r ­
v a ls . W ith  th e  m ax im u m  p e rc e n ta g e  v a ry in g  fro m  30 to  74, an d  th e  n u m b e r  
o f n o n -e m p ty  in te rv a ls  v a ry in g  from  3 to  5 , ß  v a r ie d  from  6 to  22. ß  is in 
e ffec t t h e  h e ig h t- to -w id th  ra t io  o f th e  d is tr ib u tio n  curve.

* Thanks are due to Mrs. É. PÉCSI-Donáth for putting at the disposal of the authors 
the original series of pictures and facilitating thereby the roundness analysis of the samples.
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Fig. 3. A sam ple  from  borehole No. V 156/AI (50 x )
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Table Г
S u m m a ry  o f

Sam ple No. D ep th  of sampling
Symbol 
of layer

1

p
Percentual v  +

2

2 3

distribution

4

1 2 3 4 5 6'

A.28/1 0.00— 0.30 f 4 32 42 18

A.50/7 5.30— 6.50 f 5 24 33 24

A. 50/8 6.50— 27.80 f 6 28 33 22
A .50/10 28.36— 31.65 lV/o 21 42 25

A.50/31 41.10— 48.60 V/o 17 50 33

A.50/33 49.43— 53.80 M 24 44 28

A.50/34 53.80— 80.50 M 18 36 32

A .62/B a/2 0 .30— 7.20 f 4 29 42 21
A .62/B a/3 7.20— 15.00 f 21 50 25

A .62/B a/4 15.00— 17.00 f 15 41 30

A .62/B a/5 17.00 -  19.00 II I /o 26 48 18

A .62/B a/9 26.50— 30.00 ■ IV/o 30 45 15

A .62/B a/14 36.00— 39.00 V/o 14 54 29

A .62/B a/16 42.00 - 63.50 V/o 22 45 27

A .62/B a/18 63.90— 128.00 V/o 22 48 26

A .62/B a/22 129 .10- 133.00 V/o 13 53 17

M.7/15 29.50— 31.84 f 17 38 28

M.7/19 38.16— 39.30 K IV /o 4 73 14

M.7/26 44 .2 0 — 45.50 IV/o 7 52 30

M.7/33 57.00— 58.17 KV/o 25 38 29

M.7/39 66 .62— 69.20 V/o 19 66 15

V. 114/3 3 .50— 11.90 f 28 40 24

V. 114/4 11 .90— 14.50 I I/o 18 63 14

У.114/19 38.20— 48.80 IV/o 5 41 35

V.114/27 52 .00— 67.00 M 5 27 36

V.118/2 0 .50— 3.20 f 6 50 38

У.118/3 3.20— 5.40 f 9 48 39

V.118/8 15.50— 15.90 f 4 46' 46

V .I18/13 20.50— 35.90 I I I /o 4 27 42

V .118/14 35 .90— 36.20 IV/o 4 48 35

V.118/15 36.20— 60.40 IV/o 25 53

V .118/16 60 .40— 60.60 IV/o 4 33 37

V. 118/34 77.90— 78.80 V/o 12 44 40

V.145/3 8.20— 10.30 f 8 34 27 27

У .145/5 12.40— 13.40 f 17 25 33
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i Number of 
roundness 
intervals

Mean roundness 
of sample

a =
maxim al per cent

P =
maximal per cen t

Idiom orpbir
quartz

covered 
by sample

1' — m ax. percen t No. of category

I П 12 13 14 15

5 2 .8 5 0 .7 2 8 .4 +

5 3 .2 3 0 .4 9 6 .6 +

5 3 .0 5 0 .4 9 6 .6 —

5 3 .3 3 0 .7 2 8 .4 —

3 3 .1 6 1 .0 0 1 6 .6 ?

4 3 .1 2 0 .7 8 1 1 .0 —

5 3 .4 5 0 .5 6 7 .2 +

5 2 .9 1 0 .7 2 8 .4 —

4 3 .1 2 1 .0 0 1 2 .5 V

5 3 .4 8 0 .6 9 8 .2 —

5 3 .1 1 0 .9 2 9 .6 —

5 3 .1 1 0 .8 1 9 .0 —

4 3 .2 1 1 .1 7 1 3 .5 -

5 3 .1 3 0 .8 1 9 .0 —

4 3 .1 1 0 .9 2 1 2 .0 -

5 3 .4 1 1 .1 2 1 0 .6 ?

4 3 .4 4 0 .6 1 9 .5 V

4 3 .2 6 2 .7 0 1 8 .2 —

4 3 .4 4 1 .0 8 1 3 .0 —

4 3 .2 0 0 .6 1 9 .5

3 2 .9 6 1 .9 4 2 2 .0

4 3 .1 2 0 .6 6 1 0 .0 —

4 3 .0 4 1 .7 0 1 5 .7 V

5 3 .7 2 0 .6 9 8 .2 —

5 4 .0 4 0 .5 6 7 .2

4 3 .4 3 1 .0 0 1 2 .5

4 3 .3 9 0 .9 2 1 2 .0 —

4 3 .5 0 0 .8 5 1 1 .5

5 3 .9 6 0 .7 2 8 .4

4 3 .5 6 0 .9 2 1 2 .0

4 4 .0 0 1 .1 2 1 3 .2

5 3 .9 2 0 .5 8 7 .4 *>

4 3 .3 6 0 .7 8 1 1 .0 —

5 2 .8 4 0 .5 1 6 .8 +
5 3 .7 5 0 .4 9 6 .6 _u
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Table I

Sample No.
D epth  

of sam pling
Symbol 
of layer

p
Percentual v  -f- — distribution

I 2 3 4

1 2 3 4 5 6 7

V .145/6 13 .40— 15.40 Ib /o 21 46 21

V .145/7 15 .40— 26.35 Ib /o 17 46 30

V .145/10 2 7 .0 0 - 47.10 I I/o 25 50 21

V .145/15 52 .70— 69.23 11 I/o 3 58 14

V .145/24 74 .50— 76.30 IV/o 6 49 30

V .155/A /3 5 .20— 7.90 f 9 32 45

V .155/A /4 7 .90— 8.20 f 20 50

Y .155/A /5 8 .2 0 — 10.20 f 10 15 45

V .155/A /8 20 .40— 26.00 Ib/o 5 26 43

V .155/A /9 26 .00— 28.00 Ib/o 8 23 42

V .155/A /J0 28 .00— 33.00 Ib/o 9 46 32

V .155/A /13 41 .0 0 — 50.50 II/o 4 32 36

V J  55/A/14 50 .50— 52.00 II/o 46 37

V .155/A /18 56 .80— 75.00 II  I/o 4 37 42

V .155/A /20 80 .00— 95.90 IV/o 38 46

Y .155/A /22 100 .80— 112.80 V/o 4 33 46

V .155/A /22/a 112.80— 129.10 V/o 23 48

V.J 55/A /24 131.00— 133.00 M J2 39 35

V .l 55/A/26 139.10— 151.00 M 21 46

V .156/A I/1 0 .00— 1.00 f 5 18 40 32

V .156/A I/2 1.00— 3.00 f 4 31 35 26

V .156/A U 4 4 .1 0 — 8.50 f 13 50 21

V .156/A I/8 39 .30— 46.30 III /o 47 39

V .156/A I/9 46.30 53.00 l l l / o 8 28 48

V .156/A I/10 53.00 59.00 III /o 16 38 38

V .156/A I/12 68 .00— 84.00 II I /o 7 30 52

V .156/A I/15 89 .20— 98.00 IV/o 50 46

V .156/A I/16 98.00 — 108.00 IV/o 25 32 36

V .156/A I/17 108.00— 118.00 KV/o 11 30 44

V .156/A I/18 118.00— 187.00 M 9 30 26

V .157/A /2 1.70— 2.70 f 4 25 53

V .157/A /3 2 .70— 3.70 f 4 44 44

Y .157/A /4 3 .70— 5.20 f 5 36 54

V .157/A /5 5 .30— 7.00 f 14 38 38

V .157/A /6 7.00 — 27.40 Ib/o 15 50 29
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(coiiliiiuril)

of sample
N um ber of 
roundness 

I intervals
Mean roundness 

of sample

a =
maxim al per cent

0 =
maximal per cent

ldiomorpbic
quartz

5 6
covered

7 1 by sample
2,’ — m ax. p ercen t No. of category

8 9 10 I 11 12 13 14 15

12 4 3.25 0.85 11.5 —

7 4 3.26 0.85 11.5 —
4 4 3.04 1.00 12.5 —

14 и 5 3.66 1.38 11.6 —

9 6 5 3.60 0.96 9.8 ■ —
14 4 3.63 0.81 11.2 —

25 5 4 4.15 1.00 10.2 +

20 10 5 4.05 0.81 9.0 9

26 4 3.89 0.75 10.7 —

23 4 5 3.92 0.75 8.4 —

9 4 5 3.54 0.85 9.2 —
20 8 5 3.96 0.56 7.2 —

17 3 3.70 0.85 15.3 —

17 4 3.70 0.75 10.5 —

12 4 4 3.83 0.85 11.5 9

13 4 5 3.79 0.85 9.2 —
22 7 4 4.14 0.92 12.0 9

14 4 3.53 0.63 9.7 +
25 8 4 4.20 0.85 11.5 +

5 5 3.13 0.66 8.0 —

4 5 3.00 0.53 7.0 —

16 4 3.41 1.00 12.5 —
14 3 3.66 0.88 15.6 —
12 4 5 3.76 0.92 9.6 —

8 4 3.38 0.61 9.5 —

11 4 3.66 1.08 13.0 —
4 3 3.54 1.00 16.6 —

7 4 3.25 0.56 9.0 —

15 4 3.75 0.78 11.0 —
26 9 5 3.95 0.42 6.0 -j-

18 4 3.85 1 .12 13.2

8 4 3.55 0.78 11.0 —
5 4 3.59 1.17 13.5 —

10 4 3.43 0.61 9.5 —
6 4 3.26 1.00 12.5
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Table I

S am ple No.
D epth Symbol Percentual v

p
-+- distribution

of sampling; of layer

1 1 2 4

1 2 3 4 1 5 6 7

V .157/A /9 37.00 — 40.00 11 I/o 46 42

V .157/A /10 4 0 .0 0 - 46.30 II I /o 12 31 47

V .157/A /13 5 0 .8 0 - 73.90 IV/o n 37 43

V .157/A /15 79.40 — 81.00 KV/o 14 50 27

V.157/A /1 7/a 83.20 88.20 V/o 28 28 41

V .157/A /20 95.50— 115.00 M 22 ! 30 37

V .l 57/A /21 115.00 119.00 M 26 35 23

V .157/A /22 119.00 123.00 M 4 36 32 21

V .157/A /23 123.50— 151.00 M 29 25 42

T h e  h o rizo n ta l an d  v e r t ic a l  v a r ia tio n s  o f x  an d  ß  w ere show n in  fence 
d ia g r a m s  o f m aps.

T h e  re la tio n sh ip  x  v s  ß  is show n in F ig . 23 b y  th re e  cu rv es , acco rd in g  
as th e  sam p les  have co v ered  th re e ,  fo u r or fiv e  in te rv a ls  o f ro u n d n ess .

T h e  deeper U pper P a n n o n ia n  w ith o u t lig n ite  seam s is la rg e ly  c h a ra c te r ­
ized  b y  a  poo rly  so rted  ro u n d n e s s  re p re se n te d  b y  d ra w n -o u t cu rv es  w ith  low 
m a x im a . W ith in  th e  l ig n ite  co m p lex , th e  p o o r so r tin g  c h a ra c te r is tic  o f th e  
u n d e r ly in g  b a rren  s t r a ta  p e rs is ts  in  th e  deep er sam p les  of th e  g ro u p  m ark ed  
V /o , w h e re v e r  th e  g ro u p  is th ic k  enough (e.g. A . 62 /B a), b u t  th e  h ig h er 
s a m p le s  a lre a d y  gave a s y m m e tr ic  cu rves w ith  h ig h  m ax im a  s lig h tly  e longate

F ig . 4. P e rc e n tu a l  d is tr ib u tio n  o f th e  v  +  p i2 ro u n d n ess p a ra m e te r  in th e  sam ples of b o re ­
ho le  N o. A. 28. I. Q u a te rn a ry
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(c o n tin u ed )

* 1

>1’ sample 

6

Number of | 
roundness 
intervals 
covered

7 by sample

Mean roundness 
of sample

a =
maximal per cent

P  =
maximal per cen t Idiomorphic

£  — max. per cent No. of category

8 9 10 II 12 13 14 15

12 3 .3.65 «.85 15.3

7 3 s 3.56 0.88 9.4

13 4 3.63 0.75 10.7 У

9 4 3.31 1.00 12.5

3 4 3.2« 0.69 10.2

11 4 3.37 0.58 9.2

8 8 5 3.34 0.53 7.0
_
7 5 3.25 0.56 7.2

1 4 3.2« 0.75 10.5

to w a rd  th e  b e t te r  rolled side. T h is  c h a ra c te r  is even  m ore p ro n o u n c e d  in th e  
" ro u p  m a rk e d  IV /o; here  th e  cu rv e  s teep ly  rises to  a h igh m a x im u m  on the  
u n ro lled  side , w ith  an eq u a lly  sh a rp  slope on th e  ro lled  side, f la t te n in g  ou t 
a b ru p t ly  n e a r  th e  abscissa  ax is . T h e  cu rves o f  th e  g roup  I I I /o  a re  largely  
sy m m e tr ic a l, o f th e  G aussian  ty p e . T h e  g roups II /o  an d  Ib /o  a lso  gave in 
m o s t cases G aussian  cu rves of ro u n d n ess  d is tr ib u tio n . T he lim ite d  n u m b e r of 
sam p les  from  these  tw o la t te r  g ro u p s does n o t, how ever, w a rra n t an y  co n ­
c lusions.

Fig. 5. P e rc e n lu a l d is tr ib u tio n  o f th e  v +  p i2 roundness p a ra m e te r  in th e  sam p le s  o f bore 
hole No. Л . 50. I. Q u a tern a ry . I I .  U p p e r P a n n o n ian  lign ite  com plex. I I I .  U p p e r P a n n o n ian

b a rre n  com plex
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Fig. 6. P e rc en tu a l d is tr ib u tio n  o f th e  v +  p i2 ro u n d n ess p a ra m e te r  in th e  sam ples o f b o re ­
hole No. A. 62/B a. I. I. Q u a te rn a ry . I I .  U p p e r P a n n o n ia n  lign ite  com plex

F ig . 7. P e rc en tu a l d is tr ib u tio n  o f th e  v +  p i2 ro u n d n ess p a ra m e te r  in th e  sam ples o f b o re ­
hole No. A. 6 2 /B a. I I .  I I .  U pper P a n n o n ia n  lig n ite  com plex

T h e  m eans of a  a n d  ß  o v er th e  in d iv id u a l g ro u p s o f lay ers  a re  show n 
in F ig s  21, 22, and  23, a n d  in  T ab le  2.

O n th e  basis o f 11 sam p le s  from  fiv e  b o reh o le s , th e  U p p e r P a n n o n ia n  
g ro u p  m a rk e d  M, o ld e r th a n  th e  w oody lig n ite  seam s, can  be ch a rac te rized  
as b e in g  lea s t so rted  o r  h a v in g  th e  low est m a x im a , re sp ec tiv e ly .

As p roved  b y  10 sam p les  from  six boreho les, th e  group m ark ed  Y/о has 
a h ig h  degree of av e rag e  so rtin g . F rom  th e  g ro u p  m ark ed  KV/о , only  tw o
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Fig. 8. P e rc en tu a l d is tr ib u tio n  of th e  v +  p i2 ro u n d n ess  p a ra m e te r  in th e  sam ples o f b o re ­
hole No. M. 7. I. Q u a te rn a ry . I I . U p p e r P a n n o n ia n  lignite  com plex

Table II
M ean roundness, a  and ß  param eters 

o f  the groups o f  layers

Symbol 
of layer

N um ber of 
averaged 
samples

Mean
of roundness

a =
maxim al per cent

/3 =
maximal per cen t

£ — m ax per cent No. of category

f 23 3.38 0.76 9.76
Ib/o 6 3.51 0.84 10.63
II/o 3 3.25 1.18 14.50

l l l /o 11 3.63 0.87 10.95

KIV/o 1 3.26 2.70 18.20
IV/o 12 3.57 0.83 10.73

KV/o 2 3.47 0.70 10.25
V/o 10 3.35 1.02 12.61
M 10 3.54 0.62 8.65

sam ples w ere o b ta in e d ; hence  th e  values are  n o t  co m p arab le  w ith  th o se  of 
th e  g roup  V/o.

12 sam ples from  9 boreho les p ro v ed  th e  g ro u p  m ark ed  IV /o to  be  so rted  
well enough . T he sing le  ex am in ed  sam ple o f th e  g roup  m ark ed  K IV /o  rev ea led  
an u n u su a lly  h igh  g ra d e  o f so rting .
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F ig . 9 . P e rc e n tu a l d is tr ib u tio n  o f  th e  v p /2  ro u n d n ess p a ra m e te r  in th e  sam ples o f b o re ­
hole No. V. 114. I. Q u a te rn a ry . I I .  U p p e r P a n n o n ia n  lign ite  com plex

F ig . 10. P e rc en tu a l d is tr ib u tio n  o f  th e  v ■ ; p /2  ro u n d n ess p a ra m e te r  in  th e  sam p les o f b o re ­
ho le  No. V. 118. I . I. Q u a te rn a ry . I I .  U p p e r  P a n n o n ia n  lign ite  com plex

T h e  m ean  so rting  o f 11 sam ples of th e  g ro u p  m ark ed  I I I /o ,  ta k e n  from  
six  b o re h o le s , proved  to  b e  n e a r ly  id en tica l to  t h a t  o f  th e  group IY /o .

T h e  group m ark ed  I I /o  w as tra v e rse d  b y  o n ly  th re e  b o reh o les; th e  
3 sa m p le s  availab le  show ed i t  to  h av e  th e  h ig h e s t so rtin g  of ro u n d n ess .

T h e  m ean  so rting  o f 6 sam p les  o f th e  g ro u p  m ark ed  Ib /o , o b ta in e d  from  
th re e  bo reho les, seem ed to  a g ree  w ith  th e  m eans o f  th e  p reced ing  g roups.
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------ 14 IV/0
------ 15 IV/o
------ 16 IV/O
------ 34 V/o

F ig. I I .  P e rc en tu a l d is tr ib u tio n  o f th e  v -f- p i 2 ro u n d n ess  p a ram ete r in  th e  sa m p le s  o f bore­
hole No. V. 118. I I . II . U p p e r P a n n o n ian  lignite  com plex

F ig. 12. P e rc en tu a l d is tr ib u tio n  of th e  v -• ■ p i2 ro u n d n e ss  p a ram e te r in th e  sam p le s  o f bo re­
hole N o. V. 145. I. Q u a te rn a ry . I I .  U p p e r P a n n o n ian  lign ite  co m plex

T h e Q u a te rn a ry  d isco rd an t overly in g  th e  U pper P a n n o n ia n  -was trav e rsed  
by  all th e  10 ex am in ed  boreholes. I t  in c lu d ed  th e  m ost h e te ro g en eo u s  e lem ent, 
w ith  a m ean  so r tin g  n ea rly  as low as t h a t  o f th e  group m ark ed  M.

C onsidering now  th e  in d iv id u a l b o reho les, no de fin ite  te n d e n c y  could 
be o b se rv ed  in  th e  changes of a  an d  ß .  A s a ru le , th e  so rtin g  o f  ro u n d n e ss  of 
th e  g roup  M, an d  o f th e  P le istocene  d ep o sits , w as ab o u t eq u a lly  p o o r. In  th e  
Q u a te rn a ry  successions w ith  w ild ly  f lu c tu a tin g  so rting  w ere e n c o u n te re d  (in
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lb/o 
lb/ о

2 3  4 5 6 7

/ ' (g. 13. P e rc e n tu a l d is tr ib u tio n  o f  th e  v +  p/2 ro u n d n e ss  p a ra m e te r  in th e  sam ples o f b o re ­
ho le  No. V. 155/A. I. I . Q u a te rn a ry . I I . U p p e r  P a n n o n ia n  lign ite  com plex

Fig. 14. P e rc e n tu a l d is tr ib u tio n  o f  th e  v -(- p/2 ro u n d n ess  p a ra m e te r  in  th e  sam ples o f  b o re ­
hole N o. Y. 155/A. I I .  I I .  U pper P a n n o n ia n  lig n ite  com plex

b o reh o le  У . 156/A I). As p ro v ed  by  b o th  a  an d  ß, th e  U p p e r P an n o n ian  is b e t te r  
so rted  in  genera l th a n  th e  tw o  o th e r  groups of la y e rs  ju s t  m en tioned . D ev ia tio n s 
from  th e  av e rag e  w ere o b serv ed  m ost o ften  in  th e  lay e rs  d irec tly  o v erly in g  
th e  l ig n ite  seam s a n d  in  th e  b a rre n  in te rb ed d in g s .

I n  th e  d iag ram  re p re se n tin g  th e  re la tio n sh ip  b e tw een  ж an d  ß  (F ig . 23), 
th e  sam p le s  w ith  re la tiv e ly  low  m ax im a a re  fo u n d  close to  th e  abscissa ax is.

%
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1

Fig. 15. P e rc en tu a l d is tr ib u tio n  o f th e  v +  p i2 ro u n d n ess p a ram e te r in the  sam p le s  o f  bore­
hole No. V. 155/A. I I I .  I I .  U p p er P a n n o n ian  lig n ite  com plex. I I I .  U p p er P a n n o n ia n  b a rren

co m plex

Fig. 16. P e rcen tu a l d is tr ib u tio n  o f th e  v p i2 ro u n d n ess p a ram ete r in th e  sam p le s  o f bore­
hole No. V. 156/A I. I. I . Q u a te rn a ry . I I .  U p p er P an n o n ian  lign ite  co m p lex

A grow ing d is tan ce  from  th e  abscissa  ax is  m eans th a t  th e  p ro p o r tio n  o f the  
m ost popu lous roundness in te rv a l increases a t  th e  expense of th e  o th e r  in te r ­
vals. As fo r th e  sam ples close to  th e  o rd in a te  ax is, th e ir  w id th  is la rg e  as com ­
pared  to  th e ir  p eak  h e ig h t; w ith  a g row ing  d is tan ce  from  th e  o rd in a te  axis, 
th e  ra tio  o f p eak  h e igh t to  base  o f th e  c u rv e  g rad u a lly  increases. A cco rd ing ly , 
th e  sam ples w ith  a less w ell-sorted  ro u n d n ess  are  arran g ed  n e a r  th e  origin:
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Fig. 17. P e rc e n tu a l d is tr ib u tio n  o f th e  v ■ p j2 ro u n d n e ss  p a ra m e te r  in th e  sam ples o f b o re ­
hole N o. V. 156/A I. I I .  I I .  U p p e r  P a n n o n ian  lign ite  co m p lex . I I I .  U pper P a n n o n ian  b a rren

com plex

Fig. 18. P e rc e n tu a l d is tr ib u tio n  of th e  v -j- p /2  ro u n d n ess p a ra m e te r  in the  sam ples o f b o re ­
h o le  No. Y. 157/A . I. I. Q u a te rn a ry . I I .  U p p e r P a n n o n ia n  lignite  com plex

m oving  aw ay  from  i t  a long  th e  th ree  rising cu rv es  w e fin d  sam ples w ith  b e t te r  
so rtin g  o f  roundness.

T h e  d ispersion  a rea s  o f th e  in d iv idua l g ro u p s  o f  layers w ere o u tlin ed  in  
Fig. 24. W ith in  th ese  a rea s , th e  p o in ts  co rre sp o n d in g  to  th e  m ean  x’s an d  
ß ’s o f th e  in d iv id u a l g ro u p s o f  layers were also m a rk e d .

»
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Fie. 19. P e rc en tu a l d is tr ib u tio n  of th e  v -f- p i2 ro u n d n e ss  p a ram ete r in th e  sa m p le s  o f b o re ­
hole N o. V. 157/A. i l .  I I . U p p er P a n n o n ia n  b a rren  com plex
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f i g .  30. P e rc en tu a l d is tr ib u tio n  of th e  v -f- p i2 ro u n d n e ss  p a ram e te r in th e  sam p le s  o f  bo re­
hole No. V. 157/A. I I I .  I I I .  U p p e r P a n n o n ia n  b a rren  com plex

On th e  av erag e , th e  p lo ts of th e  g ro u p  m ark ed  M are least w e ll-so rted  
av erag e  on th e  basis o f b o th  p a ram e te rs . A cco rd ing ly , w ell-so rted  sam ples 
do n o t occur even excep tio n a lly  in  th is  g ro u p .

