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CRYSTAL STRUCTURES AND GENETICAL STUDIES 
ON THE PALYGORSKITE-SEPIOLITE-SAPONITE 

(MONTMORILLONITE) GROUP*

By

I. D ó d o n y  an d  J .  K iss

M INERALOGICAL DEPARTM ENT O F EÖTVÖS LO RÁ N D  UNIVERSITY, BU DA PEST

T h e  p re se n t w ork deals w ith  th e  s tu d y  o f th e  clay m in e ra ls-b ea rin g  h y d ro - 
th e rm a l ve ins o f th e  P a rá d sasv á r a rea  (M á tra  M o un ta ins, N o rth  of H u n g a ry ) . Two 
new  c ry s ta l s tru c tu re s  o f clay  m ineral v a r ie tie s  h a v e  been revealed by  X -ra y  pow der 
d iffrac tio n  a n d  th e  e lectron  m icroscopic in v e s tig a tio n s  in a close ag ree m e n t w ith  the  
chem ical analysis.

T he tw o  new  clay m ineral v a rie tie s  h a v e  th e  following c h a ra c te ris tic s :

T ype  I. M g2l_ 3xM iJ[S i16O 40(O H )t ] 2 • 12 ( H 20 )

c„ =  5.37 Â
60 =  68.74 Â

T he sy m m etry  o f th e  (100) p ro jec tio n  is p2gg possible sp ace-g ro u p s: 

-  P n m a  C3„— P n a2 !

D3a — P b a m  Cs2„ —  P b a2

T y p e  I I .  Mg l l_ 3XM i+[Si8O 20(O H )3] t  ■ 4 ( H , 0 )

c0 =  10.56 Â
b0 =  33.64 Â

T he sy m m etry  o f th e  (100) p ro jec tio n  is p2mg

T y p e  I. (rep resen ts a) 2 : 1 p a ly g o rsk ite -sep io lite  su p e rs tru c tu re , in  w h ich  the  
pa ly g o rsk ite -sep io lite  and  sep io lite-sep io lite  ch a in s  show d ifferen t g e o m e try . The 
s tru c tu re  o f T y p e  I I .  consists of th ree - la y e r-c h a in s  o f 16.82 Â w id th .

T h e  presence of th e  c h a in -s tru c tu re s  o f  d ifferen t w idth  and  b o n d - ty p e  was 
co n firm ed  by  th e  in frared -ab so rp tio n  sp e c tra .

As because  of th e  lack  of u p p e r  l im it  fo r  th e  w id th  of the  th re e - la y e r  chain , 
ih e  su p e rs tru c tu re s  p rov ide  w ith  increase  in  th e  w id th  of chains a g ra d u a l s tru c tu ra l 
t ra n s it io n  from  p a lygorsk ite  to  sap o n ite .

T h erm al in v estiga tions h av e  show n t h a t  in  th e  course of c ry s ta ll iz a tio n  o f th is 
g ro u p  o f clay  m inerals, an  inverse  re la tio n  b e tw een  th e  energy-level o f  th e  en v iro n ­
m e n t a n d  th e  60 values o f th e  s tru c tu re  h a d  ex is te d . In  th is case th e  b0 v a lu e  o f the  
sap o n ite  is considered  to rep re sen t th e  la rg e s t  w id th .

In  h y d ro th e rm a l veins and  a lte ra t io n  zones, th e  sequence p a ly g o rsk ite  —  (p a ly ­
g o rsk ite-sep io lite) — sepiolite — tra n s it io n a l  m em b ers  — saponite  can be  t ra c e d  acco rd ­
ing  th e  decreasing  te m p e ra tu re  g ra d ie n t. I n  so ils, th e  sam e sequence d ev e lo p s  d ep th - 
w ards.

D u rin g  ore-m ineralogical s tu d ies  in  th e  C en tra l-M átra  M ts in  H u n g a ry  
a w h ite  pow der-like  m a te ria l was o b serv ed  to  fill th e  voids of o re -b ea rin g  veins

* A p a p e r  p re sen ted  a t  a special m ee tin g  o f th e  M ineralogy and  P e tro g ra p h y  Section 
of th e  H u n g a ria n  Geological Society on  1st D ecem b er 1975 and a t  th e  7 th  C onf. o n  Clay 
Min. an d  P e tr .,  K a rlo v y  V ary , 1976.
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2 DÓDONY, I.—J . K ISS

a n d  o ccu r as soft f ib ro u s  in c ru s ta tio n s  to o . T h is  m a te r ia l is a b u n d a n tly  fo u n d  
b o th  in  th e  fissures o f th e  ca lcite-gangue o f  th e  veins and  in  th e  c a v ity  
a lte re d  co u n try -ro ck s. In v e s tig a tio n  of th is  m a te r ia l  b y  various m e th o d s  h as  
g iv en  th e  follow ing re su lts .

1. E lectron-m icroscopical Studies

T h e  p h o to m ic ro g rap h s have been m ad e  on  J E O L  100 U ty p e  e le c tro n - 
m icro sco p e , 80 kV a c c e le ra tin g  vo ltag e . In  tra n s m itte d  lig h t th e  f ib ro u s  
h a b i t  is recognizable. F ro m  th e  sligh tly  cu rv ed  o u tlin e s  of the  in d iv id u a l fib res , 
a g lid in g  p lane  para lle l to  th e  e longation  can  b e  in ferred  (Fig. 1). S in g le ­
c ry s ta l  e lec tro n -d iffrac to g ram s were m ade fro m  severa l c rysta ls, le a d in g  to

Fig. 1. T ran sm iss io n  electron  m ic ro g rap h  o f  th e  sam ple

Acta Geologica Academiae Scienliarum Hungaricae 20, 1976



CRYSTAL STRU CTU RES M ON TM O RILLO N ITE CROUP 3

th e  recogn ition  o f tw o coex isting  c ry s ta l p h a s e s :T y p e  I . (F ig. 2) an d  T y p e  I I .  
(F ig . 3). F ro m  th e  s tru c tu ra l p a ra m e te rs , i t  w as concluded  th a t  th e  m ic ro ­
g rap h s w ere m ad e  in  th e  b* a n d  c* p lanes.

The tw o-d im ensional space g roups o f  th e  T y p e  I. s tru c tu re  is p2gg, 
w hich excludes th e  possib ility  of any  re la tio n sh ip  am ong th e  space-g roups

F ig . 2. Selected  a rea  e lectron  d iffrac tio n  p a tte rn  of T ype  I.

m entio n ed  in  earlie r l i te ra tu re  [1, 3, 12, 15, 17]. T h is ty p e  belongs e ith e r  to  
P n m a -P n a 2 1 o r to  P bam -P ba2  space-g roups. In  th e se  space groups, th e  m a rk ­
ings of th e  axes a re  d iffe ren t o r a b e tte r  co m p ariso n , th e  tra d itio n a l m ark in g  
fo r th e  p a ly g o rsk ite -g ro u p  is used.

T he E D  d a ta  of th e  f ir s t  ty p e  are show n in  T ab le  1. T he in te n s itie s  have  
been  m easu red  p h o to m e trica lly .

T he tw o -d im en sio n a l space-g roup  o f T y p e  I I .  is P2m g, th e  E D  d a ta  of 
th is  v a r ie ty  a re  show n in T ab le  2.

T he dhki va lues of th e  in d ex ed  re flec tio n s o f  T y p e  I. an d  T y p e  I I .  h as  been 
re fin ed  b y  a co m p u te r p ro g ram m e  O D R A -1304 an d  so th e  follow ing values 
h av e  been  o b ta in e d :

T y p e  I. c() =  5.37 Á T ype  I I .  c0 =  10.56 Â 
b0 =  68.74 Â b0 =  33.64 À

1» Acta Geologien Academiae Scientiarurn Hungaricae 20, 1976



4 DÓDONY, I ,—J . KISS

Table 1 Table 2

d*i (A) kl dH (A) kl dи (A) kl d<-i (A) kl

2.67 0 2 1.49 38 2 3.62 0 3 2.04 5 5
1.33 0 4 1.34 44 2 2.7 0 4 1.99 6 5
4.72 14 0 1.25 48 2 2.24 0 5 1.71 12 5
3.78 18 0 1.22 50 2 1.83 0 6 1.78 2 6
2.83 24 0 1.17 52 2 1.53 0 7 1.74 4 6
2.29 30 0 1.14 54 2 1.34 0 8 1.7 6 6
2.02 34 0 1.80 8 3 1.18 0 9 1.57 8 6
1.70 40 0 1.77 10 3 1.06 0 10 1.56 10 6
1.56 44 0 1.58 22 3 0.95 0 11 1.44 14 6
1.37 50 0 1.55 24 3 0.86 0 12 1.28 18 6
1.21 56 0 1.50 26 3 5.6 6 0 1.23 20 6
1.10 64 0 1.48 28 3 4.31 8 0 1.52 3 7
4.46 8 1 1.45 29 3 3.4 10 0 1.51 4 7
3.89 12 1 1.43 30 3 4.47 4 2 1.49 5 7
3.77 13 1 1.39 32 3 3.77 6 2 1.48 6 7
3.33 16 1 1.35 35 3 3.33 8 2 1.46 7 7
3.13 18 1 1.31 36 3 2.51 12 2 1.41 9 7
2.67 22 1 1.29 38 3 2.21 14 2 1.4 10 7
2.42 25 1 1.21 42 3 1.93 16 2 1.33 2 8
2.32 27 1 1.12 48 3 3.54 1 3 1.32 4 8
2.08 30 1 1.07 51 3 3.43 3 3 1.3 6 8
1.87 34 1 1.06 52 3 2.77 8 3 1.27 8 8
1.69 38 1 1.01 56 3 2.63 9 3 1.24 10 8
1.68 39 1 1.33 2 4 2.44 10 3 1.22 11 8
1.53 43 1 1.33 6 4 2.25 12 3 1.21 12 8
1.42 46 1 1.32 8 4 2.1 13 3 1.2 13 8
1.40 47 1 1.30 12 4 2.01 14 3 1.16 14 8
1.31 51 1 1.28 15 4 2.64 2 4 1.19 1 9
1.22 54 1 1.26 17 4 2.55 4 4 1.182 3 9
2.63 2 2 1.25 18 4 2.33 7 4 1.178 4 9
2.50 10 2 1.24 20 4 2.23 8 4 1.1749 4 9
2.42 12 2 1.18 27 4 2.03 11 4 1.164 6 9
2.20 18 2 1.10 35 4 1.87 13 4 1.155 7 9
2.13 20 2 1.06 39 4 1.69 16 4 1.133 9 9
1.95 24 2 1.04 41 4 1.5 18 4

1.54 36 2 1.42 20 4

2.1 3 5
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CRYSTAL STRUCTURES MONTMOR1LLONITK GROUP 5

Fig. 3. Selec ted  area  e lec tro n  d iffrac tio n  p a tte rn  o f  T y p e  I I .

2. Chemical Analyses

The chem ical com positions o f th e  an a ly zed  sam ples are  show n in  T ab le  3. 
C om paring these  d a ta  w ith  th e  s im ila r  d a ta  o f p a ly g o rsk ite , i t  is rev ea led  th a t  
in  th e  o c tah ed ra l c a tio n  c o n te n t th e re  is 0.14 an d  0.05 excess in  th e  num ber 
o f a tom s as ca lcu la ted  for Mg.2+ A lth o u g h  a large  e rro r is p re su m a b ly  involved  
in  ou r m easu rem en ts  b u t  th is  show s an  excess o f ca tio n s as co m p ared  to  p a ly ­
gorsk ite  and a ca tio n -d e fic ien cy  as com pared  w ith  sep io lite . T h e  n u m b er of 
ca tio n s in  o c ta h e d ra l position  (as ca lcu la ted  fo r 8 te tra h e d ra l  ca tio n s  p er cell 
fo rm ula) is 0.33 a n d  1.0 m ore in  th e  sepiolite  an d  sap o n ite  re sp ec tiv e ly  th a n  
in  palygorsk ite .

Acta Geologien AcaJerniae Scientiarum Hungaricae 20, 1976



6 DÓDONY, I ,—J. KISS

Table 3

a b

W% mol ratio w % mol ratio

S i0 2 60.90 7.9992 On 1—
11 

V© 7.993

T i0 2 0.01 0.0008 0.07 0.007

A120 3 13.33 2.0629 13.09 1.9924

Fe20 3 0.13 0.0126 0.41 0.0403

FeO 0.39 0.0426 0.47 0.0504

MnO 0.09 0.0103 0.1 0.0109

MgO 10.03 1.9635 9.99 1.9226

CaO 0.71 0.1002 — —

N a20 0.04 0.0095 0.06 0.0155

K 20 0.04 0.0063 0.06 0.0093

h , o - — — - _

H 20  + 14.31 6.2685 12.12 5.22

P A 0.006 - 0.01 0.0008

99.986 99.88

3. In f ra - re d  A bsorption S tudies

T h e  m axim a of in fra -re d  a b so rp tio n  m easu red  in  th e  sam ple  a f te r  d ry ing  
a t  105 °C a re  sum m arized  in  T a b le  4. Follow ing W i l k i n s  [16] th e  p resence  of 
o x o n iu m -io n  in th e  sam ple  m u s t  he  possessed:

( H , 0 ) + Vj (A,) 3300 c m -1 
V2 (A,) 1190 c m - 1 
v3 (E) 3300 c m -1 
vi (E) 1740 c m -1

3400 c m - 1 №  28.29 
№  21

3400 c m - 1 №  28.29 
№  26

T h e se  peaks are fo u n d  in  ev e ry  m easu rem en t, a lth o u g h  w ith  d iffe ren t 
in te n s i t ie s .  T he peaks No 2 9 — 32 in d ica te  s tro n g  b o n d in g  forces betw een  
th e  z e o litic -w a te r  and th e  su rf ic ia l  oxygen-a tom s o f th e  channels p a ra lle l to  
th e  c -ax is . These peaks in d ic a te  a t  least th re e  d iffe ren t p o sitions o f w a te r 
c h a ra c te r iz e d  by  d ifferen t e n e rg y  levels.

4. X -ray  D iffrac tio n  M easurem ents

A  S iem ens K ris ta llo flex -4  ty p e  d iffrac to m e te r has been  used. T ab le  5. 
show s th e  (h k l) values in  C o lum ns 3 and  4 w hich  h av e  been  co m p u te d  from  
th e  re f in e d  p a ram ete rs  of th e  E D . T he re fin em en t o f a0 =  12.75 Â value

Acta Geologica Academiae Scientiarum Hungaricae 20, 1976
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Table 4

No cm- 1 T ransm ittance

1 . 415 31
2. 447 11

3. 490 4.5

4. 520 3

5. 570 22

6. 580 22.5

7. 650 34

8 . 690 44

9. 705 46.5

10. 712 47

11. 735 49
12. 770 49

13. 795 50.5

14. 877 49.5

15. 912 28

16. 945 35

No cm-> Transm it ta

17. 1 0 0 0 l

18. 1050 l

19. 1095 3

20. 1 125 4.5

2 1 . 1190 25

2 2 . 1440 49

23. 1660 39

24. 1700 64

25 1720 73

26. 1740 75

27. 2365 83

28. 3300 35

29. 3400 25

30. 3550 10

31. 3620 2 2

32. 3750 85

has been done b y  using  li te ra tu re  d a ta  (2. 11). Cell p a ram e te rs  fro m  th e  gen­
e ra te d  (likl) an d  th e  re la tin g  d/,/£/ va lu es  are

I . ty p e  a() =  12.74(7) Â I I .  ty p e  
b0 =  68.66(6) ,, 
c0 =  5.36(9) „ 
a  — ß  =  y  — 90e 
Y =  4699.68 ±  1.2 Â :i

a 0 -  12.75(2) Â 
b0 =  33.60(4) „ 
c0 =  10.56(2) „
2 =  ß  =  y  =  90°
V =  4526.02 ±  1-3 Â :!

T he se t o f dhki va lu es  co rresp o n d in g  to  th e  genera ted  (hkl) v a lu es  cal­
cu la te d  from  th e  l i te ra tu re  d a ta  (2, 11.) concern ing  th e  s tru c tu ra l  p a ram e te rs  
of p a ly g o rsk ite  is sum m arized  in  C olum ns 5. A fte r th e  re fin em en t o f  th e  d a ta , 
th e  follow ing la tt ic e  co n s ta n ts  h a v e  been  o b ta in ed :

o rth o rh o m b ic  P  cell a0 =  12.74(4) Â ; l>0 == 17.95(2) Á ; 
c0 =  5.22(4) Á.

T he re flec tions w hich h a v e  g iven C olum n 5 a re  a rtif ic ia l, as d ifferen t 
reflec tions are  in d ica ted  b y  s im ila r ind ices. T h e  indices in  C o lum n  3 and  4 
a re  n o t su itab le  fo r defin ing  th e  space g roup , because th e  in p u t  o f a given 
ce ll-type  in  th e  co m p u te r  p ro g ram m e re la te s  th e  m easured  d^ki v a lu e s  to  th e  
n e a re s t possible (hkl)-s. H ow ever, th e se  ca lcu la tio n s su p p o rt th e  accuracy  
o f la ttic e  c o n s ta n ts  ca lcu la ted  from  E D  m easu rem en ts.
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No 1. 2 . 3. 4. 5.

l . 15.781 2 040 020 _
2. 13.940 4 050 — —

3. 13.056 3 100 —

4. 12.810 1 100 — —

5. 12.592 1 110 — —

6. 12.076 2 120 — —

7. 11.834 1 110 —

8. 10.822 1 130 — —

9. 10.526 5 — 001 —

10. 10.258 100 140 120 n o
11. 10.025 5 — O il n o
12. 9.2898 1 150 020
13. 8.8362 2 — 021 020

14. 8.2525 1 — 101 —

15. 7.6480 2 090 031 120

16. 7.2723 1 — 121 120

17. 6.7632 2 — 050 —

18. 6.4075 2 200 200 200
19. 6.3391 11 210 — 200
20. 6.2065 1 — 210 200
21. 6.0918 1 1 10 0 — 210

22. 5.7276 2 0 12 0 051

23. 5.5667 1 260 230

24. 5.4577 1 201 130

Table 5 oo

No 1. 2 3. 4. 5.

25. 5.4081 1 _ 211 130

26. 5.3820 12 O il — 130

27. 5.3021 1 021 002 001

28. 5.2491 1 031 — 001

29. 5.2093 1 1 12 0 012 001

30. 5.1731 1 041 151 220

31. 5.1198 1 280 160 220

32. 4.5776 1 1 14 0 241 021

33. 4.4681 17 2 11 0 — 040

34. 4.4460 1 — 042 040
35. 4.3766 1 091 071 230

36. 4.3343 1 1 15 0 — 230

37. 4.2765 12 181 300 121

38. 4.1966 1 330 080 140

39. 4.1386 12 340 171 310

40. 4.0730 1 0 11 1 202 201

41. 4.0275 2 1 10 1 212 201
42. 3.9917 4 241 180 201

43. 3.9480 2 251 152 211

44. 3.9222 1 0 12 1 311 031

45. 3.9052 1 370 081 031

46. 3.8884 1 2 14 0 — 031

47. 3.8273 1 0 18 0 232 320

48. 3.7603 1 0 13 1 181 131
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Table 5 continued

No 1. 2. 3. 4. 5. No 1. 2. 3. 4. 5.

49. 3.7308 l 2 15 0 162 131 73. 2.6921 1 3 15 1 422 411

50. 3.6896 l 281 242 221 74. 2.6842 2 012 461 251

51. 3.6597 9 1 18 0 — 050 75. 2.6420 2 l 22 1 004 341

52. 3.6086 1 1 13 1 271 050 76. 2.6337 2 3 16 1 014 —
53. 3.5519 1 2 16 0 072 050 77. 2.6210 3 122 002

54. 3.4836 1 1 14 1 252 330 78. 2.6077 5 132 024 002

55. 3.4570 1 — 023 150 79. 2.5909 6 072 2 10 2 440

56. 3.4308 2 2 11 1 172 150 80. 2.5807 2 152 343 012

57. 3.3759 1 — 113 041 81. 2.5714 1 3 17 1 034 070

58. 3.3399 12 2 12 1 281 231 82. 2.5601 2 2 21 1 093 102

59. 3.2238 2 0 17 1 290 311 83. 2.5460 10 4 10 1 510 500

60. 3.1910 1 400 400 400 84. 2.5259 3 2 25 0 452 510

61. 3.1743 7 420 410 400 85. 2.5170 7 3 22 0 044 510

62. 3.1168 54 3 15 0 053 250 86. 2.4846 5 1 9 2 283 431

63. 3.1061 7 381 1 10 1 321 87. 2.4682 2 5 7 0 481 —
64. 3.0956 5 450 272 321 88. 2.4487 1 2 4 2 521 520

65. 3.0480 1 391 371 — 89. 2.4282 3 — 1 12 2 351

66. 2.9717 2 2 16 1 233 051 90. 2.3612 2 5 11 0 373 132

67. 2.9602 2 — 192 051 91. 2.3330 2 1 26 1 2 13 1 222

68. 2.9364 1 3 11 1 0 11 1 — 92. 2.3105 3 4 16 1 433 071

69. 2.9233 3 1 19 1 282 160 93. 2.2626 5 5 14 0 4 10 1 171

70. 2.9029 5 1 23 0 163 160 94. 2.2357 2 0 17 2 084 232

71. 2.7483 1 411 292 350 95. 2.2157 7 2 14 2 542 361

72. 2.7119 1 2 19 1 303 260 96. 2.1849 2 4 19 1 0 14 2 460
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Table 5 continued

No 1. 2. 3. 4. 5. No 1. 2. 3. 4. 5.

97. 2.1664 4 0 29 1 344 451 124. 1.7151 2 422 574 113
98. 2.1560 1 5 17 0 094 322 125. 1.7077 3 5 27 1 i 17 3 571
99. 2.1279 4 4 24 0 354 242 126. 1.6822 1 792 2 19 1 1 10 1

100. 2.1241 3 3 28 0 562 600 127. 1.6765 3 0 32 2 2 11 5 203
101. 2.1160 4 1 32 0 2 15 0 280 128. 1.6709 2 4 35 0 780 033
102. 2.1020 1 4 21 1 0 16 0 610 L29. 1.6623 1 7 11 1 5 12 3 —

103. 2.0255 3 - 650 371 130. 1.6364 2 0 17 3 693 670
104. 1.9709 2 6 13 0 602 190 131. 1.5849 1 3 12 3 3 15 4 810
105. 1.9677 2 631 612 062 132. 1.5721 1 1 35 2 5 11 4 243
106. 1.9633 2 641 2 15 2 601 133. 1.5633 3 3 14 3 6 11 3 4 10 0
107. 1.9601 2 - 2 16 1 281 134. 1.5609 3 0 44 0 831 671
108. 1.9521 1 3 18 2 0 16 2 611 135. 1.5569 2 433 — 562
109. 1.9438 1 4 28 0 670 162 136. 1.5533 2 6 16 2 2 20 2 760
110. 1.9255 2 2 34 0 5 11 1 551 137. 1.5420 1 1 12 3 6 15 0 680
111. 1.9194 3 0 25 2 642 621 138. 1.5334 1 6 31 0 860 —

112. 1.9160 3 3 32 0 4 14 0 640 139. 1.5232 1 831 6 14 2 3 11 0
113. 1.8942 1 4 12 2 2 14 3 352 140. 1.5209 1 841 1 21 2 253
114. 1.8901 1 0 34 1 0 15 3 352 141. 1.5097 3 6 32 0 783 —

115. 1.8708 1 1 34 1 3 13 3 631 142. 1.5075 3 702 017 423
116. 1.8163 2 572 5 13 0 561 143. 1.5042 3 881 — 063
117. 1.8112 3 0 28 2 720 172 144. 1.4926 1 2 23 3 625 702
118. 1.8029 4 3 32 1 4 14 2 390 145. 1.4914 1 8 10 1 5 18 1 702
119. 1.7962 2 592 633 0100 146. 1.4886 2 l 44 1 852 761
120. 1.7693 1 123 554 — 147. 1.4495 1 7 13 2 6 14 3 732
121. 1.7652 1 3 31 1 2 18 1 — 148. 1.4287 2 8 17 1 3 20 3 1 12 1
122. 1.7629 1 143 — 452 149. 1.4210 2 0 41 2 317 523
123. 1.7325 1 0 10 3 760 013 150. 1.4171 3 900 900 742

1.: d/lkl; 2.: I / I 0; 3.: g enera ted  (hkl) from  T ype I ;  4.: gen era ted  (hkl) from  T ype I I ;  5.: g enera ted  (hkl) from  lite ra tu re  cell p a ram ete rs .
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5. Thermal Analysis

U n tre a te d  sam ples (F ig . 4) as w ell as H C l-trea ted  sam ples (F ig . 5) w ere 
in v e s tig a te d  b y  th e rm al an a ly ses . T h e  d a ta  o f th ese  m easu rem en ts  are  su m ­
m arized  in  T ab le  6.

Table 6

No
Transform ation, T  °C N ature  o f process W eight loss

un trea ted H C l-treated un treated HCl-treated un treated HCl-treated

l. 150 150 endo therm endo therm 10.60 10.82

2 . 2 0 0 180 endo therm endo therm 10.60 10.82

3. 260 260 endo therm endo therm 2 2.57

4. 360 350 exotherm exo therm 9.7 6.3

5. 420 400 exotherm exo therm 9.7 6.3

6. 475 455 exotherm exo therm 1.43 1.14

7. 520 480 endo therm en d o th erm 0 .8 6 0 .8 6

8. 550 520 endo therm endo therm 2 0 .8 6

9. 655 550 endo therm en d o th erm 2.57 1.14

10.

11 . 655 960 5 7 0 -  890 endo therm en d o th erm 1.72 2.85

12 . — 920 — ex otherm —

6. D iscussion

D iffrac tio n  d a ta  exclude th e  re la tio n s  o f th is  m a te ria l to  p a ly g o rsk ite  
o r sep io lite  s tru c tu re s . The th e o ry  o f ra n d o m  in te rla y e rin g  [18] does n o t  give 
an  a d e q u a te  ex p la n a tio n  (see F ig s  2 an d  3). A p p ly in g  th e  re su lts  fo r R o t u - 
REAU and  T c h o u b a r  [12] th e  fo llow ing  re la tio n sh ip s  can  be d raw n  fo r  th e  
th ree -lay e r-ch a in s  (F igs 6 an d  7). T y p e  I show s 1 : 2 su p e rs tru c tu re  o f p a ly ­
go rsk ite  an d  sep io lite  in w hich th e  b o nds w ith in  th e  p a ly g o rsk ite -sep io lite  
an d  sep io lite -sep io lite  chains a re  g eo m etrica lly  d iffe ren t. T he a p p lic a tio n  of 
d is tr ib u tio n  b e tw een  th e  (O H )^  (O F I)2 a n d  4<Сг a n d  4Cc po sitio n s —  is n o t 
possib le because  o f th e  sy m m etry . T h e  fo rm u la  o f T y p e  I. is M g21_ 3x M |+ [S iieO 40
(O H 5)] • 12(H .,0); M:l+ =  Al3 + (F e :i + ), su p p o rte d  b y  chem ical an a ly ses . The 
occu p a tio n  o f 4C 2 positions [19] reduces th e  n u m b e r of o c tah ed ra l p o s itio n  
in  th e  m odels o f  b o th  B r a d l e y  [1] an d  B r a u n e r — P r e i s i n g e r .

T ype II. c a n n o t be re la ted  to  pal-sep  2 : 1 su p e rs tru c tu re , b ecau se  o f  th e  
P 2 m g  sy m m etry . T h e  s tru c tu re  o f  T y p e  II. co n sis ts  o f th ree -lay e r-ch a in s  of 
16.82 Â w id th . T h e  occupation  o f 4C2 po sitio n s, w hich  should  m ake th e  n u m b e r  
o f M2+ atom s e q u a l to  th e  ideal p a ly g o rsk ite , h as  n o t been considered .

Acta Geologica Academiae Scientiarum Hungaricae 20, 1976



12 DÓD O NY , J. J . KISS

F ig . 4. D T G , DTA, TG, T , cu rv es . U n tre a te d  sam ple . Sensib ilities: DTA: 1/10; D T G : 1/15
T G : 100 m g. Q u a n tity :  350 m g
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100 200 300 b-00 500 600 700 800 900 °C

Fig. 5. I)TG , DTA, TG, T , cu rves. S am ples trea ted  by  HC1. Sensib ilities: see on Fig. 4.

A da Geologica Academiae Scientiarum Hungaricae 20, 1976



14 D ÓD O NY , I .—J .  K ISS

ÿ / ^ f s i û j  tetraeders 
in 4 a\ X (siO^]  * 'tetraeders 

in 3/u a • Mg

F ig. 6. S tru c tu re  o f T ype  I

о Mg * (OH). ® (0H )2
4c2

b-
tetraeders in 3A  a

tetraeders in . V'i+

• Mg X (OH)

F ig . 7. S tru c tu re  o f T ype I I
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T he tw o v a rie tie s  a re  a p p a re n tly  m em bers of th e  genetical series of 
p a ly g o rsk ite -sep io lite -sap o n ite  (m o n tm o rillo n ite ), from  b o th  chem ical and  
s tru c tu ra l aspects. T here  is no u p p e r  lim it for th e  w id th  o f  a th ree -lay er-ch a in . 
A p o ssib ility  ex ists for g ra d u a l tra n s itio n  b e tw een  th e  tw o  fin a l m em bers. 
T h e  “ in te r la y e r”  space is s im ila r  to  th a t  of sap o n ite , b u t  th e se  m inera ls  do n o t 
e x h ib it  an y  sw elling because  o f chessboard  p a t te rn  o f ch a in  linkage. T h e  p o ­
te n t ia l  swelling c a p a c ity  in  th e  zone of th e  “ c” -ax is p roduces a s tra in  w hich 
p re v e n ts  c ry s ta l g ro w th  in  a d irec tio n  no rm al to  th e  c-ax is, an d  th is  p roduces 
th e  fib re -like  h a b it  o f th e  m in era l.

T he s tru c tu ra l “ c h an n e ls”  of th e  d iffe ren t s tru c tu ra l ty p es  h av e  con­
s ta n t  s ize -d is trib u tio n  a n d  chem ica lly  ac tiv e  su rfaces, th ere fo re  th e y  can  be 
used  as ca ta lyzers or se lec tive  ab so rb en ts . №  4— 5— 6 p eak s in  T ab le  V I can 
be  in te rp re te d  b y  o x id a tio n  or b y  p o ly m erisa tio n . T h e  sm all q u a n t i ty  of 
(H 30 )  + is th e  only  o x id ab le  co m ponen t. S ince th e  in te n s itie s  of th e se  peaks 
h a v e  decreased  a f te r  a t r e a tm e n t  w ith  d ilu ted  HC1, o x id a tio n  c a n n o t be re ­
sponsib le  for th ese  peaks.

T he th ree  cha in -bonds described  in T ype I. an d  T y p e  I I .  can  b ep o ly m erized  
to  p ro d u ce  a c h a in -s tru c tu re  o f la rg e r w id th  by  sh if tin g  w ith  1/2 “ a ”  d is tan ce  
a f te r  th e  in te rlay e r w a te r  p a r tia lly  releases. E x o te rm a l a lte ra tio n  show s 
th re e  m ax im a, w hich  co rresp o n d s w ith  th e  m in im u m  n u m b e r o f th e  chain  
ty p e s  an d  th e  d iffe ren t H .,0  resonances processes (T ab le  6). S m aller in n e r 
energ ies of sapon ites an d  re la te d  m inerals co m p ared  to  p a ly g o rsk ite  a re  in ­
d ica ted  b y  №  4— 5— 6 p eak s in  T ab le  6.

S tru c tu res  o f sm alle r ch a in -w id th  h av e  c ry s ta lliz e d  in  a h ig h er energy- 
level sy stem , accord ing  to  th e  descrip tions of sev era l m inera l paragenesis  
[1, 2, 6, 14]. In  h y d ro th e rm a l zones th e  c ry s ta lliz a tio n  sequence o f palygors- 
k ite -sap o n ite  follows th e  decrease  of tem p era tu res . In  soils th e  th e rm o d y n a m ­
ic energy  level is a fu n c tio n  of te m p e ra tu re  an d  th e  change in  th e  c o n c e n tra ­
tio n  of th e  so lu tions. In  soil fo rm atio n  of d esert zones such  a d ev e lo p m en t of 
c lay  m inerals can be  w idely  observed  [2, 14]. In  so il-fo rm ation  th e  sequence 
dow nw ards from  th e  g ro u n d  su rface  is p a ly g o rsk ite -sap o n ite -(m o n tm o rillo n ite ) 
[14].
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К Р И С Т А Л Л О С Т Р У К Т У Р Н А Я  И  Г Е Н Е Т И Ч Е С К А Я  С В Я З Ь  Р Я Д А  П А Л И Г О Р С К И Т - 
-С Е П И О Л И Т -С А П О Н И Т  (М О Н Т М О Р И Л Л О Н И Т )

И. ДОДОНЬ-Я. киш ш

Р е з ю м е

Были исследованы глинистые минералы гидротермальных жил у пос. Парадшаш- 
вар (горы Матра).

Рентгеновские и электрондиффракционные анилизы до сих пор давали неизвестную 
кристаллическую структуру. При помощи электрондиффракционного анализа моно­
кристалла можно изучать проекцию структур (100). Применяя также данные химических 
анализов, два новых минерала можно охарактеризовать следующими формулами и крис­
таллографическими константами:

I .  M g 21_ 3xM |+(SileO 40(O H )5] 2 • 12 ( Н ,0 )

с0 — 5.37 Â
Ь0 =  68.74 Â

симметрия проекции (100): p2gg
Возможные пространственные группы:

D$[j —  Р п т а  С§„ —  Р п а 2 1
D |/i —  РЬат  С|„ —  РЬа2

I I .  M gn _ 3,M §+[Si8O 20(O H )3] 2 • 4(Н 20)

е0 =  10.56 Â
Ъ0 =  33.64 Â

симметрия проекции (100) =  p2m g
Пропорция 2 : 1 типа I. представляет собою сверхструктуру палигорскита и сепи- 

лита, в которой цепные связи палигорскит-сепиолит и сепиолит-сепиолит геометрически 
разные.

II. структурный тип состоит из связей «широких» тройной слоистости лент 16,82 А.
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Для выделения различной ширины и связей цепей также кажется пригодным ин­
фракрасный абсорбционный спектр.

По геометрии кристаллических решеток для отдельных тройной слоистости цепей 
верхнего предела не существует. Возрастание ширины цепей и сверхрешетки обеспечивают 
непрерывный переход от палигорскита до сапонита.

На основании данных термических исследований также можно установить, что при 
кристаллизации глинистых минералов, относящихся к этому ряду, энергетический уро­
вень окружающей среды состоит в обратной пропорции с Ь„ («шириною цепей»). В этом 
случае Ь0 сапонита мы рассматриваем наибольшей величиной.

В зонах и жилах, претерпевших гидротермальное преобразование, в соответствии с 
градиентом снижения температур друг друга сменяют палигорскит — (палигорскит- 
сепиолит) — сепиолит — переходные члены — сапонит. В почвах данные минералы прояв­
ляются в этой очередности, считая от поверхности.

Доклад был зачитан на заседании Минералого-геохимического отделения Венгер­
ского геологического общества 1 декабря 1975 г. и в Карловых Варах в 1976 г. на конфе­
ренции «7th Conf. on Clay Min. and Petr.».
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CONVERSION OF ILMENITE IN TO PEROVSKITE

By

Л. M. A b d e l  R e h i m

A LEXANDRIA U N IV E R S IT Y , EG Y PT

T his resea rch  rep resen ts a s tu d y  o f th e  co n d itio n s of perovsk ite  fo rm a tio n  from  
ilm en ite  using  a d e riv a to g rap h . T he e x p e r im e n ta l w ork was c a rried  o u t  w ith  A bu 
G h a lq a  ilm enite . T he resu lting  phases o f th e  reac tio n  of ilm enite  w ith  c a lc ite  were 
s tu d ie d  by  m eans of m icroscope and  a S iem en s C rystalloflex  d iffrac to m e te r . C om plete 
co n v ersio n  of ilm enite  to  pe ro v sk ite  w as fo u n d  to  tak e  place a t  950 °C.