T he group  m a rk e d  Y/о is d is tin g u ish ed  b y  a h igh m ean so rtin g  w h ich  is, 
how ever, d u e  to  tw o  sam ples of ex cep tio n a lly  good sorting . T h ree  o f  th e  four 
overly ing  g roups o f lay ers  m ark ed  IV /o, I I I /o ,  I I /o , an d  Ib /o , h av e  b u t  s lig h tly  
d iffe ren t m eans. As a re su lt, if  th e  w hole a re a  is considered, th e  ro u n d n e ss  o f 
g ra in s rem ains e ssen tia lly  u nchanged  w ith in  th e  lign ite  com plex . T h e  high
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m e a n  ro u n d n ess  of th e  g ro u p  m ark ed  II /o , o f  a n  ex cep tional s i tu a tio n , was 
d e r iv e d  fro m  only th re e  sam p les . In  th e  group  o f  la y e rs  m ark ed  IV /o, th e  p a ra m - 
m e te r  a  is ra th e r  un ifo rm , w h ereas  ß  show s a v e ry  b ro ad  d ispersion ; fo r  th e  
g ro u p  m a rk e d  I I I /o , th e  d isp ers io n  of a  is h a lf  a g a in  as g rea t as in  g ro u p  IV /o. 
In  th e  g ro u p  m ark ed  I I /o , th e  fo rm  of th e  f ie ld  o f  d ispersion  rev ea led  a v e ry  
h igh  d eg ree  of roundness so r tin g ; th e  d ispersion  o f  x  in  th is  group is c o n s id e r­
a b ly  s u p e r io r  to  th a t  of ß. T h e  p a ram e te rs  x  a n d  ß  o f th e  y o ungest e x a m in e d  
P a n n o n ia n  group of lay e rs , m ark ed  Ib /o , show  th e  least d ispersion , i.e. its  
p lo ts  w e re  c o n cen tra ted  in  a sm all cen tra l sec tio n  o f  d iagram .

T h e  m ean  of th e  Q u a te rn a ry  layers ra n k s  b e tw een  th e  m eans o f  th e  
b a r re n  a n d  lign ite  U p p er P a n n o n ia n  com plexes. T h is m ean  is co m posed  of 
v a lu e s  o f  po o r so rting  of ro u n d n ess , sim ilar to  t h a t  o f th e  b a rren  com plex , on 
th e  o th e r  h an d , and  to  b e tte r -s o r te d  ones, s im ila r  to  th e  U pper P a n n o n ia n  
lig n ite  com plex , on th e  o th e r . T he Q u a te rn a ry  g roup  th u s  has a re la tiv e ly  
b ro a d  f ie ld  of d ispersion  a n d  th e  x  and  ß  p a ra m e te rs  of th e  sam ples show  
re m a rk a b le  differences.

T h e  occurrence o f id io m o rp h ic  q u a r tz , co m in g  p resu m ab ly  fro m  th e  
M iocene rh y o lite  tu ff , w as also  in v estig a ted  a n d  re la te d  to  th e  d is tr ib u tio n  of 
ro u n d n e ss . A p a rt from  som e u n c e rta in  ex cep tio n s i t  could  be e s tab lish ed  th a t  
id io m o rp h ic  tuffogenic  q u a r tz  w as re s tr ic te d  to  th e  U pper P an n o n ian  b a rre n  
c o m p le x  a n d  to  th e  Q u a te rn a ry , respective ly .

A f te r  hav ing  e v a lu a te d  80 sam ples from  te n  boreholes d rilled  in  th e  
p ro s p e c t a rea  it  could be s ta te d  th a t  th e re  is n o  sign ifican t d ifference in th e
V  jo/2 v a lu es  since th e  la y e rs  concerned c o n ta in e d  no coarse g rav e l. T he
V  -f- p /2  p a ra m e te r  v a ried  fro m  2.84 to  4.20, c o v e rin g  n o t m ore th a n  13.6 p e r 
c e n t fo  th e  en tire  range  o f roundness. T he d isp e rs io n  w ith in  th e  in d iv id u a l 
g ro u p s  o f  lay ers  was s till less (3.7 p er cen t o f th e  e n tire  range). As re g a rd s  th e  
p o s itio n  o f  th e  peaks o f th e  d is tr ib u tio n  cu rv es, th e  differences are  neg lig ib le , 
to o , s in c e , a p a r t  from  a single ex cep tion , all p e a k s  a re  in  th e  roundness in te rv a l 
3 a n d  4.

T h e  M átra  and  B ü k k  M o u n ta in s  [7]w ere a t  th e  end  of th e  U p p e r  P a n ­
n o n ia n  p en ep la in s  b o rd e rin g  on  a basin  o f a c c u m u la tio n . In  th e  V a lach ian  
te c to n ic  p h a se  tw o m o u n ta in s  w ere u p lifted , e sse n tia lly  along a single fa u lt 
o f N E  — S W  tre n d , an d  th e ir  w earing  aw ay  w as in i t ia te d  a t  a ra te  s im ila r  to  
th e  c o n te m p o ra ry  one or even  fa s te r . O nly a sm a ll p o rtio n  of th e  q u a r tz  g ra in s  
c o n ta in e d  in  th e  deposits in v e s tig a te d  could  com e from  th e  an d esite  m ass  of 
th e  M á tr a  M ounta ins, w hich  is la rge ly  free o f q u a r tz .  A ccordingly , id io m o rp h ic  
q u a r tz  co u ld  derive w ith in  th e  ac tu a l M átra  M o u n ta in s  region p r im a rily  an d  
a lm o s t exc lu siv e ly  from  th e  re la tiv e ly  scarce H e lv e tia n  and  S arm a tian  rh y o lite  
o r d a c i te  tu ffs . Sorting  o f ro u n d n ess  increasing  o n  th e  average in  th e  U p p e r 
P a n n o n ia n  upw ard s from  th e  com plex  m ark ed  M, in d ica te s  th a t  th e  w a s te  was 
im p o r te d  from  a g rad u a lly  in c reas in g  d istance . I n  th e  U pper P an n o n ian  q u a r tz
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F ig . 22 . Vertical changes of ß  in the boreholes examined
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Fig. 23. So rting  of rou n d n ess vs. a  and  ß  in  th e  sam ples exam ined
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F ig . 24. D is tr ib u tio n  of so rtin g  o f  ro u n d n ess in  th e  s tra tig ra p h ic  u n its  ex am in ed  a n d  m ean  
so r t in g  o f  rou n d n ess vs. a  a n d  ß. I .  Q u a te rn a ry . I I .  U p p e r P a n n o n ia n  lign ite  com plex . I I I .

U p p e r  P a n n o n ian  b a rre n  com plex

f ro m  n e a rb y  sources w as g ra d u a lly  reduced  a lm o st to  zero. T he occasional lack 
o f s o r t in g  in  th e  U pper P a n n o n ia n  in d ica tes  th e  stepw ise subm ergence  of th e  
b a s in  b o rd e r , bo th  in tim e  a n d  in  space. T he ra p id  sink ing  of th e  base  o f  erosion, 
b r o u g h t  a b o u t by  episodes o f  fa u ltin g , led  to  th e  local erosion o f th e  volcanic  
e x p o se d  on  th e  beach. As i t  w as d e m o n s tra te d  b y  earlie r in v es tig a tio n s  [8], 
th e  e n d  o f  lign ite  fo rm a tio n  c a n  be also ex p la in ed  b y  ra p id  changes o f level o f 
th is  k in d . W ith in  th e  U p p e r  P a n n o n ia n  ab n o rm a l roundness d is tr ib u tio n  was 
la rg e ly  re s tr ic te d  to  th e  co v ers  o f th e  lig n ite  seam s.

T h e  higher d ispersion  o f  roundness o f th e  Q u a te rn a ry  dep o sits  can  be 
i n te r p r e te d  on th e  g ro u n d s  t h a t  a re la tiv e ly  la rg e  p ro p o rtio n  of th e  q u a rtz  
g ra in s  in  th e m  cam e from  P a n n o n ia n  dep o sits  be ing  eroded from  th e  rising  
M á tra  M o u n ta in s , and  t h a t  th e  ad m ix tu re s  o f p r im a ry  M átra  q u a r tz , w ith  th e  
r e s u l t  o f  s tre tch in g  th e  c u rv e  in  th e  d irec tio n  o f low er rou n d n ess , w ere  m erely  
o c c a s io n a l. A ccording to  th e  s ta tis t ic a l  d a ta  re la tin g  to  id iom orph ic  “ dihexa- 
h e d r ic ”  q u a r tz , th e  q u a r tz  g ra in s  w hich can  be d eriv ed  from  th e  a c tu a l M átra  
M o u n ta in s  area are r e s tr ic te d  a lm o st w ith o u t ex cep tio n  to  th e  Q u a te rn a ry  and  
to  th e  U p p e r  P an n o n ian  b a r r e n  com plex. T h is is also due  to  th e  c ircu m stan ce  
t h a t  t h e  p ro fo u n d  erosion o f  th e  rock sto ck  of th e  a c tu a l M átra  M o u n ta in s  to o k  
[dace  e sse n tia lly  in th e se  tw o  perio d s w hereas th e  M á tra  M ounta ins w ere  a sea­
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side p en ep la in  in  th e  u p p e r  lign itic  p a r t  o f th e  U p p e r P an n o n ian  an d  p a r t ly  
even a region o f a c c u m u la tio n  of U p p er P a n n o n ia n  sed im ents. I t  is ow ing  to  
th e  rew orking  o f th e  sa id  deposits a f te r  th e  Y a la c h ia n  d isp lacem ents t h a t  th e  
q u a rtz  m a te ria l o f som e Q u a te rn a ry  sam ples show s th e  sam e ro u n d n ess  d is­
tr ib u tio n  as is c h a ra c te r is tic  for th e  U p p er P a n n o n ia n .
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ИЗУЧЕНИЕ ОКАТАННОСТИ ЗЕРЕН РЫХЛЫХ ОСАДОЧНЫХ 
ОТЛОЖЕНИЙ В РАЙОНЕ С. ВИШОНТА

М . М И К Л О Ш  и  Л .  П Е Ш Т И

Р е з ю м е

На поисково-разведочной площади около с. Вишонта к востоку от города Дьёндьёш 
было отобрано 80 проб из 10 скважин, вскрывших верхнепаннонско-плейстоценовую толщу, 
подстилаемую вулканическим комплексом гор Матра. По кварцевым зернам величиной 
от 0,32 до 0,64 мм из этих проб было получено 12 000 данных окатанности, которые опре­
делялись методом cpv и оценивались статистически.

Распределение окатанности внутри каждой пробы было изображено кривыми типа 
гистограмм, и были введены две величины (а и ß)  для характеристики формы кривых. 
Они изображены на карте блок-диаграммами.

На основании полученных данных установлено: 1) нижняя часть верхнепаннонских 
отложений характеризуется зернами различной окатанности, транспортировавшимися 
на разные расстояния; 2) прослои между угольными пластами хорошо отсортированные, 
чаще всего могут быть охарактеризованы кривыми с отчетливым максимумом; 3) четвер­
тичные отложения слабо сортированы, они, как правило, характеризуются вытянутой, 
пологой кривой. Все эти данные позволили судить о происхождении осадков.
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TEKTONISCHE KARTE UNGARNS IM MAßSTABE
1 : 1 000 000

Von

K . B a l o g h  und L. K ő r ö s s y

GEOLOGISCHES IN ST IT U T  D ER  JÓ ZSEF A. U N IV E R S IT Ä T , SZEGED 
UND U NG A RISCH ER ERD Ö L- UND GASTRUST, BU D A PEST

A n sch ließend  an  d ie U n te rg ru n d k a rte  d e r u n g a ris c h e n  T ertiä rb eck en  v o n  
K ő r ö s s y  (1964, 1965) legen die V erfasser eine neu ere  Ü b e rs ich tsk a rte  U n g a rn s v o r, 
deren  M ateria l e inen  Teil d e r  tek to n isc h en  K a rte  des k a rp a to -b a lk a n isch e n  G ebirgs- 
system s im  M aß stab e  1 : 1 000 000 b ild en  w ird . D ie K a r te  fo lg t den  P rin z ip ien , die 
d u rch  d as  R e d ak tio n sk o m itee  d e r k a rp a to -b a lk a n isch e n  K a r te  u n te r  der F ü h ru n g  von  
Prof. M. M a h e l ’ a u sg e a rb e ite t w ird . Ih r  M an u sk rip t w u rd e  m it de r tech n isch en  H ilfe  
de r U n g arisch en  G eologischen A n s ta lt  in  B u d a p es t zu sam m en g este llt.

I. Cesteinsm aterial

D en a u fb a u e n d e n  G este in skom plexen  gem äß k ö n n e n  in  U ngarn  fo lgende 
en tw ick lungsgesch ich tliche  P h a se n  u n te rsch ied en  w erd en :

1. ju n g p ro te ro zo isch en  E ta p p e ;
2. paläozo ische  E ta p p e  m it d er ka ledon ischen  [21] u n d  m it d er ä l te ­

ren  [22] bzw . jü n g eren  [23] h erzyn ischen  U n te re ta p p e ;
3. a lp in e  E ta p p e  m it d re i S tru k tu rs tu fe n  (u n te re  31., m ittle re  32., u n d  

obere 33.).
1. D ie jungproterozoische E tappe  w ird  h a u p tsä c h lic h  du rch  Meso- u n d  

K a ta m e ta m o rp h ite  (G lim m erschiefer, P a ra -  u n d  O rth o g n e iß  usw.) v e r tre te n . 
D iese G esteine kom m en  als A usläu fer des A lpen- bzw . des T a tra v e p o rid en - 
K ris ta llin s  n u r  in d e r  U m gehung  von  Sopron bzw . im  O stte ile  des T o k a je r  
G ebirges an  die O berfläche.

D abei w u rd e  die A nw esenheit u n te rird isch e r, m eso- u n d  k a ta z o n a le r  
G esteinszüge an  ein igen S te llen  (besonders in  N o rd u n g a rn , im  süd lich en  
T ra n sd a n u b ie n , im  Süd- u n d  O st-A lföld) durch  B o h ru n g en  auch im  U n te r ­
g ru n d  der ju n g e n  un g arisch en  B ecken  festg este llt, o d e r a u f  G rund  geologischer 
Ü berlegungen  (z.B . süd lich  des B ükk-G ebirges) angenom m en .

D as A lte r d ieser B ildungen  is t noch  n ich t g en ü g en d  b e k a n n t. D azu  s te h e n  
b ish er w enige ab so lu te  Z e itb estim m u n g en  zu r V erfügung .*  So is t ih re  E in s tu ­
fu n g  in  die geologische Z eitsk a la  n u r  eine b isher n ic h t w iderleg te  A n n ah m e.

* D a ten  siehe in  de r A rb e it S z á d e c z k y - K a r d o s s  e t a l.:  D ieselbe Z eitsch rift, 1967 
M etam orphose  in  U n g arn .
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21. S edim ente der kaledonischen U nteretappe  sind  am  S ü d ra n d e  des 
B a la to n -H o c h la n d es , in  dem  M ante l des V elenceer G ran itm ass iv es , sowie in 
d e m  M an te l des V elenceer G ran itm ass iv es , sow ie in  dem  M ecsek-G ebirge erst 
n e u e rd in g s  nachgew iesen . Sie sind  h a u p tsä c h lic h  du rch  d u n k le , ep im e tam o rp h e  
T o n - u n d  K ieselsch iefer v e r tre te n , die h ie r u n d  da  auch  sp ä rlich e  G rap to lith en - 
R e s te  e n th a lte n  u n d  so als silu risch  zu b e tra c h te n  sind. S te llenw eise  lagern  
a u c h  K alk -, D o lo m it-, S an d ste in -, so g ar A m phibo lit- o d e r Q u a rzp o rp h y r- 
Z w isch en lag eru n g en  in  die S ilu r-F o lge ein . D a das B asisk o n g lo m era t d ieser 
S e rie  im  M ecsek-G ebirge au ch  a b g e ru n d e te  G ran itk iese l e n th ä l t ,  k a n n  m an 
m in d e s te n s  einen T eil d e r m ig m a titisc h e n  G ran ite  dieses G eb ie tes  als vor- 
o d e r  frü h k a led o n isch  auffassen . Ä h n lich e , w ahrschein lich  v o rh e rzy n isch e  
G r a n i te  kom m en au c h  im  U n te rg ru n d  d e r G roßen  T iefebene v o r  (N agykőrös).

22. D er älteren herzynischen U nteretappe  rechnen  w ir  e in m al im 
G e g e n sa tz  zu m a n c h e n  ö ste rre ich isch en  G eologen die ep im etam o rp h en  
Q u a rz p h y llit-  u n d  K alk g lim m ersch ie fe r-S erien  des K oszeger G eb irges u n d  des 
V a sh e g y  zu, d e ren  F o r ts e tz u n g  w estlich  des R aab -F lu sses  in  S S W —N N O  
R ic h tu n g  auch u n te r ird is c h  zu verfo lgen  is t.

E in e  andere , w ah rsch e in lich  h ie rh e r  gehörende ep im e ta m o rp h e  Zone 
z ie h t  sich  im S tre ich en  des B ala to n sees  h in , m eistens u n te r  P lio zän -B ed eck u n g  
v e rb o rg e n . Obw ohl in  d ieser Zone a u ß e r  D evon  u n d  fo ssilfü h ren d em  U n te r­
k a rb o n  auch ä lte re  u n d  jü n g e re  B ild u n g en  ve rk o m m en , s in d  w ir h e u te  noch 
n ic h t  im stan d e , d ie le tz te re n  als se lb s tä n d ig e  Zonen ab zu so n d ern .

E in  d ritte s  V o rk o m m en  der a lth e rz y n isc h en  G esteine l ie g t in  dem  m it 
F o ss ilie n  bew iesenen D ev o n  von S zendro  u n d  im  U n te rk a rb o n  v o n  U ppony 
v o r . E s  b esteh t aus h e llen  u n d  g ra u e n  M arm oren , T onsch ie fe rn , S andste inen  
u n d  le ic h t m e tam o rp h en  K alken .

23. W äh ren d  d e r  jüngeren  herzynischen Unteretappe lassen  sich  in  U ngarn  
d re i Faziesbere iche  e rk e n n e n . Im  N orden  u n d  im  Süden  h e r rs c h t  die M olasse- 
F a zie s  (pflanzen- so g a r k o h len fü h ren d es M itte l- u n d  O b e rk a rb o n  des T o k a je r 
u n d  des M ecsek-G ebirges; lag u n äres  U n te rp e rm  des M ecsek-G ebirges). Zw i­
sc h e n  diesen Zonen e rs tre c k t  sich eine m ittlere Zone, die a u ß e r  e inem , karn isch- 
d in a r isc h e  C h arak te rzü g e  aufw eisenden  M itte l- u n d  O b e rk a rb o n  (S des B a la ­
to n s e e s ; B ükk-G ebirge) au ch  lag u n ä re s  U n te rp e rm  (B ükk-G eb irge) e n th ä lt.

W ie oben e rw ä h n t, k ö n n en  die ä lte re n  u n d  jü n g e re n  h erzyn ischen  
E ta p p e n  u n te r  d e r ju n g e n  B eck en au sfü llu n g  v o n e in an d e r n ic h t g e tre n n t 
w e rd en .

D e r herzy n isch en  E ta p p e  geh ö ren  n o ch  die k a rb o n isch en  G ran ite  des 
V e len ceer Gebirges u n d  die in  dessen w e ite ren  W SW -lichen F o r ts e tz u n g  du rch  
B o h ru n g e n  fe s tg e s te llten  G ran its tö ck e  an .

U n terp erm isch e  Q u a rz p o rp h y re  k e n n e n  w ir aus dem  M ecsek-G ebirge, 
u n d  p e r  analogiam  k ö n n e n  auch  d ie  aus ein igen B o h ru n g en  im  Süd-A lföld 
b e k a n n te n  Q u a rz p o rp h y re  u n te rp e rm isc h e n  A lters sein.
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. J U N 6 P R 0 T E R 0 Z 0 I S C H E  E T A P P E  
(M ESO -K A TAZO N A LE S E R IE N )
Glimmerschiefer, Para- und Orthogneis 
(Sopron, Tokaj)

II. P A L Ä O Z O IS C H E  E T A P P E N
A) KALEDONISCHE UNTERETAPPE

I  Phyllit, Tonschiefer (ím Mecsek-Gebirge mit Amph 
bolit, am Balatonfelvidék mit Quarzporphyr)

B) ÄLTERE HERZYNISCHE UNTERETAPPE

Quarzphyllit und Kalkglimmerschiefer (Kőszeg); 
Phyllit, Tonschiefer, Sandstein mit wenigen Kalk — 
Zwischenlagerungen (Szendrő, Uppony, Polgár- 
di);kristalliner Kalk(Szendrö:z.T.sicherlich 0)

C) JÜNGERE HERZYNISCHE UNTERETAPPE

Pelitisch—psammitisch-karbonatische Serie 
(Bükk-6ebirge: C2_3)

Pelitisch-psammitische ältere Molasse (Tokaj, Mecsek: C2_3) 7

Bunte, psefitisch-psammitische jüngere Molasse (Mecsek: P,) 8

I. A L P I N E  E T A P P E
A) UNTERE STUKTURSTUFE
a, Untere Strukturunterstufe [unteres detritisches 

Entwicklungsstadium)
Dinarischer Typ (kalkig; Bükk: P, -T ,)

b) Mittlere Strukturunterstufe (karbonatisches Ent- 
wicktungsstadium)

Alpiner Typ mit dinarischen Einflüssen (Südgemeri- 
den, Bükk, Transdanubien:T2_3)
С; Obere Strukturunterstufe (Entwicklungsstadium 

der Faziesbuntheit)
DanubischerTyp (Transdanubisches Mittelgebirge: 
J-K ,)

Mecsek-Тур (J-K,)

Villdny-Typ (J2 — K,)

C) OBERE STRUKTURSTUFE

Ältere Beckenausfüllung (Pg-Nh) 

Jüngere Beckenausfüllung ( Nt -  s) 

Jüngste Beckenausfüllung (N2-Q)

M A G M A T I T É
A) PLUTONITE
Vorherzynische Granitoide (Mecsek)1Ш

1- + !• ■- , + , -F , +■ Herzynische Granitoide (Velence) 

Basite (Bükk, Bódva-Tal)

В) MESO- UND PALÄOVULKANITE
20 vvvV Quarzporphyr (Mecsek:P,)

Ml ! Alpiner Typ (Transdanubisches Mittelgebirge, Südge- 13 
meriden, Mecsek: P2-T,)

B) MITTLERE STRUKTURSTUFE
6osau-Typ [überwiegend karbonatisch (Bakony:K2s,
Mecsek: K2c); überwiegend detritisch (Bükk: K2s)] 21 LLLLLLLLL Porphyrit und Diabas (Bükk:T2; Mecsek: K,)

C) NEOVULKANITE

Subséquente Stratovulkanite 

Subséquente Pyroklastite

24 '» 'J  Kleinere Eruptivflecken und Dyke

25 Finaler Basalt

U N T E R  D E R  P A N N O N - B E D E C K U N G  V E R B O R ­
G E N E R  B E C K E N U N T E R G R U N D
Jungproterozoische Etappe (Glimmerschiefer, Para- 
und Orthogneis) (Pt2)

Vorherzynische Granitoide (p)

Herzynische Etappe (epimetamorphe Schiefer und 
Kalke) (H)

Herzynische Granitoide (pH)

Untere Strukturstufe der alpinen Etappe (P2-K,)

31 ______ Mittlere Strukturstufe der alpinen Etappe (K2)

32 Diabase kretazischen (?) Alters (ß)

33 „Innerkarpatischer Flysch" (K2-  Pg)

S T R U K T U R S Y M B O L E
ЗА Aufschiebungen

у
35 Verwerfungen

36 Brüche im allgemeinen

37 Antiklinale

38 Synklinale

39 Antiklinalachse

40 •  Tiefbohrung

41 Tiefenlinie des Beckenuntergrundes

Г- NYOMDA, BUOAPE :
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311. Seiner m ehrfachen  F az iesg liederung  en tsp rech en d  re ihen  sich  in
dem  unteren Teile der unteren S tru k turstu fe  d e r a lp inen  E ta p p e  (P., T ,)  drei
F aziesgehiete  an e in an d e r. Sie sind d u rch  die fo lgenden  S chich tfo lgen  g ek en n ­
ze ichne t, u .zw .:

a )  d u rch  die sich aus den  h u n te n , flu v ia tile n -la k u s tr isc h en , o b erp e rm  i- 
schen  S an d ste in en  m ehr oder m in d er a llm äh lich  en tw icke lnde , o s ta lp in e  U n te r ­
tr ia s  des T ran sd an u b isch en  M itte lgebirges u n d  d er G öm öriden im  N orden , 
hzw. des M ecsek-G ebirges im  Süden ;

b) du rch  die sich aus m arinem , d inarisch -w estse rb isch em , kalk igem  
O berperm  k o n k o rd a n t en tw icke lnde , überw iegend  kalk ige U n te r tr ia s  des 
B ükk-G ebirges. Die B ükk-Z one h a t  einen Ü bergang  zu den S üd-G öm öriden , 
wo n eu erd in g s die A nw esenheit eines se ich tm arin en  O berperm s m it m ehr 
oder m in d e re r  W ah rsch e in lich k e it nachgew iesen  w urde . D aneben  h a t d iese Zone 
ihre w ahrsche in liche  F o rtse tz u n g  n ach  SW  im m ittle re n  T ra n sd a n u b ie n , also 
zw ischen dem  T ran sd an u b isch en  M itte lgeb irge  u n d  dem  Mecsek.