Introduction

In  E g y p t ilm en ite  is m ain ly  fo u n d  in  tw o  d ifferen t m odes o f  occu rren ces, 
one is th e  p lacer deposits  along th e  M e d ite r ra n e a n  coast, p a r tic u la r ly  betw een  
R o se tta  an d  D a m ie tta  and  the  o th e r is th e  m a g m a tic  ore body  a t  A b u  G halqa , 
E a s te rn  D ese rt [2, 10, 11, 15]. T h e  A bu G h a lq a  ilm enite  occurs in fo rm  o f large 
le n tic u la r  b an d s  an d  layers c u tt in g  th e  tita n ife ro u s  gahhro.

T h e  techno log ica l m ethods of p ro cessin g  o f ilm enite  include ac id  d ig estio n , 
c h lo rin a tio n  in th e  presence of coal, se lec tiv e  red u c tio n  w ith coal o r  h y d ro g en , 
sm eltin g , fusion  w ith  sodium  su lp h a te  o r c au stic  soda and  a lk a lin e  hyd ro - 
m e ta llu rg ica l d igestion  [5, 6, 17, 22].

P e ro v sk ite  is one of th e  co m p o n en ts  o f t i ta n iu m  slags, o b ta in e d  from  
th e  sm e ltin g  o f ilm en ite . Sm elting  is u sed  fo r  th e  en richm en t o f  t i ta n iu m  in 
low g ra d e  tita n ife ro u s  iron  ores. S m eltin g  o f  ilm en ite  w ith  coke is c a rr ie d  ou t 
a t  1100— 1150 °C in th e  presence of f lu x e s . F lu x es  used are lim e o r lim esto n e , 
m ag n esiu m  oxide or m agnesite  and  so d a . S m elting  results in  th e  p ro d u c tio n  
o f c a s t iro n  an d  ti ta n iu m  rich slags (c o n ta in in g  70— 80%  T i0 2). A t su ch  sm elt­
ing  te m p e ra tu re , ti ta n iu m  dioxide w ith in  th e  ilm en ite  s tru c tu re  is n o t  reduced . 
T h e  a d d itio n  of fluxes, e.g. lim esto n e  (in  a m o u n t of 4— 5 % ), fa c i l i ta te s  the  
re d u c tio n  o f iron  oxides by  b reakdow n  o f th e  iron  t i ta n a te  m olecule  o f  ilm en ite  
an d  its  reac tio n  w ith  t i ta n iu m  d ioxide a n d  th e  p ero v sk ite  fo rm a tio n  [6, 17, 22].

P e ro v sk ite  occurs as on accessory  m in e ra l in  basic and a lk a lin e  igneous 
rocks. I t  also occurs in some c o n ta c t-m e tam o rp h o se d  im p u re  lim e s to n e  [9].

I t  w as p rev io u sly  rep o rted  th a t  p e ro v sk ite  is form ed a t  970 °C from  
s in te r in g  of ru tile  w ith  calcite  [1]. T h e  s ta n d a rd  free energy (/1F°) a n d  the  
eq u ilib riu m  c o n s ta n t of th e  reac tio n  o f  p e ro v sk ite  fo rm ation  (K ) w ere  esti­
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m a te d  to  be  —  19.606 k c a l/m o l and  2.35 X 1014. T h e  equ ilib rium  c o n s ta n t is v e ry  
h igh  a n d  th e  reac tio n  o f p e ro v sk ite  fo rm a tio n  m a y  th u s  lie p ra c tic a lly  co n ­
s id e re d  to  be irrev e rs ib le . A t 200— 900 °C, p e ro v sk ite  la ttice  rem ains o r th o ­
rh o m b ic , b u t  it will be o f  h ig h e r sy m m etry . I t  fu ses congruen tly  a t  1915 °C 
[8, 14, 21].

I lm e n ite  m elts  a t  1365 °C. R ich in fe rric  ox ide, ilm enite c o n ta in in g  
p ro d u c ts  o f decom position  o f  solid so lu tion , b ecom es hom ogeneous b y  h e a tin g  
in  v a c u u m  up  to  1200 °C. I lm e n ite  b reaks d ow n  b y  h ea tin g  in air to  p seu d o - 
b ro o k ite  an d  ru tile  o r to  h e m a tite , ru tile , p se u d o b ro o k ite  etc. [7, 12, 13, 18].

L ess is know n  on th e  pero v sk ite  fo rm a tio n  from  ilm enite in  t i ta n iu m  
slags, o b ta in e d  from  sm e ltin g  o f ilm en ite  an d  also  on  its  occurrence in  c o n ta c t— 
m e ta m o rp h o se d  lim esto n e . T h is  w ork follow s th e  conditions of p e ro v sk ite  
fo rm a tio n  from  A bu  G h a lq a  ilm en ite  u sing  a d e riv a to g ra p h . T he re su ltin g  
p h ases  o f  s in te rin g  of ilm e n ite  w ith  calcite w ere id e n tif ie d  b o th  hy  m icroscope 
a n d  b y  X -ra y  d iffrac tio n  an a ly sis .

Experimental W ork

In v e s tig a tio n s  w ere ca rr ied  ou t w ith  A b u  G h alq a  ilm enite, E a s te rn  
D ese rt.

M inera logy  o f  Ilm en ite

T h e  m icroscopic s tu d y  of polished sec tio n s  o f A bu G halqa ilm e n ite  
show s t h a t  th e  ore is co m posed  m ostly  of g ra n u la r  m osaic-like ilm enite  g ra in s , 
c o n s ti tu t in g  75%  o f th e  o re  w ith  silicate m in e ra ls . T h e  gangue is co m posed  
o f p lag io c la se  fe ld sp ar, m o s tly  lab rad o rite , h o rn b le n d e  hypersthene  to g e th e r  
w ith  th e i r  a lte ra tio n  p ro d u c ts .

T h e  ilm en ite  c ry s ta ls  o fte n  enclose m in u te  ex so lv ed  bodies of h e m a tite . 
M a g n e tite  m ay  also be  p re s e n t b u t  in  sm alle r a m o u n t th a n  h e m a tite . T h e  
h e m a ti te  exso lu tion  bodies a re  o f d ifferent sh ap es , th e  m ost com m on of w h ich  
a re  lam e llae , b lebs or ir re g u la r  bodies. T h e  h e m a ti te  lam ellae are o f se ria l 
a r ra n g e m e n t para lle l to  th e  (0001) d irection  o f  ilm e n ite .

A lth o u g h  ilm en ite  can  ta k e  up  ab o u t 6 %  F e 20 3 (A bu G halqa ilm e n ite  
c o n ta in s  5 .55%  F e 20 3) in to  solid solu tion , e x so lu tio n  lam ellae of h e m a ti te  
or o f t i ta n o -h e m a ti te  m a y  also  be p resen t [3, 4 , 9].

T h e se  i lm e n ite -h e m a tite  exsolution  in te rg ro w th s  m ay rep re sen t th e  
p ro g ress iv e  unm ix in g  o f m u tu a l  solid so lu tio n s, n a m e ly  ferriferous ilm e n ite  
an d  t i ta n ife ro u s  h e m a tite  [3, 4, 5].
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Chem ical Com position and X -ra y  D iffraction  D ata  o f  Ilm enite

T he ilm en ite  in question  w as c o n c e n tra te d  b y  g rav ity  s e p a ra tio n  and  
b y  using  isodynam ic  m ag n etic  sep a ra to r . T h e  ob ta in ed  ilm en ite  c o n c e n tra te  
w as chem ically  ana lyzed  for m a jo r c o n s titu e n ts  and  some tra c e  e lem en ts 
a n d  th e ir  d a ta  are  given in  T ab les 1 an d  2, resp ec tiv e ly . T he ferric  o x ide  con­
te n t  show n b y  th is  analysis is p ro b ab ly  in  fo rm  of h em atite .

T h e  X -ra y  d iffrac tio n  d a ta  of ilm en ite  g iven  in  T able 3 w h ich  are  co n ­
s is te n t w ith  th e  ASTM  s ta n d a rd s . N one o f  th e  c o n tam in an ts  w as d e tec ted  
b y  X -ra y  analysis , th e re fo re , no in d iv id u a l m in e ra l m ay be p re se n t as m a jo r 
c o n s titu e n t.

Table 1 Table 2

C hemical composition o f  ilm enite  Trace elements in  ilm enite

Chemical com ponent C onten t, % Element C onten t, ppm

SiO, traces Nb <: 30

T i0 2 50.66 Ta < 1 0 0

a i2o 3 traces Sn 350

F e20 :l 5.55 Mo <  4

FeO 37.86 W 100

MnO 2.04 Ni 400

MgO 0.41 Co 200

CaO traces Cr 500

N a ,0 0.17 V 1500

K 20 0.16

+H 20 2.28

-H .,0 0.10

Table 3

X -ra y  diffraction  data o f  A b u  Ghalqa ilmenite

d (A) 
ASTM

d (A)
Observed

I
ASTM

I
Observed h к 1

3.73 3.741 50 35 1 0 2

2.75 2.753 100 100 1 0 4

2.55 2.550 70 70 1 1 0

2.23 2.244 70 35 1 1 3

1.87 1.872 50 30 2 0 4

1.73 1.731 80 70 1 1 6

1.63 1.635 50 30 1 0 8

1.50 1.508 85 60 2 1 4

1.47 1.471 85 70 3 0 0
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Techniques o f W ork

S ta r t in g  m ate ria l co n sis ted  of ilm enite  m ix tu re s . R e a g e n ts  used in  m ix tu res  are  calc ite  
a n d  g ra p h ite  in  p a r tic u la r  a m o u n ts . M ixtures w ere p ro cessed  by  rep ea ted  g rin d in g  in  an  
a u to m a te d  ag a te  m o rta r  a n d  siev in g  till  all th e  p o w d er p a ssed  th ro u g h  200 m esh  sieve a n d  
p e s tle  fo r  one hour in o rd e r to  re a c h  hom ogeneous m a te ria l.

A p p a ra tu s

S in te r in g  of ilm en ite  m ix tu re s  was carried  o u t  in  ceram ic  po ts h ea ted  in a n  e lectric  
fu rn a c e  a n d  rem oved  th e  ev o lv ed  gases. The c h a ra c te r  o f  th e  reac tio n  of sin te rin g  of ilm en ite  
w ith  c a lc ite  w as s tu d ied  by  th e rm a l analysis b y  m ea n s  o f  th e  d e riv a to g rap h  desig n ed  by 
P a u l ik , F .,  P a u l ik , J .  a n d  E r d e y , L. [19]. T he a p p a ra tu s  records sim u ltan eo u s ly  fo u r 
th e r m a l  cu rv es: (T) th e  ch an g e  o f  tem p e ra tu re  o f th e  sam p le  (DTA), d iffe ren tia l th e rm a l 
a n a ly s is  (T G ), th e rm o g rav im e tric  (q u a n tita tiv e ly  in  m g) a n d  (D TG ) deriva tive  th e rm o g rav i-  
m e tr ic , o n  a single sam ple  u n d e r  con tro lled  co n d itio n s. D T A  an d  tem p e ra tu re  m easu rin g  
th e rm o c o u p le s  are P t / P t — R h  w ires. Ceram ic p o ts  a n d  a  ceram ic  sam ple ho lder w ere used . 
A lu m in iu m  oxide, c a lc in a ted  a t  1000 °C was used  as re fe ren ce  m ateria l. T he p a ra m e te rs  
d u r in g  te s ts  w ere as follow s: sam p le  w eigh t 1 g, T  —  1200 °C, DTA —  1/10, D T G  —  1/10. 
T G  —  500 m g, and  h e a tin g  r a te  10 °C per m inu te . All ru n s  w ere carried  ou t in a ir a tm o sp h e re  
a n d  re m o v in g  th e  evo lved  gases.

P hase Id en tifica tio n

T h e  p ro d u c ts  of s in te rin g  o f  ilm enite  w ith  calc ite  w ere  id en tified  b o th  by  m icroscope 
a n d  b y  X -ra y  d iffrac tio n  a n a ly s is .

X -r a y  Procedure

A  Siem ens C rysta llo flex  d iffrac to m e te r was u sed  w ith  n ickel filte red  copper ra d ia tio n . 
E x p o su re  w as one h o u r an d  sc a n n in g  speed was 1° 20 p e r  m in u te , a t  1 cm  per m in u te  c h a r t  
speed . In te n s it ie s  were co llected  to  m axim um  20 =  65°. T h e  sensitiv ity  of e x p e rim e n t was 
1 X 104 im p l/m in , and th e  s ta tis t ic a l  erro r proved  to  be  1 .5 % .

R esults and D iscussion

T h e  d e riv a to g ram  o f  ilm en ite  m ixed w ith  ca lc ite  in  1 : 1 ra tio  is show n 
in  F ig . 1. T h e  DTA cu rv e  is ch a rac te rized  b y  a sh a rp  and  large e n d o th e rm a l 
p e a k  a t  890 °C, rep re se n tin g  th e  in tensive  d isso c ia tio n  of ca lc ite  a n d  th e  re ­
a c tio n  b e tw een  ilm en ite  a n d  th e  resu lted  ca lc iu m  oxide. This process is co n ­
n e c te d  w ith  a rem ark ab le  decrease  of w eig h t (TG) d u e  to  th e  release o f ca rb o n  
d io x id e .

T h e  X -ra y  d iffra c tio n  p a t te rn  of th e  end  p ro d u c t of s in te ring  (F ig . 2) 
show s th e  fo rm atio n  o f p e ro v sk ite  and  ca lcium  fe rr ite .

T h e  d e riv a to g ram  o f ilm e n ite  m ixed w ith  ca lc ite  an d  g rap h ite  in  1 : 1 : 0.1 
ra tio  is sh o w n  in Fig. 3. T h e  D T A  curve w as e v a lu a te d  on th e  basis o f l i te ra tu re  
d a ta  [1 , 7, 12—14, 16, 21], try in g  to  ex p la in  th e  reac tions co n n ec ted  w ith  
c e r ta in  p eak s  of D TA , an d  com paring  th e m  w ith  t h a t  of calcite  a n d  o th e r  
c o m p o n e n ts  in th e  m ix tu re . T h e  sm all e n d o th e rm a l p e a k  a t  100 °C re p re se n ts  
th e  d e h y d ra tio n  of th e  m ix tu re . T he ex o th e rm a l p e a k  a t  560 °C m ay  be due  
to  th e  b u rn in g  of g ra p h ite  a n d  th e  com bustion  o f v o la tile s . This is a cco m p an ied  
b y  l i t t l e  decrease in  w e ig h t (TG). The large  e n d o th e rm a l peak a t 860 °C re ­
p re se n ts  th e  in tense  d isso c ia tio n  of calcite an d  p ro b a b ly  th e  reaction  b e tw een
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th e  re su lted  calcium  ox ide  an d  ilm enite . T h is  is co n n ec ted  w ith  a sh arp  de­
crease  in  w eigh t (TG) d u e  to  th e  release o f ca rb o n  dioxide. T h e  presence of 
g ra p h ite  leads to  th e  decrease  o f th e  te m p e ra tu re  of ca lc ite  decom position . 
T he beg inn ing  of d issoc ia tio n  of calcite  follow s d ire c tly  th e  end  o f ex o th erm al 
re a c tio n . T he sh arp  e x o th e rm a l peak  a t  950 °C m ay  be due to  th e  in tense
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8 0 0

600  

‘tOO 
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F ig. 1. D e riv a to g ram  o f ilm en ite  s in tering  w ith  calc ite  in  1 : 1 ra tio . W eig h t o f sam ple  1000
mg. H eating  ra te  10 °C /m in

F ig. 2. X -ray  d iffrac tio n  p a tte rn  of p ro d u c t o f ilm en ite  s in te rin g  w ith  calcite . P: P e ro v sk ite ;
F  : Calcium  fe rrite
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F ig . 3. D e riv a to g ram  of ilm en ite  s in te r in g  w ith  calcite  in  p resence of g ra p h ite  1 : 1 : 0.1 

ra tio . W eight o f sam p le  1000 m g. H e a tin g  ra te  10°/min

p

F ig. 4. X - r a y  d iffrac tion  p a tte rn  o f th e  p ro d u c t of ilm enite  sin te rin g  w ith  calcite  in  p resence  
of g raph ite  a t  950 °C. P : P e ro v sk ite ; F : C alcium  ferrite
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Table 4

X -ra y  d iffraction data o f  perovskite

,i (A) 
A STM

d (A)
Observed

I
A STM

I
Observed h к l

3.824 3.833 14 12 1 0 1,

3.423 3.431 3 3 1 1 1

2.719 2.716 40 42 2 0 0

2.701 2.705 100 100 1 2 1,

2.563 2.565 1 2 2 1 0

2.428 2.434 1 2 2 0 1

2.413 2.409 2 5 1 0 2

2.313 2.314 4 5 2 1 1

2.303 2.303 7 7 0 3 1

2.217 2.219 6 7 2 2 0

2.201 2.207 4 5 0 2 2

2.121 2.125 2 4 1 3 1

2.050 2.061 2 4 2 2 1

2.040 2.042 1 2 1 2 2

1.911 1.913 50 38 0 4 0

1.860 1.864 2 4 2 3 0

1.856 1.858 3 4 2 1 2

1.757 1.758 1 1 2 3 1

1.752 1.753 1 1 1 3 2

1.746 1.747 1 1 0 1 3

1.719 1.719 22 4 3 0 1

1.710 1.713 3 4 2 2 2

1.703 1.703 2 3 1 0 3

1.676 1.677 3 4 3 1 1

1.663 1.665 1 2 1 1 3

1.567 1.566 14 13 3 2 1

1.563 1.561 16 20 2 4 0

1.557 1.559 25 25 0 4 2

re a c tio n  betw een  ilm e n ite  an d  th e  d issociated  ca lc ite  an d  also som e ox idation  
o f ferrous to  ferric  s ta te .  T h e  reac tio n  of p e ro v sk ite  fo rm atio n  follows im m ed i­
a te ly  th e  en d o th e rm a l re a c tio n  of calcite  d issocia tion .

M icroscopic in v e s tig a tio n  of th e  p ro d u c t o f s in te rin g  show s th a t  m ost 
ilm en ite  is co n v e rted  in  to  perovsk ite  w ith  a few re lic t ilm en ite  g rains. The 
X -ra y  d iffrac tio n  p a t te r n  o f  th e  end p ro d u c t o f s in te rin g  (F ig. 4) show s the 
p e ro v sk ite  fo rm a tio n  a n d  calcium  fe rrite  fo rm a tio n  of C a2F e 20 5 com position . 
T he ilm enite  peak s co m p le te ly  d isappear, in d ic a tin g  its  com plete  conversion
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Table 5

X -ra y  d iffra c tio n  data o f  calcium  ferrite

d (À) 
ASTM

d (A)
O bserved

I
ASTM

I
Observed h к 1

33.89 3.885 10 17 l 0 1

3.76 3.752 5 3 l 1 1

3.69 3.693 20 15 l 3 0, 0 4 0

3.45 3.452 5 3 l 2 1

3.06 3.047 20 15 l 3 1

2.803 2.794 70 71 2 0 0

2.717 2.736 70 80 0 0 2

2.685 2.688 100 100 1 4 1

2.613 2.618 20 14 1 5 0, 2 2 0

2.543 2.522 5 7 0 2 2

2.488 2.489 10 8 2 0 1

2.453 2.454 5 7 2 1 1

2.352 2.355 20 15 2 2 1, 1 5 1

2.226 2.225 10 10 2 4 0

2.186 2.190 20 12 1 3 2 0 4 2

2.080 2.079 40 30 1 6 1

2.062 2.063 40 32 2 4 1

1.950 1.948 70 64 2 0 2

1.883 1.869 20 24 1 5 2, 2 2 2

1.846 1.848 40 30 2 6 0, 0 8 0

1.821 1.819 10 10 0 6 2

1.743 1.747 20 14 3 3 0

1.665 1.672 10 8 1 8 1, 0 7 2

1.623 1.629 20 15 1 3 3

1.593 1.585 40 28 3 4 1

1.559 1.560 40 31 1 4 3

1.540 1.541 20 14 2 8 0

in  to  p e ro v sk ite . T he X -ra y  d iffrac tio n  d a ta  of th e  re su lted  p e ro v sk ite  and  
c a lc iu m  fe rr ite  are given in  T ab le s  4 and  5 re sp ec tiv e ly .

I n  th in  section th e  o b ta in e d  p e ro v sk ite  is b ro w n , show s a v e ry  h igh  relief, 
w eak  p leoch ro ism  and  b ire frin g en ce .

I n  fa v o u r to  s tu d y  th e  effect o f te m p e ra tu re  on th e  effic iency  of perov- 
sk itc  fo rm a tio n  from  ilm en ite , som e ru n s w ere ca rr ied  o u t u sing  ilm en ite  m ix ­
tu re s  w ith  calcite and  g ra p h ite  in  1 : 1 : 0.1 ra tio  a t  d iffe ren t te m p e ra tu re s , 
ra n g in g  fro m  700 up  to  950 °C d u rin g  1.5 hou rs. As it  is ev id en t from  th e  oh-
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Table 6

Effect o f  tem perature on perovskite  form ation

Tem perature, °C Efficiency o f sintering, %

700 21.4

800 65.8

860 87.5

900 98.4

950 98.7

ta in e d  resu lts  (T able  6) th e  efficiency of p e ro v sk ite  fo rm atio n  sh a rp ly  increases 
w ith  te m p e ra tu re . T he p ro d u c ts  of s in te rin g  of these  runs w ere id en tified  
b y  m icroscope an d  b y  X -ra y  d iffrac to m eter.

U n d er m icroscope, th e  p ro d u c ts  of s in te r in g  a t  700 an d  800 °C co n ta in  
considerab le  a m o u n t o f u n reac ted  ilm en ite  to g e th e r  w ith  p e ro v sk ite  and  
calcium  fe rr ite . T he a m o u n t of p ero v sk ite  a n d  ca lc ium  ferrite  increases p a ra lle l 
w ith  increasin g  s in te rin g  te m p e ra tu re . A t 900 an d  950 °C, th e  re a c tio n  of 
s in te rin g  o f ilm en ite  w ith  calcite  ta k e s  p lace co m p le te ly . A t these  te m p e ra tu re s  
a few  re lic t ilm en ite  gra ins w ere observed  in  a m a tr ix  of p e ro v sk ite  an d  ca l­
cium  fe rrite .

T he X -ra y  d iffrac tio n  p a tte rn  of th e  e n d  p ro d u c t of s in te rin g  a t  950 °C 
is show n in F ig . 4. N o ilm en ite  peaks are  o b se rv ed  in  th is  p ro d u c t, in d ic a tin g  
th e  com plete  s in te rin g  an d  th e  fo rm atio n  o f  p e ro v sk ite .

To s tu d y  th e  effect o f g rap h ite  on th e  s in te rin g  of ilm en ite  w ith  ca lc ite , 
som e ru n s  w ere carried  o u t using  ilm en ite  m ix tu re s  of th e  fo llow ing co m p o ­
s itio n : ilm en ite  : ca lc ite  : g rap h ite  in  1 : 1 : 0.05, 1 : 1 : 0.1 an d  1 : 1 : 0.2 
ra tio s  a t  900 °C and  d u rin g  1.5 hours.

T he p ro d u c ts  o f s in te rin g  o f th ese  ru n s  w ere iden tified  u n d e r  m icroscope 
a n d  b y  X -ra y  d iffrac tio n  analysis. U n d e r m icroscope in  all sec tio n s  a few 
re lic t ilm en ite  gra ins w ere d e tec ted  in  a m a tr ix  o f p e rovsk ite  a n d  calcium  
fe rr ite . T h is in d ica te s  th e  com plete  s in te r in g  of ilm en ite  w ith  c a lc ite . The 
o b ta in e d  p ro d u c ts  differ only  in  th e  c ry s ta lliz a tio n  degree. T he co a rse r g rains 
o f  p e ro v sk ite  are  o b ta in ed  using  g ra p h ite  in  am o u n t of 10%  o f  ilm en ite  
q u a n ti ty .

T h e  X -ra y  d iffrac tio n  p a tte rn  of th e  s in te rin g  p ro d u c ts  o f  th e se  runs 
a re  show n in  F ig . 5. I t  can  be observed  t h a t  th e  ilm en ite  p eak s co m p le te ly  
d isap p ea r in  all ru n s. T h is suggests th e  co m p le te  sin te rin g  re a c tio n  betw een  
ilm en ite  an d  ca lc ite  w ith  th e  fo rm a tio n  o f  p e ro v sk ite  and  ca lc iu m  fe rrite . 
T h e  peak s o f p e ro v sk ite  and  calcium  fe r r i te  a re  less in ten se  in  th e  p ro d u c ts  
o f ru n s A an d  C, w hile th e y  are  of h ig h  in te n s i ty  in  th e  p ro d u c t o f  ru n  B, 
using  g ra p h ite  in  10%  am o u n t o f th e  ilm en ite . I t  is observed th a t  th e  in te n s ity
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F ig . 5. X -ra y  d iffrac tion  p a tte rn  o f  th e  end p ro d u c t o f  ilm en ite  sin tering  w ith  ca lc ite  in 
p re sen c e  o f d iffe ren t am o u n ts  o f g ra p h ite  a t  900 °C. A: U sin g  g rap h ite  in a q u a n ti ty  o f 5%  
of t h a t  o f  ilm en ite ; B: U sing g ra p h ite  in a q u a n ti ty  o f 10%  of th a t  of ilm en ite ; C: U sing 

g rap h ite  in  a q u a n ti ty  o f 20%  of t h a t  o f ilm enite

of X - r a y  p eak s of p ero v sk itc  decreases w hen th e  a m o u n t of g rap h ite  becom es 
less o r  a b o v e  10%  of ilm en ite  q u a n ti ty  an d  th e re  is no change in  th e  p h ases . 
T he X - r a y  peaks of th e  o b ta in e d  pero v sk ite  a re  n a rro w , sharp  a n d  in te n se , 
in d ic a tin g  w ell-crystallized  p ro d u c ts .

T h e  m icroscopic s tu d y  o f th e  p ro d u c t p h ases  o f ilm enite  s in te rin g  w ith  
ca lc ite  is co n sis ten t w ith  th e  X -ra y  d iffrac tio n  p a tte rn .

F ro m  th is  s tu d y , i t  m ay  be  concluded th a t  com plete  conversion o f ilm e­
n ite  in  to  p e ro v sk ite  ta k e s  p lace  b y  its  s in te rin g  w ith  calcite a t  te m p e ra tu re s  
o f 900— 950 °C, depend ing  on th e  tim e  of s in te rin g . C alcium  ferrite  is o b ta in e d
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as a second phase w ith  th e  o rth o rh o m b ic  p e rovsk ite . The o b ta in e d  resu lts  
are co n sis ten t w ith  th e  p rev iously  re p o r te d  d a ta  [1] of p e ro v sk ite  fo rm a tio n  
a t  970 °C from  th e  reac tio n  of ru tile  w ith  ca lc ite .

Conclusions

P ero v sk ite  can  be form ed from  ilm e n ite  b y  its  solid ph ase  re a c tio n  w ith 
ca lc ite . C om plete conversion  of ilm en ite  in  to  p e rovsk ite  tak es  p la c e  a t  950 °C. 
C alcium  fe rr ite  is re su lted  to g e th e r w ith  o rth o rh o m b ic  p e ro v sk ite . T h e  X -ray  
d iffrac tio n  d a ta  o f th e  o b ta in ed  p e ro v sk ite  are  in  good a g re e m e n t w ith  the 
ASTM  d a ta  of th e  n a tu ra l m ineral.
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К ВОПРОСУ ПРЕВРАЩЕНИЯ ИЛЬМЕНИТА В ПЕРОВСКИТ
А. М. АБДЕЛ РЕХИМ

Р е з ю м е

Перовскит представляет собой компонент титаносодержащих шлаков, получаемых 
в процессе расплавления ильменита с коксом в присутствии известняка-флюса. Он встре­
чается как акцессорный минерал в основных и щелочных по составу магматитах. Кроме 
того, он проявляется в некоторых контактово-метаморфизованных, нечистых известняках.

Рассматриваемые исследования касаются условий формирования перовскита из 
ильменита путем применения дериватографа. Эта экспериментальная работа была прове­
дена над ильменитом Абу Гхалха. Вызванные при этом фазы реакции ильменита с кальцитом 
изучались микроскопически и путем применения диффрактометра Сименс Кристаллофлекс. 
При этом полное превращение ильмента в перовскит имело место при температуре 950 °С.
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THERMAL TRANSFORMATION OF MONTMORILLONITE 
UNDER SIMULTANEOUS LOAD 

AND VOLATILE PRESSURE

By

L. P e s t y  an d  O. T o m s c h e y

LABORATORY FOR GEOCHEMICAL RESEARCH, BUDAPEST

The tra n s fo rm a tio n  of th e  b e n to n ite  from  Is ten m eze je  (H eves C o u n ty ) o f a b o u t 
90 per cen t m o n tm o rillo n ite  c o n te n t w as in v es tig a ted  as a fu n c tio n  o f te m p e ra tu re , 
load  and  vo la tile  p ressu re . As c o n tra s ted  to  k ao lin ite , in  case o f m o n tm o rillo n ite  th e  
opposite  effect o f lo ad  a n d  v o la tile  p ressu res is o f m uch  sm alle r e x te n t .  A t 550 °C 
and  un d er 5.0 k ilo b a r lo ad  p ressu re  m o n tm o rillo n ite  rem ains s tab le  in  c losed system  
also du ring  long ex p e rim e n ta l tim es. A t 700 °C on ly  th e  h igh  te m p e ra tu re  phases 
know n also from  l ite ra tu re  can  be d e m o n s tra ted  an d  o u t o f th em  th e  id en tif ic a tio n  
of ind ia lite  b ears g re a t im p o rtan ce . In  geological a spects th e  s ta b ility  o f m o n tm o rillo n ite  
in h igh p -t ran g e  in d ic a te s  th a t  if  c layey  sed im en ts o f m o n tm o rillo n ite  c o n te n t get 
g rea ter d ep th s , large  q u a n ti ty  o f w a te r  m ay  get th e  sam e d ep th .

Introduction

As i t  has been  s ta te d  (E . S z á d e c z k y - K a r d o s s  e t a l., 1971, 1972; 
L. P e s t y — O. T o m s c h e y , 1976) th e  load  an d  vo la tile  p ressu res d is tin g u ish ed  
in  th e  e a r th ’s c ru s t in  f i r s t  a p p ro x im a tio n  are  of opposite  effect. A m ong  o thers 
an d  in add itio n  to  k ao lin ite  th e  th e rm a l decom position  o f m o n tm o rillo n ite  
as a fu nc tion  of te m p e ra tu re , s im u ltan eo u s load  and  vo la tile  p ressu res  was 
in v es tig a ted . T he re su lts  o f th e  p re lim in a ry  ex p erim en ts  re sp . th e ir  d a ta  
w ere rep o rted  earlie r. In  th is  p a p e r  th e  re su lts  u n p u b lish ed  ti l l  now  and  
th o se  o b ta ined  in  a h ig h e r p - t  ran g e  w ill be d iscussed. T h e  a p p lie d  ex p e ri­
m e n ta l m ethods an d  to o ls w ere also d e m o n s tra te d  in  fo rego ing  p ap e rs  (B. 
K l i b u r s z k y  e t a l., 1969; E . Sz á d e c z k y - K a r d o s s  e t al. 1969).

E xperim en ta l results and  their discussion

E x p erim en ts  ca rried  o u t w ith  m o n tm o rillo n ite  s ta r t in g  sam p le  are  
com prehended  in  T ab le  1, and  th e  re su lts  o f th e se  ex p e rim en ts  w ill be d is­
cussed  as follows.

In  case of ex p e rim en ts  o f low er te m p e ra tu re  (200 an d  400 °C) m o n t­
m orillon ite  rem ains e ssen tia lly  un ch an g ed . In  opened  sy stem  w ith o u t p ressu re  
th e  change was in d ic a te d  on ly  b y  th e  ap p earan ce  o f d e h y d ra te d  m o n tm o rillo n ­
ite  in  sm all q u a n ti ty . O n th e  basis o f th e  d iffrac to g ram s o f th e  sam ples 
t re a te d  w ith  g lycerine  a n d  en d u red  400 °C th e  sw elling c a p a c ity  o f  m ont-
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Table 1
Comprehensive table o f  the experim ents carried out w ith  m ontmorillonite

Crystalline phases

01 . Я

0 5 
й я01 T

>-c
atиo> pr

es
su

re
ba

r)

XV b3О

ЯJO

О

m
or

ill
on

it 
ri

te
 m

ix
e«

 
ct

ur
e 01 0) 01

01
01

”3

i-a
m

or
ph

o

i jr
o> я 1 1 ! :§ s £ .a я 1 <£

1 £ VH о
hJ > H 1 « S3 U N X Ö O' O'

32 8 8 200 36 + + _ ( + ) _
32 8 3 400 — — 36 + + — — — — — — + ( + ) —
33 0 3 4 00 — 0.8 48 + + — — — n y n y — + ( + ) —
33 1 8 4 80 — — 36 + + — — — — — — + ( + ) —
3 3 2 4 200 1.0 — 36 + + — — — — — — + ( + ) —
32 7 4 400 1.0 — 36 + + — — — — — — + ( + ) —

3281 400 1.0 — 36 — — — — — — + ( + ) —
32 7 6 400 1.0 o w n 36 + + — — — — — — + ( + ) —
32 8 0 400 1.0 o w n 36 +  + — — — — — — —1— ( + ) —
3326 480 1.0 0 .9 6 + + — — — — — — + ( + ) —
33 1 3 480 1.0 36 + + — — — n y n y — -j- ( + ) +
331 4 480 1.0 o w n 36 + + — — — n y n y — + ( ! ) +
36 9 0 450 2.0 0 .95 51 4- — — — — — — + 4 - —
3723 450 140

550 2.0 1.3 96 ( + ) n y — ( + ) ( + ) ( + ) + +
60 0 4

3685 450 3.5 0 .9 53 + + — — — — — — + ( + ) +

374 9
450
550

3.5 o w n 48
240 ( + ) + - - + + ( + ) -L- +

368 2
450
550

5.0 o w n 48
48 ( + ) - ( + ) ( + ) ( + ) - ( + ) +

3 86) 450
550

5.0 o w n
48
72 ( + ) + - ( + ) ( + ) ( + ) - ( + ) +

3949
45 0
550

5.0 1.0 24
676 ( + ) + — - ( + ) ( + ) ( + ) — ( + ) +

45 0 44 m ica :  (-(-)
4 0 0 6 550 2.0 1.3 120 — — +  + n y — — — — + —

700 100 a n o r th i t e :  +
450 48

4081 550 2.0 1.6 114 — + + ( + ) — — — — + —

700 a n o r th i t e :  +

* W ith in  th e  sam e experim en t th e  tem p e ra tu re  and  tim e va lues deno te  th e  d u ra tio n  a t  th e  corresponding  tem p e ra tu re , i.e. these  
do n o t m ean  to ta l  d u ra tio n s. ------very m uch ; -|------- m uch; (-{-) — sm all q u a n tity ;  ny  — t r a c e s ; --------- lacking.
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m orillon ite  rem ain ed  un ch an g ed . As a re su lt o f  th e  tre a tm e n t w ith  g lycerine 
th e  base reflex ion  o f th e  sam ple rose over 18 A, in d ep en d en tly  o f th e  load 
p ressu re  app lied  in th e  course of th e  ex p e rim e n t. T ran sfo rm a tio n  begins a t 
480 °C w hen as a re su lt o f load pressure  sm all a m o u n t o f b ad -c ry s ta lliz ed  
zoisite  develops. On th e  effect of s im u ltan eo u s vo la tile  p ressu re  im proves 
th e  c ry s ta llin ity  o f zoisite .