312. D er mittlere Teil der unteren S trukturstu fe  is t  im a llgem einen  in 
ganz U n g arn  du rch  versch iedene k a lk ig -do lom itische  A usb ild u n g en  d er 
a lp in en  M ittel- u n d  O b ertria s  (T 2 ;i) v e r tre te n . N eben  K a rb o n a te n  tre te n  
h ier u n d  da T onsch iefer a u f  ( Bükk,  R u d a b á n y a e r  G ebirge, M ecsek). Die 
S p u ren  eines m eh r oder m in d e r basischen , su b m arin en  V ulkan ism us sin d  in  dem  
B ükkgeb irge  am  s tä rk s te n , in den S üd-G öm öriden  und  am  B a la to n -G e b ie t 
ab er w esentlich  schw ächer; sie fehlen im  M ecsek-G ebirge v o llkom m en . Von 
der a llgem einen  k a rb o n a tisc h e n  E n tw ick lu n g  w eich t das M ecsek-G ebirge auch 
d ad u rch  ab , d aß  seine O b ertria s  in F o rm  eines m äch tigen  lag u n ä re n  S a n d ­
ste in -K o m p lex es au sg eb ild e t ist.

313. D er obere Teil der unteren S truk turstu fe  (J  K ,) ze ich n e t sich 
du rch  seine F a z ie sb u n th e it aus.

In  einzelnen Teilen des T ran sd an u b isch en  M itte lgebirges s in d  S p u ren  
der S ed im e n ta tio n su n te rb re ch u n g  n ic h t n u r  zw ischen O b ertrias  u n d  U n te r-  
ju ra , sondern  auch  zw ischen J u ra  u n d  K reide  u n d  w ährend  d er B arrèm e- 
S tu fe  b e k a n n t. A n an d eren  S tellen  ab e r liegt eine u n u n te rb ro c h e n e  S ed im en ­
ta tio n  vor. D aneben  w eich t die A usb ildung  d er U n te rk re id e  in  dem  n ö rd lich s ten  
Teil des M itte lgeb irges (Gerecse) d u rch  ih re  T onm ergel- u n d  S an d ste in faz ies  
vom  T y p  d er H a u p tte ile  des M itte lgebirges (B ak o n y , V értes) s ta rk  ab , und  
sie n ä h e r t  sich m ehr jen em  d er K leinen  K a rp a te n .

W e g e n  n a c h trä g lic h e r A b trag u n g  sch e in t die Ju ra -U n te rk re id e se r ie  im 
ganzen N ord U ngarn  zu fehlen.

D em gegenüber lieg t im M ecsek-G ebirge eine m äch tig e  Ju ra se r ie  vo r, 
deren  u n te re r  T eil, G restener Fazies, sich aus den liegenden O b e rtria s-S an d - 
s te in en  a llm äh lich  en tw ick e lt, und  nach  oben  in eine F leckenm ergelfaz ies 
ü b e rg eh t. N u r von dem  oberen  D ogger an  g leichen sich F az ie su n te rsch ied e  
zw ischen dem  M ecsek und  dem  M itte lgebirge aus. S onst is t die U n te rk re id e
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des M ecsek-G ebirges d u rc h  einen  a lkali-b asisch en  V ulkan ism us geken n ze ich ­
n e t, d e r  ab e r im M itte lg eb irg e  vo llkom m en feh lt.

D ie  nach  e in er g ro ß er P ause  sich  u n m itte lb a r  d er M itte ltria s  
a u f la g e rn d e n  B a th -K e llo w ay -S ch ich ten  des V illán y e r G ebirges le iten  eine 
k a lk ig e  O b e rju ra -U n te rk re id e -S ch ich tfo lg e  ein , in n e rh a lb  deren  w äh ren d  des 
V a len d is  eine ku rze  S e d im e n ta tio n su n te rb re ch u n g  (m it B a u x itb ild u n g ) 
s ta t t f a n d .

D as E n d e  der u n te re n  S tru k tu rs tu fe  d e r a lp in en  E ta p p e  ist an  v e rsch ie ­
d enen  S te llen  an v ersch ied en e  s tra tig ra p h isc h e  N iveaus g ebunden  (B ak o n y  
V é rte s : C enom an; G erecse: O berbarrèm e; M ecsek: A lb ien ; V illány : A pt).

A us dem  U n te rg ru n d  des p an n o n isch en  B eckens sind  versch iedene 
G lieder d ieser S tru k tu rs tu fe  d ank  T ie fb o h ru n g en  b e k a n n t. Sie kön n en  ab er 
v o rlä u fig  ohne die M öglichkeit einer A u fte ilu n g  in U n te rs tu fe n  oder nach  
F az ie s , n u r  e inheitlich  b e h a n d e lt w erden.

32. Die mittlere S tru k turstu fe  der a lp in en  E ta p p e  ist d u rch  die G osau- 
S e d im e n te  des B akony- u n d  B ükkgeb irges, sow ie d u rch  die tran sg re d ie ren d e n , 
G lo h o tru n c a n e n -fü h re n d e n  C enom an-M ergel des M ecsek-G ebirges v e r tre te n .

S ed im en te  e iner se ich tm arin en  S enon-T ransg ression  sind auch  in dem  
B e c k e n u n te rg ru n d  W est-T ran sd an u b ien s  u n d  im  G ebiet zw ischen D o n au  u n d  
T h e iß  festg este llt.

W ah rsch e in lich  an  die O berkreide s ind  au ch  die basischen  E rg ü sse  und  
D u rc h b rü c h e  geb u n d en , die im  w estlichen  B ükk-G eb irge , im  B ödva-T al an 
d er O b erfläch e  u n d  an  m eh re ren  S tellen des B eck en u n te rg ru n d es  d u rch  B oh­
ru n g e n  oder m ag n e tisch en  M essungen b e k a n n t w orden  sind.

33. D ie obere S tru k tu rstu fe  der a lp in en  E ta p p e  (P g —Q) is t dem  W esen 
n a c h  d u rc h  die lockerere  A usfü llung  in te rm o n ta n e r  T e rtiä r-B eck en  v e r tre te n .

V e rb re itu n g  u n d  M äch tigkeit der e inze lnen  te r tiä re n  S tu fen  u n d  der 
m it ih n e n  v e rk n ü p fte n  su b seq u en ten  und  f in a le n  V u lk an ite  w echselt von 
B eck en te il zu B ecken te il. Ih re  A bw echslung  erm ö g lich t ab e r, die G esch ich te  
d er Z erb rech u n g  d er ä lte re n  S tru k tu re n  in  Schollen w ährend  des T e rtiä rs  
re k o n s tru ie re n  zu kö n n en .

U n te r  den einzelnen  T e rtiä rs tu fen  h ab en  das P a läogen , das M iozän 
hzw . das P lio z ä n -Q u a rtä r  ih re  se lb stän d ig e  P a läo g eo g rap h ie . Sie sind  also 
v o n e in a n d e r  d u rch  b e d e u tsa m e  S ed im en ta tio n s lü ck en  ab g eso n d ert. D aneben  
s ind  au ch  w eitere D isk o rd an zen  innerh a lb  des ung arisch en  T e rtiä rs  b e k a n n t, 
die m an ch m a l d u rc h  das B eleben  des V u lk an ism u s, d u rch  W in k e ld isk o rd an z  
o d e r d u rch  s tä rk e re  K ü sten v ersch ieb u n g en  b eg le ite t w aren . So tra n sg re d ie r t 
z. B . das T o rto n  süd lich  v o n  D ebrecen u n m it te lb a r  ü b er den ju n g p ro te ro zo i- 
sch en  U n te rg ru n d .

A u ß e r den e rw ä h n te n  B ildungen h a t  m an  im  O stu n g arn  eine 0  W 
s tre ic h e n d e  Flyschzone  d a n k  B ohrungen  e n td e c k t. Sie is t d u rch  ih re  östliche 
F o r ts e tz u n g  in  N o rd -R u m än ien  m it dem  sog. tra n sk a rp a tis c h e n  F ly sch  ver-
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b u n d en . D er s tra tig ra p h isc h e  U m fang  d er h ie rh e r gehörenden , rh y th m isc h e n  
S ed im ente  u m fa ß t a u ß e r d er O berkre ide  auch  das Paläogen . V on Szolnok 
und  N agykőrös s e tz t sich d iese »Flyschzone« d e ren  F ly sc h c h a ra k te r  je d e n ­
falls noch zu ü b e rp rü fe n  is t w ahrschein lich  n ach  S fo rt.

II. C harakter und Alter der tektonischen Bewegungen

In  E in k lan g  m it dem  oben  G esagten  lassen  sich  die A usw irk u n g en  der 
fo lgenden  te k to n isc h e n  P h asen  in  U n g arn  m it m eh r o d er m inderer K la rh e it  
e rk en n en :

Phasen Ereignisse

A ssynthische S tarke  F a ltu n g en

K aledonische (ohne w eitere D e tailie rung)

A ltherzynische

J  ungherzynische

Sudetische F altungen  und Ü bersch iebungen

Saalische

Pfälzische

A lpidische N ur Hebungen*

A ltk im m erische

J  u iigkim m erische

Subherzynische

A ustrische
F altungen  und A ufschuppungen*

L aram ische

Savische

Steierische

A ttische

B rüche, an G eb irgsrändern  m it 
Ü berschiebungen

R hodanische

* N euerdings w urden  von F Ü l ö p  (1964, 1966) d ie S e d in ie n ta tio n su n te rb re ch u n g c n  
infolge tek to n isch er E reign isse  u n d  H ebu n g en  an de r J u r a  K re id e-W en d e , zw ischen d em  
B arrèm e und  A pt bzw . im  T ú ro n  in dem  T ran sd an u b isch en  u n d  V illán y er M itte lgeb irge  m it 
g ro ß er G en au igkeit fe s tg es te llt. D azu  m ö ch te  K o n d a  (1964) a u ch  d ie  H ia ten  der tr a n s d a n u -  
h ischen  Ju ra se rie  in jed e m  F alle  m it dem  T rockenlcgen  des ehem alig en  M eere su n te rg ru n d es 
v e rk n ü p fen .
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H ie ru n d  da k am  es a u c h  in  einigen ju n g e n  P h asen  zu R a n d ü b e rsc h ie ­
b u n g e n  (z. B. die D a rn ö -L in ie  an  der N W -S e ite  des B ükk-G eb irges is t post- 
o lig o zän isch -v o rb u rd ig a lisch ; die S ch u p p en zo n en  am  N ord- u n d  S ü d ran d e  
des M ecsek-G ebirges s in d  a tt is c h  bzw. rh o d a n isc h ). ln  d er tie flän d isch en  
F ly sc h z o n e  kam  es so g a r  zu  einer s ta rk e n  p o sto lig o zän en  F a ltu n g . Im  allge­
m e in en  besteht aber eine T en d en z, infolge welcher die älteren W — 0  bzw. S W  
N O  streichenden F a ltungs- u n d  A u fschuppungsstrukturen  durch jüngere  Quer­
brüche in  Schollen zerfie len .

D ie einzelnen S ch o llen  s ind  w ährend  d e r T e r tiä rs  und  Q u a rtä rs  se lb s tä n ­
d ig  b ew eg t, als G ebirge em porgehoben  w o rd en  oder als B eck en te ile  ab g esu n ­
k e n . D ie  le tz te ren  in te rm o n ta n e n  B ecken w erd en  d ann  d u rch  lockere  A b tra ­
g u n g sp ro d u k te  au sg efü llt. E n tla n g  der e n ts ta n d e n e n  B ru ch sy stem e  kam  es 
z u m  A ufdringen  v e rsc h ie d e n e r  ju n g e r M ag m en p ro d u k te . D ie v u lk an isch en  
H a u p tz e n tre n  fallen a b e r  n ic h t  im m er a u f  d as  G eb iet des an  d e r O berfläche 
s ic h tb a re n  » in n e rk a rp a tisch en  vu lk an isch en  K ranzes« . So h a t  m an  z.B. in 
d e r  U m gebung  von  N y íre g y h á z a  m ehr als 1500 m m äch tig e  v u lk an isch e  
K o m p le x e  u n te r  den  p a n n o n isch en  S ed im en ten  festgeste llt.

T ro tz t  der ju n g en  S cho llenb ildung  is t d e r  V e rlau f ein iger ä lte re n  m a rk a n ­
te r e n  tek to n isch en  L in ien  zu  rek o n stru ie ren . A lle diese h ab en  A ufsch iebungs­
c h a ra k te r .  Doch k a n n  ih re  V ergenz (der a llg em ein en  Lage u n d  dem  A lte r der 
a n g re n z e n d en  G roßscho llen  gem äß) s ta rk  abw echseln . D ie B e w eg u n g srich tu n ­
g en  k ö n n en  auch in  e in - u n d  dem selben G eb irge  w ährend  d e r a u fe in a n d e r­
fo lg e n d e n  tek to n isch en  P h a se n  gerade en tg eg en g ese tz t sein. D ie sche inbare  
te k to n is c h e  S y m m etrie  u n se re r  Gebirge is t a lso  das R e su lta t v o n  B ew egungen 
v e rsc h ie d e n en  A lters.

E in  Teil der H a u p tl in ie n  (z. B. d ie  R aab -L in ie , die B a la to n lin ie , die 
M ecsek-L inie) sch ließ t s ich  offensich tlich  d en  L eitlin ien  d e r A lpen  bzw . der 
S a v e fa lte n  an. Die R a a b -L in ie , die B a la to n -L in ie , die D arn ó - u n d  H ernád - 
L in ie  sollen sich in  d e r  T schechoslow akei o d e r  in  der S o w je tu n io n  fo rtse tzen . 
D ie  d ie  tie fländ ische  F ly sc h z o n e  ab g ren zen d en  L in ien  u n d  die in  S O -U ngarn  a n ­
g en o m m en en  L inien h a b e n  ih re  F o rtse tz u n g e n  in  R u m ä n ie n u n d  in  Jugoslaw ien

A us dem G esag ten  g e h t hervor, d a ß  d ie  E n tw ick lu n g sg esch ich te  und 
d a s  B au m ate ria l d e r d u rc h  diese H a u p tlin ie n  beg ren z ten  g ro ß tek to n isch en  
E in h e ite n  sehr ab w ech slu n g sre ich  ist.

A bgesehen v o n  d e n  E inze lhe iten , d ie  v o n  K o r ö s sy  (1965 . p . 35 61)
sc h o n  publiz iert w u rd e n , wollen w ir b e to n e n , daß  U n g arn s  tek to n isch e r 
B a u s ty l  nach u n se re n  b isherigen  E rfa h ru n g e n  viel e in fach er als je n e r  der 
A lp e n  oder der K a r p a te n  ist. D eck en ü b ersch ieb u n g en  a lp in en  A usm aßes 
(m it  A usnahm e d er ö s tlic h s te n  Schollen d e r  A lpen) scheinen bei u n s  zu fehlen. 
(D ie se r  U m stand  k a n n  a b e r  u n te r  a n d e re n  - auch  m it d en  S chw ierigkeiten  
d e r  tek to n isch en  F o rsc h u n g  u n te r  der ju n g e n  S ed im en tb ed eck u n g  Zusam m en­
h ä n g e n .)
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Die A nw esenheit d e r tie flän d isch en  F ly sch zo n e  zeig t, d aß  die Idee  
eines einheitlichen  in n e rk a rp a tisc h en  Z w ischenm assives sicher fa llen  m uß . 
D azu  k o m m t ab er, d aß  den  neu esten  F e s ts te llu n g e n  gem äß  die gegenw ärtige  
K ru s te n m ä c h tig k e it (also die T iefe der M ohorov icic-F läche) in  U n g a rn  v iel 
geringer, als das k o n tin e n ta le  M itte l ist.
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T E C T O N IC  M A P O F  H U N G A R Y  O N  T H E  SC A LE O F
1 : 1,000,000

By

K .  B a l o g h  and L. K ő r ö s s y

A b s t r a c t

Follow ing th e  issue o f L. K ő r ö s s y ’s (1964, 1965) su b su rface  b asem en t m ap  o f th e  
T e r tia ry  basins o f H u n g a ry , th e  a u th o rs  have p resen ted  a new  o u tlin e  m ap  of H u n g a ry  as 
a co n trib u tio n  to  th e  series o f 1 : 1,000,000 tec ton ic  m ap s o f th e  C a rp a th o -B alk an  M o u n ta in  
S y stem  being p rep ared  by  th e  m em ber-coun tries of th is  R eg ion . T he m ap follows th e  p rincip les 
developed  by th e  E d itin g  C o m m ittee  o f th e  C a rp a th o -B a lk a n  M ap u n d e r th e  gu id an ce  of 
P ro f. M. M a h e l ’ . I ts  m a n u sc r ip t w as p rep ared  w ith  help o f th e  tech n ica l s ta f f  o f th e  H u n g a rian  
Geological In s t i tu te ,  B u d ap es t.

Acta Geologica Academiae Scientiarum Hungaricae 12, 1968



2 6 2 К . B A L O G H  u n d  L . K Ö R Ö S S Y

ТЕКТОНИЧЕСКАЯ КАРТА ВЕНГЕРСКОЙ НАРОДНОЙ РЕСПУБЛИКИ 
В МАСШТАБА 1 : 1 000 000

К. БАЛОГ и Л . КЁБЁШШИ  

Р е з ю м е

Вслед за изданием карты фундамента третичных бассейнов Венгрии, составленной 
Л. Кёрёшши (1964, 1965), авторы представляют новую обзорную карту Венгерской Народ­
ной Республики, входящую в комплект серии тектонических карт стран Карпато-Бал- 
канского горного сооружения, составляемых в масштабе 1 : 1 000 000. В основу составле­
ния карты были положены принципы, разработанные редколлегией карты Карпато- 
Балканской системы под руководством профессора М. Магеля. Рукопись карты была 
составлена с технической помощью сотрудников Венгерского геологического института 
в Будапеште.
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DIE TYPEN DER PYRENÄISCHEN BEWEGUNGEN 
AN DER EOZÄN/OLIGOZÄN-WENDE 

UND IHRE AUSWIRKUNGEN AUF DIE OLIGOZÄNE 
SEDIMENTBILDUNG IN EUROPA 

UND IN DEN NACHBARGEBIETEN
Von

N. MÉSZÁROS und E. D u d i c h  j r .

UNIV. BABES-BOLYAI, CLUJ, RUM ÄNIEN 
UND U NG A RISCH E GEOLOGISCHE ANSTALT, BUDAPEST

Die p y ren äisch en  B ew egungen sp ie lten  sich zu E n d e  des E o zän s, z. T. aber 
schon w ährend  des U n te ro lig o zän s ab , also w esen tlich  sp ä te r , als die p räp y ren ä isch - 
ba lk an isch en  B ew egungen.

Es g ib t au sg ed eh n te  G ebiete, in denen  zw ischen den  beiden P h asen  eine m arine 
Schichtenfolge des O bereo zän s ab g elag ert w urde.

Die ech ten  p y ren ä isch en  B ew egungen h a tte n  seh r versch iedene A usw irkungen : 
F a ltu n g e n , B ru c h te k to n ik , en d g ü ltig e  E m ersion , zeitw eilige E m p o rh eb u n g en  und 
A b trag u n g en  (D isk o rd an z), p a rtie lle  R egression (n ich tm arin e  A b lagerungen). Ver- 
se ich tung  des M eeres, F az ie sän d eru n g en  m it b rack isch en , lag u n ä ren  u n d  organisches 
M aterial e n th a lte n d en  A b lagerungen ; un tero ligozäne  T ransg ression .

Die V erän d eru n g en  lassen  sich auch an  de r Z u sam m en setzu n g  d e r F a u n a  und 
F lo ra  verfolgen.

Die »spä tpy renäischen«  B ew egungen d a u e rten  bis zum  A nfang  des M itteloligo- 
zäns (»helvetische«, »m assagetische« Phase).

Die m ag m atisch e  T ä tig k e it,  die la ram isch , bzw. z. T. p rä p y re n ä isch  begonnen 
h a tte , se tz te  sich fo rt. Im  G egensatz  zum  e ru p tiv -  bis su b v u lk an isch en  M agm atism us 
de r pyrenäischen  P h ase  überw iegen  die in tru s iv en  G este ine .

Die p y ren äisch en  B ew egungen gehören  dem  d r i t te n ,  e insch ließenden  E n tw ick ­
lu n g sstad iu m  des a lp in en  G eosynk linalsystem s an , d as m it den  p rä p y re n ä isch e n  Bewe­
gungen angefangen h a t te  u n d  bis zum  A m fang des M iozäns d au erte .

Die V erfasser b e h an d e ln  die p y ren äisch en  B ew egungserscheinungen  in der 
R eihenfolge de r g ro ß tek to n isc h  b ed in g ten  S ed im en ta tio n szo n en :

I. die Zone d e r n ö rd lich  des a lp in -k arp a tisch -b a lk a n isc h -k au k a sisc h en  Geo- 
synklinalzw eiges liegenden  P la ttfo rm ,

II . d ie »äußere« ep ik o n tin en ta le  U bergangszone,
I I I .  die Zone des a lp in en  G eosynklinalzw eiges,
IV. die »innere« e p ik o n tin en ta le  Ü bergangszone,

V. äußere  e p ik o n tin e n ta le  Ü bergangszone sü d lich  vom  A tlas,
V I. das G eb iet d e r n o rd a frik an isch en  P la ttfo rm .

E in le itung

ln  zwei frü h eren  A rb e ite n  h ab en  die V erfasser die A usw irkung  der 
la ram ischen  bzw. sp ä tla ra m isc h e n  B ew egungen a u f  d ie pa leozäne  S ed im en t­
b ild u n g  [121] und  die B e d e u tu n g  d er p räp y ren ä isch -b a lk an isch en  B ew egun­
gen zu E n d e  des M itte leozäns [80] b eh an d e lt, d ie von  den  V erfassern  abgeson­
d e r t  u n d  defin iert gew orden  w aren  [120].
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I m  vorliegenden A u fsa tz  sollen die v ersch ied en en  T y p en  u n d  A us­
w irk u n g e n  der e ig en tlichen  p y ren ä isch en  K ru sten b ew eg u n g en  d a rgeste llt 
w e rd e n .

H istorischer Rückblick

D o u v i l l é  [77] w ies sch o n  1906 d a ra u f  h in , d aß  im  G eb ie t d e r P y ren äen  
eb en  je n e  die w ich tig sten  o ro g en e tisch en  B ew egungen  w aren , die vom  E nde 
des M itte leozäns ( !) b is zu m  U n te ro ligozän  an h ie lten .

H a u g  [96] e rw äh n t sie u n te r  dem  N am en  » p o stlu te tisch e  B ew egungen«. 
A n  b e id e n  Seiten der P y re n ä e n  (der nörd lichen  u n d  d er süd lichen ) e n ts ta n d e n  
als g ro b e r  K o n g lo m era t-K o m p lex  die P a lasso u -S ch ich ten . E r  u m fa ß t auch 
d ie u n te ro lig o zän en  B ild u n g e n  u n d  b e s te h t aus G erollen , die aus den  Z en tra l- 
P y re n ä e n  stam m en, is t so m it ein  gem einsam es P ro d u k t d er p räp y ren ä isch en  
u n d  ech t-p y ren ä isch en  P h a s e n .

S t i l l e  [138] e rw ä h n t d ie  S puren  der p y ren ä isch en  P h ase  aus versch ie­
d e n e n  G eb ie ten  E uropas. E r  b e to n t ,  daß  in den P y re n ä e n  die im  B arto n -L u d  
s ta t tg e fu n d e n e n  B ew egungen  d ie  H a u p tp h a se  b e d e u te n . In  den F ranzösischen  
A lp e n  e re igne ten  sich die p y re n ä isc h e n  B ew egungen zw ischen dem  O bereozän 
u n d  d e m  »Ludien«; im  S chw eizer J u ra  d e u te t sie eine D isk o rd an z  zw ischen 
d em  E o z ä n  und dem  U n te ro lig o z ä n  an. In  den  S chw eizer A lpen  k a n n  eine 
p y re n ä is c h e  F a ltung  (zw ischen  O bereozän u n d  U n tero ligozän ) nachgew iesen 
w e rd e n .

S t i l l e  erw ähnt d iese lb e  B ew egungen auch  aus den L igu rischen  Apen- 
n in e n , zw ischen B a rto n  u n d  U n tero ligozän , w e ite rh in  aus dem  G ebiet der 
D in a r is c h e n  Alpen (aus d em  H o h en  K a rs t) , aus dem  S ub lie rzy n isch en  B ecken, 
au s  N ieder-H essen  u n d  en d lic h  aus dem  K a u k a su s  (G egend D ag estan ). In  
e in e r  sp ä te re n  A rbeit [139] b e sc h re ib t er einige p y ren ä isch e  B ew egungser­
sc h e in u n g e n  aus den K a rp a te n , allerd ings m it einem  F ragezeichen . (B esonders 
in  d e n  N -O -K arp a ten  s in d  H erau sh eb u n g en  zu E n d e  des E o zän s bzw . tr a n s ­
g re ss iv e  U agerungen des O ligozäns b ek an n t.)

N a c h  St il l e  soll d e r  z e n tra le  Teil der P y re n ä e n  infolge d e r austriseh en  
u n d  la ram isch en  F a ltu n g e n  e n ts ta n d e n  sein. E r  b e tra c h te t  die pyrenä ische  
B ew eg u n g sp h ase  als eine e in m alig e  E pisode zu E n d e  des O bereozäns, die in 
F o rm  e in e r synorogenen H e ra u sh e b u n g  der Z en tra lzo n e  d er P y re n ä e n  vor 
sich  geg an g en  ist.

V erfasser u n te rsch e id en  sc h a rf  zw ischen p rä p y re n ä isc h en  u n d  p y re ­
n ä isc h e n  Bew egungen. Sie h a b e n  schon d a ra u f  h ingew iesen , d aß  die p rä p y re ­
n ä is c h e n  Bew egungen re c h t  versch iedene  A u sw irk u n g en  h a t te n , u n d  zw ar 
F a l tu n g e n , B ru ch tek to n ik , e n d g ü ltig e  bzw. v o rü b e rg eh en d e  H erau sh eb u n g en . 
B e so n d e rs  kennzeichnend  u n d  b each ten sw ert s ind  jen e  F ä lle , in  denen  nach
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d er p rä p y re n ä isc h en  E m ersion  eine obereozäne  M eeresüberflu tung  u n d  d a ra u f  
w iederum  eine n u n  schon »echt-pyrenäischc«  B ew egung folgte.

D as T h em a soll in  d er R eihenfolge d e r  g roß tek to n isch  b e d in g te n  Sedi­
m en ta tio n szo n en  b e h a n d e lt w erden.

2 6 5

I. Die Zone der nördlich vom alpin-karpatisch-balkanisch- 
kaukasischcn Geosynklinalzweig liegenden Plattform

a ) W esteuropa, Nord- u n d  Ostsee-Gebiet

Im  H am p sh ire -B eck en  sind  die obereo zän en  B arto n -T o n e  v o n  den 
H ead o n -S ch ich ten  b ed eck t, aus denen  P fla n z e n re s te  b esch rieb en  w u rd en  
(Ch a n d l e r  [72]). Ü ber diesen S ch ich ten  la g e rn  die M am m alien -R este  e n th a l­
te n d e n  O sborne B eds. N ach  P o m e r o l  [129] fa n d  die obereozäne S ed im en tie - 
ru n g  ih ren  A bsch luß  m it der A b lagerung  d e r  B em bridge-S ch ich ten ; d a ra u f  
folgen die H a m ste a d  B eds. Es is t b em erk en sw ert, daß  nach  K r u t z s c h  und 
L o t s c h  [108] eine U n te rb rech u n g  d er S ed im e n ta tio n  zw ischen d e n  U p p e r

A bb. 1. Die Zone der nördlich vom alpin-karpatisch-balkanisch-kaukasischen Geosynklinal­
zweig liegenden Plattform

.......  Meeresspiegel, Tr Transgression, D Diskordanz, К Regression

B em bridge  B eds und  den  Low er H a m ste a d  B eds b esteh t. N ach d e r  A b la g e ­
ru n g  d e r H a m stead -S ch ich ten  w urde die G egend  endgü ltig  h e rau sg eh o b en .

Im  L o n d o n er B ecken feh lt das g esam te  O ligozän und  auch  d as  L ud ien  
ü b er den  m arin en  B ag sh o t Beds ( B r i n k m a n n  [69]). A uf d er In se l W igh t 
b ild e ten  sich im  » u n te ren  S tam pien« B rack w asser-S ch ich ten  aus (»C orbula 
Beds« usw . von  u n te n  n ach  oben: L ow er H a m ste a d , C erith ium -, C orbu la- 
u n d  L en tid iu m -, C yrena convexa-, O strea  long irostris-S ch ich ten ). S ie lassen  
sich m it den  g rü n en  R om ainville-T onen , m it dem  S anno is-K alk ste in  u n d  dem
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u n te r e n  O streen-M ergel des P a rise r B eckens k o rre lie ren  (Ca v e l i e r  [71]).
N a c h  R e y  [132] k o rre lie re n  die G ipse v o n  M o n tm a rtre  m it den  u n te re n  

B em b rid g e -S ch ich ten , u n d  d ie  im  Becken von  P a r is  b ek a n n te n  g rünen , C yrena 
u n d  P o ta m id e s  fü h re n d e n  M ergel und  S an n o is -K a lk s te in e  sollen der m ittle re n  
G ru p p e  d e r H a m stead -S c liich ten  en tsp rechen .

l n  d e r B re tag n e , d ie  w äh ren d  des f rü h e re n  E o zän s  von einer B u c h t des 
A tla n tis c h e n  O zeans b e d e c k t w ar, fehlen die o b ereo zän en  und  oligozänen  B il­
d u n g e n , oder sie sind in lim n isch e r Fazies a u sg e b ild e t. Im  S tam pien  w u rd e  das 
G e b ie t v o n  neuem  ü b e r f lu te t  (G ig n o u x  [88]).

In  B elgien sind  d ie  A ssche-Tone von  d en  S an d en  von G rim m ertin g en  
u n d  N e e rre p en  tra n sg re ss iv  ü b e rlag e rt. Die le tz te re n  seien nach  P o m e r o l  [129] 
u n te r to n s r is c h e n  A lters  u n d  in  die B a rto n -S tu fe  e inzuordnen . Die F az iesän - 
d e ru n g  is t u n v e rk e n n b a r , d e n n  es folgen d ie  b rac k isc h e n  H en is-S ande und  
T o n e . D a n n  kam  es zu e in e r H erau sh eb u n g ; d ie  rupelischen  B erg -S ch ich ten  
la g e rn  n ach  einem  gew issen H ia tus (D r o o g e r  [78]) d isk o rd an t. K r u t z s c h  
u n d  L o t s c h  sp rechen  so g ar von m ehrm aligen  A ushebungen .

In  D änem ark  e n ts ta n d e n  im O bereozän u n d  U ntero ligozän  m a n c h e n o rts  
lim n isc h e  A blagerungen . U b e r  diesen fo lgen S ep tarien -M ergel ( P a p p  [127]).

In  N o rd d eu tsch lan d  h ä n g t die B e u rte ilu n g  d er pa läogeograph ischen  
S i tu a t io n  an  der E ozän -O ligozän -W ende von  d e r  S te llungsnahm e zu r L a tto r -  
f ie n -F ra g e  ab. K r u t z s c h  u n d  L otsch  b e h a u p te n , d aß  die la tto rfe r  S ch ich ten  
d e r  T y p u s -L o k a litä t d ieser S tufe eine k ü s te n n a h e , g lau k on itisch -sand ige  
F a z ie s  des O bereozäns d a rs te llen . In  d iesem  F a ll d a rf  m an die w ich tig en  
K ru ste n b e w e g u n g e n , d ie  d ie  Ü b erflu tu n g  N o rd d e u tsc h la n d s  v e ru rsa c h te n  und  
e ine  d ire k te  V erb in d u n g  zw ischen dem  b o rea len  u n d  dem  m ed ite rran en  M eer 
h e rs te l l te n , n ich t der p y ren ä isch en  zusch re iben , so n d ern  m uß sie n o ch  (bzw. 
sch o n ) d e r p räp y ren ä isch en  P h ase  ano rdnen .

H i n s c h  [98] h ie lt es fü r  unm öglich, d ie  la t to r f e r  Schichten  des G ifh o rn e r 
T ro g es  in  das O bereozän  zu stellen.

I n  d er U m gebung  v o n  H am burg  sow ie im  süd lichen  B ra n d e n b u rg  t r a t  
e ine  R egression  ein, u n d  d as  Meer k e h rte  e rs t  im  M itteloligozän zu rü ck  
( K r u t z s c h , L o tsc h  [108]). Ä hnliches w u rd e  au c h  aus der Gegend v o n  H alle 
b e sch rieb en .

In  Polen  is t das U n tero ligozän  d u rch  e ine  ausgedehn te  T ran sg ressio n  
g e k e n n z e ich n e t ( W o z n y  [145]). Es g ib t G eb ie te  im  N W -Polen, in  d en e n  in 
gew issen  S ch ich ten k o m p lex en  u n te r  dem  M itte lo lig o zän  auch das U n te ro lig o ­
zä n  e n th a lte n  is t ( W o l a n s k a  [144] 1962). N W  v o n  W arschau  fan d  n a c h  dem  
L a t to r f ie n  eine H e ra u sh e b u n g  s ta t t  ( B l a s z k i e w i c z  [65]).
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b)  D ie Russische Tafel

In  L ita u e n  ist das genaue A lte r d e r ü b e r dem  F o ra m in ife ren -fü h ren d en  
O bereozän  lag ern d en  schw arzen  T one noch u n k la r  (W e n o s h i n s k e n e , [ I I ]  
1959). In  W -B ielorussia  is t die C harkow -S erie  in  m an ch e r H in s ic h t d e r obereo­
zänen  K iew -Serie ähn lich , sie w eist ab e r eine geringere h o rizo n ta le  V erb re itu n g  
a u f  u n d  e n th ie lt P flan zen re s te  (Ma n i k i n  [37]). E s g ib t P ro file , in  den en  sich 
ein a llm äh licher Ü b erg an g  fests te llen  lä ß t , d e r jed o ch  m it e iner Ä n d e ru n g  der 
m inera log ischen  Z u sam m en se tzu n g  d e r Sande v e rb u n d e n  ist.

In  W olhyn ien -P odo lien  is t das U n te ro ligozän  u n m itte lb a r  von  to r to n i­
schen  S ed im en ten  ü b e rla g e rt ( K u d r i n  [31]).

In  d er U k ra in e  h a n d e lt es sich w ieder um  die C h arkow -S ch ich ten . 
IS o l o w i z k i j  [48]) ä u ß e r t  die M einung, d aß  diese noch  der ob ereo zän en  Kiew- 
Serie angehören . D agegen lä ß t sich einw enden , d aß  im  D n jep r-D o n e tz -B eck en  
die »Charkow -Stufe« d isk o rd a n t das E o zän  ü b e rla g e rt ( W i d o m e n k o  [12]) und  
d aß  südlich  vom  u k ra in isch en  k ris ta llin en  M assiv die C hark o w -S ch ich ten  ü b er­
all tran sg ress iv  lagern  ( N o s s o w s k i j  [45]),  sogar d irek t ü b e r dem  P ro te ro zo ik u m  
(in d er U m gebung  von K rivo j R og). Im  m ittle ren  D n jep r-T al ü b e rla g e rn  die 
u n te r-  und  m itte lo lig o zän en , M ollusken-führenden  S an d ste in e  m it e in er gu t 
au sg e p rä g te n  E ro sio n sd isk o rd an z  die K iew -Serie. A uch K r u t z s c h  und  
L o t s c h  erw ähnen  eine U n te rb re c h u n g  d er S ed im en ta tio n  in  d e r U m gebung  
von  D n jep ro p e tro w sk  zw ischen den  to n ig en  u n d  g lau k o n itisch en  T o n en  der 
M andrikow ka- u n d  der C harkow -Serie.

Die W olga en tlan g  is t das O bereozän  d u rch  die K iew -Serie  v e r tre te n  
( B r a s h n i k o w  [7 ]; K o r o b k o w  [106]). A n d er Basis des u n te re n  bzw . m itt le ­
ren  O ligozäns b e fin d en  sich  schw arze, G lob igerinen -füh rende  T one.

c ) Turga j-Senke , Sib irien

Im  T u rg a j-G eb ie t is t die o bereozäne U n te rtsch eg an -S erie  v o n  d en  k o n ti­
n en ta le n  S ed im en ten  d e r T u rga j-S erie  b ed eck t (O w e t s c h k i n  [47]) .  In  der 
U s tju r t-  u n d  P ria ra lia -R eg io n  ist die T schegan-S erie  von  den m a rin e n  Asch- 
tsch ea risk -S ch ich ten , a n d e ro rts  von  d er k o n tin e n ta le n  T u rg a j-S erie  ü b e rla g e rt 
(W j a l o w  [14]).

In  der W estsib irischen  Senke tr e te n  von  d er E ozän /O ligozän-G renze  
an  w esentliche V erän d eru n g en  ein , u n d  zw ar eine g radue lle  H e rau sh eb u n g  
d er O stk ü ste  des M eeres m it einem  Ü berg an g  in  te rre s tr isc h e  S ed im en te  
(G u g a r i  [22]). Im  U n tero ligozän  k am  es zum  E n d e  des m arin en  M ilieus 
(Sa l z m a n  [25]). D en A b lagerungen  d er T schegan-S erie  folgen k o n tin e n ta le  
to n ig e  S an d ste in e  (N i k o l a j e w a  [44]).

W eite r n ach  O sten , im  P rio b i-G eb ie t (Sosw er B ecken) sind  die u n te ro li- 
gozänen  m arin en  T schegan-S ch ich ten  von  den S ed im en ten  d er te rre s tr isc h e n  
N ekrasow sk-S erie  ü b e rlag e rt (D o b r u z k a j a  [24]).
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Z usam m enfassung

D ie  B ew egungen  se tz te n  schon  im  sp ä te re n  O bereozän  ein (k o n tin en ta le  
A b lag e ru n g en  bzw . A u fh ö ren  d e r  S ed im en ta tio n  ü b e rh a u p t) :  L ondoner B ecken , 
B re ta g n e , D än em ark , D n je p r-D o n e tz  G ebiet.

I n  a n d e re n  G eb ie ten  g in g en  die V e rän d e ru n g en  zu  B eg inn  des U n tero li- 
gozäns v o r  sich (H erau sh eb u n g , Faziesw echsel): H a m p sh ire  B ecken , B elgien.

E s  g ib t auch  G eb iete , in  den en  die E m ers io n  e rs t nach  dem  U ntero ligo- 
zän  (a lso  » spätpyrenäisch«  bzw . »helvetisch«) e in tr a t ,  d an n  ab e r re c h t k rä ftig  
u n d  la n g fris tig : P o len , W o lh y n ien -P o d o lien , T u rg a j, U s tju r t ,  P r ia ra lia ,
W -S ib irisch e  Senke, P rio b i-G eb ie t.

I n  N -D eu tsch lan d , P o len  u n d  in  der U k ra in e  sch e in t eine b re ite  u n te ro - 
ligozäne T ransg ressio n  c h a ra k te ris tis c h  zu sein . A ndersw o t r a t  die T ra n s ­
g ression  s p ä te r  ein (B re tag n e , B elgien , D ä n e m a rk  usw .).

II. Die »äußere« epikontinentale Übergangszone

a)  A qu ita n isch es Becken, P ariser Becken

Im  w estlichen  T eil des A q u itan isch en  B eckens (G egend von  B ord eau x ) 
b ild e te n  sich  im  o b ersten  E o zän  (L ud ien  u n d  W em m elien) n ach  V i g n e a u x  [142], 
M ergel m it  S ism ondia sp. u n d  T one  m it O strea  b ensonensis  aus. D a ra u f  fo lg te  
die reg re ss iv e  E ta p p e  des S anno isien  (M ergel m it A nom yen  u n d  m it O strea  
m ed u len sis , d a rü b e r die lim n isch en  M ergel u n d  K a lk s te in e  v o n  C astillon). 
D as B u p e lie n  b rin g t eine n e u e  T ransgression .

& Ш -------- Obereozän Erste Hälfte üesOHgozäns

P ariser B e c k e n Ft^

H essen er B e c k e n -ZLrx_
Tr

Mainzer B e c k e n

Rhein-G raben — ------------ --
B erner Ju ra

--------- ——LTr ~Süd-Sachsen  

Häring

Moesische Plattform ----- --------  --------
D obrudscha
Asow-Kuban S en ke F

Mangyschlak — r

F
------------------:----

Fergana- B ecken

A bb . 2. Die »äußere« epikontinentale Übergangszone 
-----Meeresspiegel R Regression, Tr Transgression, L Lücke
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Im  östlichen Teil des A q u itan isch en  B eckens b ild e ten  sich  im  L udien 
d ie  K a lk s te in e  von D T ssig eac ; d an n  folgt eine R egression  u n d  d ie  A blagerung  
d e r F ronsadais-M olasse. D as R upelien  ist au ch  h ie r tran sg re ss iv .

Zw ischen G résigne u n d  M ontagne N oire fin d en  sich im  L ud ien  d ie  B lau- 
M olasse und die M as-K alke , im  S annoisien  die P u y lau rens-M olasse  u n d  die 
d ’A lb ioder L au trec -K a lk e . Ü b er diesen la g e r t das S tam p ien .

B o u l a n g e r  [67] w eist d a ra u f  h in, d aß  im  aq u ita n isc h e n  B ecken , östlich 
v o n  B ia rritz , zw ischen dem  E ozän  und  O ligozän eine s tra tig ra p h isc h e  Lücke 
festzu ste llen  ist. N ach V i g n e a u x  [142] b e s te h t ein  seh r a u sg e p rä g te r  U n te r­
sch ied  zwischen dem  S anno isien  und  dessen L ieg en d sch ich ten  in  B ezug  au f 
die F a u n a  sowie a u f  den  litho logischen  Z u s ta n d .

Im  P arise r B ecken  ü b erlag e rn  die G ipse vom  M o n tm a rtre  die Phola- 
d o m y a  ludensis fü h re n d e n  Mergel und  die C h am p ig n y -K a lk s te in e . Diese 
G ipse w erden  von den  m eis ten  F o rschern  noch zum  o b ers ten  E o zän  g erechnet 
( F e u i l l e  [85]), doch  s in d  L a p p a r e n t  [111] D o l l f u s  u n d  D e n i z o t  [75] der 
M einung, daß  sie schon  dem  U ntero ligozän  angehören . Ü b er ih n en  liegt 
eine Serie von B rackw asser- bzw. Süßw asser- u n d  sogar te r re s tr isc h e n  A blage­
ru n g en : »blaue M ergel«, w eiße P an tin -M ergel m it L y m n aeen , c y ren a fü h ren d e  
M ergel, Mergel m it C ard iopsis in c rassa tu s  und  die k o n tin e n ta le n  B rie-Schich- 
te n , die L ym naeen  u n d  P lan o rb is-A rten  e n th a lte n  ( B r ic o n  [68]).

ln  der G egend v o n  Corineilles, A rgen teu il und  S anno is se lb s t beg in n t 
d ie  Schichtenfolge des S anno isien  m it den  lag u n ä ren , b rack isch -lim n isch en , 
g rü n fa rb ig en  R om ainv ille -T onen ; ü b er diesen folgen die w ieder lag u n ä re n  d ’Or- 
gem on t-S ch ich ten  und  en d lich  die z. T. schon lito ra l-m arin en  S anno is-K alke . 
D as S tam p ien  fä n g t w ieder m it b rack ischen  O streen-M ergeln  an  u n d  bleib t 
s tä n d ig  s ta rk  osz illa tiv  (Ca v e l i e r  [71]).

Zu bem erken  is t h ie rzu , daß  P omerol  [129, 130] im  O bereo zän  (B a rto ­
nein ) drei H orizon te  u n te rsc h e id e t: A uversien , M arinesien  und  L u d ien . D er 
le tz te re  soll dem L a tto rf ie n  en tsp rechen . Ü b e rlag e rt sind  die C yrenen-M ergel, 
die g rünen  Mergel u n d  die K alk ste in e  des S annoisien . p ’A l b i s s i n  [90] 
b e sch re ib t, daß in d er U m gebung  von Ile  de F ran ce  die C yrenen-M ergel 
tran sg re ss iv  lagern . Im  Z en tru m  der L agune e n ts ta n d e n  G ipse.

b)  D ie R egion der herzynisch-variszischen M assive, 
der N ordrand der A lpen , der K arpa ten  und des B a lkans

D as G ebiet d er p a läozo ischen  M assive w ar im  E o zän  F e s tla n d . Infolge 
d e r zergliedernd w irk en d en  py renäischen  B ew egungen b ild e te  sich ab e r eine 
ganze  R eihe langer u n d  v e rh ä ltn ism äß ig  sch m ale r E in sen k u n g en . In  diesen 
w u rd e n  m äch tige  S ch ich ten fo lg en  abg e lag ert.

In  der H essischen Senke g ib t es ke in  m arines E o zän . Z um  Teil über 
k o n tin en ta le s  E ozän , z. T . ü b e r ä lte re  F o rm a tio n e n  tra n sg re d ie ren  die Mela-
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n ie n  fü h re n d e n  Tone des S an n o is ien . A uf diese fo lgen die R u p e lto n e  (W e i ­
l e r  [1 4 3 ], Gram ann  [91]).

I n  d e r  U m gebung vo n  K a sse l liegen die b ra u n k o h le n fü h re n d en  T one  ü b e r 
T r ia s . Im  H angenden  f in d e t m a n  S ande und  d a rü b e r  d ieR upel-T one(B R O Sius [70 ]

Im  M ainzer B ecken v e r t r e te n  die von  N tra n sg re d ie ren d e n  »m ittle ren  
P ech e lb ro n n -S ch ich ten «  d as  U n te ro lig o zän  (T onm ergel m it H y d ro b ia - , C yrena- 
u n d  M y tilu s-A rten ). D ie o b e re n  P ech e lb ro n n -S ch ich ten  feh len ; die R upel-T one  
la g e rn  a lso  m it einem H ia tu s  ( D o r e l  [76]).

Im  R hein -G raben  ü b e r la g e r t  das U n te ro lig o zän  z. T . d isk o rd a n t das 
m eso zo isch e  G rundgebirge. A n  d er Basis t r e te n  lim n ische , L y m n aeen  u n d  
M e la n ie n  füh rende  A b la g e ru n g e n  auf; h ier lä ß t  sich  a llm äh lich er Ü berg an g  
zu  m a r in e n  Schichten e rk e n n e n  ( P a p p  [127], H a u b e r  [95]).

B ei Pecheibronn  se ih s t, im  B assin P o ta ss iq u e  u n d  im  G eb iet des M ul­
h o u se  H o rs te s  (S i t t l e r  [135 ])  b e s te h t bere its  das O bereozän  aus z. T . liinni- 
sc h e n , z. T . lagunären  S e d im e n te n , m it A n h y d rit u n d  Gips. Ä hn liche Fazies 
s in d  a u c h  im  Sannoisien zu f in d e n , u. zw. »couche rouge« an  der B asis u n d  
d a r ü b e r  die »couches de P éch e lh ro n n « . D as R u p e lien  ist im G egensatz  dazu  
sch o n  m a r in ; es ist aus F o ra m in ife re n  fü h ren d en  S ch ich ten  m it R esten  von 
A m p h is ile  und  M eletta  z u sam m en g ese tz t (S i t t l e r , ib id).

G i l l e t  [89] w eist d a r a u f  h in , daß die an  d e r E ozän /O ligozän -G renze  
a b g e la g e r te n  b itum inösen  M ergel und  sa lz fü h ren d en  S ch ich ten  das V ordringen  
des M eeres aus der R ic h tu n g  B a s e l—M ulhouse b is n a c h  S tra ß b o u rg  a n d eu ten . 
G le ic h z e itig  b ildete  sich d ie  »salifère inférieure« Série.

A u c h  im  Schw eizer J u r a  is t  das ep ik o n tin e n ta le  P a läo g en  b e k a n n t. D ie 
A b la g e ru n g e n  der großen ru p e lisc h e n  T ransgression  lassen  sich den  nö rd lich en  
A lp e n ra n d  en tlang  verfo lgen  (»un te re  M eeresm olasse«; S c h a u b  [133]).

Im  B ern e r-Ju ra -G eb ie t b e s te h t  das U n te ro lig o zän  aus K o n g lo m era ten , 
S ü ß w a sse rk a lk tu ffe n  u n d  au s F e s tlan d sch n eck en res te  e n th a lte n d e n  K a lk s te i­
n e n . D ie  T ransgression e r re ic h te  dieses G ebiet im  R u p e lien , w obei lito ra le  
S e d im e n te  abgelagert w u rd e n  ( S c h n e i d e r  [134].