A t 550 °C m o n tm o rillo n ite  can be d e te c te d  though  su b o rd in a te  in 
q u a n tity  and  in  b ad  c ry s ta llin e  s ta te . A t th e  sam e tim e , in a d d itio n  to  th e  
in d ep en d en t ch lo rite  p h ase  a m o n tm o rillo n ite -ch lo rite  m ixed s tru c tu re  has 
also developed an d  th is  could he sa tis fac to rily  id e n tif ie d  in th e  d iffrac tog ram s. 
T he change o f th e  base  reflex ion  of th e  m ixed  s tru c tu re  a lw ays produced  
th e  change of ch lo rite  reflex ion  of th is  s tru c tu re , b u t  th e ir  ra tio  rem ained  
unchanged .

In  th e  sam e te m p e ra tu re  range, in d e p e n d e n tly  o f th e  d u ra tio n  spen t 
a t  450 resp . a t  550 °C, th e  sam e m ineral assem blage  developed reg a rd in g  its  
com position , i.e. in ad d itio n  to  th e  a fo re -m en tio n ed  m o n tm o rillo n ite -ch lo rite  
m ixed s tru c tu re , ch lo rite  and  b ad -c ry sta llized  m o n tm o rillo n ite  sm all q u a n ti­
ties of h e m a tite , k ao lin ite , q u a rtz , m ullite , zo isite  an d  qu asi-am o rp h o u s phase 
of a b o u t 20 p er cen t consisting  p ro b ab ly  o f S i 0 2 ap p eared . As a g a in s t th is  
assem blage, d u rin g  th e  ex perim en ts ca rried  o u t w ith  k ao lin ite  (L . P e s t y — 
O. T o m s c h e y , 1976) a t  h ig h er te m p e ra tu re s  (5 5 0 —650 °C) c ris to b a lite , k e a tite  
an d  f in a lly  q u a rtz  developed  from  th e  am o rp h o u s  phase . In  th e  ex p e rim en ta l 
sam ples in  q u estio n  th e  am orphous SiO., re leased  d u rin g  th e  h igh  p - t decom ­
p o sition  of m o n tm o rillo n ite  developed as f in a l p ro d u c t a lw ays in  form  of 
a -q u a r tz  (a t 700 °C) an d  th is  phenom enon  is p ro v ed  also by  th e  absence of 
k e a tite  a t  550 °C. In  c o n tra s t  to  th e  th e rm a l decom position  o f k ao lin ite , in 
th is  case th e  o rd e r o f c ry s ta lliza tio n  is am o rp h o u s  —  cris to b a lite  —  q u a rtz  
(w ith o u t k e a tite ) . T he schem e of th e  reac tio n  is th e  sam e b u t th e  f in a l p ro d u c t 
is d issim ilar, i.e. d u rin g  th e  th e rm al decom p o sitio n  of k ao lin ite  a S i0 2 
m odifica tion  develops w hich  regard ing  its  X - ra y  d iffrac to m etric  p a ram e te rs  
is in te rm e d ia te  be tw een  th e  a  an d  ß  m o d ifica tio n s, while in case o f  m o n tm o ril­
lon ite  u n am b ig u o u sly  a -q u a r tz  was d e te rm in ed .

U n d er 5.0 k ilo b a r load  pressure no ch an g e  follows in th e  p h ase  com po­
sition  of th e  sam p le  even  a fte r  th e  d u ra tio n  o f m ore th a n  one m o n th  (see 
T ab le  1, ru n s N o. 3682, 3681 and  3949).

T he m ost considerab le  tra n s fo rm a tio n  w as observed a t  700 °C. A t th is  
te m p e ra tu re  th e  m o n tm o rillo n ite  and  m o n tm o rillo n ite -ch lo rite  m ixed  s tru c ­
tu re  are  ab so lu te ly  lack in g , m oreover, th e  phases  being considered  to  be 
tra n s itio n a l (zo isite , ch lo rite , h em atite ) a re  e ssen tia lly  also a b se n t. T h e  d if­
ference betw een  th e  ex p erim en ts  of d iffe re n t d u ra tio n  is m an ifested  only 
b y  th e  fac t th a t  in  som e traces  re la tin g  to  m ica in  th e  sh o rte r  one will be 
ab sen t in  th e  longer one.
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A t 700 °C, in  acco rd an ce  w ith  th e  co m position  of th e  s ta r t in g  sam p le  
sm all q u a n t i ty  of a n o r th ite  develops. As a g a in s t th e  h ea tin g  ex p e rim en ts  
p e rfo rm ed  u n d e r 1 a tm o sp h e re  th e  occurrence of in d ia lite  is w o rth y  o f m e n tio n . 
T h e  fo rm a tio n  of in d ia lite  w as ea rlie r rep o rted  (O. T o m s c h e y , 1974) as a re su lt 
o f th e  d ecom position  o f m o n tm o rillo n ite  u n d e r p ressu re . These d a ta , how ever, 
w ere o b ta in e d  in  th e  e x p e rim e n ts  ca rried  o u t a t  550 °C an d  u n d e r o n ly  v o la tile  
p re ssu re  (i.e. in loose, closed sy stem ). In  th e  ex p erim en ts  in q u es tio n  u n d e r

2.066Zoisite ( ? )
2. ЮО Indialite 
2.12b Cristobalite* Quartz+ 
2.166 indialite P/ag/oc/ase 
2.197 Chlorite 
2.237 indialite 
2.28/ Indialite
2.33b Indialite + Zoisite (? )  
2.35b P/agioc/ase 
2.379 Chlorite 
2.962 Cristoba/ifet Quartz 
2.1*86 Cristobaiite

2- 6bb Indialite 
2.691 zo is /te  (?)
2.785 Z o isite  (?)
2.8b! C ristoba/ite  t  Zoisite(l) 
2.9b0 Ptagiodase 
3.028 Indialite

-3.ibo Indialite t  C rist ob alite 
з.гоо P /agioc/ase

3.376 Indialite Quartz'* 
3.530 Chlorite Mu Hite * Indialite 
3-625P/agioc/ase + Zoisite (?) 
3.759 P/agioc/ase

9.258 Quartz 
bA20 Montmo- 

rillonite 
b.666 Indialite 
b 898 Indialite

b.062 
Cristoba/ifet 
Indialite

5376 Mu Hite

F ig . 1

s im u lta n e o u s  load and  v o la ti le  p re ssu re  in d ia lite  could  he d e te rm in ed  n e ith e r  
in  tra c e s  a n d  appeared  only  in  th e  ex p e rim en ts  ca rr ied  ou t a t  700 °C a n d  th is  
p ro v e d  to  b e  w ell-crystallized . I t s  X -ra y  d iffrac to m e tric  d a ta  show  good 
a g re e m e n t w ith  those k n o w n  fro m  li te ra tu re  (A. M i y a s h i r o , 1957; S elec ted  
p o w er d iffra c tio n  d a ta  fo r m in e ra ls , ed. L. G. B e r r y , 1974). D a ta  a re  show n 
in  T a b le s  2 an d  3. The a g re e m e n t o f th e  d a ta  o f th re e  au th o rs  is obv ious. T he 
d a ta  o f  in d ia lite  o b ta in ed  in  o u r  ex p erim en ts  (X -ra y  d iffrac to g ram  in  F ig . 1)
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Tabic 2

X -ra y  diffractometric data o f  in d ia ik é  ( all the evaluable peaks w ith  the relative in tensities and  
height in ten sity  values) on the basis o f  literature data and o f  the sam ples obtained at 700 °C

L iterature data Experim ental samples

hkl (1974) No 4081 No. 4006

d (A) I/I, d (A) ^rel h d (A) he! h

100 8.48 100 8.506 100 100 8.489 100 100
n o 4.89 30 4.901 18 16 4.901 17 17
002 4.679 16 4.668 10 9 4.671 9 10
102 4.094 50 4.090 53 53 4.095 46 30
112 3.379 55 3.376 60 60 3.375 60 60
202 3.138 65 3.139 53 53 3.139 56 65
211 3.027 85 3.037 82 62 3.035 82 77
212 2.640 25 2.647 28 21 2.644 23 23
220 2.441 6 2.443 6 6 2.434 5 4
302 2.414 4 2.415 3 3 2.418 3 3
004 2.338 12 2.335 10 9 2.337 9 10
311 2.276 6 ? ? ? 9 ? 9

213 2.231 6 2.230 ? ? 2.230 9 9

222 2.165 6 2.173 9 5 2.172 7 6
114 2.108 8 2.102 13 9 2.102 12 10
312 2.098 12
204 2.046 4 2.046 2 2 2.047 2 l
320 1.941 8 1.946 6 6 1.946 6 5
402 1.927 6 1.931 5 5 1.931 6 5
321 1.901 4 1.904 3 2 1.901 3 2
313 1.875 16 1.876 16 10 1.880 16 13
410 1.846 6 1.850 5 5 1.851 5 5
411 1.811 8 1.802 11 10 1.803 10 10
304 1.800 10
412 1.718 4 1.718 3 2 1.713 2 2
224 1.688 30 1.692 33 16 1.693 30 21
314 1.656 4 1.660 3 2 1.660 5 6
323 1.647 4 ? 9 9 9 ? 9

330 1.629 4 1.631 3 2 1.634 ? ?
215 1.615 4 ? 9 9 1.609 ? 9

420 1.599 6 1.606 5 2 1.602 ? ?
413 1.589 10 1.591 10 7 1.592 8 5
404 1.569 2 1.569 2 1 1.569 9 9

006 1.558 4 1.559 3 2 1.559 9 ?
332 1.538 4 1.539 3 2 1.538 ? ?
324 1.494 8 1.497 8 4 1.495 7 4
116 1.485 6 1.486 6 4
315 1.463 6 1.461 5 3 1.463 4 2
206

show  good ag reem en t w ith  th o se  o b ta in ed  b y  M i y a s h i r o  from  th e  d e v itr if ic a ­
tio n  o f glass a t  1200 °C a n d  th is  is in  acco rdance  w ith  ou r fo rm e r s ta te m e n t.

T h e  fa c t th a t  as a g a in s t th e  ex p erim en ts  p erfo rm ed  u n d e r  vo la tile  
p ressu re , w hen  ap p ly in g  lo ad  p ressu re  in d ia lite  occurs on ly  a t  m u ch  h igher 
te m p e ra tu re s  su p p o rts  o u r  fo rm er s ta te m e n t (E . S zÁd e c z k y - K a r d o s s  e t al., 
1971), i.e. load  p re ssu re  re s tra in s  th e  d e h y d ra tio n  decom p o sitio n  of clay 
m in era ls  a n d  increases th e  te m p e ra tu re  of o ccu rrence  o f th e  tra n s i t io n a l  and  
e q u ilib riu m  phases, re sp ec tiv e ly .
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Table 3

Ind ia lite  p e a k s  o f  more than 10 relative in tensity  
on the basis o f  litera ture  data and o f  the experim ental sam ples

Literature d a ta
Experim ental sam ple

No. 4081 No. 4006

d(A ) i /i . d (A ) i /i . d(A) i/i.

8.48 100 8.506 100 8.489 100

4.89 30 4.901 18 4.901 17

4.679 16 4.668 10 4.671 9

4.094 50 4.090 53 4.095 46

3.379 55 3.376 60 3.375 60

3.138 65 3.139 53 3.139 56

3.027 85 3.037 82 3.035 82

2.640 25 2.647 28 2.644 23

2.338 12 2.335 10 2.337 9

1.875 16 1.876 16 1.880 16

1.688 30 1.692 33 1.693 30

1.589 10 1.591 10 1.592 8

W h e n  sum m ing u p  it  c a n  be s ta ted  th a t  in  case o f s im u ltan eo u s a p p li­
c a tio n  o f th e  load and  v o la tile  p ressures m o n tm o rillo n itc  is s ta b le  a t  lower 
te m p e ra tu re s ,  i.e. up  to  a b o u t  400 °C no d ifference can  be observed  betw een  
th e  s ta r t in g  and  fina l sam p les . A t 480 °C on ly  th e  tra c e  ap p ea ran ce  of bad- 
c ry s ta ll iz e d  zoisite in d ic a te s  th e  s ta r t  of re a c tio n . I n  case o f h ig h e r load 
p re s su re  an d  re la tive ly  s h o r te r  d u ra tio n  (four d ay s) sign ifican t change does 
n o t  o c c u r even w hen th e  w a te r  pressure caused  b y  th e  w a te r  re leased  by  
m o n tm o rillo n ite  am o u n ts  to  a b o u t th e  h a lf  o f th e  ap p lied  lo ad  pressure.

In  th e  experim en ts c a r r ie d  o u t a t 550 °C a n d  w ith o u t lo ad  p ressu re  
th e  f in a l  c rysta lline  phase a ssem b lag e  is a lready  dev e lo p ed  b u t  on ly  th e  phases 
d ev e lo p e d  u n d er 2.0 k ilo b a r  c a n  be  regarded  to  be o f w ell-c rysta llized  s ta te . 
A t th e  sam e tim e, a p p ly in g  sim u ltan eo u s lo ad  p ressu re  th e  m easu re  resp. 
r a te  o f  m o n tm o rillo n ite  d eco m p o sitio n  decreases as a fu n c tio n  o f th e  load 
p re s su re  its e lf  and  in  case o f  5.0  k ilobar load  p re ssu re  th e  m on tm o rillo n ite - 
c h lo r ite  m ixed  s tru c tu re  can  b e  considered  to  be s ta b le  even a t  550 °C, fu r th e r  
th e  am o rp h o u s  phase is o f  th e  g rea te s t q u a n t i ty  u n d e r  th is  lo ad  pressure.

W h e n  apply ing  s im u lta n e o u s  load an d  v o la tile  p ressu res, an  a b ru p t 
c h an g e  follow s above 550 °C, i.e . th e  q u a n tity  o f th e  am o rp h o u s p h ase  su d d en ly  
d ec reases  (a t 600 °C only th e  h a l f  of th a t  o f 550 °C can  be observed ), an d  all 
th e  o th e r  c rysta lline  phases  sh o w  good c ry s ta llin ity , as well. T h e  equ ilib rium  
p h a se  sy s te m  of in d ia lite  A  a n o r th i te  A  q u a rtz  o b ta in e d  a t  700 °C is accom ­
p a n ie d  b y  m ullite  of sm all q u a n t i ty .  The effect o f d u ra tio n  is s ig n ifican t from

Acta Geologica Academiae Scientiarum Hungaricae 20, 1976



TH ER M A L TRANSFORM ATION OF M ONTM ORILLONITE 37

th e  p o in t o f view  of reach in g  th e  equ ilib rium  s ta te  and  th is  is in d ic a te d  by 
th e  g rad u a l d isap p earan ce  o f m ica traces  an d  o th e r  accesso ry  com ponen ts 
as a function  of tim e.

On th e  basis of th e se  an d  from  th e  geological p o in t o f v iew  i t  is obvious 
in  h igh  p - t d ep th s  (i.e. 550 °C, 2— 3— 5 k ilo b a r lo ad  and  v o la tile  pressures) 
th e  m o n tm o rillo n ite -ch lo rite  c ry s ta l s tru c tu re  is v iab le . T h is b ea rs  great 
im p o rtan ce  especially  in  th e  su b d u c tio n  zones: g re a t q u a n titie s  o f  c rysta lline  
w a te r  m ay  get m uch g re a te r  d ep th s  th a n  ever assum ed . B e in g  re leased  in 
th e se  d ep th s  th is  w a te r  h ig h ly  low ers v iscosity  itse lf  p ro m o tin g  in  th is  w ay 
th e  subd u c tio n  processes o f g rea t d ep ths.
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ТЕРМИЧЕСКОЕ ПРЕОБРАЗОВАНИЕ МОНТМОРИЛЛОНИТА В СЛУЧАЕ 
ОДНОВРЕМЕННОЙ НАГРУЗКИ И ДАВЛЕНИЯ ЛЕТУЧИХ КОМПОНЕНТОВ

Л. П Е Ш Т И - О .  ТОМШЕИ

Р е з ю м е

Было исследовано преобразование иштенмезейских (область Хевеш) бентонитов, 
содержащих до 90% монтмориллонита, в зависимости от температуры, нагрузки и давления 
летучих компонентов. В отличие от каолинита в случае монтмориллонита противополож­
ное влияние нагрузки и давления летучих компонентов значительно более меньшего разме­
ра. В случае закрытой системы монтмориллонит при температуре 550°С. и нагрузке в 
5,0 килобар в течение длительного промежутка времени также стабилен. При температуре 
700 °С могут проявляться уже только известные и по литературным данным высокотемпера­
турные фазы, среди которых наиболее важное значение имеет индиалит. Стабильность монт­
мориллонита, проявляющаяся в большом диапазоне давления-температуры, в геологи­
ческом отношении означает то, что во время попадания глинистых отложений, содержа­
щих монтмориллонит, на большую глубину, туда также проникает в большом количестве 
и вода.
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UNTERSUCHUNGEN ÜBER DIE TERRESTRISCHE  
KOMPONENTE NATÜRLICHER STRAHLUNG IN EINER

ZONE RUMÄNIENS

Von

E . B o t e z a t u , H . W e i s s b u c h , M. G r a d i n a r u  und A. S a r a i m a n

INSTITUT FÜR HYGIENE UND VOLKSGESUNDHEIT, IASI

U ngefähr 1000 B o d en p ro b en  aus einer Zone in  R u m än ien  w u rd e n  h in sich tlich  
des G ehaltes a n  n a tü r lic h e n  R ad io e lem en ten : U , T h , 226R a  u n d  4I,K  u n te rs u c h t. Man 
ste llte  eine Ü b e re in s tim m u n g  zw ischen den K o n z en tra tio n en  d ieser R ad io e lem en te  im 
B oden m it de r p e tro g ra fisch en  H e rk u n ft des B odens fest. Im  g rö ß te n  T eil des u n te r ­
such ten  G ebietes ü b e rsch re ite n  die G am m adosen  in de r A tm o sp h ä re , 1 m  ü b er dem  
B oden, den W ert v o n  50 m ra d /J a h r ,  sie liegen ab er in n erh a lb  der in  d e r  F a c h lite ra tu r  
angegebenen G renzen , so d aß  das u n te rsu ch te  G ebiet n ich t zu d en en  m it e rh ö h te r 
n a tü rlich e r R a d io a k tiv i tä t  g ehört.

1. Einleitung;

Die a llero rts in d e r W elt u n te rn o m m en en , um fassenden  S tu d ien  zur 
A bsch ä tzu n g  der In te n s i tä t  der n a tü rlich en  ion isierenden  S tra h lu n g  verfolgen 
v o r  allem  zwei Zw ecke:

—  A ufdeckung  so m atisch er u n d  g enetischer A usw irk u n g en  d er n a tü r ­
lichen  S trah lu n g sk o m p o n en ten  zw ecks F es tse tzu n g  des V erh ä ltn isses  Dosis- 
E ffek t iin B ereiche k le in e r D osen von K e rn strah lu n g en  und

A uffinden  v o n  B eziehungsw erten  fü r ein b e s tim m te s  T errito riu m  
w elche sp ä te r die A b sch ä tzu n g  der von d er V erw endung von  K ern s tra h lu n g e n  
h e rrü h ren d en  ra d io a k tiv e n  V erseuchung  erm öglichen sollen.

Die n a tü rlich e  ex te rn e  G am m a-S trah lu n g  te rre s tr is c h e r  H erk u n ft 
s ta m m t von den  n a tü r lic h e n  ra d io a k tiv e n  E lem en ten fam ilien  u n d  vom  
K alium -40 , B ad io n u k lid en  die in  der ganzen E rd rin d e  v e rb re i te t  sind . D er 
G eh a lt an ra d io a k tiv e n  E lem en ten  in  B öden h ä n g t in e rs te r  R e ih e  von  den 
chem isch-m ineralog ischen  Z usam m en se tzu n g  d er G esteine a b , a u f  denen sie 
sich  b ilden, wie au ch  v o n  den  physiko-chem ischen  U m w an d lu n g en , die in 
den  G esteinen w äh ren d  d er B o d en b ild u n g  s ta ttf in d e n . So is t  d e r G eh a lt an 
ra d io a k tiv e n  E lem en ten  in  B oden , die sich a u f  sau ren  G este in en  d er G ran it­
re ih e  b ilde ten , h ö h e r als in  B öden , die sich a u f  G rund e in e r U m w andlung  
v o n  basischen G este in en  (B asa lt) b ilde ten .

Acta Geologica Academiae Scientiarum Hungaricae 20, 1976



4 0 BOTEZATU, E. ct al.

2. M ateria len  und M ethode

D ie U n tersu ch u n g en  e rs tre c k te n  sich a u f  ein G eb ie t im  O sten des L andes, 
w elches eine b u n te  V ie lfä ltig k e it der m inera log ischen  Z u sam m ense tzung  des 
B o d en s aufw eist u n d  wo im  Z e itab sch n itt 1973— 1974 1000 B odenproben  
e in g e b ra c h t w urden. G le ich a rtig e  P roben  von  350— 500 g w urden  aus dem  
G e s ic h tsp u n k te  ihres G eh a lte s  an n a tü rlich em  U ra n iu m , T h o riu m , 22 R a und  
40K  an  einem  e inkana ligen  S p ek tro m e te r VA-M -120 an a ly s ie rt, w obei eine 
k o n s ta n te  G eom etrie e in g e h a lte n  w urde. D er A p p a ra t  w urde  energetisch  m it 
AMERSHAM-Quellen von  22N a , 226R a , 137Cs u n d  m it la b o rm ä ß ig  he rg este llten  
S ta n d a rd p rä p a ra te n  v o n  U , T h , R a , К  geeicht, u m  d ie  F o rm eln  zur B erech ­
n u n g  d e r K o n zen tra tio n en  a u fz u s te lle n :

m g U /k g  Lös. =  157 N ,j/M (1)

m g T h /k g  Lös. =  171 N Th/M (2)

m g226R a /k g  Lös. =  3,7 • 1 0 4 N Ra/M (3)

m g4"K /k g  Lös. =  187 N K/M (4)

w obei N ,j, N K, N Th u n d  N Ra d en  F läch en in h a lt d e r K u rv e n sp itz e  n ach  der 
K o r re k tu r  fü r  den N u lle ffek t u n d  d er In te rfe ren z  d e r en tsp rech en d en  N u k liden , 
M a b e r  die Masse der B o d e n p ro b e  (G ram m e) d a rs te lle n .

D ie geringste n a c h w e isb a re  Menge fü r die 4 E le m e n te  b e trä g t:  0,62 m g
4,,K /k g  B oden , 1,08 mg n a t .  T h /k g  B oden, 1,17 m g n a t .  U /kg B oden, 0,0014 /ug 
220R a /k g  B oden.

D em  G ehalte an n a tü r l ic h e n  R ad ioelem en ten  des B odens en tsp rech en d  
w u rd e  d ie  Dosis ex te rn e r G a m m a-S trah lu n g  im  L u f t  lm  ü b e r dem  B oden 
e r re c h n e t, w obei die von  P h . G u s t a f s o n  und  Sa r m u k h  S. B r a r  v o rg esch la ­
g enen  F o rm eln  (3) v e rw en d e t w u rd en .

3. E rgebn isse  und D iskussion

D ie  A n a ly sen re su lta te  (T ab e lle  1) g e s ta tte te n  d ie  E in te ilu n g  des u n te r ­
su c h te n  G ebietes in sechs Z o n en  im  H inblick  a u f  d ie  D osen der ex te rn en  
G a m m a s tra h lu n g  (A bb. 1).

Im  allgem einen s te llte  m a n  eine innige W ech se lb ezieh u n g  zw ischen 
d er m inera log ischen  Z u sam m e n se tz u n g  des B odens u n d  d er K o n z e n tra tio n  
d e r n a tü r lic h e n  R ad io e lem en te  fe st.

So fan d  m an die h ö c h s te n  K o n zen tra tio n en  an  n a tü rlic h e n  R ad io e le ­
m e n te n  bzw . G annna-D osen  zw ischen  80— 180 m rad  J a h r  im  w estlichen  Teil 
d e r Z one A , wo sich an n a tü r l ic h e n  R ad ioe lem en ten  re ich e  F o rm a tio n en  vom
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T y pus des S an d ste in k o n g lo m era ten , M ergel-S andste in -, M ergel-T on-F lysches 
fin d en , die über k r is ta llin e  Schiefer, m e tam o rp h es  G estein  a u fg e la g e rt sind , 
w elche gleichfalls e inen  e rh ö h ten  G ehalt an  n a tü r lic h e n  ra d io a k tiv e n  E lem en ­
ten  aufw eisen. D iese G este ine  zeigen ih re rse its  In tru s io n e n  m ag m atisch en  
G esteins, bei w elchen d e r U ran g eh a lt von  d e n  p rim ären  gegen d ie  finalen  
B ildung sstad ien  h in a n s te ig t. Im  O sten  der Z one A (A 3— A,,) s in d  d ie  te rre s tre n  
G am ina-D osen  geringer (50— 75 m ra d /J a h r ) ;  d ies is t von der A nw esenheit 
von san d ste in igen , b itu m in ö sen  u n d  k o h le n h a ltig e n  sed im en tä ren  G esteinen  
bed in g t.

D ie U n terzone  A 3— A , b ild e t den Ü b e rg an g  zum  O sten  des u n te rsu c h te n  
G ebietes (Zone C), wo sed im en tä re  G esteine v o rh e rrsch en , die im  allgem einen 
einen g eringem  G eh a lt an  n a tü rlich en  R ad io e lem en ten  als die G ran itg este in e  
aufw eisen.
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Table 1

D ie Konzentratione der natürlichen radioaktiven  Stoffe

Zone

A

A,
A2

F o rm atio n en  vom  T ypus des S andste inkonglom erates, M ergel-Sandstein , 
M ergel-T on-Flysches, die über k ris ta llin e  Schiefer au fgelagert sind

A;„ A4 sandstein ige b itu m in ö se  und kohlehaltige  Sedim entgesteine

В
B j , B, 
B 3, B ,
B 5. B ,

F o rm atio n en  v o m  T ypus des F lysches, Tone

С

Q .  C2 Ton u n d  T o n sch ie fer

C4 Ton, Sand , S an d ste in  und K alkstein

C- A nschw em m ablagerungen  und  Löß

D

d 2, d 3 M ergel-Sandstein

•^5»
Alluvium , L ö ß  u n d  Sum pfablagerungen die über Mergel u n d  Sand 

aufgelagert sind

E

E n  E 3 M agm atische G este ine , G ranite  u n d  m etam o rp h e  Gesteine

E n  E 5 K alkstein  u n d  M ergel

D ie rad io ak tiv s ten  se d im e n tä re  G esteine s in d  die Tone u n d  die T o n ­
m erg e l, d ie  in der U n te rzo n e  C 4— C 2 v e rb re ite t s in d , wo die G a m m a -S tra h ­
lu n g sd o sis  zwischen 71 bis 94 m ra d /J a h r  sch w an k t. A rm er an n a tü r lic h e n  
R a d io e le m e n te n  sind S te in sa lz , G ips, K a lkste in , D o lom it (rein chem ische u n d  
o rg an o g en e  G esteine), die m a n  im  R est der Zone C begegnet (B ild 1), wo die 
G am m a-S trah lu n g sd o sis  zw isch en  50—60 m ra d /J a h r  schw an k t (C4). G erin ­
gere S trah lu n g sp eg e l (42—46 m ra d /J a h r)  fand  m an  in  O rtsch aften  m it A n ­
sch w em m - u n d  L ö ß ab lag e ru n g en  (C5— C6).

Im  S üden des G eb ie tes (Zone D) m it A u sn ah m e einiger O rtsc h a fte n  
(D 2), i s t  d e r  G ehalt an n a tü r l ic h e n  R ad ioe lem en ten  d er k leinste  des ganzen  
s tu d ie r te n  T errito rium s; d ies e r k lä r t  sich du rch  die G egenw ait q u a te rn ä re r  
S e d im e n te , die aus A lluv ien , L össen  und S u m p fab lag eru n g en  b es teh en . D ie 
G a m m a d o s is  in dieser Zone sc h w a n k t zw ischen 30 u n d  48 m ra d /Ja h r .

Im  Südw esten  des u n te r s u c h te n  G ebietes (Zone E) f in d e t m an  D osen
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in  der E rdrinde u n d  die entsprechende D osisleistungen

mgU/kg Löss m gTh/kg Löss mg40K/kg Löss /tg2aeRa/kg Löss
Dosisleistungen

m rad /Jah r

6,43 16,4 1,88 0,0095 121*
( 4 ,3 5 -  11,5)** (1 3 ,8 8 -2 1 ,3 ) (1,37 2,65) (0,007 0,012) (81 180)**

2,28
( 1 ,4 5 -  3,18)

10,4
(9,6 16,7)

1,3
( 1 - 1 ,7 )

0,009 66
( 5 0 - 7 5 )

2.42 8,85 1,34 0.001 62
( 0 - 9 ) ( 4 - 1 3 ,3 ) (1 -3 ,4 2 ) (0 ,0 0 0 7 -0 ,0 0 9 ) ( 3 0 - 7 0 )

4,66 11,6 1,2 0,0085 85
(3 ,9 3 -5 ,9 1 ) (10,05 15,96) (1 ,1 -2 ,5 6 ) (0,005 0,011) ( 7 1 - 9 4 )

1,5 9,1 1,11 0,005 53
(1,2 —1,9) (6 16) ( 1 - 2 ,5 6 ) (0,002 -0 ,0 0 9 ) ( 5 0 - 6 0 )

1 7,9 U 0,002 45
( 0 - 1 ,9 ) ( 7 - 1 0 ,8 ) ( 1 - 1 ,4 ) (0 ,0 0 1 -0 ,0 0 2 5 ) (42 46)

3,82 11,5 1,25 0,01 79
( 3 ,2 -5 ,8 ) (10,8 15,7) (1 ,1 -1 ,6 7 ) (0 ,0 0 2 -0 ,0 6 6 ) (61 85)

1,4 7,05 1,25 0,0009 47
( 0 - 2 ,0 ) ( 4 - 1 2 ) ( 1 - 2 ,8 ) (0 ,0 0 0 4 -0 ,0 0 4 8 ) ( 3 0 - 4 8 )

9 11,8 1,9 0,0073 123
(2 ,9 -1 7 ,8 ) (9 15) (1 ,5 - 2 ,5 ) (0 ,0 0 6 -0 ,0 0 8 8 ) (6 6 - 1 6 1 )

1,82 12,6 1,75 0,002 55
(1 ,3 7 -2 ,4 ) (7 ,8 -1 6 ,3 ) (1 -2 ,8 ) (0 ,0 0 1 -0 ,0 0 3 ) ( 4 0 - 6 5 )

* —  M itte lw erte  
** G renzw erte

von 40— 65 m ra d /J a h r ;  dies en tsp ric h t dem  T y p u s  von K a lk ste in - u n d  M ergel- 
S ch ich tgeste inen . D ie D osen  von 65— 161 m ra d /J a h r  en tsp rech en  m a g m a ti­
schen G esteinen  u n d  im  besondern  den G ra n ite n , m it m e tam o rp h en  G esteinen  
v erb u n d en .

E ine  b eso n d ere  L age b ie te t die Z one В (B ild 1), wo m an  die größ te  
V e rän d e rlich k e it des G ehaltes an n a tü r lic h e n  B ad ioe lem en ten  aus dem  B oden 
w egen der seh r v e rsch iedenen  G este in sa rten , aus w elchen sich d er B oden 
in  d ieser Zone g eb ild e t h a t,  fe stste llte . So schw anken  die D osen im  B ereiche 
von  30 bis 70 m ra d /J a h r .

Aus un seren  R e su lta te n  is t zu e rsehen  (T ab . 1), daß  das V e rh ä ltn is  der 
M itte lw erte  T h /U  1— 5 b e trä g t;  diese A n g ab en  en tsp rech en  den  W e rte n  aus 
d er F a c h lite ra tu r . W as 11a und  U b e tr if f t , s c h w a n k t ih r  V erhä ltn is  im  B ereiche
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v o n ( l — 1 0 )R a /3  X 10® gU . D iese V erlagerung  des ra d io a k tiv e n  G le ichgew ich tes 
e r k lä r t  s ich  durch  die versch ied en e  A ff in itä t d ieser R adioelem ente  fü r  das fein  
v e r te i l te  M ate ria l d er B ö d en . T h orium  u n d  R a d iu m  w erden von  d iesen  v e r ­
te il te n  B oden te ilchen  besser f ix ie r t ,  w äh ren d  das U ran  m it L e ich tig k e it ver- 
s c h lä m m t u n d  von den H u m in sä u re n  fo r tg e fü h r t  w ird.

4. Schlußfo lgerungen

1. D e r G ehalt an  U ra n . T h o riu m , R a d iu m  u n d  K alium  im  B oden  
s c h w a n k t in  A bhäng igke it v o n  der chem isch-m ineralog ischen  Z u sa m m e n ­
se tz u n g  d e r  G esteine, a u f  d en en  sich  der B o d en  g eb ild e t h a t.

2. D ie  G am m a-D osis in  L u f t , 1 m  ü b e r dem  B oden gem essen, die dem  
G e h a lt a n  n a tü rlich en  R a d io e lem en ten  e n tsp r ic h t, schw ank t zw ischen  38 
und  177 m ra d /Ja h r .

3. Im  größ ten  Teil des u n te rsu c h te n  T e rrito riu m s w ird der W e rt von  
50 m r a d /J a h r  ü b e rsc h ritte n ; d ieser W ert w ird  als ty p isch e  Dosis fü r  d ie  te llu -  
risch e  K o m p o n e n te  des n a tü r lic h e n  U n te rg ru n d s  b e tra c h te t.

4 . D ie  b erechne ten  H ö c h s tw e rte  der G am m ad o sen  in  der L u f t  liegen  
im  B e re ic h e  der V aria tio n en  d e r  in  der F a c h li te ra tu r  z itie rten  R egeln  n a tü r ­
lich e r S tra h lu n g , so daß  das u n te rsu c h te  G eb ie t n ich t an den Zonen eines 
e rh ö h te n  n a tü rlich en  ra d io a k tiv e n  U n te rg ru n d s  gehört.
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ИССЛЕДОВАНИЯ ТЕРРЕСТРИЧЕСКИХ КОМПОНЕНТОВ ЕСТЕСТВЕННОГО 
РАДИОАКТИВНОГО ИЗЛУЧЕНИЯ В ОДНОЙ ИЗ ЗОН РУМЫНИИ

Э. Б О Т Е З А Т У - Х .  В Е Й С С Б У Х - М .  Г Р Э Д И Н А Р У - А .  САРАЙМАН

Р е з ю м е

Исследовалось около 1000 образцов почв, отобранных в одной из зон Румынии, для 
определения содержания в них естественных радиоэлементов U, Th, 226Ra и 40К. При этом 
наблюдалось, что концентрации этих элементов в почве обусловлены соответствующим гео­
логическим строением окружающего района. На большей части исследованного района 
гаммадозы в атмосфере на высоте 1 м над почвой превосходят значение 50 мрад в год, но 
они все-же находятся в пределах указанных в литературе величин. Таким образом рассмат­
риваемый район не относится к числу районов с повышенной естественной радиоактив­
ностью.
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BARROW TYPE METAMORPHISM 
IN THE CRYSTALLINE BASEMENT 
OF SOUTHEAST TRANSDANUBIA

By

T . S z e d e r k é n y i

MINERALOGICAL, GEOCHEMICAL AND PETROGKAPHICAL DEPARTMENT OF UNIVERSITY
JÓZSEF ATTILA, SZEGED

Below the  P a n n o n ian  resp . M iocene s tra ta  m ostly  m esozonal c ry s ta llin e  schists 
w ere h it by a p a r t  o f e x p lo ra to ry  b o res drilled  in  th e  a rea  of S o u th -B a ra n y a . A ccord­
ing  to  S lavonian  evidences o f s im ila r fe a tu re s  these  are in d irec t c o n n ec tio n  w ith  the 
m etam o rp h ic  m ass of th e  P a p u k  a n d  K rn d ija  M ountains. T he crysta llin e  sch is ts  covered  
b y  y o u n g er sequences an d  ex te n d in g  from  th e  r iv e r D rav a  to  th e  M ecsek M ou n ta in s , 
th e  so-called B arro w -ty p e  C ry sta llin e  Sch ist F o rm a tio n  of G örcsöny is a p rogressive  
serie o f N W —SE strike  an d  can  be  ch arac te rized  by  isogrades. T he g rad es a re  in creas­
ing  fro m  southw est to n o r th e a s t an d  are  com pleted  by  g ran itiza tio n . T he m e ta m o rp h ic  
c h a ra c te r  of th e  progressive serie c an  be well co rre la ted  w ith  th e  classical D a lrad ian  
sequence and  it  was p ro d u c ed  by  one s ign ifican t d e fo rm ation  phase , e x c e p t th e  base­
m en t of th e  sou thern  fo redeep  o f th e  M ecsek M ountains. T he age o f d e fo rm a tio n  is 
d a te d  to  be p re-S ilu rian , an d  is b e liev ed  to  be U p p e r B a ika lian  by  B. J a n t s k y . The 
b a se m e n t of the  so u th e rn  fo redeep  1.5 to  2 km  wide m ylonitized  zone o f th e  M ecsek 
M o u n ta in s is b u ilt-u p  by  th e  O ld-Paleozo ic  lim esto n e-p h y llite -g reen sch is t series. 
T h e  w edging of th is sequence in to  th e  old in e tam o rp h ite -g ran ite  m ass w as p ro d u ced  
by  E a rly  Y ariscan  tra n sc u rre n t tec to n ic s . T he tec to n ic  zone is bo rd ered  fro m  th e  so u th  
b y  th e  re trogressively  m eta m o rp h ize d  m arg in  o f th e  B arrow  ty p e  m e ta m o rp h ic  
sequence.