I n  d e r Gegend S ü d -B a d e n  liegen lud ische  S üßw asserm ergel m it L y m ­
n a e e n  ü b e r  T rias. Ü ber d en  M ergeln  lagern  u n te ro lig o zän e , G ips, A n h y d rit 
u n d  S te in sa lz  führende S c h ic h te n . D a rau f fo lgen  schon  m arin e  A b lagerungen  
m it F o ra m in ife re n  und  F isc h re s te n . (Ma n g e r  [114]).

I n  Südsachsen  fe h lt d as  U ntero ligozän . A n d er B asis des d isk o rd a n t 
tra n s g re d ie re n d e n  M itte lo ligozäns befinden  sich S an d ste in e ; ü b e r diesen lagern  
d ie  S e p ta r ie n to n e  ( H i n t s c h , [9 7 ], 1961).

I n  S ü d b ay ern  b e s teh en  d a s  U nter- u n d  das M itte lo ligozän  aus F isch ­
sc h ie fe rn  u n d  o berrupelischen  M ergeln (H a g n  [94]).

I n  d e r  U m gebung v o n  S a lz b u rg  ist das L a tto r f ie n  d u rch  L ith o th a m n ie n - 
k a lk  u n d  T onschiefer v e r t r e te n . E s gehört zu r w estö ste rre ich isch en  M olasse- 
Z one ( A b e r e r  [58]).
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N ach einigen F o rsch ern  se tz te  die A b lag eru n g  der Z em en tm erg e l in 
d er Gegend von H ärin g  zu E n d e  des E o rän s ein u n d  d au e rte  b is zu m  M itte l­
eozän. B r i n k m a n n  [69] b esch re ib t eine D isk o rd an z  zw ischen dem  Z em en t­
m ergel und  den ü b e r diesem  lagernden  A n g erb erg e r S ch ich ten  im  u n te ren  
Inn-T al.

SW vom  K a rp a te n b o g e n  ist das E ozän  a u f  d er M oesischen P la ttfo rm  
u n d  w eiter nach  SW  im  Lom -Tal v o rh an d en . D as O ligozän sc h e in t ab e r zu 
feh len  (G kigokas  [92]).

Die D ob ru d sch a  b lieb  nach  der p rä p y re n ä isc h en  E m p o rh e b u n g  im 
O bereozän  u n d  im  U n te ro lig o zän  F estlan d .

SW  von W arn a , im  K am tsch ija -T a l is t in  den basalen  u n te ro lig o zän en  
S ch ich ten  eine A n re ich eru n g  von  Mn c h a ra k te ris tisch . Die M n-E rze  be i Igna- 
tjew o  w urden  sogar ab g e b a u t. A uf sie fo lgen  g laukon itische  S an d s te in e , 
b ra u n e  T one u n d  w ieder S andste ine , sch ließ lich  G ipse (B e l m u s t a k o w  [5]).

c) ü ie  Gebiete nördlich der K rim  und  des K a u ka su s; M itte lasien

Im  G ebiet d er A sow -K uban-S enke is t d as  O bereozän  d u rch  d en  m arin en  
B eloglinsker H o rizo n t v e r tre te n . M it dem  U n tero lig o zän  b eg in n t e in  neuer 
S ed im en ta tio n szy k lu s: es folgen die H ad u m -S ch ich ten  als u n te re s  G lied  der 
M ajkop-Serie (N i k i t i n a  [43]).

Im  der U m gebung  von  W olgograd ü b e rla g e rt die M ajk o p -S erie  die 
obereozänen  K iew -S ch ich ten . Sie b estehen  au s d u n ke lg rauen  T o n e n ; an  der 
Basis befinde t sich ein P h o sp h o rit-fü h ren d e r H o riz o n t; dieser fe h lt in  P ro filen , 
in  denen die K iew -S ch ich ten  n u r teilw eise au sg eb ild e t sind  (B r a s h n i k o w  [7]).

In  M angyschlak  en tsp rech en  die b ra u n e n  T one der » R ybnaja«  (fisch­
füh renden) Serie dem  K u m sk e r H orizon t des K a u k a su s , die A d a jew sk e r Serie 
dagegen dessen B elog linsker S ch ich ten . D ie M ajkop-S ch ich ten  v e r t r e te n  das 
O ligozän (b rau n e  T one, S an d ste in e  und  san d ig e  M ergel) m it F o ra m in ife re n  
H ad u m er T yps (G l a d k o w  [19]). Im  süd lich en  Teile des G ebietes b ild en  die 
sog. N erlinsk- oder T sch jak irg an s-S ch ich ten  das u n te re  G lied des O ligozäns.

In  der G egend d e r K a ra  B u g as-B u ch t e n ts ta n d e n  zu E n d e  des E ozäns 
B o liv in a-fü h ren d e  A b lag eru n g en .

Im  G ebiet des z en tra len  K ö p et D ag b e s te h t  d er oberste  Teil des E ozäns 
aus Tonen (m it gelben D o lom it-Z w ischen lagerungen) der T o rim b eu rsk -S erie , 
d ie  sich m it den u n te re n  T schegan-S ch ich ten  paralle lisieren  lassen . E s g ib t 
A u to ren , die diese Serie teilw eise schon zum  O ligozän stellen . Im  w estlichen  
T eil des K öpet D ag v e r t r i t t  die M ajkop-Serie das O ligozän ( K o r o b k o w  [106], 
D i m i t r i j e w  [23]).

Im  B ad ch y s-G eb ie t e n ts ta n d  zu E n d e  des E o zän s eine effusive  v u lk an o - 
gene Serie, die die G egend em porhob. D em zufo lge feh lt das U n te r-  u n d  das 
M ittelo ligozän.
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I n  N- T urkm en ien  sc h e in t der E ozän /O ligozän -Ü bergang  u n k la r  zu sein 
( B a l a c h m a t o w a  [4]). In  W -T urkm en ien  f in d e t  s ich  an  der Basis des Oligo- 
z ä n s  d e r  obere Teil d er T o rim b eu rsk -S erie . F rü h e r  w u rd e  der höhere  T eil d ieser 
S erie  fü r  einen Ü b erg an g  v o n  den g rünen  M ergeln  zum  U n te re n  M ajkop 
g e h a lte n  ( W j a l o w  [14]). I n  SO T u rkm en ien  ü b e r la g e r t  das O ligozän d isk o r­
d a n t  eozäne  A b lagerungen  versch iedenen  A lte rs  (A j s b e r g  [1]).

I n  M ittelasien  w e rd e n  die T u rk es tan e r, R ish ta n sk e r, I s fa r in sk e r  und  
H a n a b a d e r  Serien im  a llg em e in en  ins O bereozän  g este llt ( K o r o b k o w  [106]).

A u s dem  NW  T eile  des F ergana-B eckens w u rd e  eine b e d e u te n d e  s t r a t i ­
g ra p h isc h e  Lücke zw ischen  dem  E ozän u n d  d en  sog. S u m sarsk -S ch ich ten  
b e sc h rie b e n . Ü ber d iesen  la g e r t  die k o n tin e n ta le  M ajlissajsk- oder M assaget- 
S e rie  m itte l-  bis o b ero lig o zän en  A lters. D ieser H ia tu s  w ird als A u sw irk u n g  
d e r  K ru sten b ew eg u n g en  w ä h re n d  der sog. »M assagetischen  Phase« b e tra c h te t  
( G r a m m  [20]). An d er sü d w es tlich en  V erlän g eru n g  des H issar e n tla n g  b e s te h t 
d e r  u n te r s te  Teil des O ligozäns aus ro tb u n te n  A b lag eru n g en . D ie b e d e u te n d s te  
H e b u n g  g ing im O ligozän v o r  sich, sie v e ru rsa c h te  den  endgü ltigen  R ü ck zu g  
des M eeres (N a d y r s c h i n  [41]).

Zusam m enfassung

E s  g ib t G ebiete, in  d e n e n  sich u n te r  B ew a h ru n g  m ariner V erh ä ltn isse  
e ine  u n u n te rb ro c h e n e  F o r ts e tz u n g  der S e d im e n ta tio n  vom  E ozän  ins O ligozän 
fe s ts te lle n  läß t.

H ä u fig e r  sind a b e r  F az ie sän d e ru n g en  im  S in n e  d er R egression: lag u n ä re , 
B ra c k w a sse r-  und sogar lim n isch e  A b lagerungen  (A qu itan isches u n d  P arise r 
B e c k e n ).

E s  w urden  auch  E m e rs io n e n  und  s tra tig ra p h isc h e  L ücken  an d e r E ozän / 
O lig o zän -W en d e  b e o b a c h te t (östlich  von B ia r r i tz , O -T urkm enien , i ’ergana- 
B eck en ). In  der B ad ch y s-G eg en d  erwies sich  d iese E m p o rh eb u n g  als end- 
g ü ltig .

I n  d er Region d e r h e rzy n isch -v a risz isch en  M assive tr a te n  zerg lied ern d e  
S e n k u n g e n  und  in ih rem  G efo lge eine T ran sg ress io n  ein. Diese e n ts p r ic h t der 
f rü h o lig o z ä n e n  T ran sg ressio n  in  N -D eu tsch land  u n d  Polen.

III. Die Z o n e  des alpinen G eosynklinalzw eiges

a )  N ordafrika

A u s d er L ite ra tu r  ü b e r  d en  alpinen Teil N o rd a fr ik a s  seien h ier n u r  be isp ie ls­
w eise  e in ige  A ngaben e rw ä h n t.

Im  nörd lichen  Teil v o n  M arokko b e s teh en  d as  E ozän  u n d  d as  O ligozän 
au s F ly s c h  und  fly sch äh n lic lien  Sedim enten  (G i g n o u x  [88]). In  d e r K ü s te n ­
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k e t te  von  A lgier u n d  T u n is  reichen die fly sch o id en  A b lagerungen  b is ins 
U n tero lig o zän . Im  R if-G eb ie t fo lg t au f d ie  ro tb ra u n e n  F ly sch -G este in e  des 
O bereozäns o ligozäner F lysch-M ergel ( P a p p  [1 2 7 ] ;  D u r a n d -D e l g a  [84]).

In  der süd lichen  T eil-S enke k o n n te  e in e  s ta rk e  p räp y ren ä isch e  F a ltu n g  
u n d  E m p o rh eb u n g  fe s tg e s te llt  w erden. D a ra u f  fo lg te  eine neue T ran sg ressio n , 
die d en  g rö ß ten  T eil T u n esiens (das Teil- u n d  au ch  das K ü sten g eb ie t)  ü b e r­
f lu te te . Diese T ran sg ressio n  b re ite te  sich zu  A n fan g  des O ligozäns n och  aus. 
Die le tz te n  F a ltu n g e n  e n ts ta n d e n  nach  dem  S tam p ien .

Obereozän Erste Hälfte des Oligozäns

M arokko ? _

Zentrale Pyrenäen

Französische Alpen R S ------------
A penninen

E pir R r -------------
to n er B ecken

RA n a to lien
l<lippenr 7one per  
D änischen Karpaten

F

R

Sowjetukmimsche F
K a rp a ten -----------
Rumänische F

Depresiunea Geticà
Halbinsel 7

Nord-Kaukasus F -

W est -  Grus/en F .

A ch a lz ich F

Armenien
T

A sserba/dschan - 0 T

A b b . 3 . Die Zone des alpinen Geosynklinalzweiges 
Meeresspiegel, D Diskordanz, R Regression, Tr Transgression, F Fazieswechsel

A uch in  A lgerien  k am  es n ach  den p räp y ren ä isch en  B ew egungen  zu 
e iner obereozänen  T ran sg ressio n , w eshalb d ie  L ag eru n g  der obereozänen  Sedi­
m en te  d isk o rd an t is t  ( D u r a n d -D elga  [84]).

In  der Zone d e r K aby l-G eosynk linale  la g e r t  das d e tr itisch e  O ligozän 
tran sg ress iv . Im  T eil-T rog  (Sillon Tell) u n d  in  d er U n te rk ab y l-Z o n e  (Zone 
Souskaby le) lieg t d ie  o ligozäne n um id ische  F o rm a tio n  a llo ch to n  ü b e r dem  
E o zän . Diese F lysch -Z one  lä ß t sich von  M arokko  d u rch  ganz A ndalusien  
bis n ach  Sizilien verfo lgen .

b)  Die A lp en

D ie Zone d er o ligozänen  S ed im en ta tio n  ze ig t einen c h a ra k te ris tisch e n  
U n te rsch ied  im  V erg leich  zu  derjen igen  des obereozänen  M eeres. D as m arine
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O lig o z ä n  b ild e t einen sch m a len  S tre if  des R a n d e s  d e r  obereozänen  A b la g e ru n ­
gen e n t la n g .  In  den in n e ren  G eb ie ten  der a lp in en  G eosynklinalzone fe h lt  das 
O lig o zän . D iese T a tsache  k a n n  n ic h t aussch ließ lich  d u rch  A b trag u n g en  e rk lä r t  
Aver d e n .

N a c h  W esten , in  R ic h tu n g  des M assif C en tra l, h a t te  das O ligozän-M eer 
B ra c k w a sse rc h a ra k te r , es b ild e te n  sich C yrenen -S ch ich ten . D ie T a tsa c h e , daß  
sich  d a s  paläogeograph ische  B ild  d e r A lpen w esen tlich  v e rä n d e rte , u n d  daß  
die K a lk e  von  k lastischen  S ed im en ten  ab g e lö st w urden , w eist d a r a u f  h in , 
d aß  s ic h  im  L e b e n d e r  G eo sy n k lin a le  w esen tliche  V erän d eru n g en  ab g esp ie lt 
h a t te n .

E s  i s t  w ahrschein lich , d a ß  die D efo rm atio n  u n d  E m ersion  d e r P en n in i-  
sch en  D e c k e  w ährend des O ligozäns zu s tan d e  k a m ; en tsp rech en d  t r a t  d as  M eer 
in  d ie  p rä a lp in e  Senke z u rü c k .

I n  d e r  äußeren Zone d e r W esta lp en , wo das E o zän  k o n tin e n ta le n  C h a ra k ­
te r  t r ä g t ,  b e s te h t das O ligozän  aus lag u n ären , b rackw asserigen  A b lag eru n g en . 
D iese A u sb ild u n g  lä ß t sich  v o m  R hone-B ecken  d u rc h  die P rovence  b is  zu r 
S c h w e iz e r  E bene  verfolgen. N u r  am  R an d e  d e r B e rn e r A lpen k o m m t sie in 
F o rm  e in e s  K om plexes g ro b e r K o n g lo m era te  v o r.

I n  d e r  südlichen su b a lp in e n  Zone besch ließ en  die p riab o n isch e  Serie 
g ro b e  S a n d s te in e , die schon z. T . als dem  O ligozän angehörig  angesehen  w erd en .

I m  F ly sch  der in n e ra lp in e n  Zone soll m an c h e n o rts  auch  das O ligozän 
v e r t r e te n  sein.

A u s  den  N ord- u n d  O s ta lp e n  is t fa u n en fü h ren d es  O ligozän n u r  aus 
v e re in z e lte n  F u n d o rten  b e k a n n t.

I n  d e r  Region d er F ran zö sisch en  A lpen  sch e in t das E n d e  des E o zän s  
m it d e m  S ch lüße der a lp inen  G eosynk linale  ü b e re in zu stim m en . D er Ü b e rg an g  
des m a r in e n  Eozäns in  die m ä c h tig e n  Serien g ro b e r S andste ine  d e u te t  a u f  d ie  
A u s fü llu n g  des S ed im en ta tio n srau m es h in. Im  G eb ie t d er M orcles-D ecke k o n n te  
eine A u sh e b u n g  nach  d er A b lag e ru n g  d er p riab o n isch en  F ischsch iefer fe s t­
g e s te ll t  w e rd en . Ganz äh n lich  liegen  die D inge im  G eb ie t der W ild h o rn -D eck e  
n a c h  d e r  A usb ildung  d er o b ereo zän en  G lobigerinenschiefer (P app  [127]).

c) Die A p e n n in e n , D inariden  und  K leinasien

I n  L igu rien  lag e rt das O ligozän  tra n sg re ss iv  u n d  d isk o rd an t ü b e r  dem  
E o z ä n f ly s c h .

I n  d e n  N- und  M itte l-A p en n in en  geh t d e r E o zän fly sch  in  L ep id o cy c lin a  
fü h re n d e  O ligozänschich ten  ü b e r  (in  U m b ria  u n d  das T y rrh en isch e  M eer 
e n tla n g ) .

I n  D a lm atien , im  A u sb ild u n g sg eb ie t d e r  P ro m in a-S ch ich ten  fe h lt  das 
O lig o z ä n , in  Bosnien u n d  d e r  H erzegow ina is t  es hingegen in  d e r F ly sc h - 
S c h ic h te n re ih e  en th a lten .
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In  A lban ien  b e s itz t das O bereozän  F ly sch -C h arak te r.
Im  E p iru s  b e g in n t die A usb ildung  des F lysches im  A uversien  u n d  se tz t 

sich im P riab o n ien  fo rt. Zu E n d e  des E o z ä n s  sch ließ t sich das F ly sch -B eck en  
des E p iru s  infolge d e r H erau sh eb u n g  u n d  A u sb re itu n g  des P e lag o n iscb en  
A n tik lin o riu m s. E in  neues G eosynk lin a lb eck en  b ild e t sich w e ite r n a c h  W . 
in d er n äh e  d er a d ria tisc h e n  K ü ste  von  G riech en lan d  aus. In  d iesem  Io n er- 
B ecken w urde  o b ereo zän er F lysch  a b g e la g e rt (A u b o u i n  [63]).

E ine  ähn liche  E n tw ick lu n g  w eist au c h  d ie Senke von K ü s te n d il in  SW - 
B ulgarien  auf.

In  A n a to lien  lagern  regressive A b lag eru n g en  über dem  E o z ä n fly sc h . 
Sie b esteh en  aus L ep idocyclinen  fü h re n d e n  M ergeln und  K a lk s te in e n , G ipsen 
u n d  aus d a rau ffo lg en d en  L ign iten  (P a p p  [1 2 7 ]) . N ach L a h n  [1 1 0 ] b eg an n  
die B ildung  der g ip sfü h ren d en  F o rm a tio n  b e re its  im  O bereozän u n d  d a u e r te  
bis zum  M iozän. Im  T au ru s  b ed eu ten  d ie p y ren ä isch en  B ew egungen  sogar 
eine H a u p tfa ltu n g sp h a se .

d ) Die K arpaten

In  den  K a rp a te n  b ra c h te  die E ozän /O ligozän -W cnde  keine so b e d e u te n d e n  
V erän d e ru n g en  wie in  den A lpen. D as V o rh an d en se in  des oligozänen F ly sch es 
d e u te t  a u f die a llm äh liche  H eb u n g sten d en z  d e r  Z e n tra lk e tte  der K a rp a te n  h in .

Im  schlesischen u n d  subschlesichen  G e b ie t se tz te  die B ildung  d e r  M enilit- 
S ch ich tcn  schon im  O bereozän , u . zw. au ch  im  A usb ildungsgeb iet d e r  K rosno- 
S ch ich ten  ein ( K o s z a r s k i— Zytk o  [107]). In  d e r  U m gebung von P ie lg rzy m sk i 
is t der u n te re  Teil d er M agura-S ch ich ten  n o c h  obereozänen A lte rs , w ä h re n d  
sich  der obere T eil d e r M agurasch ich ten  sch o n  im  U ntero ligozän  a b g e la g e rt 
w erden  soll.

Im  G eb iet d e r K lippenzone der po ln isch en  K a rp a te n  b es teh t das O b ereo zän  
aus rh y th m isch  au sg eb ild e ten  F ly sch -A b lag eru n g en  ( K u l t s c h iz k ij  u . a . [1 0 9 ]) .

B u d a y , M a h e l  u . a. [9] nehm en  a n , d a ß  die Z e n tra lk a rp a te n  u n d  die 
M agura-F lysch-Z one zu  E n d e  des E o zän s  herausgehoben  w u rd en . G leich­
zeitig  d a m it ging w e ite r südöstlich , in  d e r  S üdslow akei und  in  N o rd u n g a rn  
eine S enkung  u n d  dem zufolge eine o ligozäne T ransgression  v o r sich .

In  den  so w je tu k ra in isch en  K a rp a te n  is t  d e r  obere Teil des E o z ä n s  d u rch  
die S an d ste in e , A rg ilite  u n d  m ergeligen Z w ischen lagerungen  d e r B is tr izk i-  
Serie v e r tre te n . Ü b e r d iesen  lag e rt das U n te ro lig o zän , an dessen  B as is  ein 
h o rn s te in fü h re n d e r H o riz o n t ausgeb ildet is t . D a ra u f  fo lg t die u n te re  M enilit- 
Serie (T s c h e r n ja k  [56]). A uch nach  W j a l o w  [141] beg inn t das O ligozän  m it 
d er M enilit-Serie. Im  G egensatz  zu der A u ffassu n g  d er sow jetischen  G eologen 
rechnen  die tschechoslow ak ischen  u n d  p o ln isch en  Geologen d ie  (u n te re )  
M enilit-S erie  noch  zum  O bereozän ( K u l t s c h iz k ij  [32]).
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In  den  ru m än isch en  O stk a rp a te n  is t  d ie  E ozän-O ligozän-G renze eb e n ­
falls n o c h  u m s tr it te n . D as oligozäne A lte r des F u sa ru -S an d ste in s  v o n  G ura- 
C rasne i is t  fau n is tisch  bew iesen . Das so llte  b e d e u te n , daß die E ozän -O ligozän - 
G ren ze  h ö h e r zu z iehen  is t , u n d  daß sie den  u n te r e n  Teil der K rosn o -S ch ich - 
te n  u n d  einen Teil d e r P u c io asa-S ch ich ten  e in sch ließ t (Mu r g e a n u  u . a. 
[1 2 3 ]) .

I n  M aram ures f in d e n  sich  an  der B asis des O ligozäns Tone m it K a lk s te in -  
u n d  M ergel-Z w ischen lagerungen . A uf d iese fo lg t d er B orsaer S a n d s te in  
(At a n a s iu  [61], [62]).

I n  d e r Z e n tra le in h e it (U n ita te a  C en tra lä ) d e r O stk a rp a ten , im  V iseul- 
T a l is t  im  U n tero ligozän  eine Schiefer-Serie au sg eb ild e t. M anchenorts  re ic h t 
d as  O ligozän  w eit ü b e r  d as  E ozän  a u f  d as  K ris ta llin ik u m  tra n sg re d ie -  
r e n d , h in a u s . W e ite r n a c h  S, im  T o h an e r B eck en  is t das O bereozän  vom  
o b e re n  M ed ite rran  ü b e r la g e r t .

I n  d e r in n eren  ö s tlich en  E in h e it is t das O ligozän  bloß im  SW -T eil v e r ­
t r e te n ,  m it  D isodil-S chiefern  an  der B asis (B a n c il a  [64]). In  der m it t le re n  
R a n d z o n e  in  der V alea  B istrite i-G egend  w u rd e n  zu E nde  des E o z ä n s  die 
N u m m u lite n  fü h ren d en  K o n g lo m era te  d er F u sa ru -S c h ic lite n  ab g e lag ert. U b e r 
d iesen  liegen  oligozäne, b rau n fa rb ig e  K a lk m e rg e l, die sich m it dem  L u caces ti-  
S a n d s te in  ko rre lie ren  lassen , d en  Gr ig o r a s  [92 ] fü r  U ntero ligozän  h ie lt.

I n  d e r äu ß eren  F ly sch -Z o n e  finden  sich  im  oberen  Teile des E o z ä n s  die 
B ise rican i-S ch ich ten . Ü b e r ih n e n  lag ert d er L u caces ti-S an d ste in  (B a n c il a  [64]). 
I o n e ç i  [100] w eist a u f  d en  engen  gen e tisch en  Z usam m enhang  d ieser b e id en  
B ild u n g e n  h in  u n d  sc h re ib t be iden  obereozänes A lte r  zu. E r s te llt d ie u n te re n  
M e n ilitsc h ic h te n  schon  in  das U ntero ligozän .

In  d en  S ü d k a rp a te n , im  B ecken von  T ite s ti-B re z o , überlagern  d ie  oligo- 
z ä n e n  b itu m in ö sen  Sch iefer m it einer s tra tig ra p h isc h e n  Lücke die K o n g lo ­
m e ra te ,  S an d ste in e  u n d  M ergel des M itte leo zän s  (Co d a r c e a  [73]).

Im  O ligozän w ird  d ie  A uffü llung  d er F ly sch -G eo sy n k lin a le  a u sg e p rä g te r . 
S ie w a n d e lt  sich zu einem  seich ten , g esch lossenen  M eer m it g ü n stig en  V e r­
h ä ltn is s e n  fü r  die A b lag e ru n g  von  o rgan ischen  S ch lam m en  um , aus d en en  die 
M e n ü it-  u n d  D isod il-S ch iefer bzw. die b itu m in ö se n  Mergel e n ts ta n d e n  
(O n c e s c u  [125]).