Introduction

I n  th e  area  betw een  th e  W e ste rn  M ecsek M ountains an d  th e  D rav a  
r iv e r  fo u rteen  w ater- an d  h y d ro c a rb o n  p rosp ec tin g  resp . geop h y sica l check 
bo res exp lo red  c rysta lline  sch is t fo rm a tio n s  of d ifferen t m e ta m o rp h ic  g rade  
u n d e r  P a n n o n ia n  or M iocene s t r a ta  (be tw een  1960 and  1975). T h e  m a jo r  p a r t  
o f th e se  bores supplied  co n tin u o u s core sam pling  an d  p e n e tra te d  a co n sid e rab le  
p a r t  o f th e  m etam orph ic  fo rm a tio n s . T h e  f la t  ridge is covered b y  th e  n e tw o rk  
o f n u m ero u s  geoelectric (res is tan ce  a n d  te llu ric), seism ic re fra c tio n  profiles 
an d  large-scale, u p -to -d a te  ae ro m ag n e tic  an d  aerogam m a reco rd s  p ro v id e  
consid erab le  aid  to  ev a lu a te  th e  b a se m e n t com plex.

B y  m eans of an in s tru m e n t designed  by  E g y e d  an d  Sz e m e r é d y  (1962) 
th e  o r ie n ta tio n  of th e  m e tam o rp h ic  m ass has been de te rm ined  fro m  th e  ae ro ­
m ag n e tic  records of large scale (1 : 25 000), an d  th is  re su lted  in  a d e fin ite  
W N W  - E S E  direction . F ro m  th e  p o in t o f view  o f regional c la ss ifica tio n  th is  
p ro v ed  to  be an  im p o rta n t reco g n itio n  (T. S z e d e r k é n y i , 1974), s ince  th is  
d irec tio n  dev ia tes  from  th e  g enera l te c to n ic  d irec tio n  of th e  P a n n o n ia n  m assif
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b y  r ig h t  angle an d  seem s to  be iden tical w ith  th e  o rie n ta tio n  of is land  hills 
a n d  b u ried  basem en t in  S lav o n ia .

T h e  m etam  o rph ie  z o n a l s tru c tu re  of th e  in v e s tig a te d  area is d em o n stra ted  
in  F ig s  l a ,  b.

F ig . la .  The in v es tig a te d  a rea

T h e rock m a te r ia l  m o s t  su itab le  to  in v e s tig a tio n  derives from  th e  low' 
em ergence  ly ing b e tw e e n  th e  W estern  M ecsek a n d  th e  V illány  M ounta ins. 
T h is  is ch a rac te ris tic  o f  th e  w hole area. T hese  m e tam o rp h ic  rocks are  called 
th e  Barrow ' T ype C ry s ta llin e  Schist F o rm a tio n  o f  G örcsöny . T h e ir s tru c tu re  
can  be seen along a geo log ica l profile  in  F ig . 2.

I. Petro logical C lassifica tion

O n th e  basis o f th e  m etam o rp h ic  g rades th e  fo rm a tio n  can be d iv ided  
in to  f iv e  groups. T he b o u n d a r ie s  betw een th e  m em b ers  are p rim arily  isogrades, 
seco n d arily  fau lts. T h e ir  e x a c t  location  c an n o t b e  d e te rm in ed  because of th e ir  
co v ered  position. T he b o reh o les  m ark  th e ir  lo c a tio n  b y  a precision co rresp o n d ­
in g  to  ab o u t 1 : 200,000 sca le .
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1. The O korág-Sellye E pim etam orph ic  M em ber

T h e  hydrocarbon  p ro sp e c tin g  bore O korág  N o. 2. reach ed  th e  c ry sta llin e  
b a s e m e n t a t a dep th  of 1 3 5 7 .0  m  under P a n n o n ia n  sed im en ts  and w as drilled  
dow n  to  1398.0 m. A cco rd in g  to  th e  core sam ples d e riv in g  from  th e  to p  of the  
b a s e m e n t com plex an d  fro m  th e  bore’s b o tto m  d a rk -g re y  ch lo rite  sch is t was 
fo u n d . B ased  on th e  m ic ro sco p ic  investiga tions th is  rock  is no t d ia p h to r ite  
b u t  a p r im a ry  chlorite  sc h is t a n d  contains acid  p lag io c lase  (alb ite) in  ad d itio n  
to  q u a r tz  and  ch lorite , as w e ll as ra th e r  large q u a n t i ty  o f to u rm a lin e  as ac­
cesso ry  m inera l.

S o u th  of the b o reh o le  O k o rág  No. 2. a t a d is ta n c e  o f a b o u t 3 km  th e  oil 
p ro sp e c tin g  bore Sellye N o. 1. w as drilled w hich  ex p lo red  th e  b asem en t com ­
p lex  b e tw een  1932.0 an d  1954 .0  m . The core sam p les  d e riv ing  from  th e  d ep th  
in te rv a ls  o f 1932.0— 1934.0 re s p . 1953.0 and  1954.0 m e tre s  are  sligh tly  m usco- 
v it ic , s lig h tly  chloritic  m e ta m o rp h ic  q u artz  san d s to n es . T heir m etam orph ic  
g rad e  is ra th e r  low.

2. The Felsőszentm árton Gneiss M em ber

T h e  oil p rospecting  b o reh o le  F e lső szen tm árto n  N o. 1. w as drilled  in  th e  
d eep es t know n  p a rt of th e  D ra v a  Basin and  ex p lo red  th e  b asem en t betw een  
3919.5 a n d  3993.0 m etres. T h e  ro ck  m ateria l is here  a n ea rly  v ertica lly  fo lia ted , 
silic ified  ligh t-g rey  gneiss. W h ite  q u artz ite  veins o f  2 to  3 m m  th ickness are 
im b e d d e d  in to  the  p lanes o f sch is to s ity . This rock  (in v e s tig a te d  u n d er m icro­
scope) m ig h t he a b io tite  g n e iss  chloritized  and  silicified d u rin g  d iaph to resis . 
I t  c o n ta in s  re la tive ly  sm all q u a n t i ty  of fe ld spars w hich  are  oligoclase ty p e , 
fresh  tw in -lam ella ted  p lag io c lases . P o tash  fe ld spars are  ra re ly  found . B ecause 
of s ilif ic a tio n  the  rock seem s to  be fresh and  th e  in d iv id u a l com ponen ts are 
also fre sh  excep t b io tite  w hich  h as  been tran sfo rm ed  e ith e r  to  m uscov ite  or to 
c h lo rite . R egard ing  th e  m e ta m o rp h ic  grade th e  ro ck  can  be considered  of 
s im ila r fac ies as the  K isd é r m ic a  schists.

3. The K isdér-Téseny G arnetiferous M ica Schist —  M ica  Gneiss M ember 

O n th e  basis of th in  se c tio n  stud ies th is  M em ber can  be  d iv ided  in to  tw o
B eds:

a )  M uscovite-biotite S ch is t Bed. Its  m ost p e c u lia r  occurrence w as ex ­
p lo red  b y  th e  geophysical c h e c k  well of K isd é r N o . 1. b e tw een  128.7 and  
136.3 m e tre s  under U pper P a n n o n ia n  sandy  sed im en ts . N early  th e  sam e rock 
w as h it a lso  by  the  w a te r  p ro sp e c tin g  wells of R á d fa p u sz ta  No. 1 and  B aksa  
No. 1. T h e  crystalline sch is t is a uniform ly m u sc o v ite -b io tite  sch ist c h a ra c ­
te rized  b y  th e  predom inance  o f  m uscovite. I t  is m ed iu m -g rey , w h ite -s trip p ed
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s tro n g ly  fo lded rock, u su a lly  in  v e rtic a l position . T h e  w hite  s tr ip s  an d  lenses 
consist o f lam in a ted  q u a r tz , th e ir  th ick n ess  v aries betw een  0.5 a n d  2 cm . In 
p o ck e ts  an d  especially  in  th e  s tro n g ly  folded p a r ts  b io tite  nod u les  can  also 
be found . T he rock  locally  co n ta in s  ro s t-b ro w n , frac tu red  a lm a n d in e  c rysta ls  
o f  0.7 cm size w hich seem  to  be o f ro ta tio n  s tru c tu re . A long sc h is to s ity  a 
c h a ra c te r is tic  p ty g m a-lik e  q u a r tz  vein  of 5 cm  th ickness is also  inc luded .

In  th in  section  th e  fo llow ing  tw o m inera l associations o f lep id o b lastic - 
g ran o b la s tic  te x tu r e  can be observed :

q u a rtz -o lig o c lase-m u sco v ite -b io tite -a lm an d in e ;
q u artz -o lig o c lase(o rth o c lase )-b io tite -m u sco v ite -a lm an d in e .

T o u rm a lin e , a p a tite , m a g n e tite  an d  ch lo rite  occur as accessory  m in era ls .
O n th e  basis o f th in  sec tion  m easu rem en ts  (6 pieces) th e  av e ra g e  m ineral 

co m position  is as follow s:

q u a rtz 34 .5% m uscov ite 2 5 .5%
plagioclase 7-4% b io tite 7 .9 %
orthoclase 18.0% ch lo rite 3 .5 %

a lm an d in e 5 .3 %

T h e  garnets are s tro n g ly  fra c tu re d , occasionally  of r o ta to ry  s tru c tu re  
a n d  in  th e  frac tu res  ch lo rite  p re c ip ita tio n  is fo u n d .

T h e  q u a rtz  grains are  o f  u n d u la to ry  e x tin c tio n  and  o f la m in a te d , lense- 
like fo rm  som etim es w ith  m icrom osaic  te x tu re . S u b o rd in a te ly  rec ry sta llized  
an d  ro u n d ed  g ra in s a re  also fo u n d , th ese , how ever, do n o t c o n ta in  inclusions 
an d  a re  o f slig h tly  u n d u la to ry  ex tin c tio n .

Plagioclases are  ra re ly  tw in -lam e lla ted , th e y  ra th e r  fo rm  large-sized 
(som etim es of 3 m m ) ro u n d ed  g ra in s v 'h ich  a re  fresh  in  g en era l, an d  can  be 
se p a ra te d  from  th e  q u a r tz  g ra in s on th e  basis of th e ir  c leavage. T h e  sep ara tio n  
o f th e  cleavage-free g ra in s  could  be perfo rm ed  only in  co n v e rg e n t lig h t. The 
tw in -lam e lla ted  form s a re  o f oligoclase com position .

T h e  orthoclase is rep re se n te d  by  stro n g ly  ro u n d ed , o ften  f ra c tu re d  lam i­
n a te d  c ry s ta ls  o f 2 to  3 m m  size. T he surfaces are  s trong ly  re so rb e d  along the  
c leavage, suggesting  fo rm e r  se ric itiza tio n . S eric ite , how ever, c a n n o t be rec­
ognized , th e  lam ellae  a long  fra c tu re s  are m uscov ite .

T he presence o f o rth o c lase  in  th is  rock  ty p e  and  also in  th e  su b seq u en t 
ones to  be d iscussed , resp . its  la rge  q u a n ti ty  can n o t be ex p la in ed  u n am b ig u ­
ously . O n th e  basis o f th e  m icroscopic p ic tu re  o f th e  m u sc o v ite -b io tite  schists 
it  can  be s ta te d  th a t  th e se  fe ld sp a rs  form ed n o t during  m e ta m o rp h ism  bu t 
th e se  a re  th e  relics o f th e  fe ld spars of th e  orig inal rock. T h is ro ck  d id  n o t reach 
th e  m e ta m o rp h ic  g rade  so t h a t  g ra n itiz a tio n  could develop.

B o th  m uscovite  an d  b io tite  form  large-sized , o ften  o f  2 cm , bended  
p la te s . I t  is c h a rac te ris tic  o f b io tite  th a t  it  occurs in  th e  su rface  sch is to se  bends 
o f th e  fo lded  rock, i.e. w here p ressu re  m ax im a  ex isted , fo llow ing  u su a lly  th e
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su rface  o f som e of th e  la rge-sized  (q u artz  or o rth o c lase ) grain . I t  is found 
a lw ays to g e th e r o ften  in te rg ro w n  w ith  m u sco v ite . M uscovite lies be tw een  
th e  q u a r tz  and  fe ld sp ar “ s tr ip s ”  form ing p ra c tic a lly  s tra ta  am ong  th em  
(F ig . 3).

Chlorite is a r a th e r  f re q u e n t com ponen t. S om etim es it form s faces of 
a b o u t 100 m icron, b u t  m ore  o ften  occurs as p seu d o m o rp h  a fte r b io tite . This 
tw o  k in d s  o f occurrence can  be  regarded  p rim a ry  a n d  secondary  ch lo rite .

F ig . 3. M u scov ite-b io tite  sch is t; b o reho le  o f K isd e r-l. fro m  131.6 m ; + N ,  M =  150 X

Tourm aline  is an  o th e r  f re q u e n t accessory m in e ra l. I ts  colum ns o f som e­
tim es  1 m m  size are p leo ch ro ic , often  of zonal s t ru c tu re  and  occasionally  these  
are  su rro u n d ed  by  a p leo ch ro ic  aureole.

T h e  less f re q u e n tly  o ccu rrin g  epidote form s sm all g rains w hich are  a r ra n g ­
ed in  e lo n g a ted  h eap s a long  sch is to sity .

h) Biotite-schist, M ica-G neiss, B io tite -A m phibo le  Gneiss Bed

T h is  B ed  was se p a ra te d  p ra c tic a lly  only on th e  basis  o f one ex p lo ra to ry  
bore , i.e . T éseny  N o. 1. I t s  c h a ra c te ris tic  fea tu re  is t h a t  m ica, non-m ica ra tio  
is dec reased  as com pared  to  th e  foregoing B ed, a n d  th e  rock  becom es gneiss­
like. In  th e  gneiss b o th  k in d s  o f  m ica are found  w ith  th e  s trong  p redom inance  
o f b io ti te  on th e  acco u n t o f m u sco v ite . The d a rk -g rey ish -b ro w n  b io tite  sch ist 
s tr ip s  o f  sh a rp  b o u n d a rie s  a n d  of 20 to  30 cm  th ic k n e ss  are ch a rac te ris tic  
an d  th e se  d iv ide b o th  ty p e s  o f  gneiss in to  b an k s  o f 1.5 to  1.8 m etres. A lm an ­
d ine is f re q u e n t b o th  in  th e  b io ti te  schist an d  in  th e  gneiss b u t th e  b io tite
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sch is t co n ta in s  m ore a lm and ine  th o u g h  its  g ra in  size is m uch sm a lle r. W hen 
in v es tig a tin g  th e  m ica-gneiss rock p e rp e n d ic u la rly  of sch isto sity  th e  a lte ra tio n  
of th e  th in  m ica-rich  and  2— 3 m m  th ic k  q u a rtz -fe ld sp ar s tr ip s  can  be well 
observed . T h e  la t te r  ones are  of b lu ish  sh ad e  caused  hy th e  k y a n ite  colum ns 
occurring  in  large q u a n ti ty  and  reach in g  occasionally  the  size o f  2 cm . Less 
freq u en tly , s ta u ro lite  is also found .

In  a d e p th  o f 155.0 m, a t th e  b o u n d a ry  o f th e  m ica-gneiss a n d  b io tite  
sch is t a ye llow ish-w hite  vein  of u n se ttle d  ru n  an d  0.5 cm th ic k n e s s  can  he 
fo und . T he c o n tac tin g  m ica-gneiss becam e also o f ligh te r colour in  a th ick n ess  
o f a b o u t 5 cm and  co n ta in s fresh , u n f ra c tu re d , t ra n sp a re n t b lu ish  k y a n ite  
c ry s ta ls  o f m ax . 4 cm size and  0.4 cm  th ick n ess  crossing one a n o th e r . A m ong 
th e  k y a n ite  c ry s ta ls  also fresh , u n fra c tu re d  dark -b row n  id io m o rp h ic  s ta u ro lite  
c ry s ta ls  o f m ax . 1 cm size can be o b se rv ed , accom panied  by  a few  g a rn e t 
g rains. T hese c ry s ta ls  are  im bedded  in to  th e  m uscovite  tissue , th u s  th e  whole 
rock  s tr ip  is of lig h t shade. In  th e  side o f b io ti te  sch ist the  c o n ta c t s tr ip  is less 
expressed . T h is is accom panied  on ly  b y  a lig h t (m uscovitic) b o rd e r  o f  2 mm 
th ick n ess . T he surface of th e  vein , h ow ever, to w ard s  the  b io tite  sc h is t is m uch 
m ore com plica ted  (jagged). The e m b a y m e n ts  of several m illim e tre s  along 
sc h is to s ity  re la te  to  the  fac t th a t  th is  vein  in tru d e d  b e tw een  th e  surfaces 
o f th e  tw o rocks on th e  acco u n t of b io ti te  sch is t. A ccording to  th e  in v e s tig a tio n s  
u n d e r m icroscope th e  yellow ish-w hite  ve in  consists of s illim an ite , q u a r tz  and  
p lag ioclase.

A 36 m etres  in te rv a l of th e  c ry s ta llin e  b a sem en t was e x p lo red  u n d er 
th e  154.0 m th ick  U pper P a n n o n ia n  sed im en ts . T he u p p e r p a r t  o f  11 m  o f th e  
exp lo red  b asem en t consists of th e  ab o v e -m en tio n ed  b io tite  sc h is t — m ica 
gneiss of 25 to  30° sc h is to s ity  d ip.

T he low er 25 m th ic k  c ry s ta llin e  sch is t underlies th e  G neiss B ed  w ith  
an  average  dip of 60° and  w ith  sh a rp  p e tro lo g ica l discordance w ith o u t a n y  frac­
tu re d  b o u n d a ry . I t s  rock is b io tite -a m p h ib o le  gneiss w ith  0.3 to  0.8  m  th ick  
b io tite  sch ist in te rca la tio n s . In  ad d itio n  to  th e  g arne t k y a n ite  a re  n o t  found  
in  th is  section . I ts  m ica co n ten t d ecreases to  m in im um , e x c e p t th e  b io tite  
sch ist. As co n tra s te d  to  th e  gneiss, th e  m icro-fo lded  q u a rtz  v e in s  o f  u n se ttle d  
ru n  becom e fre q u e n t, m oreover, fe ld sp a r-b ea rin g  veins also o ccu r. I t s  folded 
s tru c tu re  an d  p ty g m as re flec t obv ious m ig m a tic  effects.

The sillim an ite  of la rge  q u a n ti ty  can  be recognized also m ac ro sco p ica lly . 
T he m inera l assem blages o f  th e  th re e  ro ck  ty p e s  are as follow s:

M ica  gneiss :

q u a rtz  —  p o tash -fe ld sp ar —  oligoclase —  b io tite  —  m u sc o v ite  — 
g a rn e t;

q u a rtz  —  p o tash -fe ld sp ar — oligoclase —  b io tite  —  (m u sco v ite ) 
s illim an ite  -— k y a n ite  —  g a rn e t;
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q u a r tz  —  p o ta sh -fe ld sp a r  — oHgoclase —  (b io tite )  —  m uscovite  —  s ta u - 
ro lite  —  k y a n ite  —  g a rn e t; 

q u a r tz  —  o rth o c lase  —  (oligoclase) —  s illim a n ite .

B io tite -schist:

q u a r tz  —  oligoclase -—  b io tite  — g a rn e t;
q u a r tz  — oligoclase —  b io tite  — s illim a n ite ;
q u a r tz  —  oligoclase —  (p o tash -fe ld spar) —  b io ti te  —  sillim anite .

B iotite-am phibole gneiss:

q u a r tz  —  plag ioclase  —  b io tite  —  m u sc o v ite  —  g arne t;
q u a r tz  —  p lag ioc lase  —  orthoclase —  b io t i te  —  sillim anite —  g a rn e t;
q u a r tz  — p lag ioclase  —  hornb lende —  g a rn e t  —  (epidote).
T h e  m inera i co m p o sitio n  of th e  rocks b a se d  on th in  section m easu re ­

m en ts  are  sum m arized  in  T a b le  1.

Table 1

M ineral Mica gneiss
Sillimtfnitic

vein
Biotite
schist

Biotite-
Amphibole

gneiss

Q u artz 38.3 35.0 12.7 32.5

Oligoclase 15.2 — -
Plagioclase (andesine?) - 28.0 13.9 7.2

O rthoclase 19.0 — - 8.1

B io tite 13.7 — 59.6 5.0

M uscovite 5.8 — 1.1 0.5

A lm andine 1.7 — 5.4 3.6

K y a n ite 5.3 — 0.6 -

S tau ro lite 0.5 — 0.5 -

E p id o te - — - 1.2

Sillim anite 2.3 37.0 11.5 2.3

H ornblende ? 43.9

N u m b er of investiga tions 10 1 7 8

T h e  q u a rtz  g ra in s a re  lam in a te d , f re q u e n tly  sp ind le-shaped  an d  of un - 
d u la to ry  e x tin c tio n . T h e  g ra in s  are of jag g ed  p o s itio n  according to  th e  p la n e  
o f sc h is to s ity  an d  fo rm  s t r a ta .  In  th e  sam e p la n e  secondary , m osaic-like  
q u a r tz  o f s ligh tly  u n d u la to ry  ex tin c tio n , f ra c tu re d  p o ta s h  feldspar and  lim p id  
p lag ioc lase  being d isce rn ab le  fro m  q u artz  on ly  in  o p tic a l w ay, as well as a few 
tw in -la m e lla te d  p lag ioclase  c a n  be found. T h e  in f re q u e n t p ty g m a-lik e  veins 
of u n s e ttle d  run  consist m o s tly  of m osaic-like q u a r tz .
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In  th e  b io tite -a m p h ib o le  gneiss veins o f q u a r tz  -)- p o ta sh  fe ld sp ar com" 
position  produced  d e f in ite ly  by g ra n itiz a tio n  a re  also found .

In  th e  rocks o f  th is  ty p e  orthoclase  is found  in  th ree  m odifica tions. 
In  th e  m ica-gneiss i t  occurs in form  of f ra c tu re d  p o rp h y ro b la s ts  to g e th e r w ith  
q u a r tz  as p rim ary  m in e ra l; in  th e  q u a rtz  -j- p o ta sh  fe ld sp ar veins in tru d e d  
in to  th e  b io tite -am p h ib o le  gneiss along th e  p lane  o f sch is to sity . In  th e  b io tite - 
am phibo le  gneiss i t  occurs to g e th e r w ith  h o rn b len d e  and  q u a rtz  an d  consists 
o ft ine, u n fra c tu re d  g ra in s  and  th e  fac t c a n n o t be decided  w h e th e r th ese  grains 
are p rim ary  or seco n d a ry  ones, or secondarily  reg en e ra ted  orig inal grains.

O ut of th e  p lag ioclases som e tw in -lam e lla ted  g ra in s of oligoclase com ­
position  and  of 2 m m  la rg es t size can be recognized . P lagioclases occurring  
to g e th e r w ith  seco n d ary  q u a rtz  are found  in  large  q u a n titie s  and  can be sep­
a ra te d  from  q u a r tz  on ly  b y  cleavage or on th e  basis  o f ax ial p ic tu re . In  th e  
b io tite  schist b an k s  of severa l decim etres th ick n ess  an d  in  th e  b io tite -a m p h i­
bole gneiss m ore basic  an d  often tw in -lam ella ted  p lagioclase o f oligoclase- 
andesine com position  is found . T he fe ldspars o f th e  s illim an ite -rich  vein  are 
n o n -tw in -lam ella ted  p lagioclases.

The q u a n ti ty  of m uscov ite  becom es su b o rd in a te , m oreover i t  is nearly  
a b se n t in th e  b io ti te  sch ist and b io tite -am p h ib o le  gneiss, b u t  i t  is th e  sole 
m ica m ineral in  th e  c o n ta c t of th e  s illim an ite-rich  vein .

In  th e  b io tite  sch is t b io tite  becom es locally  q u a n tita tiv e ly  d e te rm in an t. 
T he m ica gneiss co nsists  o f tw o m icas b u t  b io tite  is p re d o m in a n t. I ts  o rien ted  
a rran g em en t p ro d u ces th e  lep idoblastic  sc h is to s ity  o f th e  rock  as co n tra s ted  
to  th e  m ica gneiss of g ran o b lastic  te x tu re . T he fo rm a tio n  of s illim an ite  from  
b io tite  can be w ell fo llow ed especially in  th e  b io tite  sch ists.

A lm andine occurs a p p a re n tly  in  th e  sam e fo rm  in  all th e  c ry sta llin e  
sch ists of th e  G örcsöny  R idge. T he g a rn e ts  of th e  b io tite  sch is t an d  b io tite - 
am phibole  gneiss, how ever, are of d a rk e r colour, th e ir  g ra in  size is sm aller 
b u t  to ta l q u a n ti ty  g re a te r  th a n  those  o f th e  m ica sch ist an d  m ica gneiss. 
F ro m  th e  chem ical com position  of some p re p a re d  g a rn e t g rains i t  tu rn e d  ou t 
th a t  th e  d a rk e r v a rie tie s  co n ta in  m ore iron .

In  th e  c ry s ta llin e  sch ists o f borehole T éseny  N o. 1. s ta u ro lite , k y an ite , 
sillim an ite  and  h o rn b len d e  occur as new  m inera ls .

S tau ro lite  is irre g u la rly  frac tu red , s tro n g ly  p leochro ic (brigh t-yellow  
an d  colourless), a n d  o ften  of hexagonal cross-section  (p erp en d icu la r of th e  
c axis). In  genera l, i t  is of co lum nar, p rism a tic  ap p ea ran ce  an d  th e  c rysta ls  
o f som etim es 0.5 cm  lie in  th e  p lane of sch is to s ity . I ts  f rac tu re s  co n ta in  u sua lly  
m uscovite  or g ra in  is im b ed d ed  in to  m uscov ite . I t  occurs alw ays w ith  k y an ite .

K y an ite  is fo u n d  in  tw o k inds of o ccu rrence , m o stly  in  th e  m ica gneiss. 
One form  of o ccu rrence  is th e  co lum nar k y a n ite  a t  d is tan ces  o f 15 to  25 cm 
above each o th e r. T hese  lie in  nests resp . s tr ip s  an d  th e  grains are  frac tu red . 
T h e  th ickness o f th e  s tr ip s  does no t exceed 3— 4 cm  an d  th e y  do n o t occur
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w ith  s h a rp  boundaries. In  th e  p lan es  of sch is to sity  th e  lig h t-b lu e  k y a n ite  
c o lu m n s  a re  of desorien ted  p o s itio n  and  often  cross one a n o th e r. T he idio- 
in o rp h ic  c ry sta ls  am o u n t to  3 m m  in  th ickness and  occasionally  to  2 cm  in 
le n g th . T h e  o ther form  of o cc u rre n ce  is th e  k y a n ite  in  th e  c o n ta c t o f th e  silli- 
m a n ite - r ic h  vein in th e  m ica gneiss sim ilarly  to  th a t  described  ab o v e . T he 
tw o  k in d s  o f k y an ite  of d iffe re n t o rig in , to g e th e r w ith  th e  c o lu m n a r sillim an ite  
a n d  s ta u ro li te  are defin ite ly  m e ta m o rp h ic  facies in d ica to rs .

F ig. 4. K y a n i te  colum ns and  s ta u ro li te  from  th e  m ica gneiss o f th e  b o rho le  T éseny-1 , from
156.2 m

F ig . 5. S illim anite-rich  ro ck  v e in  fro m  th e  m ate ria l o f th e  borehole  Téseny-1
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U n d er m icroscope th e  sillim an ite  show s tw o  k in d s of ap p ea ran ce : in  form  
of fine  ra d ia te d  f ih ro lite s  form ed from  h io tite  in  th e  b io titic -m u sco v itic  su b ­
stan ce  su rro u n d in g  th e  k y a n ite -s ta u ro lite  c ry s ta ls , and  in n o n -fib ro u s  p ris ­
m atic  form  in th e  yellow ish-w hite  vein  o f th e  m ica gneiss.

H o rn b len d e  is th e  m ost freq u en t m inera l o f  th e  b io tite -am p h ib o le  gneiss. 
I ts  g rass-green , fresh  c ry s ta ls  e longated  in  th e  d irec tion  of a-ax is an il often  
of 1— 2 m m  size are  o rien ted  accord ing  to  sch is to sity . I ts  c h a ra c te r is tic  
cleavage and  p leochro ism  can be well o b serv ed . In  its  g reen ish -b lue —  oil- 
green and  lig h t greenish-yellow  pleochroism  th e  b lue  shade as well as th e  ax ial 
angle som ew hat less th a n  th e  regu lar one (60°) suggest th e  so m ew h at h ig h er 
a lkali co n te n t of th e  m inera l.

E p id o te  can  he observed  as sm all g ra in s ’ h eap s in certa in  p h ases  o f b io ­
tite -am p h ib o le  gneiss. I t  accom panies m a in ly  th e  plagioclases and  lies on th e ir  
surface.

T he w edge-shaped  c ry sta ls  of t i ta n ic  g row ing  som etim es up to  1 m m  are 
th e  accessory  co m p o n en ts  m ostly  of th e  b io tite -am p h ib o le  gneiss. M ag n e tite  
and  ilm en ite  are  id io m o rp h ic , th e ir  to ta l  q u a n t i ty  m ay occasionally  a m o u n t 
to  one p er cen t. T o u rm alin e  occurs ra re ly  in  th e  m ica gneiss, in  fo rm  o f oil- 
green co lu m n ar c ry s ta ls . T he rare ly  occu rrin g  ch lo rite  is p roduced  b y  h io tite  
decom position .

4. The Gyód B io tite-A m phibole  Gneiss M em ber

T his series w as exp lo red  by  th e  geophysica l check boreholes o f G yód-3 
and  G yód-4. T h e  tw o  boreholes w ere d rilled  in  th e  n o rth e rn  an d  so u th e rn  
side of th e  se rp en tin ized  u ltra b a s ite  b o d y  exp lo red  by boreho le  G yód-2. 
S ou th  of ab o u t 80 m etres  of th e  c o n ta c t w ith  th e  m etam orph ic  rocks borehole  
G yod-4 explored  by  con tin u o u s core sam p lin g  th e  progressively  m ig m a titiz e d , 
s tro n g ly  h io tite -rich  rock con ta in in g  large q u a n t i ty  of red fe ld sp ar (be tw een  
77.8 and  120.5 m ). B oreho le  G yód-З loca ted  a b o u t 150 m etres from  th e  n o rth e rn  
c o n ta c t and also u n d e r  U pper P an n o n ian  s t r a ta  explored  th e  c ry s ta llin e  b a se ­
m en t by  co n tin u o u s sam pling  and be tw een  108.0 and  147.0 m e tres . T h is con­
sists o f less m ig m a titiz ed  b io tite -am p h ib o le  gneiss, sim ilarly  to  th e  rock 
m ate ria l o f boreho le  G yód-4. The m e ta m o rp h ic  o rien ta tio n  of th e  ro ck  is 
p rac tica lly  v e rtic a l in  b o th  bores, an d  sm alle r sch istose dip caused  b y  fo ld ing  
can be observed  only  in  a sm aller section .

W ith in  th e  m e ta m o rf ite  zone o f th e  G örcsöny  Ridge th e  m ig m a tiz a tio n  
is m ost considerab le  in  th is  area. T he ro ck  a t ta in s  th e  grade o f  “ s tra tif ie d  
m ig m a tite ” an d  locally  conceals the  o rig inal fea tu re s . The orig inal ro c k  p roved  
to  be tw o-m ica gneiss and  h io tite  sch ist in  case o f  borehole G yod-4 a n d  garn e ti- 
ferous b io tite -am p h ib o le  gneiss and h io tite  sch is t in  th a t  o f bo reho le  G yód-3. 
T he m a te ria l o f bo reho le  G yód-4 is of m ore p rogressed  stage. T h is m ig m atiza -
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t io n  is c o rre la ted  b o th  in  space  an d  tim e  b y  B . J a n t s k y  (1974) w ith  th e  
p h e n o m e n a  of th e  m ig m a tite  zone of the  M órágy  block.

T h e  th in  section  s tu d y  o f th e  m e ta m o rp h ite s  of Gyód s im ila r to  those 
d esc rib ed  in  d e ta il of th e  T ésen y  borehole h u t  b e in g  of som ew hat m ore  “ enig­
m a tic ”  c h a ra c te r  th rew  lig h t u p o n  tw o k in d s  o f d ifferences, i.e. th e  absence  
o f s illim a n ite  and  k y a n ite , a n d  th e  freq u en cy  o f  ep ido te  and  ch lo rite  d u e  to  
s tro n g ly  regressive m e tam o rp h ism . In  sev era l sec tio n s chlorite  p seu d o m o rp h s  
a f te r  s ta u ro lite  can  also be fo u n d . In  ce rta in  p h ases , h io tite  is co n s id e ra b ly  
ch lo ritiz e d , especially  w here th e  rock  is d issec ted  b y  a young lithoc lase  sy s te m . 
G a rn e ts , how ever, rem ain ed  u nchanged  a n d  h a v e  no t been decom posed  in 
th e  p a r ts  d issected  b y  lithoc lases, e ither.

5. The Pellérd-K eszü  A ctinolite  S c h is t—A m phibo lite  M em ber

In  th e  n o rth e rn  fo reg ro u n d  o f the G örcsöny  R idge, east o f th e  v illage 
P e llé rd  th e  b asem en t sinks in to  g rea t d e p th s . T h e  basem en t of th e  so u th e rn  
c o n ta c tin g  s tr ip  of th e  n arro w  E N E  — W S W -strik in g  fordeep  of U p p er P a n n o n ia n  
age co n sis ts  p rac tica lly  of ac tin o lite  sch ist an d  am p h ib o lite . This m e m b e r was 
e x p lo red  o n ly  by  one bo reho le , i.e. the  w a te r  p ro sp ec tin g  well d rilled  b e tw een  
P e llé rd  a n d  K eszii in  1958. U n d e r the  P a n n o n ia n  an d  S a rm a tian  s t r a ta  of 
408.8 m  th ick n ess  13 m e tre s  o f th e  b a sem en t w as explored. T he p r im a ry  d e ­
sc r ip tio n  lis ts  th e  a lte rn a tio n  of gneiss an d  am ph ib o le  schist b u t  th e  core 
sam p les  a re  lack ing . A. B a r a b á s  (1959) s tu d ie d  som e th in  sections a n d  de­
scrib ed  th e  rock  as an  ac tin o lite  schist.