G r ig o r a s  [92] w eist d a ra u f  h in , d aß  d ie  p y ren ä isch en  B ew egungen  die 
b eg o n n e n e  S enkung v e rh in d e rte n . (W äh ren d  d ie se r Senkungsperiode w u rd en  
d ie  m o la ssea rtig en  A b lag eru n g en  der T a rc a u -S a n d s te in e  abgelagert.) E s k am en  
la g u n ä re  V erh ä ltn isse  z u s ta n d e . (Die ro te n  S ed im en te  der P lo p u -S ch ich ten  
u n d  d ie  b itu m e n -h a ltig e n  B ildungen  des »W ildes«.)

Im  nö rd lich en  T eil d e r D epresiunea G e tic ä , d e r sich eng an  die S ü d k a r ­
p a te n  an sch ließ t, zw ischen  O ta sàn  und  dem  O lt-F lu ß , sind  die eozänen K o n g lo ­
m e ra te  v o n  o ligozänen Pucioasa-M ergeln , D isod il-S ch iefern , K o n g lo m era ten  
u n d  S an d s te in e n  ü b e rla g e rt.
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e)  K r im  K a ukasus  — T ra n ska u ka su s

A u f der H alb insel K rim  w erden  im O bereozän  die K erestin sk e r, K u m sk e r  
u n d  B eloglinsker H o rizo n te  u n te rsch ied en . D er le tz te re  e n th ä lt d ie V aria- 
m ussium -fa llax -Z one ( K o r o b k o w  [106]). In  d e r  w estlichen  R egion sin d  im  
U n te ro lig o zän  M uschelsande v o rh an d en . In  d er U m gehung  von B ac litsch ise ra j 
w erd en  die he llg rauen  T one  des O bereozäns j ä h  von  d u n k e lb rau n en  T onen  
ab g e lö st, die sich m it dem  u n te ro ligozänen  H a d u m e r H orizo n t p a ra lle lis ie ren  
lassen  (M u r a t o w  u n d  N e m k o w  [39]).

Im  K au k asu s lä ß t  sich  ähn lich  wie a u f  d e r K rim  im  O bereozän d e r  B elo­
g lin sk e r H o rizo n t e rk en n en , m it den S pondy lus buch i- u n d  V ariam u ssiu m - 
fa llax -Z onen  ( K o r o b k o w  [106 ]). Im  Y o rk au k asu s f in d e n  sich die P la n o rb e lla  
e n th a lte n d e n  S ch ich ten  im  allgem einen  an  d er B asis des O ligozäns d er H a d u m e r  
Serie; ü b e r  diesen fo lg t die e igen tliche  M ajkop-Serie . D iese oligozäne S c h ic h te n ­
folge ü b e rla g e rt im  V o rk au k asu s im  G ebiet d e r T eresk- u n d  K u m a -E b e n e , 
w e ite rh in  im  N o rd k au k asu s  bei S taw ropo l die E ro sionsoberfläche  des B elo ­
g lin sk e r H orizon tes (S o m o w  [49], I t e n b e r g  [26 ], T e r - G r ig o r ia n z  [5 3 ], [5 4 ]).

Im  O stk au k asu s tra n sg re d ie ren  die H a d u m e r S ch ich ten  ü b e r k re ta z e i-  
sche A blagerungen . Sie e n th a lte n  au fg ea rb e ite te  F au n en e lem en te  d e r  K re id e  
u n d  des E ozäns (Somow  [50]). E s k o m m t ab e r au ch  v o r, daß die H a d u m e r 
S ch ich ten  die B eloglinsker S ch ich ten  k o n k o rd a n t ü berlagern .

A uch in D ag estan  w u rd en  am  E n d e  des E o zän s die B oliv ina fü h re n d e n  
S ch ich ten  ab g e lag ert; ü b e r ihn en  liegen die H a d u m e r Schich ten  m it den  
P lan o rb e lla -T o n en  an d e r B asis (W a ch a n ija  [10]).

In  der U m gebung  v o n  A chalzich  b ild e ten  sich  um  die E ozän /O ligozän- 
W en d e  die P ec ten -a rcu a tu s-S ch ich ten  (Ta t is c h w il i  [52]). K atsch a ra w a  [27, 
102] b e o b a c h te te  an  d e r E ozän-O ligozän-G renze  eine scharfe  lith o lo g isch e  
V erän d e ru n g ; die B oliv inen-Z one v e r t r i t t  das O bereozän  u n d  die b itu m in ö se  
M ajkop-S erie  das O ligozän. In  v ielen  P ro filen  b ild en  die sog. A ch a lz ich er 
A b lag eru n g en  den Ü bergang . D as sind b rau n k o h le n fü h re n d e  S ch ich ten  m it 
C yrena- u n d  C orbu la -A rten .

K oro bk o w  [106] b e m e rk t, d aß  in A rm enien  die E ozän-O ligozän-G renze  
n och  n ic h t beru h ig en d  b e s tim m t is t. E inige F o rsc h e r z iehen sie ü b er die V aria- 
m ussium -fa llax -Z one; an d e re  dagegen rech n en  auch  die P e c te n -a rc u a tu s  
S ch ich ten  zum  O bereozän.

E s is t m erkw ürd ig , d aß  es m ehrere  P ro file  g ib t, in  denen N u m m u lite s  
in te rm e d iu s  im  tie fe ren  A b sc h n itt der V ariam ussium -fa llax -Z one v o rk o m m t. 
A s l a n ja n  [2] is t der M einung, daß  die Lage d e r V ariam u ssiu m -fa llax -Z o n e  
derse lben  im  N o rd k au k asu s  vo llkom m en en tsp rech e .

Im  Je re w a n e r B ecken  A rm eniens tra n sg re d ie r t  das O ligozän d isk o rd a n t 
ü b e r  das E ozän  (Ga b r ie l ja n  [16]). D ieser F o rsch e r rech n e t die V ariam u ssiu m - 
fa llax -Z o n e  zum  O bereozän , die P e te n -a rc u a tu s -S ch ic h te n  zum  U n te ro lig o -
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z ä n  [1 7 ] . Schon in e in er f rü h e re n  A rbeit [15] h a t t e  er b e to n t, d aß  an  d e r  E ozän  
O lig o zän -W en d e  die O rb ito id e n , D iscocyclinen  u n d  N u m m u liten  g rö ß te n te ils  
a u s s te rb e n  und  c h a ra k te ris tisc h e  litho log ische  V erän d eru n g en  e in tre te n . N ach 
s e in e r  A uffassung  so llten  d iese  die reg io n a ltek to n isch en  B ew egungen  u n d  die 
m i t  d iesen  v e rk n ü p ften  k lim a tisch en  V erä n d e ru n g en  v e ru rsa c h t h ab e n .

Zw eifel b estehen  au c h  h insich tlich  d e r  S tra tig ra p h ie  d er U m g eb u n g  von 
N a c h itsc h e w a n . N ach  M a m e d o w  [36] lie g t d as  O ligozän ü b e r A uversien . 
K o r o b k o w  [106] e rw ä h n t e in e  aus m itte l-  u n d  obereozänen  F o rm en  gem isch te  
N u m m u lite n fa u n a  aus dem  O bereozän. E s s c h e in t also eine b e d e u te n d e  L ücke 
v o rh a n d e n  zu sein.

I n  A serhaidshan  b ild e n  die B o liv ina  fü h re n d e n  S ch ich ten  d en  oberen 
T e il des Eozäns. D ie u n te re  M ajkop-Serie b e s te h t aus b u n te n  schiefrigen 
T o n e n . In  der U m gebung  v o n  K irow obad  la g e r t  sie d isk o rd a n t u n d  tran s-  
g re s s iv  ü b e r dem  O b ereo zän  (H a l il o w  [5 5 ]) . Im  G ebiet von  T a lis  g e h ö rt die 
N es lin sk e r-S erie  zum  O b ereo zän (z . T . n och  zu m  M itte le o z ä n ;K o r o b k o w  [106]). 
Z u  E n d e  des E ozäns e rn e u e r te  sich die v u lk a n isc h e  T ä tig k e it: es b ild e te n  sich 
A n d e s ite , A n desittu ffe  u n d  A n d esit-B rek z ien . Ü ber ihnen  lag e rn  die T one 
d e r  H ad u m er-S e rie  (B a g m a n o w  [3]).

E s  lä ß t sich also fe s ts te lle n , daß  sich  d e r  A nteil der k la s tisc h e n  Sed i­
m e n te  u n d  des o rg an isch en  M ateria ls z u r Z e it d er A blagerung  d e r M ajkop- 
S e rie  im  Z usam m enhang  m it  der H e b u n g  d e r Z e n tra lk e tte  des K au k asu s  
v e rg rö ß e r te . D ie d a d u rc h  h e rv o rg eru fen en  V erän d eru n g en  sin d  ab e r w eit 
w e n ig e r  b ed eu ten d  als d ie jen igen , die sich  u n g e fä h r zu r selben  Z e it in  den 
W e s ta lp e n  absp ie lten  (S t r a c h o w  [51]).

Z usam m enfassung

I n  den  eben b e t r a c h te te n  G ebieten  s te l l t  das m an g elh afte  V orkom m en  
s tr a t ig ra p h is c h  w ertv o lle r Fossilien  die F e s ts te llu n g  der E ozän-O ligozän- 
G re n z e  v o r  große S ch w ierig k e iten . D aru m  is t  es schw er, die D isk o rd an ze rsch e i­
n u n g e n  bzw . A b lag eru n g slü ck en  geochronologisch  zu d eu ten . N och  d azu  sind  
d ie se  in fo lge  der rh y th m isc h e n  S ed im en ta tio n  u n d  der sp ä te re n  te k to n isc h e n  
V er-  u n d  Ü bersch iebungen  g a r  n ich t so le ic h t e rk en n b ar. A n v ie len  O rten , 
z. B . in  den  K a rp a te n , lä ß t  sich  eine K o n t in u i tä t  der S ed im en tb ild u n g  fe s t­
s te l le n . E s kom m t so g a r v o r , daß sich d ie im  O bereozän  b eg o n n en e  T ra n s ­
g re s s io n  im  U n te reo zän  fo r ts e tz te  (z. B . sü d lich e  Teil-Senke).

A n  d er E ozän /O ligozän -W ende  t r e te n  o f t deu tliche  lith o lo g isch e  F azies­
ä n d e ru n g e n  ein (z. B . be i A chalzich).

I n  anderen  G eb ie ten  b e s itz t  das O b ereo zän  regressiven  C h a ra k te r , w äh­
r e n d  d a s  O ligozän tra n s g re s s iv  is t (W -G rusien).
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Es is t auch  kein  se lten e r F all, daß  das O ligozän tran sg ress iv  und  d isk o r­
d a n t ü b e r v e rsch iedenen  G liedern  des E ozäns la g e r t  u n d  d aß  sich sogar S puren  
e iner D en u d a tio n  f in d e n , d ie  sich zw ischen den  beid en  abgesp ie lt h a t  (L igurien , 
S taw ropo l, T erek , ö s tlich e r V o rk au k asu s, J e re w a n e r  B ecken , A serbaidshan ).

A n vielen O rte n  fan d  eine endgü ltige  E m ersio n  s ta t t  (französische 
Al| >en, M orcles-D ecke, W ildhorn -D ecke, D a lm a tien ).

IV. D ie » innere«  ep ikon tinen ta le  Ü bergangszone

a ) Iberische H albinsel und die In se ln  des M ittelmeeres

ln  der N W -R egion  d e r H alb inse l is t m a rin es  O ligozän lediglich  aus dem  
C atam bri-G eb irge  b e k a n n t. In  den W e stp y re n ä en  is t  das o b erste  E ozän  durch  
N u m m u liten - u n d  G lob igerinen -füh rende  b lau e  M ergel v e r tre te n . Ü ber diesen 
la g e r t das ebenfalls m ergelige O ligozän (M a n g i n  [116]).

Im  W -N av arra  lag e rn  die oligozänen N u m m u lite s  in te rm ed iu s-S ch ich ten  
a u f  N um m ulites s t r ia tu s  e n th a lte n d e n  M ergeln.

In  A ragonien  w u rd en  im  O bereozän  L ith o th a m n ie n m e rg e l u n d  K onglo­
m era te , dann  P la n o rb is -K a lk s te in e  und  das sog. H a u p tk o n g lo m e ra t abgela-

b,

Abb. 4.a Die »innere« ep ik o n tin en ta le  Ü bergangszone  
Abb. 4.b D as G ebiet der N o rd a frik an isch en  P la ttfo rm
..............M eeresspiegel, R  R egression , T r  T ransgression

F  Faziesw echsel, D D iskordanz
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g c r t ,  in  K a ta lo n ie n  h ingegen  ro te  T one  u n d  ebenfalls das H a u p tk o n g lo m e ra t. 
Im  E b ro -B e c k e n  lagern  d a rü b e r  (k o n tin e n ta le )  S an d ste in e  u n d  M ergel des 
S a n n o is ie n  ( P a p p  [127], Cr u s a f o n t - P .  u n d  T r u y o l s -S a n t o n j a  [74]) .  Ä h n ­
liches l ä ß t  sich auch im  M ese ta -G eb ie t u n d  a u f  dem  K astilisch en  P la te a u  
fe s ts te lle n .

I n  d e r  Gegend v o n  A lic a n te  la g e r t das O ligozän ohne b e d e u te n d e  D is­
k o rd a n z  a u f  m äch tigen  K a lk s te in e n  des O bereozäns ( D u r a n d - D e l g a  [83]).

b)  N o rd -Ita lien

Im  Y izen tin  folgen d en  oberoezänen  B ry ozoenm erge ln  N u m m u lite s  
in te rm e d iu s  fü h ren d e  S an g o n in i-S ch ich ten  (m it P ec ten  a rc u a tu s )  (G i g - 
n e a o u x  [88]). Zu E n d e  d er A b lag e ru n g  der P r iab o n a -S ch ich ten  is t ein  V erseich- 
te n  d es  M eeres e rk en n b a r ( P i c c o l i  [128]) .

I n  d e r N ähe des G ard a-S ees, bei M onte B rione , k o n n te  H a g n  [93] 
e ine  D isk o rd a n z  zw ischen den  u n te ro lig o z ä n e n  u n d  den  m itte lo lig o zän en  L itho- 
th a m n ie n k a lk e n  festste llen .

c) U ngarn , TranssyIranisches Becken

Z u  E n d e  des O bereozäns t r a t  in  W estu n g a rn  eine n a h e z u  a llgem eine 
u n d  z ie m lic h  rasche R egression  ein. D ie e n ts ta n d e n e  s tra tig ra p h isc h e  L ücke, 
die P e r io d e  der sog. » in frao ligozänen  D enu d atio n « , w ird  v o n  SW  gegen NO 
s te ts  e n g e r  bzw . kü rzer. Ö stlich  von  B u d a p e s t is t die K o n tin u itä t  d e r  Sedi­
m e n tb i ld u n g  an  der E o zän -O ligozän -G renze  g ew ah rt ( K o p e k , K e c s k e m é t i , 
D u d i c h , j r . [105]).

I n  T ra n sd a n u b ie n , im  w e s tlic h e n  B akony-G eb irge , z. B . in  d e r U m ge­
b u n g  v o n  D evecser, w urde  d ie p a läo g en e  S ed im en ta tio n  m it d e r A b lag eru n g  
d e r A n d e s ittu f fe  e n th a lte n d e n  ob ereo zän en  M ergel u n d  S an d ste in e  b een d e t. 
D as g e s a m te  O ligozän u n d  au c h  das U n te rm io zän  fe h lt ( D u d i c h  j r ., 
H ő r i s z t  [81]) .  W eite r n ach  O s te n  (z. B . im  N O -B akony-G ebirge  u n d  im  B ecken  
v o n  E sz te rg o m ) is t das O ligozän  in  F o rm  von  n ic h tm a rin e n , z. T . b ra u n k o h le n ­
fü h re n d e n  A blagerungen  z. T . w ied er v o rh an d en .

I n  d e r  U m gebung v o n  B u d a p e s t  se lb st is t eine e inhe itliche  S c h ic h te n ­
folge d e r  in  drei E ta p p e n  fo r ts c h re ite n d e n  obereozänen  T ran sg ress io n  m it 
den  e n tsp re c h e n d e n  drei a u fe in an d e rfo lg en d en  H o rizo n ten  des D iscocyclin ide- 
L ith o th a m n ie n k a lk s te in e s  (m it N u m m u lite s  fab ian ii) , des B ryozoenm ergels 
u n d  d es  B u d a e r  ( =  O fner) M ergels b e k a n n t ( D u d i c h  j r . [79], K o p e k , K e c s k e ­
m é t i , D u d i c h  j r . [105]).  D ie in te n s iv e  p y ren ä isch e  E m p o rh eb u n g  im  w est­
lich en  T e il d er G egend h a t te  eine e rheb liche  » infraoligozäne A b trag u n g «  
u n d  d ie  A b lag eru n g  des seh r v ie lfä ltig e n , z. T . k o n g lo m era tisch en  H ársh eg y  
S a n d s te in e s  zu r Folge. D ie K isce lle r T one bzw . T onm ergel ru p e lisch en  A lters 
la g e rn  z. T . d isk o rd an t ü b e r d em  E o zän  oder sogar ü b e r d er T ria s , m a n ­
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ch e ro rts  en tw ick e ln  sie sich aus dem  H á rsh e g y e r  K om plex. Im  ö stlich en  
Teile en tw ickeln  sich  die rupelischen , re ich  F o ra m in ife ren -fü h ren d en  Tone 
allm äh lich  d u rch  d ie  sog. T a rd e r Fazies au s  d em  B u d aer M ergel. D as P ro b lem  
der E ozän-O ligozän-G renze  im  G ebirge v o n  B u d a  w urde üb rigens v o n  vielen 
F o rsch ern  w ied erh o lt b eh an d e lt. (Aus d er f rü h e re n  L ite ra tu r  s. S zőts  [136], 
[137], D udich  j r . [79],  Majzon  [113].

A n H a n d  d er R ev ision  der M ollu sk en fau n a  des H árshegyer S a n d s te in su n d  
aus d er B ea rb e itu n g  eines Profils bei S o ly m ár (im  w estlichen Teil des G ebirges 
von  B u d a , wo au ch  M itte leozän  w o rh a n d e n  is t)  zogen K e c s k e m é t i , K o p e k  
u n d  M é s z á r o s  [103] die S chlußfo lgerung , d a ß  die in frao ligozäne (p y ren ä isch  
v e ru rsach te ) A b tra g u n g  in  der U m g eb u n g  v o n  B u d ap est re c h t k u rz fr is tig  
gew esen w ar. Sie u m fa ß te  die Z e itsp an n e  d e r  S ch ich ten ab lag eru n g  v o n  Cur- 
tu iu s i im  T ran ssy lv an isch en  B ecken.

In  N o rd o st-U n g a rn  is t das F o ram in ife ren -fü h ren d e  O ligozän  w e it v e r­
b re ite t  u n d  aus T ie fb o h ru n g en  g u t b e k a n n t (M a j z o n  [113]). H ie r  k a n n  eine 
u n u n te rb ro c h e n e  S ed im en ta tio n  n ach  d e r  obereozänen  T ran sg re ss io n  fe s t­
g este llt w erden. A n d e r E ozän-O ligozän-G renze  g ib t es aber F a z ie sä n d e ru n g en  
(die p y ritfü h re n d e  re d u k tiv e  T a rd e r F az ie s , an d eren o rts  M n -A n re ich eru n g  
usw .).

D er p y ren ä isch en  H eb u n g  W e stu n g a rn s  en tsp rich t also e ine  a llgem eine 
S enkung  N o rd o stu n g a rn s . D ie L a tto rf-F ra g e  b ie te t  keine w esen tlich en  Schw ie­
rig k e iten  (s. K o p e k , K e c s k e m é t i , D u d i c h  j r . [105]).

A m  N o rd ra n d e  des T ran ssy lv an isch en  B eckens, in  d er U m g e b u n g  von 
J ib o u , sind  die m arin en  S e ich tw asserkalke  des O bereozäns d u rc h  d ie  b rack i- 
schen  bzw . S üßw asser-S ed im en te  d er C u rtu iu si-S ch ich ten  ü b e r la g e r t .  A uf 
diese folgen die se ich tm arin en  S ed im en te  des M éraer H o rizo n tes , ü b e r  dem  
die M ergel u n d  die b itu m in ö sen  F isch sch ie fe r der Serie von  I le a n d a  M are 
lagern .

W  von Cluj e re ig n e te  sich eine A u sh eb u n g  nach der A b la g e ru n g  des 
B ryozoenm ergels, w obei sich  die M eraer S c h ic h te n  b ildeten . D a n n  se tz te  sich 
die H eb u n g  fo r t, u n d  es w urden  die k o n tin e n ta le n  T icu -S ch ich ten  ab g e lag ert 
( K o c h  [104], R ä i l e a n u — Sa u l e a  [131],  M é szá r o s  [117, 118 , 119 , 121], 
MUHGEANU [122]).

D ie U m gebung  v o n  A lba Iu lia  w u rd e  n a c h  der A blagerung  d e r  o bereozä­
nen N u m m u lite s-fab ian ii-S ch ich ten  em p o rg eh o b en  (G h e r m a n  [87 ]) .  Ä hn­
liches ere ignete  sich  auch  am  S ü d ran d e  des T ran ssy lv an isch en  B eck en s bei 
P rocesti-S ebesu l de Sus ( B o m b it a  [66], M é s z á r o s  [118, 122]).

d )  Rhodope, Thrakien , K ü ste  des M armarameeres

A m  N o rd ra n d e  des R hodope-G eb irges bei A ssenow grad ü b e r la g e rn  die 
tu ff itisc h e n  S an d s te in e  u n d  K o ng lom era te  des O ligozäns tra n sg re ss iv  u n d  dis-
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k o r d a n t  d ie p riab o n isch en  K a lk -  u n d  S an d ste in e . I n  d er Gegend v o n  K ird ja li  
b e s te h t  das Oligozän aus L ith o th a m n ie n k a lk e n , tu ff itisch en  M ergeln u n d  
T u ffe n .

I n  d e r T ürkei, in  O s tth ra k ie n , lagern  die k o n tin e n ta le n  S edim ente des San- 
n o is ie n  d isk o rd a n t ü b e r  d e n  N um m ulites fa b ia n ii  füh renden  M ergeln  des 
O b e re o z ä n s  (Oz a n s o y  [126]).

S ü d lich  vom  M a rm a ra m e e r  sind  die A b lag e ru n g en  des obersten  E o z ä n s  
la g u n ä re n  C harak te rs  m it G ipsb ildung .

Zusam m enfassung

E s  g ib t G ebiete, in  d en en  w ährend  des U ntero ligozäns ebenso  w ie 
w ä h re n d  des O bereozäns m arin e  V erh ä ltn isse  h e rrsch ten  (W -P y re n ä e n , 
W -N a v a r ra ,  N -Ita lien , N O -U n g arn ).

F ü r  andere  G eb ie te  is t  im  obersten  E o z ä n  bzw . an  der Basis des U n te r ­
o lig o zän s  eine regressive F az ie sv e rän d eru n g  m it lag u n ä ren  bzw. lim n isch en  
A b la g e ru n g e n  k en n ze ich n en d  (A ragonien, T ran ssy lv an isch es  B ecken, S vom  
M a rm a ra m e e r) .

D ie  py ren ä isch en  H e b u n g e n  k o n n ten  zu  e in e r  m ehr oder w en iger lan g  
d a u e rn d e n  E m ersion- bzw . A b trag u n g sp erio d e  g e fü h rt haben  (T ra n s d a n u ­
b ien ) o d e r  sogar zum  e n d g ü ltig e n  F es tlan d  w e rd e n  (O st-T hrakien).

V. Ä ußere  ep ikon tinen ta le  O bergangszone, 
südlich vom  F lysch-G eosynk linalzw eig  des A tlas

I n  d e r logischen R e ih e  d e r  S ed im en ta tio n szo n en  sollte auch diese Z one 
b e h a n d e l t  w erden. L e id er re ic h e n  ab er die d en  V erfassern  b ek an n ten  L i te r a ­
tu r a n g a b e n  fü r ein solches U n te rn eh m en  bei w e item  n ich t aus. B eso n d ers  
sc h w e r is t  es, ohne das G e b ie t n ä h e r zu k e n n e n , d as  G eosynk linalgeb ie t u n d  
d ie  Ü b erg an g szo n e  v o n e in a n d e r  ü b e rh au p t zu  u n te rsc h e id e n . D arum  v e rz ic h ­
te n  w ir  a u f  die B eh a n d lu n g  d ieser Zone.