I t  is assum ed  th a t  th is  ac tin o lite  sch is t is th e  n o rth w ard  p ro lo n g a tio n  
of th e  g a rn e tife ro u s  h io tite -am p h ib o le  gneiss o f m igm atic  c h a ra c te r  crossed 
b y  b o reh o le  G y ó d -З. On th e  basis of th in  sec tio n  investig a tio n s th e  am p h ib o le  
c o n te n t  o f th e  garn e tife ro u s b io tite -am p h ib o le  gneisses of Téseny is o f h ig h er 
a lk a li-c o n te n t th a n  h o rn b len d e  itself, in genera l. T his h igher a lk a li c o n te n t 
o f a m p h ib o le s  w as n o t o b serv ed  in th e  borehole  G y ó d -З and  G yód-4, p ro b a b lv  
due  to  th e  s trong  m ig m atic  effect. F a r th e r  fro m  th e  m igm atic  zone th is  
h ig h e r a lk a li  co n te n t becom es m ore and  m ore e v id e n t and  leads p ro b a b ly  to  
th e  fo rm a tio n  of ac tin o lite  sch ist.

W ith  progressive m e tam o rp h ism  th e  m ig m a tic  phenom ena are  g ra d u a lly  
in c re a s in g . In  sp ite  o f th e  ab so lu te ly  u n c e r ta in  ac tin o lite  sch ist o f G y ód , in  
th e  s o u th e rn  foreground  o f P écs s trong ly  g ra n itiz e d  rocks are found  (boreho les 
S z ig e ti-leg e lo -l, U jm ecsek a lja -1 , etc.).

I n  th e  B arrow  ty p e  C rysta lline  Schist F o rm a tio n  of G örcsöny a sy n g en e tic  
ec log ite  (L . B a r a n y a i - R a v a s z , 1969) is in te rc a la te d  p robab ly  s im ila rly  to  
th a t  k n o w n  from  P ohorie  (A. H i n t e r l e c h n e r - R a v n i k , 1972). On th e  basis 
o f an a lo g ies  th e  sligh tly  se rp en tin ized  p y ro x e n ite  n eck  explored b y  bo reho le  
G yód-2 can  he considered  to  he  o f S ilu rian  age. T hese, how ever, do n o t dis-
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tu rb  to  a considerab le  e x te n t th e  zonal s t ru c tu re  and  progressive c h a ra c te r  of 
th e  F o rm a tio n .

II. Pre-m etam orphic Rock-type

T h e zones of th e  D a lrad ian  series w ere p ro d u ced  hy  th e  m e ta m o rp h ism  
o f p e litic  sed im en ts. T he re s is ta n t f ra g m e n ts , especially in  th e  low er-g rade  
zones m ay  be p reserved  w here th e  o rig in a l sed im en t had  been  p sam m itic .

T he m inera l associa tion  possib ilities o f  th e  B arrow  ty p e  m e ta m o rp h ism  
(T ab le  2) re la te  to  th e  fa c t th a t  th e  m in era l associa tions of th e  G ö rcsö n y  R idge,
i.e. from  th e  a lm an d in e  zone to  th e  s illim a n ite  zone are  th e  sam e th a n  those 
o f th e  B arrow  ty p e  series of pe litic  o rig in , e x c e p t the  o rthoclase a n d  q u a rtz  
relics. T he b io tite -m u sco v ite  sch ists, b io tite  sc h is t and mica gneisses o f  K isdér 
are  of p sam m itic , w hile th e  am phibole  gneisses of Téseny an d  G y ó d  are of 
igneous (basic) origin.

Table 2

Zonal index
R ock composition

pelitic carbonaceous basic (basaltic)

C hlorite m uscovite -ch lorite -quartz calcite-m ica ch lo rite -a lb ite -
e p id o te -ti ta n ite
(calc ite)

B io tite bio tite-m uscovite-ch lorite-
q u a rtz

q u a rtz

A lm andine b io tite-m uscovite-alm andine-
q u a rtz

garnet-epidote-
hornblende

S tau ro lite b io tite-m uscov ite -stau ro lite -
a lm and ine-quartz garnet-anorth ite -

hornblende

h o rn b len d e  plagio- 
clase (w ith  epi-

K y a n ite b io tite-m uscovite-ahnandine-
k y an ite -q u a rtz

b io tite )

Sillim anite b io tite-m uscovite-alm andine-
sillim anite-quartz-(orthoclase)

garnet-anorth ite -
diopside

III. Comparison with the M etaniorphites of Papuk-K rndija

T he cry sta llin e  basem en t o f th e  D ra v a  B asin  is d irectly  c o n tin u e d  in  the 
su rfic ia l h igher-g rade  c rysta lline  sch ists o f  th e  P ap u k  M ountains a n d  K rn d ija . 
T h e  com parison  o f S E -T ran sd an u b ia  a n d  o f  th e  P a p u k -K rn d ija  series is an 
ev idence of th e  n ea rly  id en tica l p a le o h is to ry  o f th e  tw o areas as w ell as of the  
B arro w  ty p e  m etam o rp h ism  of th em .
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A ccord ing  to  th e  T ab le  3 th e  regional m e ta m o rp h ic  series of th e  G ö rcsöny  
R id g e — D rav a  B asin is s im ila r  to  the  Scotch  H ig h la n d  ty p e , ra th e r  th a n  th e  
P a p u k -K rn d i ja  series. In  th e  fo rm er one a ll th e  in d ex  m inerals occu r (an d  
m a jo r  p a r t  of th em  can  be a rran g ed  in zones) w hile  in  th e  la tte r  the  k y a n ite  is 
la c k in g  a n d  sillim anite  occurs n o t due to  th e  h ig h  p - t  values b u t ju s t  b ecau se  
of g ra n itiz a tio n . T hus i t  is p ro b lem atic  w h e th e r i t  is ju s tif iab le  to  e x te n d  th e  
zones o f  b io tite -m u sco v ite  gneisses and  b io tite  gneisses up  to  th e  s illim a n ite  
zone. I n  th e  classical succession  nam ely th e  s illim a n ite  isograde follow s th a t  
o f  k y a n i te  an d  is n o t in flu e n c e d  by  g ra n itiz a tio n . N evertheless, in  th e  G ö r­
csö n y  R idge  g ran itiza tio n  h ad  been also ac tiv e  h u t  sillim anite  can be d e te r ­
m in e d  in d ep en d en tly  of th is , th u s  th e  s illim an ite  zone exists in d e p e n d e n tly  
of g ra n itiz a tio n .

Table 3

D alrad ian  series P ap u k -K rn d ija  series
“ Early Paleozoic” 

of SE-Transdanubia

C hlo rite  zone Silurian q u a rtz -sch is t 
m u scov ite -ch lo rite  schist

S ilu rian  quartz-sch ist (S za la tn ak ) 
m uscovite-ch lorite  schist 

(O korág-2; Sellye-1)

B io tite  zone m u sco v ite -b io tite  schist 
b io tite -am p h ib o le  gneiss

m u scov ite -b io tite  gneiss 
(O k o rag -l)

A lm an d in e  zone b io tite -m u sco v ite  gneiss m u sco v ite -b io tite  schist (K isd e r- l)

S ta u ro lite  zone m ica-gneiss b io tite-am ph ibo le  
(T esen y -l)  gneiss (T éseny  — 

Gyód)K y a n ite  zone

S illim an ite  zone bio tite-gneiss b io tite -sch ists

T h e  rocks of the sam e n a m e  do n o t occur in  th e  sam e zone in th e  P a p u k  
an d  S E -T ra n sd a n u b ia n  series, since the  Y u g o slav ian  series consists o f m e ta -  
m o rp h ite s  o rig in a ted  only  from  politic source rock . In  th is  case gneiss d en o te s  
a ro c k  th e  fe ldspar of w h ich  developed  d u rin g  m e tam o rp h ism  while in  th e  
H u n g a r ia n  series, ju s t  becom e o f  the  p e litic -p sam m itic  source rock th e  o rth o - 
clase o f  th e  gneisses is re lic t e x c e p t the  sillim an ite  zone, h u t it  is c lassified  as 
gneiss ow ing  to  th e  o ccu rren ce  o f orthoclase in  la rg e  q u an tities  (ep igneiss 
p ro b lem ).

A n o th e r  difference is th e  fa c t th a t  in  th e  P a p u k  M ountains th e  m usco- 
v i te -b io t i te  schists form  on ly  a tran s itio n a l zone h ig h ly  above the  a lm an d in e  
iso g rad e , w hile in the  G örcsöny  R idge the  rocks a re  assigned to  the a lm a n d in e  
zone. T h e  d ifferen t m e ta m o rp h ic  ch arac ter o f th e  am phiho le-bearing  rocks 
can be  e x p la in e d  by  th e  d iffe re n t ages of fo rm a tio n  o f  th e  igneous source rock . 
T hese w ere  in  d ifferent levels in  th e  original “ ro ck  co lu m n ” .

A d a  Geologica Academiae Scienliarum Hungaricae 20, 1976



BARROW  T Y P E  M ETAM ORPHISM 61

P . R a f f a e l l i  (1965) has d raw n  also th e  m ap of th e  m e ta m o rp h ic  zones 
o f R a v n a  G ora. In  th is  m ap  th e  isog rades are o f E -W  d irec tion  an d  th e  m e ta ­
m orph ic  g rade  increases from  th e  so u th  n o rth w ard s . The k y a n ite  isograde, 
how ever, is lack ing  here. T he occurrence  o f s illim an ite  can be a t t r ib u te d  also 
to  g ra n itiz a tio n  since w ith o u t g ra n itiz a tio n  th e  m e tam o rp h ism  o f th e  P a p u k  
M oun ta ins w ould  he com pleted  b y  th e  s ta u ro lite  zone.

T he G örcsöny R idge an d  its  so u th w e s te rn  environs resp . th e ir  c ry s ta llin e  
b a sem en t form  a m ore com plete  B arro w  ty p e  series. In  th e  p ic tu re  com piled  
on th e  basis of in d iv id u a l bores none o f th e  B arrow  zone are  la ck in g  a lth o u g h  
i t  is d ifficu lt to  d raw  th e  b o u n d aries  e x a c tly  due to  th e  lack  o f boreholes 
o f req u ired  n u m b er.
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МЕТАМОРФИЗМ ТИПА «БАРРОУ» КРИСТАЛЛИЧЕСКОГО ФУНДАМЕНТА ГОР 
ЮГО-ВОСТОКА ЗАДУНАЙСКОГО КРАЯ

Т. С Е Д Е Р К Е Н Ь И

Р е з ю м е

Часть разведочных скважин, пробуренных в южной части области Баранья, под 
паннонско-миоценовыми слоями вскрыла большей частью мезозонально кристаллические 
сланцы, которые согласно данных подобных славонских образований непосредственно 
связаны с метаморфической массой гор Папук-Крндия. От реки Драва до гор Мечек масса 
кристаллических сланцев, перекрытая более молодыми образованиями, т. е. так называемая 
Гёрчёньская формация кристаллических сланцев типа «барроу» юго-восточного прости­
рания, образует прогрессивную серию, характеризуемую изоградами, со степенью мета­
морфизма, увеличивающейся с юго-запада на северо-восток, и заканчивающуюся гранити­
зацией. Метаморфический характер прогрессивной серии хорошо сопоставляется с клас­
сической серией Далрадиан и, помимо основания южного передового прогиба, является 
результатом единственного значительного процесса деформации. Возраст деформации 
предположительно досилурский, по Б. Яички позднебайкальский. Основание южного 
передового прогиба гор Мечек образует пояс мнлонитизированных древнепалеозойских 
известяково-филлитовых зеленых сланцев шириной 1,5 — 2 км, который вследствие ранне- 
варисцийских транскуррентных разрывных нарушений вклинился в древнюю метаморфи- 
то-гранитную массу. Тектонический пояс с южной стороны соприкасается с претерпевшим 
ретроградно преобразование краем метаморфизованной серии типа «барроу».
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CONTRIBUTION TO THE PETROGRAPHY, 
PETROCHEMISTRY AND PETROGENESIS 

OF METABASITES FROM ASWAN AREA, EGYPT
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S. O. K h a l i l , A. R . G i n d y  and A. I . A r s l a n

FACULTY OF SC IEN C E, D EPT. OF GEOLOGY, A LEX A N D R IA  U N IV ., EG Y PT

E ig h t sam ples w ere in v estig a ted , ran g in g  from  fe rro m ag n esian  rich  g ran ite , 
q u a rtz  d io rite  to  a m ore  basic  d io ritic  com position . T he m o st basic d io ritic  sam ples 
a re  believed to  h a v e  su ffered  early  g ra v ita tiv e  m ag m a tic  d iffe ren tia tio n . These are 
en riched  in  som e tra c e  e lem en ts  like V, Cr, Co and  N i. T he m o st acid ic  ones show the  
progressive fo rm a tio n  o f p o rp h y ro b la s ts  o f fe ld sp ars  t h a t  m ay  grow  u p  to  one cen ti­
m etre  long. T hese rocks c o n ta in  h igh  values fo r B a, Sr, Y , L a  an d  Sm  ex cep t for the  
m ore basic sam ples w here  B a, R b , U and  T h  co n te n ts  a re  even  low er th a n  th a t  o f th e  
average b asa ltic  rocks. H ow ever, all th e  analyzed  sam ples are  d ep le ted  in  Zr.

F rom  p e tro g ra p h ic , petrochem ica l a n d  geochem ical p o in ts  o f view , i t  could be 
n o ted  th a t  th e  d a rk  h o rn b len d ic  rocks of th e  b a sem en t in th e  v ic in ity  o f A sw an derive 
in itia lly  from  old géosynclinal igneous b asa ltic  (do leritic  an d  gabbro ic) in stru sio n s and 
n o t from  im pure  calc-m agnesium  sed im ents, as believed  form er.

Introduction

Several a u th o rs  w o rk ed  on th e  geology of th e  b a se m e n t rocks o f A sw an, 
am ong  o thers B a l l  (1907), R it t m a n n  (1953), G i n d y  (1952, 1954, 1956 and 
1957), and  H ig a z y  an d  W a s f y  (1956).

D ark  ho rnb len d ic  rocks are very  freq u en t b o th  in  th e  c o u n try  rocks and 
as inclusions in  th e  g ra n ite  o f A sw an. T hey  p a r tic u la r ly  increase  in  th e  eastern  
b o rd ers  of th e  m a p -a re a  o f  th e  environs o f A sw an to w n  (F ig . 1).

G i n d y  (1952, 1954 an d  1956) considered th e m  to  be o rig ina lly  of sim atic  
igneous in tru sio n s in  th e  c o u n try  rocks (of th e  eugeocyclinal s tage). H ig a zy  
an d  W a s f y  (1956) considered  th em  as m e tam o rp h o sed  an d  m etaso m atized  
m arly  and  im p u re  ca lcareous pelitic  sed im ents. G i n d y  (1957) h as  d ispu ted  
th is  la s t suggestion .

D espite  th e  w ide v a r ie ty  o f rock ty p es  d isp lay ed  b y  th ese  d a rk  h o rn ­
b lendic  rocks an d  th e ir  m ig m a titic  and  fe ld sp a th ized  d e riv a tiv e s , only eight 
sam ples were selected  fo r th e  p re sen t s tu d y  an d  th e ir  lo ca tions a re  illu s tra te d  
in  F ig . 1. These are  as follow s:

Sam ples No. N A -197 and  N A-198: from  th e  d a rk  grey  p o rp h y ro b las tic  
large m ig m atitic  g ra n o d io ritic  p a tch es a p p a re n tly  enclosed in  th e  coarse 
A sw an G ran ite .
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S am ples No. N A -518 a n d  N A -519: These are  d io r ite — like rocks enclosed 
in  th e  coarse  A sw an-G ran ite  w hich  is cu t h y  th e  new  g ran ite  on Sehel Island . 
C lose to  th em  the so-called C ep h ren -D io rite  occur w hich  is o f m ore fe ld sp a th ic  
a n d  m o re  gneissic c h a ra c te r  th a n  th e  sam ples selected  fo r th e  p re se n t analyses, 

S am ples No. N A -300: I s  d a rk  d iorite-like re la tiv e ly  less m igm atized  
p a r t  in  a large g ra n o d io ritic  p a tc h  sim ilar to  sam ple  N A -197.

S am ples No. N A -90, N A-91 and  N A-92: T hese d erive  from  th e  dark  
la y e r  a p p a re n tly  d iffe re n tia te d  from  a large orig inal g ab b ro id  in tru s io n  in 
th e  e a s te rn  p a r t  of th e  m a p -a re a .

F ig . 1. 1. Sem i-pelitic and  p e litic  b io ti te  sch ist and  fine g ra in ed  b io tite  gneiss; 2. M etado- 
le r ite s ;  3. G ranodiorite-like  ro ck  w ith  large  fe ldspar p o rp h y ro b la s ts ; 4. Coarse A sw an G ran ite ; 

5. New Aswan G ra n ite ;  6. N u b ia n  S an dstone; 7. A lluvia l d eposits
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G i n d y  (1957) believed th a t  som e o f th e  original g ab b ro ic  in tru s io n s  
w ere rh y th m ic a lly  d iffe ren tia ted  in to  lig h te r-co lo u red  a n o rth o s itic  and  dark - 
coloured h o rn b len d ic  layers.

Petrography

T he s tu d ied  sam ples a re  q u ite  d iffe re n t in  th e ir p e tro g ra p h ic  c h a ra c ­
te ris tic s  an d  show  som e g rad a tio n s in  th e ir  m ineralogical co m p o sitio n .

S am ple  N o. NA-197 an d  N A -198 a re  m ed ium  to  coarse g ra in e d  dark  
m esocra tic  g ranod io rite-like  rocks w ith  d iffe re n t stages of fo rm a tio n  o f  poikilo- 
b la s ts  of p o ta sh  an d  plagioclase fe ld sp ars  enclosing relics of th e  b io ti te  o f th e  
m a tr ix . T hese large fe ld spar p o ik ilo b la s ts  m a y  grow up to  tw o o r th re e  cen ti­
m eters  long. T hese are  u sua lly  lig h t-co lo u red  an d  are su rro u n d e d  b y  o u te r 
red d ish  zone. S om etim es th ese  are  less u n ifo rm  and  show ir re g u la r  ou tlines. 
U n d e r m icroscope these  rocks are  co m posed  o f zonal oligoclase, m icrocline, 
b io tite  an d  ho rn b len d e . M yrm ekite  is p re s e n t as ou te r re p la c e m en t o f po tash  
fe ld sp ar. I t  is w o rth y  to  m en tion  t h a t  th e  ho rnb lende  in  th e  g ran o d io rite s  
and  d io rites  (No. NA-197, NA-518 an d  N A -300) seems to  be of th e  sa m e  ty p e  
an d  has th e  follow ing pleochroic fo rm u la : a  -brow nish  g reen , ß  -yellow ish 
b row n to  b row nish  green, an d  y -d a rk  green . O paques, a p a tite , sp h e n e  a n d  zircon 
are  th e  com m on accessories. A p a tite  occurs m ain ly  as inc lusions in  fe ldspar 
an d  b io ti te . T he m odal analysis of th e se  sam ples are given in  T a b le  1, while 
th e  p lo t of th e ir  m odal com position  is show n  in  Fig. 2. A ccord ing  to  St r e c k - 
e i s e n ’s n o m en c la tu re  and  c lassifica tio n  (1967), based  on th e ir  ligh t-co lo u red  
c o n s titu e n ts , th ese  sam ples p lo t in  th e  fie ld  of g ran ites.

T ab ic  1

M odal com position o f  the studied  samples

C onstituent m inerals NA-197 NA-198 NA-518 NA-519 NA-300 NA-90 NA-91 NA-92

Q uartz 19.5 18.3 15.3 16.5 31.0 — —

K -feldspar 27.3 29.2 — - 1.0 — -
Plagioclase 29.7 31.6 45.9 46.2 33.0 57.4 56.7 55.7

B io tite 17.4 16.1 12.5 11.1 19.8 — — —

H ornblende 3.9 2.5 17.6 18.4 8.7 41.2 42.1 42.9

O paques 1.2 1.2 2.5 2.7 2.6 0.2 0.3 0.4

A p a tite 1.0 1.1 4.4 3.6 3.7 0.2 0.2 0.3

Sphene X X 0.8 0.7 X 0.9 0.6 0.6

Zircon X X 1.0 0.8 0.2 0.1 0.1 0.1

A llan ite — — — — — —

X  — In d ica tin g  th a t  th e  m ineral is p re se n t b u t  n o t counted
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Sam ples No. N A -518 a n d  NA-519 are d io rite  ro ck s occurring as inc lusions 
in  th e  old coarse g ra in ed  g ra n ite  w hich is cu t b y  th e  new  g ran ite  on th e  n o r th ­
ern  p a r t  of Sehel Is la n d . Close to  them  th e  so -called  C ephren D iorite  occurs 
w h ich  h as  a m ax im u m  fe ld sp a th ic  and d e fin ite ly  m o re  gneissic ch a ra c te r  th a n  
th e  sam p les  selected fo r an a ly s is . In  th in  sec tion , th e se  a re  com posed o f p lag io-

QUARTZ

Symbols a  for NA~ 197, 198 ; ° for NA-518, 519
x for NA -  300 A for NA - 90, 9!, 92

Fig. 2

clase (andesine), q u a rtz , h o rn b len d e  and  b io tite . A p a tite , opaques, zircon  
an d  sp h en e  are found  as accesso ry  m inerals. T h e  p lag ioclase  is zoned w ith  
sa u ssu ritiz e d  cores of m ore  a n o r th it ic  com position . Q u a r tz  shows u n d u la to ry  
e x tin c tio n  suggesting  p o s t-c ry s ta lliz a tio n  stresses. A ccord ing  to  S t r e c k - 

e i s e n ’s classifica tion  an d  n o m e n c la tu re  (1967), th e y  p lo t  in  th e  field o f q u a rtz -  
d io rite s .

S am p le  No. NA-300 o f A sw an  diorite  is a m e d iu m  grained  m elanocra tic  
q u a r tz  d io rite . I t  co n ta in s  m o re  q u a rtz  th a n  th e  p receed in g  ones h u t  is o f  
d a rk e r  co lo u r suggesting  h ig h e r  co n ten t of fe rro -m ag n es ian  m inerals. In  th is
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section , th is  rock  is com posed of p lag ioclase (zoned acid an d esin e), q u a rtz  
show ing u n d u la to ry  e x tin c tio n , b io tite  a n d  ho rnb lende . No good fo lia tion  
is a p p a re n t in  th e  s tu d ie d  sam ple, b u t in c ip ie n t stages of fo rm a tio n  o f p o tash  
fe ld sp ar is revea led  b y  th e  appearance  a n d  g ro w th  o f m inor, sm all in te rs titia l 
an h ed ra l m icrocline c ry s ta ls . B oth  b io tite  a n d  h o rn b len d e  seem  to  be  ad jacen t 
to  each  o th e r as i f  in  p e rfe c t equ ilib rium  s ta te .  A p a tite  is a com m on accessory 
m inera l and  is p re se n t as inclusions in  b io ti te  an d  plagioclase a n d  as in te r ­
g ran u la r  crysta ls . O p aq u es , sphene and  z ircon  a re  o th e r accessories.

Sam ples N o. N A -90 , NA-91 and  N A -92 are  m edium  to  f in e  grained  
m elanocra tic  d io rite s  com posed of p lag ioclase an d  d a rk  fe rrom agnesian  m in­
erals. In  th in  sec tio n  th e se  show m ore o r less equal am o u n ts  of andesine 
an d  ho rnb lende w h ich  te n d  to  be seg reg a ted  in to  d ifferen t b a n d s . T he h o rn ­
b lende c rysta ls  a re  su b p ara lle l fo rm ing  a c ru d e  gneissic s tru c tu re . T h e  horn- 
b lend ic  bands could  fo rm  afte r orig inal p y ro x e n e  crystals w hich  w ere dif­
fe re n tia ted  g ra v ita t iv e ly  in  th e  in itia l s im a tic  eugeosynclinal in tru s io n . H o rn ­
b len d e  is m o d e ra te ly  pleochroic in  th e  fo llow ing  m anner, a -lig h t-g reen , ß- 
g reen  and  y-pale b lu ish -g reen . Sm all a n h e d ra l c ry s ta ls  of sphene, a p a ti te  and 
m inor opaques a re  accessories.

T he p lo t o f te rn a ry  d iagram  in St r e c k e i s e n ’s classifica tion  an d  nom en­
c la tu re  (1967) falls in  th e  fie ld  of d io rite  a n d  g ab b ro  (based on ly  on th e  ligh t- 
coloured  c o n s titu e n ts ) . T he m ode of th e  l ig h te r  “ an o rth o sitic”  b a n d  opposite  
to  th is  d a rk  b a n d  w a s  g iven by  G undy (1957, T ab le  1, p. 681) consisting  of 
acid  andesine 85.36 a n d  hornblende 14.64 p e r cen t, w itli m in o r am o u n ts  of 
sphene and  o p aq u es. W h en  com pared  to  each  o th e r, th e  q u a n t i ty  of h o rn ­
b lende in  th e  d a rk  b a n d  is ab o u t th ree  tim e s  h ig h e r th a n  in th e  a d ja c e n t ligh t 
b a n d . I t  is w o r th y  o f n o te  th a t  th e  accesso ry  opaques are sp a rse  an d  too 
sm all in  size as со m p a re d  to  those of th e  o th e r  s tud ied  d io ritic  va rie tie s .

Petrochem istry

C om plete ch em ica l analyses of e ig h t ho rnb lend ic  rocks a re  g iven in  
T ab le  2. R ock  pow ders w ere chem ically  a n a ly z e d  using th e  m e th o d  described 
b y  R i l e y  (1958) fo r th e  d e te rm in a tio n  o f Si, T i, F e  (as to ta l  iro n ), N a , К  an d  P . 
A lum in ium  an d  fe rro u s  iron  were d e te rm in ed  follow ing th e  m e th o d  described 
b y  S h a p ir o  an d  B r a n n o c k  (1962). Mn, Mg a n d  Ca were d e te rm in ed  sep ara te ly  
b y  a spec trochem ica l m ethod . R ock an a ly se s  w ere carried  o u t in  dup lica te  
w ith  good ag reem en t.

T he sam ples ra n g e  in  com position  fro m  th e  “ ferro m ag n esian -rich  g ra ­
n i te ” , q u a rtz -d io r ite  to  d iorite . Beside th e  e ig h t analyses of th is  p a p e r, th ree  
p rev iously  an a ly zed  sam ples (G, H  and  I) a re  also p resen ted  in  T ab le  2. These 
th re e  analyses are  q u o te d  from  H ig a z y  a n d  W a s f y  (1956) a n d  a re  in co rp o r­
a ted  in  som e o f th e  re spec tive  d iagram s. A naly ses  of th e  coarse-g rained  por-

5* Acta Geologica Academiae Scientiarum Hungaricae 20, 1976
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Table 2

Complete chemical analysis ( W t% )  fo r  the studied metabasites

Oxides NA-197 NA-198 NA-518 NA-519 NA-300 NA-90 NA-91 NA-92 G H ■

SiOo 60.80 59.21 54.95 54.40 58.84 52.49 53.82 51.95 54.19 60.56 46.04

T iO , 2.00 2.41 2.70 2.95 2.60 0.35 0.27 0.28 2.49 1.58 2.10

AGO., 14.45 16.25 15.65 15.84 16.53 18.56 18.82 17.98 14.30 14.15 22.36

F e ,0 3 1.10 1.11 1 .6 6 1 .8 6 1.23 0.30 0.27 0.34 3.22 2.23 0.99

FeO 7.57 5.98 8.67 8.91 6.80 7.67 7.80 8.54 8.26 6.24 7.47

M nO 0.16 0.18 0.23 0.15 0.22 0.12 0.11 0.14 0.20 0.16 0.16

MgO 3.25 3.64 3.25 3.14 3.22 3.70 4.35 4.22 2.91 1.78 4.94

CaO 3.43 4.56 5.20 5.68 4.15 7.80 8.15 7.98 5.93 4.33 11.64

N a20 2.40 1.95 2.80 2.42 2.05 3.00 2.78 2.85 3.51 3.83 2.39

K ,0 3.45 3.64 3.38 3.20 3.45 0.50 0.42 0.36 2.45 3.33 0.62

i ’A 0.70 0.72 1.90 1.75 0.80 1.85 1.56 2.05 1.38 0.85 0.09

11,0 + 0.60 0.46 0.44 0.34 0.52 2.12 2.00 2.51 0.95 0.64 0.79

1 L 0 - 0.10 0.38 0.14 0.12 0.45 0.28 0.22 0.32 0.12 0.09 0.13

C 0 2 - - - - - - - — 0.29 0.27

T otal 100.01 100.49 100.97 100.76 100.84 98.74 99.57 99.52 99.91 100.06 99.99

G —  C oarse-grained p o rp h y ritic  g ran o d io rite  of G abal Tegog ( H i g a z y  and  W a s f y , 1956).
H  —  C oarse-grained p o rp h y ritic  g ran o d io rite , n o rth  of th e  E nglish  cem etery , w estern  side o f th e  ro ad  to  A sw an d am  ( H i g a z y  and 

W a s f y , 1956).
I — Hiorite  from the  eas tern  portion of the district  ( H igazy and W a sf y , 1956).
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Table 3

C .I .P .W . norms o f  the analyzed  metabasites

Norm NA-197 NA-198 NA-518 NA-519 NA-300 NA-90 NA-91 NA-92

Q 18.82 17.81 10.24 11.51 18.82 9.98 10.21 9.50

Or 20.41 21.52 20.02 18.90 20.41 2.95 2.50 2.11

Ab 20.28 16.53 23.68 20.41 17.34 25.36 23.51 24.11

An 12.54 17.90 13.54 16.72 15.46 26.69 30.32 26.32

C 2.16 2.51 2.40 2.21 3.73 3.29 2.70 3.21

Di

Hy 18.10 15.52 18.62 18.11 15.56 22.70 24.73 25.80

M t 1.60 1.61 2.41 2.70 1.79 0.44 0.41 0.51

Hm — — — — — —
II 3.80 4.61 5.14 5.62 4.94 0.67 0.55 0.52

Ap 1.65 1.70 4.50 4.11 1.88 4.36 3.73 4.80

Table 4

N ig g l i values o f  the analyzed metabasites

N i g g l i NA-197 NA-198 NA-518 NA-519 NA-300 NA-90 NA-91 NA-92

al 29.46 31.70 27.73 27.90 32.45 31.40 30.71 29.42

f m 42.11 38.01 40.79 40.82 38.65 35.29 36.90 38.51
c 12.75 16.32 16.79 18.21 14.87 24.04 24.22 33.80
alk 15.67 14.01 14.68 13.11 14.03 9.27 8.21 8.31
+  qz +  48.06 +  41.00 +  6.82 +  10.32 +  40.20 +  14.78 +  16.21 +  11.50
t i 5.19 6.02 6.10 6.60 6.50 0.75 0.60 0.61

p 1.01 1.02 2.42 2.21 1.12 2.21 1.81 2.42

к 0.48 0.63 0.44 0.53 0.53 0.10 0.11 0.12

mg 0.40 0.54 0.36 0.31 0.41 0.45 0.52 0.50

p h y r it ic  g ran o d io rite  o f  H ig a z y  and  W a s f y  (sam ples No. G an d  H ) are  v e ry  
s im ila r to  th e  p re se n t analy sis  o f th e  “ fe rro m ag n esian -rich  g ra n ite ”  (sam ples 
N o. N A -197 a n d  NA -198).

I t  h ad  been  s ta te d  th a t  sam ples N o. N A -90, NA-91 an d  NA-92 have 
som e p ecu lia r fea tu re s , i.e . to  be th e  basic  c o m p o n en t of a d iffe re n tia ted  layer 
in an  old in itia l gabbro ic  in tru s io n . In s p ite  o f th e ir  m ore b asic  com position  
am ong  th e  g ran o d io rite s  an d  q u a r tz  d io rite s , th e y  h av e  low er T i and  Mn 
co n ten ts  th a n  th e  o th e r  h o rn b le n d ic  rocks. O th e r  va lues such  as th o se  of Ca 
and  Mg are  in  acco rd an ce  w ith  th e ir  m ore b asic  com position .

T h e  an a ly zed  h o rn b le n d ic  rocks are  g en era lly  co m p arab le  w ith  D a l i ’s

Acta Geologien Academiac Scienliarm Hungaricae 20, 1976



70 K H A LIL— GINDY—ARSALAN

Table 5

Trace element contents (p p m )  in  the analyzed metabasites

E lem ent NA-197 NA-198 NA-518 NA-519
1

NA-300 NA-90 NA-91 NA-92

в 7 5 4 3 7 > 1 5 > 1 5 > 1 5

В a 1665 1372 640 550 1169 45 32 23

Be > 1 0 7 8 5 4 < 1 < 1 c l

Co 12 17 21 29 14 74 83 64

Cr 2 4 3 5 2 77 90 53

Cu 20 24 20 16 28 6 4 9

L a 135 79 134 162 42 20 17 29

Ni 17 12 11 14 8 39 51 32

Sc 24 21 30 27 19 16 12 8

Sr 606 430 585 470 372 184 141 160

У 57 72 106 118 86 230 190 175

Y 67 51 80 92 62 34 47 28

Y b 7 9 10 13 6 < 1 2 < 1

Zr 10 12 10 12 10 18 27 14

Cs* 1 1 0.7 0.4 0.9 1.1 1 1.3

H f* 11.8 9 9.7 7.4 7.6 1.0 < 1 < 1

R b* 65 61 47 37 54 N.D. N .D. N .D .

Sm* 16.9 12 14 11 8 1.2 2 1.6

Ta* 3.5 2 3 2.6 2 0.22 1 0.5

Th* 12.2 10 10.5 9.8 8.6 N .D. N .D . N .D .

U* 2.3 2 2 1.3 1.8 0.04 0.2 0.1

* V a lu es  d e term ined  by  n e u tro n  a c tiv a tio n  tech n iq u e .
N .D . =  n o t d e tected .

a v e ra g e  o f  d iorites ( D a l y , 1933). T hese are re la tiv e ly  en riched  in  T i 0 2, to ta l  
F e 20 3, K 20  and  have low er N a 20  th a n  D a l i ’s average  of d io rites especia lly  
fo r s a m p le s  No. NA-518, N A -519 an d  N A -300.

T h e  C .I.P .W . norm s o f th e  m ig m a titic  h o rn b len d ic  rocks are  c h a ra c ­
te r iz e d  b y  th e  appearance  o f q u a r tz  (Table 3). A c tu a lly , these  all h a v e  q u a r tz  
in  th e i r  m o d e  except N os. N A -90 , NA-91 an d  N A -92. T h is is b e s t ex p la in ed  
b y  th e  p resen ce  of som e la te r  d iffuse m ig m atiz in g  q u a rtz o -fe ld sp a th ic  p e r­
m e a tio n s  in  th e  chem ically  a n a ly z e d  p o rtio n  o f th ese  sam ples. T hese a re  re l­
a t iv e ly  m o re  enriched in  a n o r th i te ,  h y p e rs th en e , ilm en ite  and  a p a t i te  th a n  
th e  o th e r  g ran itic  sam ples. I t  m u s t  be rem ark ed , how ever, th a t  th ese  alw ays 
c o n ta in  o rth o c lase  in  th e ir  n o rm  in sp ite  of th e  s c a n ty  of p o tash  fe ld sp a r in  
th e ir  m o d a l com position , e x c e p t N os. NA-197 and  NA-198.
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N ig g l i  values given in  T a b le  4 ap p a ren tly  re flec t som e of th e  observed  
m in e ra lo g ic a l v a ria tio n s  in  th e s e  ho rnb lend ic  rocks. F ig . 3-A  c learly  shows 
th a t  t h e  sam ples are o f P a c if ic  c h a ra c te r  accord ing  to  R it t m a n n  (1957). 
W ith  re s p e c t  to  W r ig h t ’s a lk a lin i ty  ra tio  (1969), th e  A sw an h o rn b len d ic  rocks 
fall in  th e  calc-alkaline fie ld  as seen from  Fig. 3-B . R e g a rd in g  th e ir  m afic

Fe2 03 + FeO + MgO + CaO

Fig. 4

a n d  fe ls ic  “ S im pso n  (1954)’" in d ice s  th ey  fall in  th e  reg ion  of in te rm ed ia te  
d i f f e r e n t ia te ,  Fig. 3-C w ith  a t r e n d  o f d iffe ren tia tio n  to w ard s  th e  m ost acidic, 
m ig m a tiz o d  samples (N A -197 an d  NA-198).