VI. D as G ebiet der n o rd a frik an isch en  P la ttfo rm

N ö rd lich  von  G izeh ü b e rlag e rn  o ligozäne K a lk s te in e  d isk o rd a n t die 
o b e re n  M o k a ttan -S ch ic liten  ( P a p p  [127]).

I n  Ä g y p ten  is t das O b ereo zän  h a u p tsä c h lic h  d u rc h  die oberen M o k a tta n -  
S c h ic lite n  v e rtre te n . D as O ligozän ist im  F a y o u m -B e c k e n  a u sg eb ild e t; es 
la g e r t  d isk o rd a n t u n d  b e s te h t  aus flu v ia tile n , lim n isch en  und  z. T. m a rin e n  
A b la g e ru n g é n  m it R e s te n  v o n  M am m alien ( K r a s c h e n n i k o w  [30]).

I n  d e r  U m gebung v o n  Suez lassen sich  a n  d en  Tonm ergeln  v o n  W ad i 
D a ra  d ie  S puren  einer B ru c h te k to n ik  e rkennen . Ü b e r  den T onm ergeln  la g e rn
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m an ch en o rts  B lä tte r-T o n e , M ergel und K o n g lo m era te ; a n d e ro r ts  G ips, , 
A n h y d rit-  und  S te in sa lz -S ch ich ten .

Z usam m enfassung

Aus den a n g e fü h rte n  A ngaben  geh t d e u tlic h  h e rv o r, daß  an  d e r  E o z ä n , 
O ligozän-G renze w esen tlich e  V erän d eru n g en  (E m p o rh eb u n g , D isk o rd an z- 
B ru c h te k to n ik , Faziesw echsel) e in tra te n .

R ückblick

Die py ren ä isch en  B ew egungen  sp ie lten  sich zu E n d e  des E o z ä n s , z. T. 
a b e r  schon w äh ren d  des U ntero ligozäns ab , also w esentlich  sp ä te r , als die 
p rä p y ren ä isch -b a lk an isch en  B ew egungen ( D u d i c h  j r ., M é s z á r o s  [80]) .

E s g ib t au sg ed eh n te  G ebiete , in denen  zw ischen den beid en  P h a s e n  eine 
m äch tig e  S ch ich tenfo lge des obereozänen  sed im en tä ren  Z y k lus ab g e lag ert 
w u rd e  (»priabonische T ransgression«  usw .).

Die ech ten  p y ren ä isch en  B ew egungen h a t te n  sehr v e rsch ied en e  A us­
w irkungen .

Von den k rä f tig s te n  n ach  den  m ildesten  h in  g eo rd n e t, h a n d e lt es sich um
F  a ltu n g sersch e in u n g en ,
B ru ch tek to n ik .
endgültige E m p o rh eb u n g en ,
zeitw eilige E m p o rh eb u n g en  u n d  A b tra g u n g e n  (D isko rdanz),
p a rtie lle  R egressionen , zw ischen m arin en  S ch ich tenfo lgen  zw ischen­

g esch a lte te  linm ische bzw . k o n tin e n ta le  S ed im en te ,
V erse ich tung  des M eeres, F az iesän d eru n g en  m it b rac k isc h e n  bzw. 

lag u n ä re n  A blagerungen , u n te ro lig o zän e  T ran sg ression  (in D e u tsc h la n d  und  
P o len ) ü b e r Ä lteres als O bereozän .

Die A blösung  d er eozänen  T one, M ergel u n d  K a lk s te in e  d u rc h  d u n k e l­
b ra u n e  bzw . schw arze b itu m in ö se  Ton- D isodyl- u n d  M enilit-S ch iefer b ild e t 
ein w eiteres C h a ra k te ris tik u m .

Die V erän d eru n g en  lassen  sich auch  an  d e r Z u sam m en se tzu n g  d e r  F au n a  
und  F lo ra  verfo lgen. G ew isse F a u n e n v e rä n d e ru n g e n  scheinen ziem lich  rasch 
gew esen zu sein. E s is t  in  B e tra c h t zu  ziehen , d aß  die fo r tsc h re ite n d e  T ra n s ­
gression des bo rea len  M eeres n ic h t n u r  eine E inw  an d eru n g  »neuer« O rgan ism en , 
so n d ern  fü r  das K lim a  des m ed ite rran en  G eb ie tes au ch  einen  a b k ü h len d cn  
E ffe k t m it sich b ra c h te , w ogegen die P flan zen w e lt re c h t em p fin d lich  reag ie rt 
h ab e n  d ü rfte .

Die »spätpy renäischen«  B ew egungserscheinungen  d a u e r te n  b is  zum 
M itte lo ligozän  (»m assagetische Phase«).
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D ie  m agm atische  T ä tig k e it ,  die la ra m isc h  u n d  z. T. p rä p y re n ä isc h  
b e g o n n e n  h a tte , d a u e rte  w e ite r  an.

D ie  in n e rd in a risch en , w ard a risch en  u n d  d ie  B e lg rad er In tru s io n e n  sowie 
d e r  in tru s iv e  K ern  d er sü d w estm äh risch en  g ro ß en  A n tik lin a le  d ü rf te n  w äh ­
re n d  d es  obersten  E o zän s u n d  des U n tero lig o zän s z u s ta n d e  gekom m en sein. 
Im  G e g en sa tz  zum p rä p y re n ä isc h e n  M ag m atism u s überw iegen  die in tru s iv e n  
u n d  n ic h t  die e ru p tiv en  (h ö c h s te n s  su b v u lk an isch en ) G esteine, ausgenom m en  
d as R h o d o p eg eb ie t, wo s ich  d e r  rh y o litische  V u lk an ism u s fo rtse tz te .

D ie  pyrenäischen  B ew eg u n g en  gehören  dem  d r i t te n , e in sch ließenden  
E n tw ic k lu n g ss ta d iu m  des A lp in en  G eo sy n k lin a lsy stem s an  (M u r a t o w  [40]).

D ieses S tad ium  se tz te  zu  E n d e  des M itte leo zän s m it den p räp y ren ä isch en  
B e w e g u n g e n  ein und  d a u e r te  b is  zum  A nfang  des M iozäns. N ach  d ieser A uffas­
su n g  lä s s t  sich die u n te ro lig o z ä n e  s ta rk e  E in e n g u n g  des geosynk linalen  S ed i­
m e n ta tio n s ra u m e s  gu t e rk lä re n . Die dieses S ta d iu m  absch ließ en d en  »savischen« 
B e w e g u n g e n  an der v ie l u m s tr i t te n e n  O ligozän /M iozän-W ende sollen  in  
e inem  a n d e re n  A ufsatz b e h a n d e l t  w erden.
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THE TYPES OF THE PYRENEAN MOVEMENTS AT THE EOCENE/OLIGOCENE 
BOUNDARY AND THEIR EFFECTS ON THE OLIGOCENE SEDIMENTATION 

IN EUROPE AND THE NEIGHBOURING REGIONS
By

N. M é s z á r o s  and E. D u d i c h  j r .

A b s t r a c t
The Pyrenean movements took place at the end of the Late Eocene and partly in the 

Early Oligocène, i.e . essentially later than the pre-Pyrenean-Balkanic deformation. In many 
regions marine sedimentation set in between these two phases, producing a thick Upper 
Eocene series.

The manifestations of the Pyrenean orogeny are of rather great variety: folding, fault 
tectonics, final emergence, temporary emergence (non-marine sedimentation), facies changes 
(near-shore, brackish and lagunar deposits, sediments rich in organic substances), Lower 
Oligocène transgression. The changes are conspicuous in the fossil fauna and flora, too.

The “Late Pyrenean” movements lasted until the beginning of the Middle Oligocène 
(“Helvetian”, “Massagetic” phases).

The igneous activity, connected with the Laramian and the pre-Pyrenean phases, 
respectively, continued. In contrast to the mostly eruptive to subvolcanic magmatism of the 
pre-Pyrenean phase, the intrusive type of magmatism seems to be characteristic of this 
phase.

The Pyrenean movements belong to the third, final, evolutionary stage of the Alpine 
géosynclinal system, which started with the pre-Pyrenean phase and lasted till the beginning 
of the Miocene.
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The authors describe the manifestation of the Pyrenean movements in the order of the 
tectonically controlled sedimentary zones as given below:

I. The stable platform zone north of the Alpine system.
II. The “external” intermediary zone,

III. The geosyncline branch of the Alps, Carpathians, Balkans and the Caucasus,
IV. The “internal” intermediary zone,
V. The intermediary zone south of the Atlas,

VI. The North African Platform.

Т И П Ы  П И Р Е Н Е Й С К И Х  Д В И Ж Е Н И Й  З Е М Н О Й  К О Р Ы  Н А  Г Р А Н И Ц Е  

Э О Ц Е Н А - О Л И Г О Ц Е Н А  И  И Х  В Л И Я Н И Е  Н А  О С А Д К О Н А К О П Л Е Н И Е  

О Л И Г О Ц Е Н А  В  Е В Р О П Е  И  С О П Р Е Д Е Л Ь Н Ы Х  О Б Л А С Т Я Х

Н. МЕСАРОШ и Э. ДУДИЧ МЛ.
Р е з ю м е

П и р е н е й с к и е  д в и ж е н и я  п р о и з о ш л и  н а  к о н ц е  в е р х н е г о  э о ц е н а ,  в  ч а с т н о с т и  у ж е  в  
н и ж н е о л и г о ц е н о в о е  в р е м я , з н а ч и т , г о р а з д о  п о з ж е  ч е м  п р е п и р е н е й с к о - б а л к а н с к и е  д в и ж е н и я .  
В  р я д е  о б л а с т е й  н а к о п и л а с ь  м о щ н а я  м о р с к а я  т о л щ а  в е р х н е э о ц е н о в о г о  в о з р а с т а  в  п р о ­
м е ж у т о к  в р е м е н и  м е ж д у  о б е и м и  ф а з а м и .

Д в и ж е н и я  п и р е н е й с к о й  ф а з ы  и м е л и  о ч е н ь  р а з н о о б р а з н ы е  п о с л е д с т в и я :  с к л а д к о ­
о б р а з о в а н и е ,  с б р о с ы ,  о к о н ч а т е л ь н о е  и л и  в р е м е н н о е  п о д н я т и е  и  р а з м ы в  ( н е с о г л а с н о е  з а л е ­
г а н и е ) ,  ч а с т и ч н а я  р е г р е с с и я  ( н е м о р с к и е  о т л о ж е н и я ) ,  ф а ц и а л ь н ы е  и з м е н е н и я  ( п р и б р е ж н ы е ,  
с о л о н о в а т о в о д н ы е  и  л а г у н н ы е  о с а д к и ,  б о г а т ы е  о р г а н и ч е с к и м  в е щ е с т в о м  о с а д к и ) ,  т р а н с ­
г р е с с и я  в  н и ж н е о л и г о ц е н о в о е  в р е м я .

И з м е н е н и я  н а б л ю д а ю т с я  т а к ж е  в  с о с т а в е  ф а у н ы  и  ф л о р ы .  П о з д н е п и р е н е й с к и е  д в и ­
ж е н и я  д л и л и с ь  д о  с а м о г о  н а ч а л а  с р е д н е г о  о л и г о ц е н а ( « г е л ь в е т с к а я »  и  « м а с с а г е т с к а я »  ф а з ы ) .

М а г м а т и з м ,  с в я з а н н ы й  с  л а р а м и й с к и м и  и л и ,  в  ч а с т н о с т и ,  п р е п и р е н е й с к и м и  д в и ж е ­
н и я м и ,  п р о д о л ж а л с я .  В  о т л и ч и е  о т  п р е п и р е н е й с к о г о ,  д а н н ы й  м а г м а т и з м  х а р а к т е р и з у е т с я  
в  п е р в у ю  о ч е р е д ь  н е  и з в е р ж е н н о - с у б в у л к а н и ч е с к и м и ,  а  и н т р у з и в н ы м и ,  г л у б и н н ы м и  о б р а ­
з о в а н и я м и .

П и р е н е й с к и е  д в и ж е н и я  о т н о с я т с я  к  т р е т ь е й ,  з а к л ю ч и т е л ь н о й  с т а д и и  р а з в и т и я  
А л ь п и й с к о й  г е о с и н к л и н а л ь н о й  с и с т е м ы ,  к о т о р а я  в з я л а  с в о е  н а ч а л о  с  п р е п и р е н е й с к о й  
ф а з ы  и  д л и л а с ь  д о  н и ж н е г о  м и о ц е н а .

П р о я в л е н и я  п и р е н е й с к и х  д в и ж е н и й  р а с с м а т р и в а ю т с я  п о  с т р у к т у р н о - с е д и м е н т а -  
ц и о н н ы м  з о н а м :

I .  П л а т ф о р м е н н а я  з о н а ,  р а с п о л а г а ю щ а я с я  к  с е в е р у  о т  А л ь п и й с к о — К а р п а т с к о —  
Б а л к а н с к о — К а в к а з с к о й  г е о с и н к л и н а л и ,

I I .  « В н е ш н я я »  э п и к о н т и н е н т а л ь н а я  п е р е х о д н а я  з о н а ,
I I I .  З о н а  А л ь п и й с к о й  г е о с и н к л и н а л и ,
I V .  « В н у т р е н н я я »  э п и к о н т и н е н т а л ь н а я  п е р е х о д н а я  з о н а ,
V .  Э п и к о н т и н е н т а л ь н а я  п е р е х о д н а я  з о н а ,  л е ж а щ а я  ю ж н е е  г о р  А т л а с ,

V I .  С е в е р о - А ф р и к а н с к а я  п л а т ф о р м а .
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PALÄOMAGNETISCHE UNTERSUCHUNGEN 
AN BASALTLAVEN YON UNGARN

Von

P . MÁRTON und E . SZALAY

G E O P H Y S I S C H E S  I N S T I T U T  D E R  E Ö T V Ö S  U N I V E R S I T Ä T ,  B U D A P E S T  

U N D  I N S T I T U T  F Ü R  G E O P H Y S I K ,  B U D A P E S T

Die Richtung und Intensität der Magnetisierung wurde an 250 Proben aus 
16 Vorkommen untersucht. Während der magnetischen Reinigung wiesen 172 Proben 
eine stabile Magnetisierung auf. Darauffolgend wurden die Polrichtungen für verschie­
dene Einzelvorkommen und die für das Pliozän und Pleistozän gültigen virtuellen 
Magnetpollagen berechnet.

Die für die verschiedenen Einzelvorkommen berechneten Magnetpole wandern 
den geographischen Nordpol der Erde herum. Als Ursache der Erscheinung kann die 
Säkularvariation des erdmagnetischen Feldes angesehen werden, vorausgesetzt, daß 
die Änderung nicht auf tektonische Bewegungen zurückzuführen ist.

Ein Teil der transdanubischen Proben ist normal magnetisiert, ein anderer Teil 
deren und die aus Nord-Nógrád stammenden Proben besitzen eine feldentgegen orien­
tierte Magnetisierung. Die Selbstumkehr-Vorgänge wurden vermittels der Curiepunkt- 
Messungen und der erzmikroskopischen Untersuchungen ausgeschlossen. Durch die 
feldgleichen und feldentgegen orientierten Magnetisierungen werden die ehemaligen 
Feldrichtungen widerspiegelt. Die Existenz der in entgegengesetzten Richtungen mag­
netisierten Gruppen bedeutet, daß die vulkanische Tätigkeit zeitlich unterschiedlich war.

1. E in le itung

D er e rs te  S c h ritt  u n se re r p a läo m ag n e tisch en  U n te rsu ch u n g en  w a r  die 
B e a rb e itu n g  d er aus T ra n sd a n u b ie n  u n d  au s  N ord-N ógrád  s ta m m e n d e n  
B a sa ltla v e n , u m  die fü r  das P liozän  u n d  P le is to zän  gültige v ir tu e lle  M a g n e t­
pollage zu  bestim m en . W egen ih res ju n g e n  geologischen A lters k ö n n e n  die 
n a c h trä g lic h en  U m w and lungen  d er m ag n e tisch en  M inerale kaum  in  B e tra c h t  
ko m m en . D ie orig inale  L ag eru n g  w urde  d u rc h  die tek to n isch en  B ew egungen  
am  m in d en sten  g es tö rt. (Von diesem  S ta n d p u n k t aus kom m en die v e r tik a le n  
V ersch iebungen  n ic h t in  F rage .)

2. P ro b een tn ah m e

E tw a  250 P ro b en  w u rd en  aus fo lgenden  V orkom m en e n tn o m m en :
T ransdanub ien : 1. U zsa-Szebike, 2. S üm eg , 3. T á tik a , 4. B azsi, 5. Zala- 

szán tó , 6. V indornyasző lős, 7. H eg y estű , 8  G u lács , 9. B adacsony , 10. S ágbcrg , 
11. H a láp , 12. K ab b erg , 13. S zen tgyörgyberg ; ohne N um m er: ein G an g  südlich  
von  S üm egprága , D iszel u n d  T ó tib e rg (A bb. l .a ) .

N ord-N ógrád : 14. M edves, 15. P écskő , 16. Szilváskő; ohne N u m m er:  
N ag y  u n d  K is Salgó, N agykő  (neben B árn a) (A bb. l .b ) .

19* Acta Geologica Academiae Scientiarum Hungaricae 12, 1968
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U n te r diesen b e fin d en  sich L av ad eck en , S tra to v u lk an e , S ch lo tfü llu n - 
gen aus w iederho lten  E xp losionen  und  V u lk an k eg e l aus e inm aliger E ru p tio n .

E s b es te llt in d e r  chem ischen  Z u sam m en se tzu n g  der L aven  k e in  g ro ß er 
U n tersch ied . Von M au ritz  w urde die u n te rs te h e n d e  R eihenfolge (zw ischen 
engen G renzen) fe s tg e s te llt: Die Laven g rö ß te r  B asiz itä t sind die d e r  T á tik a -  
G ru p p é , die von B ad acso n y , G ulács und  T ó tib e rg ; der G ehalt an  Si n im m t 
in den G esteinen von  Ság, N agyláz, H a lá p , Szen tgyörgyberg  (u n d  Som ló) 
a llm äh lich  zu und  e rre ic h t seinen H ö c h s tw e rt in  den B asalten  vom  K ab b e rg . 
D er un te rsch ied lich e  G eh a lt an Si u n d  A lkalien  k ö n n te  durch die V ersch ied en ­
a r tig k e it des U n te rg ru n d e s  v e ru rsach t w erd en .

Obgleich die P ro d u k te  der m ag m a tisch en  D ifferen tia tion  v e rsch ied en en  
G rades bei den einzelnen  V ulkanen  e rk e n n b a r  sind , kann  d a rau s  k e in  allge­
m einer Schluss b e tre ffs  d er A usbruchsfolge gezogen w erden.

3. M eß- und B earbeitungsm ethode

Die re m an en te  M agnetisierung  der P ro b e n  w urde m it e inem  »Rock- 
G en e ra to r*  gem essen. D a die n a tü rlich e  re m a n e n te  M agnetisierung d ie  R esu l­
ta n te  d er die G esteine b e rü h ren d en  M agnetisierungsprozesse is t, d ie  ehem alige 
F e ld rich tu n g  dagegen  d u rch  die w ährend  d e r A b k ü h lu n g  e rh a lten e  th e rm o re - 
m a n e n te  M agnetisierung  (TRM ) re p rä se n tie r t  w ird , m uß jed e  a n d e rsa r tig e  
M agnetisierung  aus den  G esteinen  e n tfe rn t w e rd en . D azu d ien t, als w irk sa m ste  
M ethode, die W echselfe ld en tm ag n etis ie ru n g  (AC D em agnetisa tion ) o d e r m ag ­
ne tisch e  R ein igung. D as P rin z ip  der M ethode: d u rch  die E n tm a g n e tis ie ru n g  
w erden  jed e  K o m p o n en ten , die eine k leinere  K o e rz itiv k ra f t als T R M  b esitzen , 
e n tfe rn t. Diese K o m p o n e n te n  sind bei den frisch en  m agm atischen  G este inen  
in e rs te r  L inie die iso th e rm a len  rem an en ten  M agnetisierungen  (IR M ) (A bb . 2).

E ine gegen W ech se lfe ld en tm ag n e tis ie ru n g  instab ile  M ag n e tis ie ru n g  
w iesen einige P ro b en  aus dem  G ang süd lich  v o n  S üm egprága u n d  je n e  von 
D iszel und  T ó tib e rg  auf.

D ie P roben  von  K is- u n d  N agy-Salgó, fe rn e r  von  N agykő (n eb en  B árn a) 
besitzen  w ahrschein lich  eine ideale M agnetisie rung .

Die in stab ilen  u n d  ideal m ag n e tis ie rten  P ro b en  w urden  aus d e r  A us­
w ertu n g  ausgeschlossen.

Aus den n ach  d e r m agnetischen  R ein ig u n g  — gem essenen W e rte n , 
b e rü ck sich tig en d  die im  G elände gem essenen A z im u te  und  N eigungen , w u rd en  
zwei c h a ra k te ris tisch e  W in k e l des lokalen  M agnetfe ldes, die D e k lin a tio n  (D) 
und  die In k lin a tio n  (I) b e rech n e t (A bb. 3a, b , c). D arauffolgend w u rd en  die

* Wir benutzten zu unseren Untersuchungen von den für die palaomagnetischen Mes­
sungen allgemein angewandten Rock-Generatoren ein von P. Szemerédy gebautes Gerät (Emp­
findlichkeit IO-4 CGS), publiziert von M á r t o n . P.. S z e m e r é d y , P. und V ö r ö s , I. 1964.
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Abb. 2. T y p isch e  W ech se lfe ld en tm ag n e tis ie ru n g sk u rv en  
I 0 N a tü r l ic h e  rem an en te  M a g n e tis ie ru n g ; I: R e m a n en te  M agnetisie rung  nach  d e r W echse l­
fe ld e n tm a g n e tis ie ru n g  (bei 100, 200 usw . Oe). 1,2, 3 . . .  11: N um m ern  der P ro b e g ru p p en

N

Abb. 3. P a läo m ag n etisch e  D e k lin a tio n s- u n d  In k lin a tio n sw in k e l, die m ittle ren  R ich tu n g e n  
und K o n fid en zk re ise  m it einer W ah rsc h e in lich k e it von 95%

A bb. 3/n . 1. N orm al m ag n e tis ie rte  P ro b en ; 2. m itt le re  R ic h tu n g  m it dem  K o n fid en zk re ise ;
3. R ic h tu n g  des h e u tig en  E rd fe ld es

A c ta  Geologica Academ iae S c ien tia ru m  H U ngaricae 12, 1968
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N

A b b . 3/b. 1. Invers magnetisierte Proben; 2. mittlere Richtung mit dem Konfidenzkreise;
3. Richtung des heutigen Erdfeldes

N

A b b . 31c. 1. Invers magnetisierte Proben; 2. mittlere Richtung mit dem Konfidenzkreise;
3. Richtung des heutigen Erdfeldes

A d a  Geologica A ca d em ia e  Se ien tia ru m  H ungaricae 1 2 , 1968
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m itt le r e n  D ek linations- u n d  In k lin a tio n sw e rte  fü r  die v e rsch iedenen  E in ze l­
v o rk o m m e n , ferner d ie  geograph ischen  K o o rd in a te n  des P u n k te s  b e rü c k s ic h ­
t ig t ,  d ie  ehem alige v ir tu e lle  M agnetpollage b e s tim m t.

4 . Z u v erlässig k e itsu n te rsu ch u n g en

W eite re  U n te rsu c h u n g e n  w urden d u rc h g e fü h r t , um  die F rag e  zu en tsch e i­
d e n , o b  d ie  von  uns gem essenen  R ich tu n g en  d en  ehem aligen m ag n e tisch en  F e ld ­
r ic h tu n g e n  en tsp rech en , o d e r die M ag n e tis ie ru n g  der G este in sp ro b en  au ß e r 
d em  ehem aligen  E rd fe ld  auch  durch a n d e re  F ak to ren  v e ru rsa c h t w urde.

A b b . 4 . Eine für den Magnetit charakteristische Suszeptibilitätsänderungskurve bei zuneh­
mender Temperatur

In  e r s te r  L inie k ö n n en  h ie r  die zu r S e lb s tu m k e h r neigenden  M inerale, 
im  F a lle  m ehrerer m ag n e tisch en  K o m p o n e n te n  die W echselw irkung  der 
m a g n e tisc h e n  P h asen  u n d  n ach träg lich e  ch em isch e  V orgänge in  B e tra c h t  kom ­
m e n . D ie  Z u v erlässigke it u n se re r  E rgebn isse  w u rd e  v e rm itte ls  d er C u riep u n k t- 
M essungen  und  e rzm ik ro sk o p isch er U n te rsu c h u n g e n  geprüft.