A s fo r the  te rn a ry  ( F e ,0 3 -f- FeO  Mg -f* CaO ); A lo 0 3; to ta l  alkalies 
d ia g ra m  (F ig . 4), it  is to  he n o te d  th a t  the  m ost basic  sam ples in  the  h o rn ­
b le n d ic  ro ck s (NA-90, N A-91 a n d  NA-92) are co m p arab le  w ith  th e  analyses 
o f H i g a z y  and  W a s f y  fo r  A sw an  d iorites (sam ple No. I in  th is  d iag ram ), 
w hile  th e  re s t of th e  h o rn b le n d ic  sam ples are  sh ifted  to w a rd s  th e  coarse­
g ra in e d  p o rp h y ritic  g ra n o d io rite s  (sam ples N o. G an d  H ) o f th e  sam e au th o rs .

T ra c e  elem ents:
T ra c e  elem ents w ere d e te rm in e d  q u a n tita tiv e ly  b y  tw o d iffe ren t m ethods:
1. Spectrochem ical m e th o d  fo r de te rm in in g  B . B a, B e, Co, Cr, Cu, 

L a , N i, Sc, Sr, V, Y , Y b a n d  Z r.
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2. N eu tro n  ac tiv a tio n  te c h n iq u e  fo r d e te rm in ing  Cs, H f, R b , Sm , T a , 
Th an d  U.

In  case o f  th e  f irs t m eth o d  a Q-24 C arl Zeiss m edium  q u a rtz  sp e c tro g ra p h  su p ­
plied  w ith  an  in te rm it te n t  D.C. source w as u sed . T he generating  pow er w as a C arl Zeiss 
A B R 3 source w ith  a m ax im um  vo ltag e  of 28 kV  a t  220 V. O perating  c o n d itio n s fo r  a rc  and 
tech n iq u e  of w ork  were usual as desc rib ed  elsew here  (e .g . A n w a r  e t a h , 1971).

F o r  th e  second m eth o d , th e  n e u tro n  a c tiv a tio n  scheme used  in  th is  w o rk  is 
based  on th e  d iffe ren t irrad ia tio n  (A .C.) c a rried  o u t a t  al th e rm al n e u tro n  f lu x  of 
1.5 XlO13 h /c m 2 ■ sec involving th e  in d ep e n d en t 0.1 g portions o f  th e  sa m p le , as 
described  b y  A n d e r s , 1969 an d  B r u n f e l t  e t a l., 1969 an d  1974.

T race  e lem ent co n ten ts  in  th e  h o rn b len d ic  rocks of A sw an , T a b le  5 
c a n n o t be com pared  w ith  an y  p ro p o sed  average  for no rm al ig n eo u s  rocks, 
since th e se  h av e  suffered a series of com plex  geological p rocesses in c lud ing  
possib le s im atic  in tru sio n , d iffe re n tia tio n , defo rm ation  m e ta m o rp h ism , m e ta ­
so m atism  and  m igm atiza tion .

G eochem ical evidence co m p le te ly  agrees w ith  the  p e tro g ra p h ic  evidence 
w hich in d ica tes  th e  increase of th e  m icrocline co n ten t in passing  fro m  sam ples 
N os. N A -90, NA-91 and  NA-92 ( th e  le a s t m igm atized  sam ples) c o n ta in in g  
no m odal p o ta sh  feldspar and  successively  to  th e  sam plesN os. N A -518, NA-519 
and  N A -300 w here inc ip ien t s tag es  o f m icrocline fo rm ation  a re  observed ;
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a n d  f in a lly  to  sam ples N o s . NA-197, N A -198 c h a ra c te r iz e d  by th e  h ig h est 
m icro c lin e  and Sr c o n te n ts . Sr decreases w ith  th e  increase  of Ca, re flec tin g  
th e  in c rease  of Sr/Ca ra t io  as m igm atiza tion  a n d  fe ld sp a th iza tio n  proceeds. 
T h u s  i t  can  be seen t h a t  th e  progressive m ig m a tiz a tio n  and  fe ld sp a th iza tio n  
h e a rs  sim ilar effects as m a g m a tic  d iffe re n tia tio n  because the  Sr/Ca ra tio  
in c rea se s  as d iffe re n tia tio n  proceeds in m a n y  ca lc -a lk a li igneous rock  series 
( N o c k o l d s  and  A l l e n , 1953). B o th  Ba an d  S r showr a sy m p a th e tic  increase  
w ith  each  o ther as well as w ith  progressive m ig m a tiz a tio n  and fe ld sp a th iza tio n  
o f th e  h o rn b len d ic  ro ck s (F ig . 5).

V, Cr, Co and  Ni a re  en riched  in th e  m o s t basic  sam ples Nos. N A-90, 
N A -91 an d  NA-92. I t  m a y  b e  no ticed  th a t  Cr c o n te n t  in  m igm atized  sam ples 
is less th a n  th a t  of th e  A sw a n  G ran ite , w hile Co a n d  N i values are h ig h er th a n  
a n y  o f  th e  fresh A sw an b a se m e n t rocks.

Y , L a and Sm v a lu es  in c rea se  w ith  th e  in c re a s in g  tre n d  of fe ld sp a th iza tio n  
in  th e  sam ples. H ow ever, th e  basic  sam ples are  m u c h  dep le ted  in L a an d  Sm 
to g e th e r  w ith  T a, T h , U , I l f  a n d  Rb.

In  general, th e  ro ck  v a r ie t ie s  m entioned ab o v e  agree roughly w ith  tho se  
e n c o u n te re d  in th e  u su a l d if fe re n tia tio n  of ign eo u s rocks except for th e  low er 
Cr c o n te n t  in  th e  f e ld s p a th iz e d  fe rro m ag n esian -rich  g ran ite  and  q u a rtz -  
d io rite .

Specu la tio n s on the Origin o f  M etabasites

G i n d y  (1954) c o n s id e red  the  coun try  ro ck s o f  A sw an to  have in itia lly  
co n sis ted  of a géosynclinal p ile  m ade up ch ie fly  o f  tw o  kinds of rocks, sem i- 
p e lite s  (greyw ackes) a n d  (subgreyw ackes), d o le ritic  an d  gabbroic igneous 
in tru s io n s . These w ere la te r  m e tam o rp h ized , m e ta so m a tiz e d  and m igm atized  
to  ta k e  th e  d ifferen t v a r ie t ie s  form ing th e  c o u n try  rocks, the m igm atized  
au reo le  a round  th e  coarse  g ra n ite  and of its  in c lu s io n s . T he sem ipelitic  and  
m e ta se d im e n ta ry  m em bers w ere  m uch m ore a lte re d  a n d  gran itized  th a n  th e  
m e ta g a h b ro s  and m e ta d o le r ite s .

H ig a z y  and W a s f y  (1956) considered all th e  h o rn b len d ic  rocks of A sw an 
and  th e ir  derivatives to  h a v e  been in itia lly  o f se d im e n ta ry  origin (im pure  
ca lca reo u s sed im ents). G i n d y  (1957), has d is p u te d  th e  sed im en tary  origin 
o f th e  ho rnb lend ic  rocks a n d  show ed  th a t  som e o f th e m  are  ac tua lly  b ran ch in g  
d isc o rd a n t in tru sions in to  th e  m eta-sem ipelites a n d  th e  core of th e  la rg est, 
le a s t m igm atized  h o rn b le n d ic  bodies re ta in s  a ty p ic a l  doleritic  to  gabbro ic  
fab ric .

R e c e n tly  M is r a  (1971) h a s  rev iew ed  th e  d i f f e r e n t  geochem ica l p a r a m ­
e te r s  su g g e s te d  e a r lie r  to  p r o v e  th e  o rig in  o f  t h e  m e ta b a s i te s  w h e th e r  th e y  
w e re  o f  s e d im e n ta ry  o r  ig n e o u s  orig in . M is r a  s u g g e s te d  th e  g eo ch em ica l 
r e la t io n s  b e tw e e n  T iO ., a n d  OsBORN’fa c to r -F  (1959 , 1962), an d  b e tw e e n
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T i 0 2 and  MnO as fo rm in g  th e  best av a ilab le  geochem ical tools to  p ro v e  th e  
igneous or se d im e n ta ry  orig in  of th e  m e ta b a s ite s .

T he e ig h t an a ly zed  sam ples are  show n acco rd in g  to  M is r a ’s d ia g ra m . 
T h e  th ree  analyses g iven  b y  H ig a zy  an d  W a s f y , N os. G, H and  I  a re  also 
p lo tted . In  Fig. 6-A th e  d a ta  fall in th e  fie ld  o f  o rth o -m etah asite s  e x c e p t fo r 
th e  d iffe ren tia ted  d a rk  h o rn b len d ite  sam ples a n d  th e  coarse-grained m igm a-
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t i t ic  p o rp h y ritic  g ran o d io rite  No. H . In  F ig . 6-B all sam ples e x c e p t N os. 
NA-90, NA-91 an d  N A -92, fall in th e  o r th o -m e ta b a s ite  field . A c tu a lly , these  
sam ples w ere su p p o sed  b y  G i n d y  to  re p re se n t one of th e  d a rk  d iffe re n tia ted  
layers of old rh y th m ic a lly  handed  s tru c tu re s  in  th e  in itia l gabh ro ic  in tru s io n .

T a y l o r  (1965) q u o ted  th e  d is tin c tio n  o f  F a u s t  e t al. (1956), t h a t  se r­
p en tin es  of u ltra b a s ic  igneous rocks c o n ta in  m ore th a n  100 p p m  Cr, w hile 
se rp en tin e  d eriv ed  fro m  th e  m etam o rp h ism  o f calcareous and  d o lo m itic  sed i­
m en ts “ had  l i t t le  o r no d e tec tab le  Cr” . T a y l o r  (1965) has also q u o te d  E v a n s  
and  L e a k e  (1960) f in d in g s  th a t  in s tr ip p e d  am p h ib o lite s  of basic igneous p e r­
cen tage , th e  N i (an d  Cr) co n ten t exceeded  b y  a fac to r of tw o its  m ax im u m  
c o n te n t in  th e  am p h ib o lite s  derived from  sh a les  or dolerites. T h e  N i as well
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as C r c o n te n ts  of sam ples N os N A-90, N A -91 a n d  NA-92 are m ore th a n  doub le  
o f  th e  o th e r  ho rnb lend ic  sam ples. On th e  o th e r  h a n d , th e  en rich m en t o f  such 
sa m p le s  in  В could be due  to  th e ir  h igh  p lag ioclase  con ten t w hich  is m uch 
h ig h e r  th a n  those of th e  rem a in in g  sam ples.

A ccord ing  to  R a n k a m a  an d  Sa h a m a  (1952), T i belongs to  th e  F e  fam ily  
a n d  show s a d is tin c t te n d e n c y  to  becom e se p a ra te d  from  th e  c ry s ta lliz in g  
m a g m a  a t  an  earlier s tag e , w h ereb y  T i becom es enriched  in  th e  e a rly  c ry s ta l-  
la te s  o f  ilm en ite  and  tita n o -m a g n e tite . In sp e c tio n  of th in  sections o f  th e  basic  
h o rn b le n d ic  sam ples show s th a t  opaques a re  v e ry  ra re  re la tiv e  to  th e  o th e r 
h o rn b le n d ic  rocks. T he o n ly  T i-m inera l o bserved  was very  ra re  a n d  tin y  
sp h en e . T h e  absence o f th e se  tw o opaque m in era ls  from  the  an a ly zed  d a rk  
h a n d  w o u ld  suggest th a t  w ith in  th e  m agm a ch a m b e r ilm en ite  and  ti ta n ife r ro u s  
m a g n e ti te  m ight h av e  o rig in a lly  g ra v ita tiv e ly  d iffe ren tia ted  and  su n k  in  an 
ea rlie r  s ta g e  a t  the  b o tto m  o f th e  m agm a c h a m b e r ju s t  before th e  rh y th m ic  
h a n d e d  s tru c tu re  occurred .

I t  follows th a t  som ew here in  th e  A sw an  b asem en t one w ould  ex cep t 
to  d isc o v e r in  th e  fu tu re , som e d a rk  m elan o cra tic  m etab asites  (h o rn b len d ite s) 
a b n o rm a lly  rich  in  ilm en ite  a n d  ti ta n o -m a g n e tite  or th e ir  o ther m e ta m o rp h ic  
d e r iv a tiv e s .

C onclusions

T h e  m etab asite s  in  th e  v ic in ity  of A sw an range from  fe rro -m ag n esian  
rich  g ra n ite , q u a rtz  d io rite  to  a m ore basic  d io ritic  com position . T h e  m o st 
basic  d io r itic  sam ples are  be lieved  to  have  su ffe red  early  g ra v ita tiv e  igneous 
d iffe re n tia tio n . T hey  are  en rich ed  in  som e tra c e  e lem en ts like V, Cr, Co a n d  Ni. 
T h e  m o s t acidic rocks co n ta in  h igh values for B a , Sr, Y , La and  Sin.

F ro m  pe tro g rap h ic , p e tro ch em ica l an d  geochem ical discussions i t  could  
he n o te d  t h a t  the  d a rk  h o rn b len d ic  rocks d eriv ed  in itia lly  from  old géosynclinal 
ig n eo u s  b a sa ltic  (doleritic  a n d  gabbroic) in tru s io n s  an d  no t of im p u re  calc- 
m ag n esiu m  sedim ents. Som e o f th e se  in itia l in tru s io n s  were even d iffe re n tia ted  
and  su b se q u e n tly  rh y th m ic a lly  lay e red  as suggested  b y  the  im p o v e rish m en t 
in  Cr a n d  T i in  only c e r ta in  d a rk  b a n d s  o f th ese  rh y th m ica lly  b a n d e d  d iffe r­
e n tia te s .
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К ПЕТРОГРАФИИ, ПЕТРОХИМИИ И ПЕТРОГЕНЕЗИСУ МЕТАБАЗИТОВ РАЙОНА
АСУАНА В ЕГИПТЕ

С. О. К Х А Л И Л - А .  Р. Г И Н Д И - А .  И. АРСЛАН

Р е з ю м е

Изучено было восемь образцов, изменявшихся по составу от гранитов, богатых фер­
ромагнием, через кварцевые диориты вплоть до пород диоритового, более основного состава. 
Самые основные по составу образцы диорита были подвержены, по мнению авторов, гра- 
витативной магматической дифференциации ранней фазы. Эти образцы обогащены неко­
торыми рассеянными элементами, а именно — V, Сг, Со и Ni. Самые по составу образцы 
свидетельствуют о постепенном формировании порфиробластов полевых шпатов, которые 
могут достигнуть 1 см в длине. Эти породы содержат большие концентрации Ва, Sr, У, La и 
Sm, за исключением более основных по составу образцов, где содержание Ва, Rb, U и Th 
еще ниже чем средние содержания их в базальтоидных породах. Однако, все анализован­
ные образцы пости или полностью лишены Zr.

С петрографической, петрохимической и геохимической точек зрения можно было 
отметить, что темные амфиболовые породы фундамента в районе г. Асуан происходят от 
древних геосинклинальных, магматических базальтовых (долериты и габбро) интрузивов, 
а не от нечистых кальциево-магниевых осадков, как это предполагалось раньше.
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CHEMICAL COMPOSITION 
AND GEOCHEMICAL EVALUATION 

OF THE NUBIAN SANDSTONES 
OF KALABSHA AREA, EGYPT

By

H . S. Ab d e l  W a i i a b *

DEPARTMENT OF MINERALOGY, EÖTVÖS LOr AND UNIVERSITY, BUDAPEST

T en  re p re se n ta tiv e  sam ples co vering  a ll th e  possible varie ties o f N u b ia n  S a n d ­
stones in  K a lab sh a  a rea  (E g y p t) were ch em ica lly  analyzed  by a u th o r . T h e  chem ical 
analyses as well as th e  p e tro g rap h ic  m odal an a ly ses allowed th e  c lassifica tion  of these 
san d sto n es as p ro to q u a rtz ite s  (sub lith ic  a ren ite s) . Also, i t  was rev ea led  t h a t  these  
sandstones de riv ed  m o st p ro b ab ly  from  p re ex is tin g  underly ing  b a se m e n t rocks.

In tro d u c tio n

N ub ian  san d sto n e  is a te rm  given to  th e  brow nish , bu ff-b row n  a n d  grey- 
b ro w n  beds of san d sto n es  w idely occu rrin g  in  S inai, U pper E g y p t a n d  N ub ia . 
T h e  “ N u b ian  S an d sto n e  F o rm a tio n ” , “ N u b ia n  S andstone G ro u p ” , “ N ubia  
S an d sto n e”  an d  “ N u b ia  F o rm a tio n ”  a re  f re q u e n t techn ica l n o m en c la tu re s  for 
s im ila r san d sto n e  in  N o rth  A frica an d  in  th e  M iddle E ast.

P o m e y r o l  (1968), gave a sh o rt rev iew  of th e  geology of th e  N u b ian  
san d sto n es in  w h ich  he sum m arized  th e  v iew s of som e p rev ious w orks con­
cern ing  th e  s tra tig ra p h ic a l an d  age re la tio n sh ip s  of these  sa n d s to n e s . H e 
cam e to  th e  conclusion  th a t  th e  te rm  “ N u b ia n  S an d sto n e”  m u st b e  ab an d o n ed , 
since i t  has lo st its  o rig inal m ean ing  a n d  h as  been  used v e ry  loosely  in  th e  
s tra tig ra p h y  of N o rth  A frica. T he w ork  o f  P o m e y r o l  (1968), w as su b je c te d  
to  severa l c ritic ism  an d  discussions, e.g . H a s sa n  (1971); I s s a w i  (1971); 
P o m e y r o l  (1971); P r a s a d  (1971); R ig a s s i  (1969 and  1970); S i i a w a  (1969, 
1970 and  1971); W e i s s b r o d  (1970 and  1971) and  W h it e m a n  (1960 a n d  1971). 
T he m ain  su b jec t o f these  discussions a im ed  e ith e r  to  re ta in  o r a b a n d o n  th e  
te rm  “ N u b ian  S a n d s to n e ” . P o m e y r o l  (1968), and  W e is s b r o d  (1970), suggest 
t h a t  th e  te rm  sh o u ld  be aban d o n ed , w hile  S h a w a  (1969 an d  1970), R ig a s s i  
(1969) and  H a s s a n  (1971) call for re ta in in g  th e  te rm . A bdel W a i i a b  (1972) 
an d  E l - H i n n a w i  (1973) th in k , how ever, t h a t  th e  p resen t know ledge  o f th e  
geology, m inera logy , geochem istry , . . . e tc . o f th e  “ N ub ian  S a n d s to n e s”  is 
s till in  its  in fan cy , an d  such a d iscussion o f nom encla tu re  an d  c lassifica tio n  
can  on ly  be m ade i f  we have a d e q u a te  a n d  su ffic ien t d a ta .

* P e rm an e n t address : D e p a rtm en t o f G eology, F a c u lty  o f Science, A in  S h am s U n iv er­
s ity , Cairo, E g y p t.
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A lth o u g h  th e  N u b ian  S an d sto n es cover a b o u t 25%  of th e  su rface  a rea  
of E g y p t ,  i t  is su rp ris in g  th a t  v e ry  few w orks h a v e  been pub lished  on  th e  
m in e ra lo g y  an d  ch em is try  o f  th ese  san d sto n es. A few  grain  size analyses w ere 
c a rr ie d  o u t  b y  som e a u th o rs  on som e su rface  a n d  subsurface sam ples from  
d if fe re n t p a r ts  o f E g y p t. O f th ese  w orks, th o se  o f S h u k r i  and  S a i d  (1944 an d  
1945), S h u k r i  (1945 an d  1953), S h u k r i  a n d  E l - A y o u t i  (1953), E l - S h a z l y  

an d  S h a t a  (1960), Z a h r a n  (1970) an d  A hdel W a h a b  (1972) are to  he m en tio n ed .

A s fa r  as th e  w rite r  is aw are , th e  f irs t chem ical analyses of N ub ian  S a n d ­
stones in  E g y p t, h av e  been in tro d u c e d  by  Z a h r a n  (1970), who gave 10 a n a l ­
yses o f  N u b ia n  S andstones from  B arram iy a  a rea , cen tra l E as te rn  D ese rt 
of E g y p t. Z a h r a n  (1970) d iscussed  th e  re la tio n sh ip  betw een  the  ch e m is try  
of th e  N u b ia n  S andstones an d  th e ir  d istance  fro m  th e  basem en t com plex . 
A bdel W a h a b  (1972), gave 14 com plete  analyses o f  N u b ian  S andstones fro m  
th e  a rea , e a s t to  K orn O m bo (W adi K h a rit, W ad i N a ta sh  and  H om r A k arim  
areas; so u th  E a s te rn  D esert o f E g y p t, Fig. 1), an d  he  cam e to  th e  conclusion  
th a t  th e se  san d sto n es  are  to  be  classified  as “ Q u a r tz ite  c lan” .

Acta Geologica Academiae Scientiarum Hungaricae 20, 1976
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Sam pling  and M ethods o f  Analyses

T he p resen t w ork deals w ith  th e  s tu d y  o f th e  chem istry  a n d  geochem ical 
e v a lu a tio n  of th e  N u b ian  S an d sto n es in  K a lab sh a  area, S o u th w e s t o f  A sw an, 
U p p e r E g y p t, ap p ro x im a te  la t t i tu d e  23°33'’ N and  longitude 32°52 E . (Fig. 1). 
A ccord ing  to  Sa id  (1962), th e  N u b ia n  S andstones of K a la b sh a  a rea  are of 
U p p er C retaceous age. T h is a rea  w as chosen  because no m in era lo g ica l or geo­
chem ical stud ies have  been  ca rried  o u t on th e  N ubian  S an d sto n es  in  th is  re­
gion. A n o th er reason  for th is  choice is th e  occurrence of N u b ia n  S andstones 
w ith  all th e  possible v a rie tie s  in  th is  a rea .

T en  sam ples rep resen tin g  all th e  d iffe ren t varie ties of N u b ia n  S andstones 
w ere chem ically  ana lyzed  by  a u th o r , u sin g  a m odified rap id  m e th o d  fo r silicate 
analyses ( E l - H in n a w i , 1970). In  th is  m e th o d , silica, a lu m in a , iro n , tita n iu m , 
phosphorous and  m anganese were d e te rm in ed  co lo rim etrica lly . S od ium  and 
p o tassiu m  were d e te rm in ed  by  flam e p h o to m e try , while ca lc ium  a n d  m agne­
sium  w ere de te rm ined  com p lex o m etrica lly .

T h e  resu lts  o f th e se  analyses are  g iven  in  T able (1), to g e th e r  w ith  th e  
av e rag e  analyses of N u b ian  S an d sto n e  sam ples from  th e  a rea  e a s t  of Kom  
O inho (W adi K h a rit, W adi N a ta sh  an d  H o m r A karim  areas) as g iven by 
A bdel W ahab  (1972). T h e average  ana ly ses  of o r th o q u a rtz ite , lith ic  aren ite , 
p ro to q u a rtz ite  (sub lith ic  a ren ite ) a n d  av erag e  “ san d sto n e”  as g iv en  b y  P e t t i - 
j o h n  (1963) are also ta b u la te d .

Classification and Terminology

T he c lassifica tion  and  te rm in o lo g y  used  in  th is  p a p e r  fo llow  th a t  of 
P e t t i j o h n  (1963) an d  P e t t i j o i i n  e t al. (1972).

Geochemical E valuation  o f  N u b ia n  Sandstones o f  K a labsha  Area

Before d iscussing th e  ch em is try  an d  th e  geochem ical e v a lu a tio n  of the 
N u b ian  Sandstones of K a lab sh a  a rea , i t  m u s t be m en tioned  t h a t  a num ber 
of p roblem s best a n y  geochem ical s tu d y  of sandstones, as th e  chem ical 
ch a rac te ris tic s  of san d sto n es depend  u p o n  th e  geological p rocesses acting  
a fte r  th e  deposition  o f th e  san d  ( in c lu d in g  com paction , c e m e n ta tio n  and re­
m oval of m inerals by  in te r s t r a ta l  so lu tion ). T he d iagenetic fa c to rs  are  subject 
to  e rra tic  v a ria tio n , so th a t  i t  is g en era lly  agreed th a t  sa n d s to n e s  should  be 
p rim arily  classified on th e  basis o f ch a ra c te ris tic s  w hich rev ea l th e  provenance 
or tra n sp o r ta tio n a l an d  d ep o sitiona l h is to ry  of th e  rock.

In  th e  p resen t w ork , d iscussion  is m ad e  w ith  reference to  th e  “ present- 
d a y ”  sandstone , i.e. th e  san d sto n es  w hich  had  been d ia g e n e tic a lly  changed. 
No a t te m p t has been  m ade to  re -ca lcu la te  th e  chem ical co m p o sitio n , so as

6 Acta Geologica Academiae Scientiarurn Hungaricae 20, 1976
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Table 1

C hemical analyses o f  N u b ia n

k , K, K, K4 K 5 K7 к ,

S i0 2 84.54 82.20 87.16 82.67 83.84 86.15 84.26 81.18

A120 3 3.16 4.18 2.21 3.15 4.00 3.99 4.01 4.66

F e .,0 3** 2.96 3.00 2.00 3.95 2.87 2.02 3.16 3.14

MgO 1.68 2.14 1.98 1.66 2.00 1.90 2.04 2.16

CaO 3.01 2.87 2.04 3.15 2.14 1.53 1.10 2.14

N a 20 0.40 1.20 0.80 1.00 0.84 0.70 0.36 0.81

K ,0 0.27 0.67 0.36 0.64 0.71 0.38 0.20 0.57

H 20  + 0.68 0.40 1.20 0.94 1.02 0.36 1.27 0.53

т ю 2 0.53 0.91 0.84 0.27 0.14 0.36 0.51 0.36

p 2o5 0.10 0.09 0.13 0.03 0.09 0.12 0.08 0.14

MnO 0.10 n: 1 n : 1 n: 1 0.03 n: 1 0.05 0.10

c o 2 2.98 3.01 2.16 1.99 3.18 2.93 2.40 4.96

T o ta l 100.41 100.67 100.16 99.45 100.86 1 100.44 99.44 100.75

* A n a ly st: H afez S. A b d e l W a h a b .
** F e „ 0 3 rep resen ts to ta l  iro n .
K j— K ,0 Are re p re se n ta tiv e  sam ples from  K a lab sh a  a re a .
A v. К  R epresen ts th e  a v e ra g e  chem ical analyses o f  th e  N u b ian  Sandstones of 

K a labsha  a rea .
A v . K h  R epresen ts th e  a v e ra g e  chem ical analyses o f  N u b ia n  Sandstones o f W adi 

K h arit (A bdel W a h a b , 1972).
A v . N  R epresen ts th e  a v e ra g e  chem ical analyses o f  N u b ia n  Sandstones of W ad i 

N a tash  (A bdel W a h a b , 1972).

to  r e p r e s e n t  th e  “ o r ig in ä r ’ r o c k ,  s in ce  such  c a lc u la t io n s  a r e  s u b je c t  to  a g re a t  
n u m b e r  o f  fa c to rs , a n d  w o u ld  n e v e r  g ive th e  e x a c t  p ic tu r e  (M id d l e t o n , 
1960).

F ro m  the  analyses g iv en  in  Table 1, th e  b u lk  chem ica l com position  
o f th e  N u b ian  Sandstones o f  K a la b sh a  area m ay  re f le c t  th e ir  m odal com po­
sitio n  a n d  th e  following o b se rv a tio n s  can be o u tlin e d :

1. T h e  percen tage  o f s ilic a  (S i0 2) ranges from  82.20 to  87.16 pe rcen t 
w ith  a n  average  of 84.27 p e rc e n t. I t  is agreed th a t  th e  chem ical com position  
of th e  d iffe ren t varie ties  of sa n d s to n e s  are h igh ly  m o d ifie d  b y  th e  in tro d u c tio n  
o f v a rio u s  void-filling c e m e n ts , as th e  silica c o n te n t m a y  be augm en ted  by  
th e  in tro d u c tio n  of silica. H e n c e , th e  abundance of silica  is p rac tica lly  valueless 
for a n y  in d ica tio n  of th e  p re d ia g e n e tic  h isto ry  of th e  ro ck .

2. A lu m in a  (A120 3) ra n g e s  from  2.21 to  4 .66 p e rc e n t w ith  an average  
of 3 .55  p e rcen t. A ccording to  M i d d l e t o n  (1960) all sa n d s to n e s  w ith  less th a n  
5 p e rc e n t a lum ina  are co n s id e re d  to  be “ Q u a rtz ite  c la n ” . T h is is th e  case in  
th e  N u b ia n  S andstone  sam p les  o f  K alabsha  area.
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Sandstones o f  K alabsha A rea *

K„ K I0 Av.K Av.Kh Av.N Av.H л В С 1)

85.70 85.00 84.27 83.78 84.39 77.11 95.4 66.1 84.01 77.6

2.99 3.18 3.55 2.90 4.54 9.27 1.1 8.1 2.57 7.1

1.98 2.68 2.78 3.22 2.09 2.92 0.6 5.2 0.43 3.2

1.90 2.31 1.98 3.04 2.68 3.14 0.1 2.4 0.67 1.2

2.30 1.84 2.21 2.13 1.66 1.09 1.6 6.2 5.41 3.1

0.78 1.00 0.72 0.58 0.40 1.88 0.1 0.9 0.17 1.2

0.47 0.43 0.47 0.27 0.38 0.64 0.2 1.3 0.86 1.3

0.40 0.84 0.76 0.42 0.63 1.72 0.3 3.6 0.54 1.7

0.21 0.35 0.45 0.41 0.56 0.91 0.2 0.3 0.05 0.3

0.15 0.08 0.10 0.10 0.07 0.07 — 0.1 0.04 0.1

0.02 n: 1 0.03 0.10 0.05 n: 1 — 0.1 0.04 0.1

2.87 2.80 2.93 3.29 2.62 1.98 1.1 5.0 4.65 2.5

99.77 100.51 100.25 100.24 100.07 100.73 100.7 99.3 99.44 99.4

Av. II R e p re sen ts  th e  average chem ical an a ly se s of N ubian  S a n d sto n es  o f H o m r 
A k a rim  a rea  (A bdel W a h a b , 1972).

A R e p resen ts  th e  average chem ical an a ly ses of o rth o q u a rtz ite  ( P e t t i j o h n ,
1962) .

R R e p re sen ts  th e  average chem ica l an a ly se s  of  lith ic  a ren ite  ( P e t t i j o h n ,
1963) .

C R e p re sen ts  th e  average chem ical an a ly se s o f p ro to q u a rtz ite  “ su b lith ic  a re ­
n ite ”  ( P e t t i j o h n , 1963).

D  R e p resen ts  th e  average chem ica l an a ly ses of “ san d sto n e”  ( P e t t i j o h n ,
1963).

3. I t  is show n in  T ab le  1 th a t  N a 20  considerab ly  exceeds K 20 ,  th is  is5 
how ever, a s in g u la r  chem ical a t t r ib u te  o f  gray w ack e  ( P e t t ijo h n  e t  a l., 1972), 
b u t th e  p re sen t a u th o r  explains th e  h igh N a .,0 /K .,0  ra tio  in th e  sam p les  u n d er 
in v es tig a tio n  (w hich  are ev iden tly  n o t g ray w ack e ; see th e  av e rag e  chem ical 
analyses an d  th e  m odal analyses d a ta )  b y  th e  following:

a )  T he  source  rocks of these  N u b ia n  S andstones m u st be soda-rich . 
T he m ost a b u n d a n t possib le source rocks fo r  th e se  sandstones a re  th e  u n d e r­
ly ing  b asem en t rocks (g ran ites, g ran o d io rite s  an d  gneisses). M odal analyses 
show ed th a t  th e  N u b ian  Sandstones o f K a la b sh a  area  co n ta in  ap p rec iab le  
a m o u n t of rock  frag m en ts  (7.8% ), w h ich  a re  com posed m ain ly  o f th e  follow ing 
ty p es  o f fra g m e n ts  a rran g ed  in  o rder of d ec reasin g  ab u n d an ce : g ra n ite s , g ran o ­
d io rites, gneisses a n d  ch ert. The p resen ce  o f  th e se  ty p es  of fra g m e n ts  w ith in  
th e  N u b ian  S an d sto n es  of K alab sh a  a re a  m a y  be a fa ir  in d ic a tio n  o f th e ir  
orig in  from  th e  p reex is tin g  underly ing  b a s e m e n t rocks.

b)  T h  e h igh  N a 20 / K 20  ra tio  m a y  h a v e  b een  produced b y  th e  a lb itiz a tio n  
of th e  fe ld s p a r s  in  th e  N ubian  S an d sto n es  u n d e r considera tion  d u rin g  dia-
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g enesis . P e tro g rap h ic  in v e s tig a tio n  revealed  th a t  th e  m ajo r p a r t  of th e  p lag io- 
c lase  is h ig h ly  a lb itized . T h e  d is tr ib u tio n  d ia g ra m  for N a 20  and K .,0  is g r a p h ­
ic a l ly  rep resen ted  in  F ig . 2.

A s alum ina  (A120 3) a n d  alkalies (N a 20  a n d  K .,0) occur e sse n tia lly  in  
s a n d s to n e s  in  tw o m ain  m in era l groups: (i) c lay  m inera ls , m icas an d  ch lo rite s  
a n d  (ii) fe ldspars, th e re fo re , a lum ina  and  a lk a lie s  m ay show good p o s itiv e  
c o rre la tio n  (Fig. 3).

F ig . 2. K 20 / N a 20  ra tio  in N u b ia n  Sandstones  
o f  K a l a b s h a  area. M  =  R e p re sen ts  t h e  average

5 

4 

3 

2 

1

0 1 2 3 it 5
P e r c e n t  K2 O+NCI2 O

F ig . 3. C o n ten t  of alkalies versus  A120 3 
in  N u b ia n  Sandstones of K a lab sh a  area

0.01 0.1
P e r c  e n ta  де

10 100

Fig. 4. M a jo r  oxide com posit ion  o f  N u b ian  Sandstones.  К  =  Represents  the average  of 
K a la b s h a  N u b ia n  Sandstones:  K h ,  N  and  H  =  R ep re sen ts  t h e  average N ubian  San d s to n es  
o f  W a d i  K h a r i t  and  H a m r  A k a r im ,  resp. (Abdel W a h a b , 1972); a  — Represents  average

s a n d s t o n e s  ( P e t t i j o h n , 1 9 6 3 )
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4. T h e  F e 20 3 co n ten t (to ta l iron) ran g es  from  1.98 to  3.95 p e rc e n t w ith  
an  average  c o n te n t of 2.78 p ercen t. H ere , th e  iron  co n ten t seem s to  be in 
s ig n ifican t since its  presence is n o t only  co n tro lled  by  its  p ro v en an ce , b u t  also 
b y  th e  chem ical cond itions w hich p rev a iled  in  th e  basin  of dep o sitio n  an d  in  
th e  sed im en ts d u rin g  d iagenesis. A fu r th e r  fa c to r  is th e  in te n s ity  an d  d u ra tio n  
o f w ea th e rin g  of th e  source m a te ria ls  p r io r  to  deposition . M i d d l e t o n  (1960), 
p o in ted  o u t th a t  “ th e  m ore in ten se  an d  p ro longed  th e  w ea th e rin g , th e  m ore 
iro n  will pass in to  so lu tion  an d  th e re fo re  w ill n o t be d eposited  in  a sa n d ­
s to n e ” .

5. T he ca lc ite  cem ent p resen t in  th e se  san d sto n es led to  a c o m p a ra tiv e ly  
h igh  CaO an d  C 0 2 co n te n t in  som e sam ples. F u r th e r  th e  h igh MgO o b ta in ed  
in  som e of these  sam ples is a t tr ib u te d  to  th e  presence of do lom itic  c a rb o n a te  
in  th e  cem ent (P e tro g rap h ic  stud ies co n firm  these  ex p lan a tio n s).

6. T ita n iu m  (TiO >) is found  w ith  an  average  co n ten t o f 0.14 p e rcen t, 
th is  p e rcen tag e  is m o stly  found  in  clays an d  in  som e heavy  m in era ls  recorded , 
such  as a n a ta se , ru tile  and  ilm en ite .