D ie C uriepunkt-M essungen  w u rd en  d u rc h g e fü h rt, um  en tsch e id en  zu 
k ö n n e n , bei w elcher T e m p e ra tu r  die T rä g e r  d e r  T herm orem anenz  ih re  TRM  
e rh a l te n  h a tte n , u n d  w ie v ie le  m agnetische  K o m p o n en ten  von  versch iedenem  
C u r ie p u n k t in dem  G este in  zu finden  sind .

A us unseren  U n te rsu c h u n g e n  e rgab  s ich , daß  die M ehrzah l u nsere r 
P ro b e n  u rsp rü n g lich  n u r  ein einziges m ag n e tisch es  M ineral e n th ä l t ,  dessen 
C u r ie p u n k t bei v e rsch ied en en  F u n d o rte n  zw ischen  200 °C u n d  575 °C v a r iie r t. 
D e r  C u riep u n k t is t a m  se lben  F u n d o r t a n n ä h e rn d  k o n s ta n t (A bb . 4).

B ei E rw ärm u n g en  e n ts te h e n  fallw eise a u c h  P h asen  von  h ö h e rem  C urie­
p u n k t .  Diese E rsch e in u n g  is t  an den S ä ttig u n g sm a g n e tis ie ru n g sk u rv e n  b e ­
so n d e rs  g u t zu sehen. D iese bew eisen, d a ß  be i w iederho lter E rw ä rm u n g  sich 
K o m p o n e n te n  von h ö h erem  C uriepunk t b ild en . D ie E rscheinung  ze ig t d a rau f, 
d a ß  d ie  m agnetischen  M inera le  in s tab il s in d . D ie R ich tu n g  d er U m w an d lu n g

Acta Geologica Academiae Scientiarum Hungaricae 12, 1968
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w eist a b e r a u f  eine Z u n ah m e d er P h ase  von  h öherem  C uriepunk t h in  (A bb. 5). 
N achdem  das V orkom m en solcher P h asen  in  den  u rsp rü n g lich en  G este inen  
v e rsch w in d en d  gering  is t, k a n n  an g en o m m en  w erd en , daß  solch eine  V e rä n d e ­
ru n g  w äh ren d  d er E n tw ick lu n g  des G esteines in  en tscheidendem  M aße n ich t 
s ta ttg e fu n d e n  h a t.

Erzm ikroskopische U ntersuchungen : D u rch  die C u rie p u n k t-U n te rsu c h u n ­
gen w erden  die fe rro m ag n e tisch en  M inerale q u a lita tiv  n ich t id e n tif iz ie r t u n d  
au ch  d e r U rsp ru n g  d er gem essenen M ag n etis ie ru n g  w ird  n ich t g e k lä r t . Es

Abb. 5. C h a rak te ris tisch er A b lau f d e r S ä ttig u n g sm ag n e tis ie ru n g  bei zu n eh m en d er T e m p e ra tu r . 
I rs(20°): S ä ttig u n g sm ag n e tis ie ru n g  bei 20 °C; I rs(<): S ä ttig u n g sm ag n etis ie ru n g  bei t °C ; I ,  I I ,  
I I I :  E in e  Schem e, wo bei de r w ied erh o lten  E rh itz u n g e n  die K u rv en  die V e rsch ieb u n g  der

C u riep u n k te  zeigen

sch ien  u ns deshalb  w ich tig , die fe rro m ag n e tisch en  M inerale zu id en tif iz ie ren  
u n d  d ie G eom etrie  ih re r L age zu en td eck en . Z u  diesem  Zw eck w u rd e n  erz­
m ik roskop ische  U n te rsu ch u n g en  d u rc h g e fü h rt.

D ie w ich tig sten  geste in sb ild en d en  fe rro m ag n e tisch en  M inera le  s in d  die 
G lieder eines te rn ä re n  S ystem s, die G lieder des FeO  — F e 20 3—T i 0 2 S ystem s.

D ie g rö ß te  B ed eu tu n g  w eist die fes te  L ösung-R eihe  au f, d ie  an  der 
M agnetit-U lvösp inell-L in ie  lieg t. D iese so g en an n ten  T ita n o m a g n e tite  m ach en  
9 0%  d er fe rro m ag n e tisch en  G este in sb es tan d te ile  aus.

Bei den T ita n o m a g n e tite n  is t d er g esam te  M ischungsbereich:

y  -T iF e 20,, ( l - у ) -  F  e30 4

1 .

Acta Geologica Academiae Scientiarum Hungaricae 12, 1968
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D ie G lieder d e r R e ih e  weisen bei R a u m te m p e ra tu r  F e rrim ag n e tism u s 
im  In te rv a lle  0< C y < 0 ,8  u n d  P a ram ag n e tism u s im  In te rv a lle  0 ,8< /y< C l au f. 
S ie h a b e n  eine In v e rs -S p in e lls tru k tu r .

A n d er H ä m a tit- I lm e n it-L in ie  liegen d ie  G lied er der H äm o ilm en itg ru p p e . 
B ei d e r  H ä m o ilm e n itg ru p p e  is t der gesam te  M ischungsbereich :

* - F e 20 3( l  ,v ) -F e T i0 3
o < : * < i

D ie G lieder d e r R e ih e :

0,75 <  *  <  1 (I lm e n it)  p a ram ag n e tisch
0,75 ]> X  )> 0,5 (fe rro m ag n etisch er I lm e n it)  fe rro m ag n etisch
0,5 ]> X  )> 0 (T ita n h ä m a tit)  an tife rro m ag n etisch

(D e m  A n tife rro m ag n e tism u s ist ein sch w ach e r F e rro m ag n e tism u s ü b e r ­
la g e r t) .

D ie  K r is ta l ls tru k tu r  i s t  rhom boedrisch .
D as  sch ra ffie rte  F e ld  d e r A bb. 6 e n ts p r ic h t  den in  der S p inellphase  

b le ib e n d e n  o x y d ie rten  T ita n o m a g n e tite n .
B ei fo r tsc h re ite n d e r  O x y d a tio n  b ild e t s ich  eine feh lgeo rdne te  S p inell­

s t r u k tu r  des M aghem its (y F e 20 3) bei e in em  F e/O -Y erhältn is v o n  1/1,5. 
D ieses M ineral w eist g e g en ü b e r dem  M ag n etit e ine  A nzahl u n b e se tz te r  O k ta ­
e d e rp lä tz e  a u f u n d  b e s i tz t  dem zufolge eine g e rin g ere  S ta b ilitä t. D ies is t zu ­
g leich  d ie  U rsache fü r  die N eigung, sich b e i 200 °C in  den rhom boedrisc lien  
H ä m a t i t  (a — F e 20 3) ir re v e rs ib il um zuw andeln .

D ie  Id e n tif iz ie ru n g  d e r  fe rro m ag n e tisch en  M inera le  u n d  die B estim m u n g  
d e r »O pakgeom etrie«  s in d  d ie  w ich tigsten  A u fg ab en  der E rzm ik roskop ie  vom  
S ta n d p u n k t  des G este in sm ag n e tism u s. S in d  d iese  E rgebn isse  b e k a n n t,

A c ta  Geologica Academ iae S c ie n lia m m  H ungnricae 12, 1968
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so k a n n  festg este llt w erd en , ob die M agnetisie rung  p rim är, s e k u n d ä r  oder 
k o m p lex  ist, u n d  ob e iner d er S e lb s tu m k eh rv o rg än g e  eine R e a l i tä t  b e s itz t 
o d e r n ich t.

In  unseren  P ro b en  sind die T ita n o m a g n e tite  die T räg e r d e r  T herm ore- 
m anenz . Sie erscheinen  als isom etrische  g u t ausgeb ildete  K ris ta lle  (ih re  Größe 
b e tr ä g t  2 250 p), se lten  als S k e le tte  (Süm eg, T á tik a ).

In  den T ita n o m a g n e tite n  k an n  d er T i-G eh alt du rch  E n tm is c h u n g  in 
L am ellen  von der G röße von  5 8 p  se lten  ausgeschieden  w erden  (B ad acso n y ,
S zebike, T á tik a ).

N eben dem  an dem  T ita n o m a g n e tit  geb u n d en en  Ilm en it k o m m t Ilm en it 
in  v ie len  P ro b en  se lb s tän d ig  vor. Sie sind  ty p isc h e  Ilm en ite , die k e in e  H ä m a ­
titm o le k ü le  e n th a lte n . Sie h ab en  ein schw aches R eflex ionsverm ögen , besitzen  
eine lilag raue  F a rb e  u n d  sind  p a ram ag n e tisch .

In  den  P ro b en  s ind  noch  S p u ren  v o n  H ä m a tit  (1 0 ,5 %  des O p ak ­
m a te ria ls )  nachw eisbar. W egen ih re r  se k u n d ä re n  E n ts te h u n g  is t  a b e r  ihre 
M ag n etis ie ru n g  im  V ergleich  m it je n e r  des T itan o m ag n e tits  v e rsch w in d en d  
gering . A us den C u riep u n k t-U n te rsu c h u n g e n  k o n n te  keine e in d e u tig e  Sch luß­
fo lgerung  b etreffs  d er A nw esenheit des H ä m a tits  gezogen w erd en .

D ie O x y d a tio n  des T ita n o m a g n e tits  zu  T itan o m ag h em it h a t ,  zw ei P roben  
au sg en o m m en , n ich t e inm al begonnen  (T abelle  I).

Z usam m enfassend  lä ß t  sich  so m it b e h a u p te n , daß  d er T rä g e r  d er M a­
g n e tis ie ru n g  ein kub isches M ineral als ein  E in k o m p o n e n te n sy s te m  is t, bei 
d em  m agnetische  W echselw irkungen  n ic h t au ftre te n .

D ie gegen eine W ech se lfe ld en tm ag n e tis ie ru n g  stab ilen  P ro b e n  besitzen  
e ine  d e r  ehem aligen F e ld r ic h tu n g  en tsp re c h e n d e  T h erm o rem an en z .

5. S ch lußfo lgerungen

D ie virtuelle M agnetpollage im  P liozän  und  Pleistozän : A n H a n d  der 
fü r  die p a läo m ag n e tisch en  A u sw ertu n g en  als anw endbar erw iesen en  13 V or­
k o m m en  in T ra n sd a n u b ie n  u n d  3 V o rkom m en  in N o rd -N ó g rád  w u rd en  die 
en tsp re c h e n d en  P o llagen  u n d  die m ittle re n  Po llagen  b e rech n e t (T abe lle  11).

A n 11 and  ih re r fe ldg leichen  oder fe ld en tg eg en  o rien tie rten  M ag n e tis ie ru n ­
gen  w u rd en  die tra n sd a n u b isc h e n  V o rkom m en  in  zwei G ru p p e n  e ingete ilt.

D ie V orkom m en von  N o rd -N ó g rád  geh ö ren  zu der G ru p p e  v o n  fe ld e n t­
gegen o rien tie rten  M agnetisierungen .

Säkularvaria tion  : D ie fü r  die E in ze lvo rkom m en  b e s tim m te n  M agnet­
pole  w an d ern  quasi um  den  geograph ischen  N ordpo l der E rd e  (A b b . 7) herum . 
A ls U rsache  der E rsch e in u n g  k an n  die S ä k u la rv a ria tio n  des e rd m ag n e tisch en  
F eldes angesehen  w erden , v o rau sg ese tz t, d aß  diese Ä nderung  n ic h t  a u f te k ­
to n isch e  B ew egungen zu rü ck zu fü h ren  is t. D er V erlau f der S ä k u la rv a r ia tio n
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Tabelle I
Zusam m enstellung der Ergebnisse der C uriepunkt-M essungen  

und  der erzmikroskopischen U ntersuchungen

Fundstelle
Zeichen 

der Probe
Curie-

Tem peratur
°C

( Ipakminerale
1

1. Szebike Sze —  8 535 (400) T ita n o m a g n e tit  ( - f  Ilm en it e inge­
lagert)

2. Süm eg

СО1:fiCD 236 (575) T ita n o m a g n e tit,  Ilm enit
3. T á tik a 710 — T ita n o m a g n e tit
4. B azsi 699 T ita n o m a g n e tit  ( - f  H ä m atit)

ja

5. Z alaszántó 106 370 T ita n o m a g n e tit, Ilm en it ( +  H ä m a ­
t i t )

fi 6. V indornyasziillős 715 T ita n o m a g n e tit,  Ilm enit
CS 7. H egyestű H t - l Ü 250 (500) T ita n o m a g n e tit  (-f- H ä m atit)
'Si

fi 8. G ulács G — 17 - T ita n o m a g n e tit  ( +  H ä m atit)
CS
s-

H

9. B adacsony 6 — T ita n o m a g n e tit  ( +  Ilm en it e in g e la ­
g e rt)

10. Ságberg 127 150 (550) T ita n o m a g n e tit,  Ilm enit

13. Szentgyörgyberg 249 355 T ita n o m a g n e tit  ( +  Ilm en it e ingela­
g e r t)  ( - f  H äm atit)

14. M edves 108 570 M a g n e tit, M aghem it (-•-  H ä m a tit)

-о 14. M edves 196 150 200 T ita n o m a g n e tit, Ilm enit
'Св
м 14. M edves 178 T ita n o m a g n e tit  ( +  H ä m atit)

'О 14. M edves 187 - T ita n o m a g n e tit  ( +  H ä m atit)
Z

тз
14. M edves 167 T ita n o m a g n e tit  ( +  Ilm en it e ingela­

g e r t)  ( +  Ulvöspinell)
о T ita n o m a g h em it

15. Pécsko 239 340 T ita n o m a g n e tit  (-{- H äm atit)

16. Szilváskő 243 370 T ita n o m a g n e tit

k a n n , o h n e  die R eihenfo lge d e r  vu lkan ischen  T ä tig k e it  zu kennen, n ic h t v e r ­
fo lg t w erden .

N orm ale  und inverse Z o n en  : M ittels der C u riepunk t-M essungen  u n d  e rz ­
m ik ro sk o p isch e r U n te rsu c h u n g e n  w aren die S e lb s tu m k eh rv o rg än g e  a u sz u ­
sch ließ en . E s is t dem zufo lge festzu ste llen , daß  die ehem aligen  F e ld rich tu n g en  
d u rc h  d ie  feldgleichen u n d  fe lden tgegen  o r ie n tie r te n  M agnetisie rungs-R ich ­
tu n g e n  w idersp iegelt w e rd en . D ie E x istenz  d er in  en tgegengese tz ten  R ic h ­
tu n g e n  m ag n e tis ie rten  G ru p p e n  b ed eu te t, d aß  d ie  vu lkan ische  T ä tig k e it 
z e itlich  un te rsch ied lich  w ar.

A n  H a n d  eu ro p ä isch er u n d  am erikan ischer M eßergebn isse  k an n  fo lgende 
Z e itsk a la  d er H a u p te rd fe ld u m k eh ru n g e n  ab g e le ite t w erd en  (Das A lte r w u rd e  
d u rc h  ra d io a k tiv e  A lte rsb e s tim m u n g  b es tim m t: M c D ougall  T a r l in g ).
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Tabelle II

Zusam m enstellung der paläomagnetischen IJntersuchungsergebnisse

Fundstelle N
In

C G S
io-a 1

D° X % Ф " A ° J P" dm "

1. Uzsa -J- 
Szebike 7 46.3 56.1 14.1 17.1 15.1 77 140 15.6 21.7

2. Süm eg 5 73.5 61.8 3.8 100.0 7.6 86 158 9.1 11.8

3. T átik a 5 — 68.6 17.6 100.0 7.6 78 76 10.8 12.8
4. Bazsi 6 — 58.9 1.1 166.6 5.2 83 190 5.7 7.6

» 5. Zalaszúntó 6 — 61.8 8.5 125.0 6.1 83 137 7.3 9.4
-Q
3 6. V indornya- 

szöllos 7 _ 53.3 35.6 8.9 21.6 60.5 120 18.6 30.0
Я

“О 7. H egyestű 5 30.4 65.4 9.8 36.3 12.9 83 100 16.7 21.0
•л

8. Gulács 9 22.5 74.4 164.6 66.6 6.5 - 7 4 170 10.7 12.0
Я
и 9. B adacsony 7 19.4 - 7 4 .5 153.1 54.5 8.2 - 6 9 159 13.5 14.8

«—1
10. Ság 4 33.1 72.9 179.1 75.0 10.5 - 7 9 196 16.7 18.7

11. H aláp 10 47.4 56.3 187.0 50.0 6.9 - 7 9 350 7.2 13.7

12. K abberg 12 11.0 56.1 170.7 68.8 5.2 - 7 8 54 5.3 7.5

13. Szent-
györgyberg 5 24.2 53.4 153.5 80.0 8.6 - 7 2 72 8.3 12.1

Г Э ”  14. Medves 55 12.2 44.9 154.1 33.8 3.5 -  60 72 2.8 4 . 4

иьс 15. Pécsko 12 74.2 70.1 218.1 55.0 5.9 - 6 6 240 8.4 10.2
Z 16. Szilváskő 7 18.2 62.3 191.6 35.3 10.2 - 8 2 244 12.4 15.8

Bezeichnungen:
N =  A nzahl de r P roben
I„ =  M ittlere  In te n s itä t  d e r  na tü rlich en  rem an en ten  M agnetisierung  
1° =  M itte lw erte  de r In k lin a tio n  

D° =  M itte lw erte  de r D ek lina tion
X =  K ennzahl fü r  die G enauigkeit der Schätzung  d e r  m ittle ren  R ich tu n g  n ach  F ischer 
a  =  R adius des K onfidenzkreises m it einer W ah rschein lichkeit von  95, %

Ф° =  (B re ite)l
i K o o rd in a ten  de r v irtue llen  P a läo p o lp o sitio n  

/1° =  (Länge)J
zip, Am =  H albachsen  des K onfidenzovals m it e iner W ahrschein lichkeit von 95%

0 1 Mill. J a h re  norm al
1 2,5 Mill. J a h re  invers
2 ,5 — Mill. J a h re  norm al

Z eitlich  gesehen fä llt  d ie b a sa ltv u lk an isch e  T ä tig k e it von  T ra n sd a n u b ie n  
u n d  von  N o rd -N ó g rád  — an  H an d  geologischer D a te n  ins P lio zän  u n d  ins 
A ltp le istozän .

H insich tlich  d e r R eihenfolge d er E ru p tio n e n  w urde  von  LÓCZY fe stg e ­
s te ll t , d aß  die V u lk an e , die a u f einem  h ö h eren  P lio zän -T erra in  liegen , ä lte r  
s in d  als die, die a u f  e in er n ied rigeren  d e n u d ie r te n  P lio zän -O b erfläch e  liegen.
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G ulács, H aláp , T ó tib e rg , S zen tgyörgyberg , B ad acso n y , Szebike, T á tik a , 
die K o v á c s ie r  Berge u n d  S ág b erg  w urden  von  LÓczy  zu den  ä lte re n  V u lk an en  
g e re c h n e t. Die jü n g eren  v o n  u ns u n te rsu c h te n  F u n d s te lle n  sind  im  G ang 
sü d lic h  v o n  S üm egprága u n d  die a u f  der H öhe des W eges zw ischen  B azsi 
u n d  Z a la szán tó .

A bb. 7. Paläomagnetische virtuelle Polpositionen
I.: invers magnetisierte Probegruppen II.: normal magnetisierte Probegruppen

III. : mittlere Richtung der invers magnetisierten Gruppen in Transdanubien
IV. : mittlere Richtung der normal magnetisierten Gruppen in Transdanubien
V.: mittlere Richtung der invers magnetisierten Gruppen in Nord—Nógrád

VI.: mittlere Richtung der transdanubischen Gruppen

A n H a n d  u nserer p a läo m ag n e tisch en  M essungen  sind  alle V u lk an e , die 
von  LÓczy  zu den ä lte re n  g e re c h n e t w urden , in  die in v erse  Zone (au sg en o m ­
m en  d ie  T á tik a  G ruppe u n d  d ie  K ovácsier B erge [B azsi, Z alaszán tó , V in d o rn y a- 
szö llos]) zu  stellen.
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D ie L av en , die a ls jü n g e r  b e tra c h te t  w u rd en , w eisen eine feldgleiche 
M ag netisie rung  auf. (D ie P ro b en  des G anges sü d lich  von S ü m eg p rág a  w eisen 
zum  T eil eine in s ta b ile  M agnetisierung  au f. D a h e r  k o m m t es, d aß  d iese P ro b en  
aus der s ta tis tisc h e n  A u sw ertu n g  fehlen; die s ta b ile n  P ro b en  s ind  alle no rm al 
m ag n e tis ie rt.)

W erden  die E rg eb n isse  d e r m o rpho log ischen  U n te rsu ch u n g en  von  L ó c z y  
m it den p a läo m ag n e tisch en  D a ten  v e rg lich en , k a n n  fo lgendes fe s tg es te llt 
w erden :

Als h ö ch stw ah rsch e in lich e  E ru p tio n sz e it d e r invers m a g n e tis ie rte n , au f 
dem  h öheren  P lio zän -T e rra in  liegenden  V u lk an e  k a n n  das E n d e  des P liozäns 
angenom m en  w erden . A n h a n d  ih re r In v e rsm a g n e tis ie ru n g  k ö n n en  auch  die 
E ru p tio n e n  in  N o rd -N ó g rád  zeitlich  ins P lio zän  g erech n e t w erden .

D ie a u f d e n u d ie rte m  U n te rg ru n d  p lio zän en  A lters liegenden  no rm al 
m ag n e tis ie rten  B a sa ltla v e n  e n ts ta n d e n  w ah rsch e in lich  im  P le is to zän . W egen 
ih re r  no rm alen  M ag n etis ie ru n g  w ird  die ganze  T á tik a -G ru p p é  (inbeg riffen  au ch  
die K ovácsier B erge) als ein jüngeres E x p lo s io n sp ro d u k t (p le is to zän en  A lters) 
b e tra c h te t .

D ie L a v as trö m e  des K abberges flö ssen  a u f  die T rias-B ild u n g en  aus. 
Sie s ind  invers m a g n e tis ie r t, u n d  dem zufolge k ö n n en  sie den  ä lte re n  E ru p ­
tio n en  g le ichgeste llt w erden .

D ie a u f  d er T rias  liegende L av a  v o n  H e g y e s tű  w eist eine n o rm a le  M ag­
n e tis ie ru n g  auf: sie is t  w ahrschein lich  ein jü n g e re s  E x p lo s io n sp ro d u k t (p le isto ­
zänen  A lters).
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PALAEOMAGNETIC INVESTIGATIONS OF BASALT LAVAS FROM HUNGARY

By
P. MÁRTON— E. Szalay  

A b s t r a c t
The orientation and intensity of magnetization were studied on 250 samples from 

16 localities. During magnetic washing, 172 samples showed a stable magnetization. After­
wards, polar directions were calculated for various individual localities, and the virtual positions 
of the magnetic poles, as found for the Pliocene and the Pleistocene, were determined.

The magnetic poles calculated for the particular localities are scattered around the geo­
graphic North Pole of the Earth, a phenomenon for which the secular variation of the geo­
magnetic field seems to be responsible, provided that no tectonic movement has been involved.

Some of the samples from Transdanubia are normally magnetized, the rest and the 
samples from the North Nógrád have a magnetization opposed to the geomagnetic field. Self 
reversal has been excluded by Curie-point measurements and by observations under the ore 
microscope. Magnetizations, oriented parallel with, or opposite to, the geomagnetic field have 
reflected the ancient orientation of the Earth’ magnetic field. The existence of reversely 
magnetized groups is an indication of age differences in volcanic activities.

ПАЛЕОМАГНИТНЫЕ ИССЛЕДОВАНИЯ НА БАЗАЛЬТОВЫХ ЛАВАХ ВЕНГРИИ
П . М А Р Т О Н — Э. С А Л А И

Р е з ю м е
Ориентация и интенсивность намагничивания горных пород изучались по 250 

образцам из 16 местонахождений. При чистке 172 образца проявили стабильное намаг­
ничивание. На следующем этапе работы были вычислены ориентации полюсов для различ­
ных местонахождений, а также фактические положения магнитных полюсов в плиоценовое 
и плейстоценовое время.
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Полученные для различных местонахождений магнитные полюсы разбросаны 
вокруг географического северного полюса земного шара. За причину данного явления 
принимается вековое изменение геомагнитного полюса при условии, если изменение не 
обусловлено тектоническими движениями.

Часть образцов из Задунайского края нормально намагничена, остальная часть, 
а также образцы, взятые в Северном Нограде имеют ориентацию намагничивания, проти­
воположную геомагнитному полю. Процесс самообращения был исключен путем измерения 
точек Кюри и изучения образцов под рудным микроскопом. Ориентированные парал­
лельно и противоположно геомагнитному полю магнетизмы отображают бывшие ориен­
тации магнитного поля. Существование противоположно намагниченных групп свиде­
тельствует о том, что вулканическая деятельность происходила в различное время.
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