F igu re  4. i l lu s tra te s  th e  m a jo r ox ide com position  of th e  N u b ian  S an d sto n e  
sam ples o f K a lab sh a  a rea , to g e th e r w ith  th o se  of the  area  east o f K orn O m bo 
( A b d e l  W a h d b , 1972). T he average “ sa n d s to n e ”  given by  P e t t i j o h n  (1963) 
is also illu s tra te d .

Chemical Composition as a F u n c tio n  o f  Sandstone T ype

M i d d l e t o n  (1960) m ade th e  f ir s t  im p o r ta n t  a tte m p t in  e v a lu a tin g  geo- 
chem ically  d iffe ren t g roups or “ c lan s”  o f san d sto n es. H e p o in ted  o u t th a t ,  
i f  a chem ical in v es tig a tio n  of san d sto n es is to  be in d ep en d en t of d iag en e tic  
fac to rs , i t  m ay  be based  upon  th e  ra tio  b e tw een  A120 3 and  alkalies o r be tw een  
som e o th e r in d iv id u a l pa irs o f oxides. D iag en e tic  processes d u rin g  co m p ac tio n  
an d  in th e  la te r  h y s to ry  of a san d sto n e , p la y  an  im p o r ta n t role in  i ts  chem ical 
ch a rac te ris tic s .

P e t t i j o h n  e t a l. (1972) p o in te d  o u t th a t  th e  d iffe ren tia tio n  betw een  
m a tu re  an d  im m a tu re  sandstone  is possib le  b y  using th e  ra tio  o f S i 0 2/A l20 3, 
r a th e r  th a n  b y  using  e ith e r  of th em . T h e  m a tu re  q u a rtz  rich san d s to n es  are 
o f h igh S i0 2/A l20 3 ra tio  because o f th e  absence of a lu m in o silica tes , clays 
(a te x tu ra l  a t tr ib u te )  or p rim ary  silica tes  (a m ineralog ical a t tr ib u te ) .  P e t t i - 

j o h n  et al. (1972) also m en tioned  th a t  d ifferences betw een  a lka li m e ta l-rich  
an d  alkali m e ta l-p o o r sandstones can a lm o s t equally  be ta k e n  as co rresp o n d in g  
to  a m a tu r ity  in d ex  defined  in  chem ical com position  term s. T h is w as expressed  
by  th e  ra tio  o f N a 20 /K 20  and th e  ra tio  of S i0 2/A l20 3 (F ig. 5). A p p ly in g  the  
chem ical analy sis  d a ta  o f th e  N u b ian  S and sto n es of K a lab sh a  a rea  to  th e  
d iag ram m atic  m a tu r ity  index  given b y  P e t t i j o h n  e t al. (1972), th e  san d sto n e  
o f K a lab sh a  a rea  are accord ingly  c lassified  as p ro to q u a rtz ite  “ sub lith ic
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a re n ite s ’4. T h is is in  close a g reem en t w ith  th e  p e tro g ra p h ic  m odal an a ly ses  
of th e s e  san d sto n es (Table 2).

A s show n  from  T ab le  2, th e  N u b ian  S an d sto n es  of K a lab sh a  a rea  are  
c h a ra c te r iz e d , b y  th e  d o m in an ce  of q u a rtz , ab u n d a n c e  of rock frag m en ts  
(g ra n ite , g ran o d io rite , gneiss a n d  ch ert) , su b o rd in a te  co n ten t of fe ld sp ars  
(m o s tly  p lag io c lase  w hich is h ig h ly  a lb itized , b u t  K -felspars are fo u n d  to  a 
sm alle r e x te n t) .  T he d o m in a n t cem en t is silica , w hile  ca rb o n a te  cem en t is 
second  in  a b u n d a n c e  an d  is com posed  m ain ly  o f  ca lc ite  an d  dolom ite. C layey  
m a tr ix  is  p re se n t as p a tch es a n d  is rep re sen ted  b y  kao lin ite  and  illite  (as r e ­
v ea led  f ro m  th e  X -ra y  d iffrac tio n  s tu d y ).

P e tro g ra p h ic a lly , th ese  san d sto n es  are g en era lly  m od era te ly  so rted  an d  
m ed iu m  in  size (i.e. th e y  are  of 0.25 to  0.50 m m  size). M icroscopic in v es tig a tio n s

T ab le  2

M odal analysis o f  N u b ia n  Sandstones o f  K alabsha Area

Constituent
Average

percentage

Quartz 75.2

Feldspars 2.5

Mica 0.3

Rock fragments 7.8

Clay or m atrix 3.6

Silica cement 7.6

Carbonate  cement “ calcite  and dolomite” 3.0

A da  Geologica Academiae Scientiarum Hungaricae 20, 1976

F ig. 5. S i 0 2/A l 20 3 v s . N a 20 / K 20  r a t io s  of sandstones.  S t ipp le  outlines area of m ost  analyses.

C on tours  (h e a v y )  lines show va lues  o f  log . P e t t i j o h n , 1963: ▲ = R ep re sen tsJMa2ü  — K.20
average o f  K a lab sh a  N u b ia n  S andstones
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F ig. 6. A ph o to m icro g rap h  show ing a m ed iu m  g ra ined , m o dera te ly  so rted  an d  su b g rounded  
N u b ia n  S an d stone . Single q u a rtz  g ra ins, som e of w hich ex h ib it u n d u la to ry  ex tin c tio n .

Crossed niçois, X 64

F ig . 7. A p h o to m icro g rap h  show ing m o d era te ly  sorted  N u b ian  Sandstone  com posed  of q u a rtz  
an d  rock  pa rtic les , th e  la t te r  being in p a r t  g ra n its  an d  gneiss. Q u artz  g ra in s a re  generally

su h ro u n d ed . Crossed niçois, X 64
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Fig. 8. A  p h o to m ic ro g rap h  show ing  a considerab le  seco n d ary  overg row th  of silica. T he 
orig inal q u a rtz  g ra in  b o u n d a rie s  are well show n. Crossed niçois, X 64

Fig. 9. A  p h o to m ic ro g rap h  show ing  u n d u la to ry  com posite  q u a r tz  g ra ins w ith  an ov erg ro w th  
a tta in in g  c ry s ta l  form  in a vo id  space. The d e tr ita l g ra ins a re  m o ttle d  w ith  iron  oxides (hem a­
t ite  an d  m ag n e tite )  and th e  g ra in s  m arg in s are de lin eated  by  iro n  oxides. Crossed niçois, X 64
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revealed  th a t  th e se  sandstones are com posed  essen tia lly  of q u a r tz  g ra in s; 
these  are m o stly  m onocrysta lline  (single g ra in s) an d  po lycrysta lline  to  a sm alle r 
e x te n t (com posite). T he q u a rtz  grains are  h ig h ly  subrounded  an d  su b a n g u la r , 
u su a lly  o f  hom ogeneous ex tin c tio n  and  to  a sm alle r ex ten t of u n d u la to ry  e x ­
tin c tio n . Silica is th e  m ost com m on c e m en tin g  agen t, i t  is a lm ost q u a r tz  de­
posited  in  o p tica l an d  c ry sta llog raph ic  c o n tin u ity  w ith  the  ro u n d e d  d e tr ita l 
q u a rtz , th u s  fo rm ing  th e  silica ov erg ro w th s (F igs 6, 7, 8 and 9).

Sum m ary and  C onclusion

T he chem ical an d  m odal analyses o f th e  N u b ian  S andstones o f  K a la b sh a  
area led th e  a u th o r  to  designate these  sa n d s to n e s  as p ro to q u a r tz ite s  “ sub- 
lith ic  a re n ite s” . T hese sandstones of K a la b sh a  area  were found  to  be s im ila r 
in  chem ical com position  to  those san d sto n es  o f  S a lt W ash M em ber o f  M orrision  
F o rm a tio n  w hich  w ere considered to  be p ro to q u a rtz ite s  “ su b lith ic  a re n ite s” 
( P e t t i j o h n  e t a l., 1972).

T he N u b ian  Sandstones of K a la b sh a  area  (W estern  D ese rt o f  E g y p t)  
w ere found  to  be s im ila r to  the N u b ian  S a n d s to n e s  of W adi N a ta sh  an d  W adi 
K h a r it  (E a s te rn  D esert o f E g yp t). T he s lig h t v a ria tio n s  — if an y  —  in  chem ical 
an d /o r m inera log ica l com position a re  m a in ly  a ttr ib u te d  to  th e  d iag en e tic  
fac to rs  ac tin g  on th ese  sandstones a fte r  dep o sitio n .

N u b ian  S an d sto n es recorded from  th e  B arram iy a  area (h u n d re d  k ilo ­
m eters  n o r th  of W ad i K h a rit, E a s te rn  D e se rt)  were designated  as q u a r tz  a re ­
n ites  “ o r th o q u a r tz ite s ”  ( Z a h r a n , 1970). I t  is to  be noted  th a t  th e s e  N u b ian  
S an d sto n es of B a rra m iy a  A rea are fa r  f ro m  th e  basem ent rocks as co m p ared  
w ith  th o se  of W ad i K h a rit and  W adi N a ta s h . T herefore, th e  c o n s is ten cy  in  
n o m en c la tu re  o f th e  N ub ian  S andstones as a tta in e d  by m ost m e th o d s  o f classi­
fic a tio n  leaves no room  for dou b t in  d e s ig n a tin g  th e  sandstones, th o se  w hich 
a re  fa r  from  th e  b asem en t rocks are  “ q u a r tz  a ren ite s” or “ o r th o q u a r tz ite s ” , 
an d  th o se  n e a r th e  b asem en t rocks a re  “ su b lith ic  a ren ites” .

T h e  presence o f a considerab le p ro p o rtio n  of rock fra g m e n ts  (g ran ites, 
g ran o d io rite s  an d  gneisses) as well as th e  fie ld  observation , i.e . th e  N ub ian  
S an d sto n es cap  th e  basem en t rocks in  K a la b sh a  area, are in d ic a tio n s  of th e  
orig in  o f th e  N u b ian  Sandstones of K a la b sh a  area from  the p re e x is tin g  u n d e r­
ly in g  b asem en t rocks.*

* D etailed  d iscussions regard ing  th e  sou rce  and  m ode of fo rm atio n  o f th e  N ub ian  
S an d sto n es in E g y p t are  now in p re p ara tio n  fo r p u b lica tio n  by the a u th o r  (see references).
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ХИМИЧЕСКИЙ СОСТАВ И ГЕОХИМИЧЕСКАЯ ОЦЕНКА НУБИЙСКИХ 
ПЕСЧАНИКОВ РАЙОНА КАЛАБШИ В ЕГИПТЕ

Т. С. А. В А Х А Б  

Р е з ю м е

Автор статьи выполнил химический анализ десяти показательных образцов, пред­
ставляющих собою все возможные разновидности нубийских песчаников района Калабши 
(Египет). Результаты химических и модальных петрографических анализов позволили 
отнести эти песчаники к протокварцитам (сублитическим аренитам). Кроме того, было 
выявлено, что эти песчаники происходят, по-видимому, от ранее существовавших под­
стилающих пород фундамента.
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STRATIGRAPHIC AND EVOLUTIONARY ANALOGIES 
OF THE EOCENE OF THE PARISIAN BASIN 

AND OF NE-TRANSDANUBIA
By

L. G i d a i

HUNGARIAN GEOLOGICAL IN ST ITU TE, BUDAPEST

On th e  basis of personal experiences a n d  lite ra tu re  d a ta  th e  a u th o r  gives a 
review  on th e  analogies of th e  E ocene s tra tig ra p h y  and evolu tion  of th e  P aris ian  
B asin  and  of th e  N E  region of th e  T ra n s d a n u b ia n  C entra l M ountains.

T he fo rm atio n s  corresponding  to th e  D an ian -M o n tian , T h an e tia n  o f th e  P arisian  
B asin are u n k n o w n  in N E  T ran sd an u b ia .

T he Low er E ocene brow ncoal seq u en ce  of N E -T ran sd an u b ia  as well as its 
m arine  cover can  an d  should be co rre la ted  w ith  th e  Sparnacian  an d  w ith  th e  Cuisian 
or Y presian  s tra to ty p e  of th e  P a ris ian  B asin , respectively .

D uring  th e  S p arn ac ian  th e  fo rm a tio n  a n d  evolution  of th e  tw o a rea s  proved  
to  be sim ilar.

F u r th e r  s ign ifican t m u tu a l c h a ra c te ris tic s  o f the  geological ev o lu tion  are  re flected  
by th e  e v en ts  a t  th e  C u isian -L u te tian  b o u n d a ry : local u p lift and erosion  to o k  place 
in b o th  areas.

In  th e  L ow er L u te tia n  th e  tran sg ress iv e  m arine  fo rm ations (w ith  N u m m u lites  
p e rfo ra tu s)  are  o f general ex tension  also in  th e  a rea  of the  T ra n s d a n u b ia n  C entral 
M o un ta ins show ing re la tive ly  un iform  facies. As co n tra sted  to th e  P a r is ia n  B asin 
show ing m ore un ifo rm  facies p a tte rn  in th e  M iddle L u te tian , in N E -T ra n sd a n u b ia  
th e  facies f lu c tu a tio n s  a re  freq u en t (m arsh y , fresh w ate r, b rack ish  w a te r  a n d  m arine  
facies).

P a ra lle lly  w ith  the  enclosing of th e  U p p e r  L u te tian  in th e  P a ris ia n  B asin , in 
th e  D orog B asin  th e  so-called T okod sa n d s to n e  was deposited in d ica tin g  sep a ra tio n  
from  the  sea. T he lack of the  fauna  c h a ra c te riz ed  by N um m ulites p e r fo ra tu s  in the 
P aris ian  B asin  is sign ifican t.

In  the  U p p er Eocene analogies are h a rd ly  found , in the  P aris ian  B asin  th e  effect 
o f th e  N o rth  Sea p red o m in ates  w ith  E n g lish  (B a rto n ian ) and B elgian re la tio n s .

In  F ran ce  th e  Paleogene is t r ip a r t i te .  T h e  Paleocene in c ludes th e  com ­
b in ed  D an ian -M o n tian  and T h an e tian  s tag es . To classify th e  E ocene fo rm a tio n s  
th e  Y p resian  (L ow er), th e  L u te tia n  (M iddle) and  th e  B a rto n ia n  (U pper) 
s tages are used , in  case of th e  Y presian  tw o , in  th a t  of th e  L u te tia n  an d  B a r­
to n ia n  th ree  su b stag es are d is tingu ished .

J u s t  like in  th e  T ran sd an u b ian  C en tra l M ountains, before th e  P aleogene 
sed im en ta tio n  th e  M esozoic fo rm ations w ere considerab ly  evolved. C onsiderab le  
d ifference ex is ts , how ever, in  th e  m ake u p  o f th e  basem ent: in  th e  P a ris ian  
B asin  th e  b asem en t of th e  Paleogene is b u il t  up by  C retaceous fo rm atio n s. 
T he y o u n g est C retaceous fo rm ation  can  he assigned to  the  C am p an ian  (chalk 
w ith  B elem nite lla  m u cro n a ta ). In th e  a re a  o f th e  T ra n sd a n u b ia n  C entral 
M o un ta ins th e  Paleogene fo rm ations a re  fo r th e  m ost p a r t  u n d e rla in  by  
T riassic  do lom ite  an d  D achste in  lim estone , to  som e ex ten t by  C re taceo u s an d
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su b o rd in a te ly  b y  Ju ra ss ic  fo rm atio n s te s tify in g  to  th e  m ore co n sid erab le  
d e n u d a tio n  of the  T ra n sd a n u b ia n  C en tra l M o u n ta in s  a t  th e  end of th e  M esozoic.

D u rin g  th e  D am an  and  M on tian  th e  sea re tu rn e d  from  th e  W est th ro u g h  
th e  C h an n e l in to  th e  P a ris ia n  B asin , th e  sed im en ts  of w hich, i.e. th e  m a rl o f 
M eudon  (so u th w est of P a ris ), and th e  “ p iso litic  lim estone”  up to  M elun 
( s o u th e a s t o f P a ris  along th e  b an k s  of th e  Seine) are  know n in th e  dep ressio n  
p re fo rm e d  s tru c tu ra lly  in  N W -S E  d irec tio n  fo llow ing  th e  Seine-line, a n d  fu r ­
th e r  in  S W -N E  direc tion .

T h e  fo rm atio n s  m ark ed  fo rm erly  as “ p iso litic ”  lim estone a re  rea lly  
coarse  lim e s to n e s  or b io ca lcaren ites  w hich w ere developed from  ca lcareous 
a lgae f ie ld s . E . Sz á d e c z k y - K a r d o s s  (1925) describ ed  sim ilar p seu do-oo litic  
f re sh w a te r  algal lim estone  from  th e  T ra n sy lv a n ia n  Paleocene. On th e  age 
of th e  fo rm a tio n  series in  q u estio n  d iscussions w ere  ca rried  out during  m ore  th a n  
f if ty  y e a rs  in  th e  F ren ch  lite ra tu re . E .g . th e  fa u n a , and  p a rticu la rly  th e  co ra ls  
in c lu d e  sev e ra l M esozoic e lem en ts. B y m eans o f o stracod  and  fo ram in ife ra l 
s tu d ie s  h as  been u n am b ig u o u sly  ev idenced  th a t  th e ir  age is u n d o u b te d ly  
P a leo g en e , i.e. D an ian -M ontian .

W h e n  sum m ing  u p  th e  re su lts  o f th e  in v e s tig a tio n s  carried  ou t till now , 
a cco rd in g  to  Ch. P o m e r o l  (1973) th is  gu lf d raw in g  from  the  W est, i.e. from

PARISIAN BASIN (after Ch.Pomero!) NE- TR A NSDfi NUBIA
epoch stage m a i n  f a  c  /  e  s s t a g e  s u b s t a g e

В a r t  o n ra n

Au/ersian

Lu chan
white marls o f  Pontin 
blue m arls o f  Argenteuil \ 
gypsum and mar! intercalations . —
mar! with Pholadomyg ludens/s forammifer-

M an-
nesian

M annesian sands  
sands o f  C resnes

sand and sandstone o fBeauchamp
Auversian sands

Upper

Middle

Lower

P r ia b o n ia n

Upper
sandstone o f  Fou langues 
,, pelecypod fie ld  "

Tokod " sands tone poor 
in fo s s i ls Upper

L u t e t i a n id idd!'s limestone o f  MUio/ina
sequence with Uummu/ites 
stria  tu s  and m olluscs Middle L u te t ia n

Lower
Coarse limestone, 
Nummutites taevigatus

sequence w ith  Nummulites 
p e r fo ra tu s Lower

clay-m arl with Nummulites 
and OpercutinaCuisian sand o f  Bel leu  

Cuisian sand
Upper

yp resta n
day-m arl w ith molluscs, 

copina seq u en ce Lower
Cuisian

Cparnacian
day and lignite ofSoissons 
plastic d a g

brown - coal sequence Upper
variegated-day, quartz-sands­
tone, freshwater Umesto,

Sparnacian
Lower

T h a n e 11 a n
sand o f ßracheu:rt 
t u f f  o f  La fe re

Danian -  Montian
marl o f  Meudon,
, pisolitic " limestone

t e r r e s t r ia l  period

Fig. 1. S tra tig ra p h ic  com parison  of th e  Paleocene an d  E o cen e  of th e  P arisian  B asin  (a fte r  
Ch . P o m e r o l , L. F e u g u e u r , 1968) an d  o f N E  T ran sd an u b ia
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th e  A tla n tic  th ro u g h  th e  C hannel h ad  no connection  w ith  th e  M o n tia n  Basin 
o f B elgium .

E x c e p t th e  op in ion  o f F . H o r u s i t z k y  (1964) and  accord ing  to  th e  recent 
H u n g a ria n  s tra tig ra p h ic  views th e  area  o f th e  T ra n sd a n u b ia n  C entral 
M o un ta ins w as em erged lan d  a t  t h a t  tim e . W ith  regard  to  th e  op in ion  of 
F . H o r u s i t z k y  an d  ta k in g  in to  ac c o u n t th e  v ariega ted  clay seq u en ce  w hich 
am o u n ts  locally  to  m ore th a n  120 m e tre s  th ick n ess  and  w hich  lies betw een 
th e  S p arn ac ian  lacu strine-lagoonal facies an d  th e  Mesozoic b a se m e n t, the 
s tra tig ra p h ic  in v es tig a tio n  of th e  v a r ie g a te d  clays a t  the  b o tto m  o f  th e  Eocene 
rises as a s tressed  s tra tig ra p h ic  p rob lem . A fte r th e  regression o f  th e  D an ian- 
M on tian  sea an d  th e  erosion o f th e  D an ian -M o n tian  fo rm ations th e  new  tra n s ­
gression a rriv ed  from  th e  N o rth  d u rin g  th e  T h a n e tia n  and  on ly  i ts  com ple ting  
p h ase  reach ed  th e  P a ris ia n  B asin . T h e  m ost w idespread fo rm a tio n  of th e  
T h a n e tia n  is th e  B rach eu x  san d  (up to  30 m etres th ick ) w hich  c o n ta in s  n u ­
m erous m olluscs in  a d d itio n  to  C yp rin a  scu te lla ria . A t Coye (N E  o f Paris) 
th e  l i t to ra l  facies of th e  T h a n e tia n  san d s is rep re sen ted  by  a ch e rt-co n g lo m era te  
w hich  is eq u iv a len t w ith  th e  B rach eu x  sands. T he B racheux  san d s  a re  overlain  
b y  lacu strin e  lim estones in  th e  e a s te rn  p a r t  o f th e  P arisian  B asin . T hese are 
of less e x te n t th a n  th e  B rach eu x  san d s .

As to  ou r recen t know ledge in  th e  T ran sd an u b ian  C en tra l M ounta ins 
no fo rm atio n s being analogous b o th  in  age an d  facies w ith  th e  T h a n e tia n  
o f th e  P arisian  B asin , are  know n. T he p rob lem  of th e  Low er E o cen e  te rre s tr ia l 
discussed above in  connection  w ith  th e  D an ian -M ontian  co n ce rn s  also the 
p rob lem  of th e  T h a n e tia n  (F ig. 1).

In  th e  P a ris ian  B asin  th e  T h a n e tia n -S p a rn a c ia n  b o u n d ary  is w ell m arked  
(F ig . 2). E a s t o f R eim s, on M ont B erru  in  th e  C ernay co n g lo m era te  a rich  v e r­
te b ra te  fau n a  of T h a n e tia n  age w as fo u n d  w hich  has been s tu d ie d  b y  R u s s e l  
(1964). T h e  fau n a  consisting  of crocodiles, large tu rtle s , of a g ig a n tic  b ird  
(G asto rn is) as well as o f m am m als o f M esozoic affin ity  has b een  co rre la ted  
w ith  th e  U pper P aleocene fau n a  of N o rth  A m erica. N ev erth e less , th is  fauna 
in d ica tes  th e  end  of evo lu tion  of th e  M esozoic m am m als and  d iffe rs  from  the 
S p arn ac ian  m am m als in itia tin g  th e  T e r tia ry  (C oryphodon). A cco rd in g  to 
Ch. P o m e r o l  th is  fac t is an  im p o r ta n t a rg u m e n t in favour o f  th e  a ssig n m en t 
of th e  S p arn ac ian  to  th e  Y presian  cycle, an d  o f th e  draw ing o f th e  Paleocene- 
E ocene b o u n d a ry  betw een  th e  T h a n e tia n  an d  Sparnacian .

As to  th e  connection  of th e  S p a rn ac ian  Y presian , s im ila r  c o n d itio n s  are 
know n in th e  n o rth e a s te rn  p a r t  o f th e  T ran sd an u b ian  C en tra l M o u n ta in s: 
th e  tra n s itio n  is con tin u o u s from  th e  S p a rn ac ian  lower b row n co a l sequence 
th ro u g h  b rack ish  w a te r  fo rm atio n s to w a rd s  its  h igher-sea ted  c o v e r  be ing  as­
signed to  th e  C uisian, i.e. th e  n e ritic  O percu lina-bearing  c la y -m a rl. A n u n ­
se ttled  questio n  o f th e  H u n g a rian  E ocene s tra tig ra p h y  is c o n n e c te d  to  th is ,
i.e . th e  m ore precise co rre la tion  w ith  th e  s tra to ty p e s .
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T h e experiences o b ta in e d  in  F rance su p p o rt th e  au th o rs  fo rm er op in ion  
th a t  th e  L ow er Eocene b ro w n  coal sequence of N E -T ra n sd a n u b ia  and  its  m arin e  
cover can  an d  should be c o rre la te d  w ith  the  S p a rn a c ia n  resp . w ith  th e  C uisian 
or Y p re s ia n  s tra to ty p e s  o f th e  P aris ian  B asin. T h e  th ic k , (locally 10 m etres) 
S p a rn a c ia n  of ours is c o rre la b le  in  du ra tion  w ith  th e  S p arn ac ian  clayey brow n 
coal sequence  and  p la s tic  c la y  (several m etres th ic k )  of th e  P arisian  B asin .

F ig. 2. E x te n s io n  and m ain  facies o f  th e  S parnacian  in  th e  P a r is ia n  B asin  (a fte r Ch . P o m e b o l ,
1973)

B efore th e  general C u is ian  transgression  th e  a re a  of th e  P a ris ian  B asin  
w as covered  by  lagoons. T h e  area of th ere  w as s e p a ra te d  from  th e  B elgian  
Y p res ian  sea by  th e  A rto is  b a r r ie r  (anticline). T h e  lag o o n a l S parnacian  an d  th e  
m arin e  C uisian are e q u iv a le n t to  the  co m ple te ly  m arin e  Belgian Y p resian . 
T h e  S p a rn ac ian  has sev e ra l la te ra l  facies. T h e  m o s t com plete  ou tcrop  of th e  
S p a rn a c ia n  is found  in  th e  G u itran co u rt q u a rry  (w est of P aris, in th e  rig h t 
b a n k  o f th e  Seine), w here  i ts  to ta l  th ickness a m o u n ts  to  10.85 m etres.

In  sp ite  of th e  fa c t t h a t  th e  H ungarian  E o cen e  belonged to  th e  M edi­
te r ra n e a n  an d  th a t  o f th e  P a r is ia n  Basin to  th e  N o r th e rn  facies zone, i t  can  be 
e s tab lish ed  th a t  th e  facies a n d  evolution  of th e  tw o  a reas  were sim ilar d u rin g  
th e  S p arn ac ian .

In  th e  Cuisian su b s ta g e  th e  A rtois h a rrie r (a n tic lin e )  d isappeared . I ts  area 
w as in u n d a te d  by  th e  sea to g e th e r  w ith th a t  of B e lg iu m  and  th e  n o rth e rn  and  
n o rth -w e s te rn  p a rts  o f th e  P a r is ia n  Basin (F ig. 3). T h e  a rea  of th e  P a ris ian  B asin  
becam e opened n o rth - a n d  w estw ard s, i.e. to w a rd s  th e  A tlan tic . N um m u lites  
p la n u la tu s , th e  h igh ly  a b u n d a n t  index fossil o f th e  C uisian sand got in to  th e
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F ig. 3. E x tension  o f th e  M iddle an d  U pper L u te tia n  se p a ra ted  by  th e  A rto is an tic line  in 
th e  P a ris ian  and Belgian basin s (a fte r  Ch . P o m e r o l , 19 7 3 ) .  1. M arine lim estones and san d ­
stones of lagoonal-m arine  facies (caillases); 2. L acu strin e  lim estone; 3. C alcareous sandstones

of Lede and  W em rnel

F ig. 4. L udian  in th e  P a ris ian  B asin  (a fte r  Ch . P o m e r o l , 1 9 7 3 ) .  1. E x te n sio n  of th e  m arls 
w ith  P ho ladom ya ludensis ; 2. E x ten sio n  of the  gy p su m  lense; 3. L acu str in e  lim estones 
an d  m arls: lim estone o f C h am p ig n y , lim estone of C h a teau  L an d o n  m arls o f T ardenois; 

4. D irection  of flu v ia tile  t ra n sp o rta tio n  in to  th e  L u d ia n  sea
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P a r is ia n  B asin from  th e  A tla n tic . T h is species is fo u n d  also in  th e  c lay  m arls 
w ith  O percu lina  of th e  T ra n s d a n u b ia n  C entral M ou n ta in s  as i t  h as  been s ta te d  
b o th  b y  M. J á m b o r - K n e s s  a n d  b y  A. B l o n d e a u . In  a d d itio n  to  th e  sam e age 
an  in d ire c t  com m unication  b e tw e e n  th e  E ocene seas of th e  T ra n sd a n u b ia n  Cen­
t r a l  M o u n ta in s  and of th e  P a r is ia n  B asin  can also be assum ed . F u r th e r  sign ifican t 
c o m m o n  fea tu res of th e  geo log ica l evo lu tion  are  re fle c ted  b y  th e  ev en ts  a t  the  
C u is ia n -L u te tia n  b o u n d a ry . I n  th e  G u itran co u rt p ro file  on ly  th e  low er 50 cm 
o f th e  C uisian have re m a in e d  u n to u ch ed , all th e  s t r a ta  from  th e  Cuisian- 
L u te t ia n  boun d ary  up  to  th e  M iddle  L u te tia n  being  eroded . T he C uisian  profile  
a t  F o sse s  is m ore com plete  b u t  b o th  u p lift and  d e n u d a tio n  can  be d em o n stra ted .

S im ila r phenom ena can  b e  observed  in  th e  N E  area  o f th e  T ra n sd a n u b ia n  
C e n tra l M ountains: u p lif t  a t  th e  C u isian -L u te tian  b o u n d a ry , erosion  o f Low er 
E o c e n e  fo rm ations w ith in  th e  E ocene as well as th e  fa u n a  red ep o sited  in 
re v e rse d  o rder from  th e  L o w er E ocene fo rm atio n s  in to  th e  M iddle E ocene 
ones h a v e  repeated ly  been  p o r te d  on (M. J á m b o r - K n e s s  1968; L. G i d a i , 

1968). T ak in g  in to  acco u n t th e  d is tan ce  of a b o u t one an d  a h a lf  th o u sa n d  
k ilo m e tre s , one can conclude  t h a t  th e  u p lift a n d  se p a ra tio n  a t  th e  Cuisian- 
L u te t ia n  b o undary  p roved  to  b e  of regional scale.

T h e  L u te tia n  sequence o f  th e  P a ris ian  B asin  of a b o u t u p  to  40 m etres 
th ic k n e s s  shows th e  classical schem e of one se d im e n ta ry  cycle: th e  sequence 
c o n s is tin g  of coarse d e tr i ta l  fac ies (in low erm ost p a r t  coarse  g laucon ite) a t 
th e  b o t to m  is followed by  co a rse  lim estone in  its  m idd le  p a r t .  A t th e  end of 
th e  cy c le  th e  o rg an ig en ic -d e trita l sed im en ta tio n  is rep laced  b y  evaporitic - 
ch e m ic a l sed im en ta tion .

T h e  evolution  of th e  P a r is ia n  B asin  and  of th e  D orog  B asin  ( th e  m ost 
c o m p le te  L u te tia n  sequence in  th e  T ran sd an u b ian  C en tra l M o un ta ins) shows 
c e r ta in  analogies: In  th e  L o w er L u te tia n  th e  tran sg ressiv e  m arin e  fo rm atio n s 
(w ith  N u m m u lite s  p e rfo ra tu s) a re  o f regional ex ten sio n  also  in  th e  a rea  of th e  
T ra n s d a n u b ia n  C entral M o u n ta in s  show ing a re la tiv e ly  u n ifo rm  facies. In  
th e  M id d le  L u te tian , th e  P a r is ia n  B asin  shows a m ore u n ifo rm  facies p a tte rn , 
w h ile  in  th e  T ran sd an u b ian  C e n tra l M ountains th e  fre q u e n t change o f facies 
(m a rs h y , freshw ater, b ra c k ish  w a te r  an d  m arine), v iz . th e  a rch ipe lag ic  ch a rac ­
te r  p re d o m in a te s . D uring  th e  U p p e r  L u te tia n  s im ila r analog ies can  be o u t­
lin e d : s im u ltan eo u sly  w ith  th e  U p p e r L u te tia n  se p a ra tio n  o f th e  P a ris ian  
B a s in , th e  coarse fau n a-p o o r U p p e r  L u te tia n  T okod  san d sto n e  o f th e  D orog 
B a s in  sug g ests  also d isco n n ec tio n  w ith  th e  sea.

I n  th e  Lower L u te tia n  o f  th e  P a ris ian  B asin  th e  “ en m asse”  p resum e 
o f N u m m u lite s  lev igatus in d ic a tin g  to  La M anche —  A tla n tic  as well as to  
M e d ite r ra n e a n  connections m a k e s  possible a d irec t co rre la tio n  w ith  th e  N u m ­
m u lite s  laev ig a tu s  bearing  fo rm a tio n s  of th e  S o u th e rn  B ak o n y  M ountains.

A  sig n ifican t difference is th e  lack  of th e  N u m m u lite s  p e rfo ra tu s  fau n a  
in  th e  P a ris ia n  Basin. O n th is  basis  i t  is obvious th a t  th e  P a ris ia n  Basin
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belonged to  th e  n o rth e rn  facies zone an d  h a d  no  d irec t connection  w ith  th e  
M ed ite rran ean .

A fte r th e  d ry in g  o f th e  U p p e r L u te t ia n  lagoons th e  P a ris ia n  B asin  had  
been in u n d a te d  aga in , i.e. th e  B a rto n ia n  tran sg re ss io n  set in . A fte r th e  depo­
sition  of th e  A uv ersian  and  M arinesian  m a rin e  sands (L ow er a n d  M iddle 
B arto n ian ) —  th e ir  la te ra l facies consist o f c lay  an d  lim estone  — in  th e  L u d ian  
th e  U p p er B a r to n ia n  m arls w ith  P h o la d o m y a  in d ica te  a new  b u t sh o r t t r a n s ­
gression.

C u v i e r  described  P a léo th é riu m  m ag n u m , A nop lo therium  co m m u n e and  
X ip h o d o n  gracile  from  th e  M o n tm artre  g y p su m . These p roved  to  be  in d ex  
species o f th e  E ocene. O nly these  m am m al in to  th e  Eocene an d  to  th e  fac t 
th a t  th e  O ligocène should  be s ta r te d  w ith  th e  R om ainv ille  clays in  th e  P a ris ia n  
B asin.

In  th e  U p p e r E ocene only a few an a log ies are found , e.g. t h a t  th e  ch a r­
ac te ris tic  N u m m u lite s  of th e  A u v ers ian , i.e. N u m m ulites v a rio la riu s  occurs 
also in  H u n g a ry . A fte r th e  A uversian  th e  in d ire c t connections o f th e  P a ris ian  
B asin  w ith  th e  M ed ite rran ean  w ere s to p p e d : in  th e  U pper E ocene o f th e  
P a ris ia n  B asin  th e  in fluence  of th e  N o r th  Sea p red o m in a ted  w ith  E ng lish  
(B a rto n ian  s tage) an d  B elgian re la tio n s.
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АНАЛОГИЯ СТРАТИГРАФИИ И ИСТОРИИ ГЕОЛОГИЧЕСКОГО РАЗВИТИЯ 
ЭОЦЕНОВЫХ ОБРАЗОВАНИЙ ПАРИЖСКОГО БАССЕЙНА И ЗАДУНАЙСКОГО

СРЕДНЕГОРЬЯ (ВЕНГРИИ)
Л. ГИДАМ

Р е з ю м е

Автор на основании личных наблюдений и важнейших литературных данных дает 
обзор аналогичных явлений стратиграфии и истории геологического развития эоценовых 
образований Парижского бассейна и Задунайского Среднегорья.

Образования, соответствующие датско-монскому и танетскому ярусам Парижского 
бассейна, в северовосточной части Задунайского Среднегорья не известны.
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На северо-востоке Задунайского края нижнеэоценовую толшу бурых углей можно и 
следует сопоставить со спарнакским, кровлю морского происхождения — с кюизским или 
ипрским стратотипами Парижского бассейна.

Путь развития этих двух территорий на протяжении спарнакского века был схожим.
Дальнейшие значительные общие черты пути развития отражают процессы, проис­

шедшие на границе кюизского и лютецского веков: локальные поднятия и размыв имели 
место на обеих территориях.

Морские (с N u m m u lites p e rfo ra tu s )  трансгрессивные образования нижнелютец- 
ского яруса на территории Задунайского Среднегорья имеют также общее распростране­
ние, показывая при этом сравнительно единую фациальную картину. В среднем лютеции, по 
сравнению с Парижским бассейном, имеющим более единое фациальное развитие, на 
северо-востоке Задунайского края часто наблюдаются фациальные колебания (среди 
болотных, пресноводных, слегка солоноводных и морских фаций).

Одновременно с процессом изоляции в позднем лютеции Парижского бассейна в 
Дорогском бассейне отложились токодские песчаники, указывающие также на изоля­
цию от моря.

Значительное отличие заключается в отсутствии в Парижском бассейне фауны с 
N u n im u lite s  p e rfo ra tu s.

В верхнем эоцене уже мало можно встретить примеров аналогии, в Парижском бас­
сейне преобладает влияние Северного моря с английскими (бартонский ярус) и бельгий­
скими связями.
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BIOSTRATIGRAPHIC SIGNIFICANCE 
OF THE MEANDROSPIRA PUSILLA (HO) 

(FORAMINIFERA) AND ITS DISTRIBUTION 
IN TRIASSIC SEDIMENTARY ROCKS IN HUNGARY,
AS REVEALED BY HYDROCARBON EXPLORING

BOREHOLES
By

A. B é r c z i - M a k k

RESEARCH LABORATORY FOR OIL AND GAS INDUSTRY, BUDAPEST

On th e  basis o f a nu m b er o f re fe ren ces th e  d is trib u tio n  of th e  F o ra m in ife ra -  
species M eandrospira  p u silla  (H o) in th e  L ow er T riassic  sed im en tary  rocks o f E u ro p e , 
A sia an d  A frica is sho rtly  discussed, re fe rrin g  to  its scarce occurrence in  M iddle  T ri­
assic rocks, as well. The M eandrospira p u s il la  (H o ) shows a general o ccu rren ce  in 
shallow  m arin e  fo rm atio n s and  is a species o f w ide ecological to le ra tio n  b y  a d a p tin g  
itse lf easily  to  th e  changes in depositiona l e n v iro n m en t and to th e  sea-floo r litho logy . 
T his species is o f  considerable h io s tra tig ra p h ic  significance, for, in a d d itio n  to  its 
n a rro w  v e rtica l occurrence (C am pilian  o n ly ), i t  could  be traced  in wide a rea s , in a lm o st 
all L ow er T riassic  m arine  fo rm ations.

T he s tra tig ra p h y  of th e  M eandrosp ira  p u silla  (H o)-bearing  L ow er a n d  M iddle 
T riassic  fo rm atio n s  discovered by  h y d ro c a rb o n  exploring  boreholes in  H u n g a ry  are 
d iscussed  and  a sh o rt descrip tion  of th e  spec ies M eandrospira p u silla  (H o ) as well as 
th a t  o f its  r a th e r  poor b u t c h a rac te ris tic  m ic ro fau n a l assem blages are re p o rte d . In  the  
L ow er T riassic  fo rm atio n s th is  la t te r  a ssem b lag e  is characterized  by few  in d iv id u a ls  
o f th e  follow ing F oram in ifera-species: A m m o d iscu s  sp ., E arlandia t in tin in fo rm is  (M i s i k ), 
Cyclogyra cf. m ahajeri B r ö n n i m a n n , Z a n i n e t t i , B o z o r g n ia , Spirorb is phlyctaena  
B h ö n n i m a n n , Z a n i n e t t i , Glomospirella sp . T he in d iv iduals of th e  M eandrosp ira  p u ­
silla  (H o ) in  th e  M iddle T riass ic  (A n isian ) fo rm atio n s are acco m p an ied  b y  some 
Trocham m ina  cf. alm talensis K o e h n -Z a n i n e t t i  and  M eandrospiranella  sp . only .

Introduction

L ow er T riassic  (W erfen ian -S cy th ian ) m arin e  fo rm ations can  be  easily  
tra c e d  th ro u g h o u t th e  T e th y s-a rea  (A lps, C arp a th ian s, D in a rid s , B a lkan - 
p aen in su la ), in  th e  m a rg in a l areas to  E u ra s ia  (Asia M inor, I ra n ) , th ro u g h o u t 
th e  a rea  of th e  T riassic  M iddle Sea in  A sia  (H im alay a , In d ia , S o u th e rn  C hina, 
A rch ipelago  o f M alay a , P acific  C oast o f S iberia) and  in th e  e n v iro n  o f th e  
P ac ific  Sea (C alifo rn ia). In  these  fo rm a tio n s , th e  l i t to ra l  nearshore a n d  shallow - 
w a te r  facies and  th e  lagoonal sed im en ts  p la y  m ost im p o rta n t ro le .

Som e ho rizons w ith in  th e  C am p ilian  (L ow er Triassic) are c h a ra c te riz e d  
b y  a m assive  occurrence of th e  F o ra m in ife ra  species M eandrospira  p u silla  
(H o), fo rm ing  th e  earliest F o ram in ife ra  zone of th e  T riassic. O n th e  basis 
of c h a ra c te ris tic  F o ram in ife ra l assem blages th e  T riassic  has b een  sp lit  in to  
11 F o ram in ife ra -zo n es (J . S a l a j , 1969a), th e  low erm ost of w hich  is th e  “ M e­
androspira pusilla '" -zone.
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The  “ M eandrospira  pusilla '’'1-zone in  E urope ,
A sia  and A fr ica

T h e  low er b o u n d a ry  o f occurrence o f th e  species M eandrospira p u s il la  
(H o) is u n k now n . T h e  Seisian  san d sto n e  o f N W -M ontenegro , Y u g o slav ia  
(S. P a n t i c , 1967) is th e  earlies t fo rm atio n  in  w h ich  i t  has been o b se rv ed . 
T he m ic ro fau n a l assem blage  know n from  th e  fo rm a tio n  involved  is r a th e r  
poo r: i.e . i t  consists o f  som e in d iv idua ls o f M eandrospira  p u silla  (H o) a n d  
F rond icu laria  woodwardi H o w c h i n .

T h e  species M eandrosp ira  pusilla  (H O ) describ ed  from  th e  T riassic  of 
C hina (Y. H O , 1959) is ch a ra c te ris tic  of the  C am p ilian  locations of th e  A lp in e  
T riassic  (Iu lian -A lp s, W este rn -C a rp a th ian s , H u n g a ria n  C entral M o u n ta in s , 
D in a rid s , E a s te rn  S erb ia , E a s te rn  B a lk an , G reece, T urkey). In  th e  s t r a t i ­
g rap h ic  l i te ra tu re  d a ta  are  fo u n d  referring  to  its  a d d itio n a l occurrence in  th e  
T riassic  sed im en ts o f th e  A sian  M iddle Sea (C aucasus, I ra n , P ak is tan ) as well 
as in  th e  n o rth e rn  p a r t  of th e  A frican c o n tin e n t (S o u th e rn  T unisia) (F ig . 1).

In  th e  C am pilian  sed im en ts it is a com m on phenom enon  th a t  th e  fa u n a l 
assem blage  is on ly  com posed  of th e  in d iv id u a ls  o f spescies M eandrospira  
p u s illa  (H O ) only . ( J . S a l a j — A. B i e l y — J . B y s t r i c k y , 1967b; A. B a m o v s ,

Fig. 1. O ccurrence  of th e  species M eandrospira p u silla  (H O ) in  E urope, Asia an d  A frica . 
1. In d iv id u a ls  o f M eandrospira  p u silla  (H O ) in L ow er T ria ss ic  sed im en tary  rocks; 2. In d iv i­

d u a ls  o f M eandrospira  p u silla  (H O ) in M iddle T ria ss ic  sed im en tary  rocks
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1968; M. R o k s a n d iö — M. Ca n o v i c , 1970; E .  T r if o n o v a , 1972; A . B é r c z i- 
M a k k , 1972; G. Ch r i s t o d o u l o u — S. T s a i l a  M o n o p o l is , 1972). T h e  a c c o m ­
p a n y i n g  f a u n a  —  i f  a n y  —  is r a t h e r  p o o r  a n d  is r e p r e s e n te d  b y  s e v e r a l  A m m o- 
discus  sp . ,  Glomospira  sp.,  Glomospirella  sp . ,  E arlandia  tin ti u n ifo rm is  (M i s i k ), 
Cyclogyra ? m ahajeri B r ö n n i m a n n , Z a n i n e t t i , B o z o r g n ia , S p iro rb is  phlyc- 
taena  B r ö n n i m a n n , Z a n i n e t t i  w i th  s o m e  M ollusca-  a n d  O s t r a c o d a  shell 
f r a g m e n t s .  T h e  c h a r a c t e r i s t i c  f a c t  is w o r t h y  o f  n o te  t h a t  in  c e r t a i n  cases  a 
m a s s iv e  o c c u r re n c e  o f  E c h i n o id - f r a g m e n t s  c a n  b e  fo u n d  t o g e t h e r  w i t h  th e  
in d iv i d u a l s  o f  th e  M eandrospira p u s illa  ( H O )  (e.g. P. B r ö n n i m a n n — L. Z a n i ­
n e t t i — A. Mo s iit a g ii in  H .  H u b e r , 1973 ; A. B é r c z i-Ma k k  i n  t h i s  p ap e r) .  
In  th e s e  in s t a n c e s  th e  a c c o m p a n y in g  f a u n a l  a s sem blage  —  i f  a n y  —  is n o t  
c h a r a c t e r i s t i c .  I n  th e  L o w e r  T r ia s s ic  o f  t h e  A lps (L. K o e h n - Z a n i n e t t i . 
1969) a n d  in  t h e  C a m p i l ia n  s e d im e n ts  o f  t h e  W e s te rn  C a r p a th i a n s  ( J .  Sa l a j , 
in  p re ss )  t h e  M eandrospira pusilla  ( H o )  c a n  h e  fo u n d  to g e th e r  w i t h  t h e  F o ra -  
m in i fe ra -s p e c ie s  H em igordius chialingchiangensis  (H o) .

I n  t h e  M iddle  T ria ss ic  A n is ia n  s e d i m e n t a r y  rocks th e  sp e c ie s  M eandro­
sp ira  p u silla  (HO)  is r e p r e s e n te d  b y  few  in d iv id u a ls  only , a c c o m p a n ie d ,  h o w ­
e v e r ,  b y  a n u m b e r  o f  o th e r  m ic ro foss i ls  (Y . H O , 1959; J . Sa l a j — A. B . N i e l y —
J .  B y s t r i c k y , 1967a, 1 967b ;  T . B e c h s t ä d t — R. B r a n d n e r , 1970; P .  B r ö n n i ­
m a n n — L. Z a n i n e t t i — F . B o z o r g in a — H . H u b e r , 1972; P. B r ö n n i m a n n

J. Ca d e t — L. Z a n i n e t t i , 1973a; A. G a z d z i c z k i— J . T r a m m er  K .  Z a w i d z k a , 
1975; L. Z a n i n e t t i — P. B r ö n n i m a n n , 1975).

I n  t h e  y o u n g e r  M idd le  T r ia ss ic  (L o w e r  L a d in ia n )  o c c u r re n c e  o f  M eandro­
sp ira  p usilla  (H O ) has  b ee n  r e p o r te d  in  one  lo c a t io n  on ly : in  t h e  K r i z n a - B a s in  
o f  t h e  W e s te r n  C a r p a th ia n s  i.e. in  t h e  n o r t h e r n  fo re g ro u n d  o f  t h e  L o w  T a t r a  
M ts .  I t  c a n  be  fo u n d  in  L o w e r  L a d i n i a n  D ip lo p o ra -b e a r in g  d o l o m i t e  a c c o m ­
p a n ie d  b y  a n u m b e r  of  o th e r  m ic ro fo ss i ls  ( J .  S a l a j— A. B i e l y — J .  B y s t r i c k y , 
1976).

In d iv id u a ls  of th e  species M eandrospira  pusilla  (HO) are  m o s t freq u en tly  
fo u n d  in  lim estones (L. K o e h n - Z a n i n e t t i , 1969; A. R a m o v s , 1968, 1974; 
A. B é r c z i - M a k k , 1972; J .  S a l a j , 1976), in  do lom ites (Y. H O , 1959; Z .  D u r - 

d a n o v i c , 1967; B. S c a v n i c a r — A. S u s n j a r a , 1967; S. P a n t i c , 1970; P .  

B r ö n n i m a n n — L. Z a n i n e t t i — F . B o z o r g n i a — H .  H u b e r , 1972; P .  B r ö n n i ­

m a n n — L. Z a n i n e t t i — A. M o s h t a g h i a n — H . H u b e r , 1973; A. B a u d  

P .  B r ö n n i m a n n — L. Z a n i n e t t i , 1974); in  dolom itic lim esto n es  (Y. HO, 
1959; P . B r ö n n i m a n n — L. Z a n i n e t t i — F . B o z o r g n i a , 1972; S. P a n t i c  

J .  P .  R a m p n o u x , 1972) ra re ly  in  m arly  lim estones (S. P a n t i c — S. M o j s i l o v i c , 

1967); in  san d y  lim estones ( M .  C a n o v i c — R .  K e m e n c i , 1972;) in  m arl slates 
( J . S a l a j — A. B i e l y — J . B y s t r i c k y , 1967b); in oolith ic lim esto n es  (H. 
H a g n , 1955; J .  P .  R a m p n o u x , 1968); in  sandstones (S. P a n t i c , 1967); in 
m arin e  clastic  series (J . S a l a j , 1969a).
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B iostratigraphic S ign ificance  o f the M eandrosp ira  pusilla  ( H O )

T h e M eandrospira  p u s il la  (H O ) has a g re a t  b io s tra tig rap h ic  s ig n if i­
can ce , since, i t  is co n sid e red  as a zone-m ark ing  F oram in ifera-species o f th e  
C am pilian  snbstage  ju s t  b ecau se  of its m assive a p p ea ran ce . More d e fin ite ly ; 
th e  species invo lved  sh o u ld  be  a zone-m ark ing  one , because —  in  a d d itio n  
to  its  fa irly  narro w  v e r t ic a l  occurrence (p ra c tic a lly  C am pilian only) —  i t  
could  he  h o rizo n ta lly  t ra c e d  in  a large area  —  acco rd in g  to  b io s tra tig ra p h ic  
references.

H av in g  id e n tif ie d  th e  species M eandrospira  p u silla  (H O ), C am pilian  
fo rm a tio n s  of d iffe ren t reg io n s (for in stan ce  A lps, C arpa th ians, D in a rid s , 
B a lk an  M ts., N orth  A frica , A sia-M inor, C hina) cou ld  be easily co rre la ted . 
T he species involved  a d a p ts  i ts e lf  well to  th e  c h a n g in g  env ironm ents. T he fa c t 
th a t  a m assive occu rrence  o f  ind iv iduals o f th e  M eandrospira  p u silla  (H O ) 
w ith o u t an y  o th e r s ig n if ic a n t fossil can he e q u a lly  fo u n d  in  dolom ites w ith  
g y p su m -in te rca la tio n s  (Y . H O , 1959), in  a n h y d r it ic  m arls  (A. B é r c z i -Ma k K, 
1972) allow s to  conclude t h a t  th is  species a d a p ts  i ts e lf  well to  th e  sa lin ity  
increase  o f sea-w ater. A t th e  sam e tim e, th e  n o rm a l m arin e  conditions p ro v id e  
also fav o u rab le  co n d itio n s  fo r th e  M eandrospira p u s illa  (HO), since i t  show s 
/ w id esp read  occurrence acco m p an ied  by a n u m b e r  o f  m acrofossils as Tiro- 
(ites cassianus  (Q u e n s t e d t ), N aticella  costata (M ü n s t e r ), M yophoria costata 
aZENKER), Gervilleia sp . e tc . (A. B é r c z i-Ma k k , 1972; K . B u d u r o v — E . T r i ­
f o n o v a , 1974; A. R a m o v s , 1968).

T he lithological co m p o sitio n  of the sea-floor, th e  ag ita tio n  of th e  sea ­
w a te r, as p h y s ic a l-e n v iro n m e n ta l factors are s ig n if ic a n t influencing  th e  liv ing  
c o n d itio n s  of a b en th o n ic  F oram inifera-species. T h e  in d iv id u a ls  of th e  M eandro­
sp ira  p u s illa  (HO) can  he  genera lly  found in  c lay -free , pure, recrysta llized  
lim esto n es  and  d o lom ites, a lth o u g h  its  occurrence is ch a rac te ris tic  of c layey  
do lo m ites  (P . B r ö n n i m a n n — L . Z a n i n e t t i— F. B o z o b g n i a , 1972), do losparite  
c o n ta in in g  q u a rtz  g ra in s (P . B r ö n n i m a n n — L. Z a n i n e t t i — A. Mo s h t a g h ia n  
— H . H u b e r , 1973) as w ell. In d iv id u a ls  of th is  species are  know n from  clayey  
m arls  a n d  from  silty  lim e s to n e s , too  (A. B é r c z i -M a k k , th is  paper). Conse­
q u e n tly , th is  F o ram in ife ra -sp ecies  has a co n sid erab le  cap ac ity  to  accom odate  
itse lf to  th e  ecological fa c to rs  an d  could exist n o t o n ly  in  a sea-floor com posed 
of c lay -free  lim e m ud  (A. R a m o v s , 1968; S. P a n t i c , 1967; L. K o e h n -Z a n i - 
n e t t i , 1969; A. B é r c z i -M a k k , 1972), b u t could a cco m o d a te  itse lf easily  to  th e  
ph y sica l changes of th e  sea-flo o r. T he ind iv iduals o f  th e  species M eandrospira  
p u silla  (H O ) recovered  fro m  s tra tif ie d  sandstone  o f  N W -M ontenegro  (Y ugo­
slav ia) (S. P a n t i c , 1967) a n d  described from  th e  L ow er Triassic shallow - 
w a te r, c la s tic  sed im en ts rev e a le d  by  boreholes in  V o jv o d in a  (N -Y ugoslavia) 
(M. Ca n o v i c — R. K e m e n c i , 1972) could be co n sid e red  as ad d itio n a l exam ples 
of i ts  fa ir ly  considerab le  self-accom odating  c a p a c ity .
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T he species M eandrospira  p u silla  (H O ) show s a genera l occu rrence  in 
sed im ents deposited  in  p o o rly  ag ita te d , sha llow -w ater (neritic ) en v iro n m en ts  
of low energy level (Z. D u r d a n o v i í , 1967; B. S c a v n i c a r — A. S u s n j a r a , 
1967; P . B r ö n n i m a n n — L . Za n i n e t t i— F . B o z o r g n ia — H . H u b e r , 1972; 
P . B r ö n n i m a n n — L. Z a n i n e t t i — A. M o s h t a g h ia n — H . H u b e r , 1973). 
In  th e  fo rm ations w here in d iv id u a ls  of th e  species in v o lv ed  a p p e a r  w ith  
E ch in o id -frag m en ts , th e  m icrofacies in v es tig a tio n s  revealed  q u a r tz  an d  rock- 
frag m en t grains of s ilt size re ferring  to  som e k ind  of w a te r -a g ita tio n  during 
sed im en ta tio n . T he E ch in o id -frag m en ts  an d  th e  fine-g ra ined  c la s tic  m ateria l 
w ere carried  by  th is  w a te r-m o v em en t to  th e  sea-floor covered  b y  lim e-m ud. 
T h e  occurrence o f th is  species in  oolith ic lim estones (J . P . R a m p n o u x , 1968; 
L. K o e h n -Za n i n e t t i , 1969; S. P á n t ig — J . P . R a m p n o u x , 1972) refers also 
to  th e  ag ita tio n  of sea-w ater.

The general a p p e a ra n ce  of th e  species M eandrospira p u s illa  (H O ) in  the  
Low er-Triassic m arine  fo rm atio n s  is considered  as an  a d d itio n a l ev idence for 
th e  idea , th a t  th e  m arin e  fau n as of th e  L ow er-T riassic w ere u n ifo rm  on a 
w orld-scale. T his conclusion  has been d raw n  b y  o th e r geo logists-paleonto logists 
w hen  stu d y in g  o th e r ta x o n s  as B ivalves an d  A m m onites (B . G e c z y , 1974; 
B. K ü m m e l , 1973).

The Occurrence o f  the Species M eandrospira  
p u silla  ( H O )  in  the Lower Triassic  Sedim entary  

Form ations o f  H ungary as Revealed by H ydrocarbon  
E xploring  Boreholes

A n u m b er of h y d ro c a rb o n  exploring  boreholes drilled  in  d iffe re n t regions 
of H u n g ary  revealed  L ow er and  M iddle T riassic  sed im en ta ry  ro ck s  con ta in ing  
sections of M eandrospira  p u s illa  (HO) (F ig . 2). L argest n u m b e r o f ind iv iduals 
w as found  in L ow er T riassic  C am pilian fo rm atio n s being r a th e r  po o r in  o ther 
m icrofossils.

A m assive o ccu rrence  of E chinoid  an d  M ollusc-fragm ents as well as th a t  
o f som e F o ram in ife ra  re m n a n ts  of r a th e r  poor q u a lity  ( A m m odiscus  sp., 
Glomospira sp ., M eandrospira  cf. deform ata  Sa l a j , F rond icu laria  sp.) and 
H o lo th u ro id ea -frag m en ts  ( B inoculites  sp.) a re  c h a ra c te r is tic  o f  th e  accom ­
p an y in g  fauna o f th e  M eandrospira p u s illa  (H O ) found  in  la rg e  n u m b er in 
d ark -g rey  schistose, a n h y d ritic  m arl an d  in  red d ish -b ro w n  sch istose , fine 
s ilt-bearing  c layey  m arl as well as in  coarse ly  c ry sta llized  lim esto n e  (cores 
22— 25 in borehole O rtah áza -1 1 ; core 34 in  borehole O rtah áza -W est-1 )  re ­
covered from  a d e p th  o f  2300 resp . 3700 m  b .s .l. in  th e  O rta h á z a  a rea , Zala 
C oun ty , W -H u n g ary .

In  th in  sections o f  a b row nish-g ray  m assive lim estone  w ith  calcite-veins, 
a n h y d rite  and  gypsum  p a tch es  as well as w ith  q u a rtz  an d  fe ld sp a r grains of
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sp ira  p u silla  (H O ) in  M id d le  T riassic  (Low er A n isian ) sed im e n ta ry  rocks

s ilt size fro m  a d ep th  of 3000 m  b .s .l. in  th e  b o reh o le  G yőrszem ere-2 (sou th  
o f th e  to w n  G yőr, W -H u n g a ry ) a m assive occurrence o f M eandrospira pusilla  
(H O ) acco m p an ied  by  fra g m e n ts  o f  Crinoids an d  E ch in o id s  can  he observed . 
(Core 31/1 .) In  ad d itio n , se v e ra l ind iv iduals o f A m m o d iscu s  sp. E arlandia  
tin tin n ifo rm is  (M i s i k ), G lom ospirella  sp ., Spirorbis ph lyc taena  B r ö n n i m a n n  — 
Z a n i n e t t i  an d  O stracode sh e ll f rag m en ts  can be fo u n d  in  th e  th in  sections. 
In  th e  fin e -c ry sta llized  s ilty  m a r l  o f  th e  core 31/2 n u m ero u s  sections of Cyclo- 
gyra  ? m ahajeri B r ö n n i m a n n , Z a n i n e t t i , B o z o r g n ia  accom pan ied  b y  several 
M ea n drosp ira  pusilla  (H O ) w ere  observed. T he a sso c ia tio n  of m icrofossils 
reco v ered  from  the boreho le  G yőrszem ere-2  refers to  th e  Low er T riassic  
(C am p ilian ) age of th e  seq u en ce  (P . B r ö n n i m a n n — L. Z a n i n e t t i , 1972; 
P . B r ö n n i m a n n — L. Z a n i n e t t i — F . B o z o r g n ia , 1972).

In  n u m ero u s places of E -H u n g a ry  th e  h y d ro ca rb o n  p ro sp ec tin g  boreholes 
d isco v ered  L ow er T riassic (C am p ilian ) sed im en tary  rocks co n ta in in g  M eandro­
sp ira  p u s il la  (HO).  The re d d ish -b ro w n , h a rd , s lig h tly  la m in a te d , breccia-like, 
f ra c tu re d , do lom itic , san d y , lo c a lly  sericitic  shale  recovered  b y  th e  core 27 
(4924—4929 m) of the  u ltra d e e p  w ell M ako-2 (S E -H u n g a ry ) con ta in s sections 
of a n u m b e r  o f M eandrospira p u s i l la  (HO) beside som e O stracode  shell f ra g ­
m en ts . T h e  age of th e  sam p le  is u n d o u b ted ly  L ow er T riassic .

In  th e  M ezőkeresztes a re a , in  th e  sou thern  fo reg ro u n d  of th e  B ü k k  M ts. 
(N E -H u n g a ry ) , M eandrospira p u s il la  (H O )-bearing  L ow er T riassic  fo rm atio n s 
h av e  b een  in te rsec ted  by  sev e ra l boreholes (M ezőkeresztes-8  — 29 — 50) in  a
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d e p th  o f 1400— 1500 m b .s .l. T h is C am pilian  sequence consists o f  a redd ish - 
b row n , s ligh tly  san d y , p ressed , lim on itic  lim estone  w ith  ca lc ite  ve in s  and  
red d ish -b row n , locally  san d y  shale  in te rc a la tio n s  of defin ite ly  sch is to se  c h a r­
ac te r . T h in  sections from  b o th  th e  lim estone  an d  th e  sha le  in te rc a la tio n s  
co n ta in  sections of M eandrospira  p u s illa  (H O ). In  ad d itio n , shell frag m en ts  
o f E ch ino ids, M olluscs an d  O stracods as well as sections o f G lo m o sp ira  sp. 
w ere observed .

In  th e  N o rth e rn  p a r t  o f th e  D anube-T isza  In te rf lu v e  L o w er T riassic  
(C am pilian) se d im e n ta ry  rocks co n ta in in g  a n u m b er of M eandrosp ira  pusilla  
(H O ) sections w ere recovered  from  tw o boreho les (B ugyi-5 , P á n d -1 ).

T he th in  sec tion  (borrow ed b y  th e  co u rte sy  of K . S z e p e s h Áz y , H u n ­
g a rian  S ta te  G eological In s ti tu te )  p rep a red  from  th e  d a rk -g rey , p ressed , silty  
sch istose dolom itic  m arl recovered  from  th e  core 5 of th e  h y d ro c a rb o n  p ro s­
p ec tin g  borehole B ugyi-5  (680.5— 692 m) co n ta in s  a n u m b er o f M eandrospira  
p u silla  (H O ) sections. T h e  L ow er T riassic  (C am pilian) age o f th e  sam p le  is 
b ey o u n d  doub t. As fo r th e  au to c h to n  c h a ra c te r  an d  tec ton ic  p o sitio n  o f  th e  rock, 
p rob lem s arise because  th in  sec tions from  th e  rocks of th e  co re  3 ta k e n  in 
a s tru c tu ra lly  p o sition  h ig h er b y  a b o u t 200 m  (i.e. in 486— 488 m ) show  an 
ex trem ely  im pressive  U p p e r P e rm ian  m arin e  m icro fauna an d  a lg a l rem n an ts  
w ith  th e  follow ing species (S. P a n t i c , 1969; oral c o m m u n ica tio n ): H em i- 
gordius liarlloni (C u s h m a n — W a t e r s ), A gatham m ina  p u s illa  (G e i n i t z ), 
Glomospira  sp. Gymnocodiurn bellerophontis ( R o t h p l e t z ), Perm olocalculus 
fra g ilis  ( P ia ). T he rocks u n d erly in g  th e  L ow er T riassic  and reco v e red  b y  core 6 
(818— 821 m) give a fa irly  heterogeneous sequence co n ta in in g  unfossiliferous 
do lom ite  pieces, U p p e r P e rm ian , G ym nocodiurn bellerophontis ( R o t h p l e t z )- 
b earin g  silty  do lom ite  frag m en ts , as well as well rounded  p eb b le s  o f U pper 
P erm ian  M iliolina-lim estones.

In  th e  borehole  P án d -1 , a 532 m th ic k  Mesozoic sequence  o f u n ce rta in  
age w as in te rsec ted  from  a d e p th  of 1000 m  b.s.l. dow nw ard , u n d e r  M iocene 
layers. T he u p p e r 40 m  o f th is  sequence (1068 —1108 m) co n sis ts  o f stro n g ly  
tec to n ized , g rey , h a rd , fo lia ted , s tressed , s ilty  clayey m arl, s i l ty  m arl, lim y 
m arl and  po ly m ic t b reccia . T his breccia  cem en ted  by c layey , d o lo m itic  m a­
te r ia l is com posed o f grey , less ro u n d ed  pa rtic le s  of m arl, lim y  m arl an d  of 
lim estones w ith  ca lc ite  veins. T he d ia m e te r  o f the  p a rtic le s  v a rie s  betw een 
5 — 80 m m . T he san d y  c layey  m arl layers are  m arked  b y  a m ass iv e  occurrence 
o f m icrofossils c h a ra c te ris tic  o f th e  Low er T riassic: i.e. in d iv id u a ls  o f species 
M eandrospira p u silla  (H O ). A d d itio n a lly , in  th in  sections th e  sec tions of 
E ch ino id  and  O straco d e  shell frag m en ts  as well as f ra g m e n ts  o f Crinoid  
pelm s  are ch a rac te ris tic . In  sp ite  o f th e  Low er T riassic m ic ro fau n a , th e  presence 
of th e  p o lym ic t b reccia  casts  som e d o u b ts  to  th e  au to c h to n  c h a ra c te r  of the 
sequence. N evertheless, i t  seem s to  be sure th a t  a heavily  te c to n iz e d  a rea  was 
in te rsec ted  b y  th is  borehole. T he Low er T riassic (C am pilian ) fo rm ations
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u n d e rly in g  th e  series d iscu ssed  above in a th ic k n e ss  o f  490 m  are fa irly  vario u s. 
L a y e rs  o f dark -g rey , c o m p a c t, sligh tly  san d y , fo lia te d  clayey m arl, lim y  
m arl a n d  oolithic lim esto n e  (core 9: 1148— 1150.5 m ) all o f th em  in te rsec ted  
b y  b r ig h t  slip surfaces a n d  ca lc ite  veins are  in te rb e d d e d  b y  d ark -g ray , com ­
p a c t , s te ep ly  d ipping  (d ip  is as high as 45°) lim esto n es  w ith  calcite  veins. 
F ossil c o n te n t of th is  series is as follows: M eandrosp ira  pusilla  (H O ), Den- 
ta lina  sp ., E arlandia  sp. M ollusca, E chinoid  an d  O straco d a  shell frag m en ts .

In d iv id u a ls  of M ea n drosp ira  pusilla  (HO^ from  A nisian  sed im en ta ry  rocks 
a re  k n o w n  in  one bo reho le  o n ly . In  the  bo reho le  B udafa-502  (Z ala-C ounty , 
W -H u n g a ry )  several sec tio n s  o f M eandrospira p u s illa  (H O ) accom pan ied  by 
sev e ra l sections of M eandrosp iranella  sp. an d  T rocham m ina  cf. alm talensis  
K o e h n — Z a n i n e t t i  w ere o b se rv ed  as c h a ra c te r is tic  ad d itio n a l com ponen ts 
o f th e  m icro fauna  in  th e  g ra y , m assive, fine ly  c ry s ta lliz ed  oolithic lim estone  
reco v e red  b y  th e  core 33 in  a  d e p th  of 3476— 3478 m  b .s .l. In  an y  case, th e  
A n is ian  age of th is  in te rv a l  is  evidenced b y  th e  less f req u en t occurrence of 
th e  M eandrosp ira  p u s illa  (H O ) a n d  by  the  c h a ra c te r is tic  accom pany ing  m icro ­
fa u n a  as well.

Paleontological description

P h y l u m :  R H IZ O P O D A  
C 1 a s s i s : F oram in ifera

I n  classify ing th e  species th e  system  of R . A . L o e b l i c h ,— H . T a p p a n , 
(1964) h as  been used.

F a m i l y :  T R O C H A M M IN ID A E  
G e n u s :  t r o c h a m m in a  P a r k e r — J o n e s , 1859

T r o c h a m m in a  cf .  a lm ta len s is  K o e h n - Z a n i n e t t i  
PI. I l l ,  Fig. 11

1968 T rocham m ina alm talensis

1969 Trocham m ina alm talensis  

1971 T rocham m ina a lm talensis

1971 Trocham m ina  alm talensis
1972 T rocham m ina alm talensis

1972 Trocham m ina  sp.

-  K o e h n  — L. Z a n i n e t t i , p .  3. n o m e n  n u ­
d u m

-  K o e h n  L. Z a n i n e t t i , p. 38, pi. 5, fig . 
E , F ; T ex tf ig . 6 /A -P .

—  B a u d , A .— L . Z a n i n e t t i — P . B r ö n n i - 
m a n n , p .  86, pi.  2, f ig .  9; t e x t f ig .  3p ,  q.

—  P r e m o l i  I. S i l v a , p. 333, pl. 26, fig. 1— 4.
- P a n t ic , S.— J .  P .  R a m p n o u x  (no  i l ­

lu stra ted )
U r o s e v ic , D .— Z. R a d o v a n o v ic , p .  30, 
pl. 1, fig. 8— 9.
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1972 Trocham m ina a lm talensis  —  Sa m u e l , O .— K . B o r z a — E . K ö h l e r , pl.
17, fig. 1 - 3 .

1973 Trocham m ina alm talensis  —  G a z d z ic k i , A .—K. Z a w i d z k a , pl. 1, fig.
5 - 7 .

1973a Trocham m ina a lm talensis  —  B r ö n n i m a n n , P .— J . P . Ca d e t —L. Z a n i ­
n e t t i , p. 308, pi. 23, f ig .  3.

1973b Trocham m ina alm talensis  — B r ö n n i m a n n , P .— J .  P . Ca d e t — L. Za n i ­
n e t t i , p. 467, pi. 48, fig . 14— 15.

1973  Trocham m ina alm talensis  •— J e n d r e j á k o v a , О. ( N o i l l u s t r a t e d )
1974 Trocham m ina a lm talensis  —  E f im o v a , N . A. (No i l lu s tra te d )
1975 Trocham m ina a lm talensis  —  G a z d z ic k i , A .— J . T r a m m e r — K . Z a w id z ­

k a , pi.  7, f ig . 7.
1976 Trocham m ina a lm talensis  — Z a n i n e t t i , L. p. 113, p i. 14, fig . 1— 9.

pi. 23, f ig . 8.
An in d iv id u a l o f  th e  species Trocham m ina  cf. alm talensis  K o e h n — Z a n i ­

n e t t i  was found in  th e  M iddle-T riassic, A nisian  lim estone  o f th e  core 33/4 
(3476,0— 3478.0 m) o f th e  h y d ro ca rb o n  exploring  borehole  B u d afa-5 0 2  (Zala 
C oun ty , W -H ungary ).

T he h igh of th e  ob lique  lo n g itu d in a l section  is 0.3 m m , th e  d iam ete r of 
th e  basis equals to  0.2 m m , th e  te s tw a ll is as th ic k  as 0.012 m m . T h e  coiled-up 
te s t  consists o f 4 w horls, th e  cham bers are in fla te d  an d  grow  q u ick ly  during 
th e  evolu tion . T he wall is calcareous, s tro n g ly  recry sta llized , m ic ro g ran u la ted .

I ts  accom pany ing  fau n a l assem blage is ch a rac te rized  b y  few  ind iv iduals 
o f  th e  M eandrospira  p u silla  (H O ) an d  by  an  M ean d ro sp iran e lla  sp . section 
found in  th e  oo lith ic  lim estone .

T his species w as described  by  L. K o e h n — Z a n i n e t t i , (1969) from  the  
U p p er A nisian  R eifling  L im estone  o f th e  N o rth e rn  L im esto n e  A lps.

F a m i l y :  M O R A V A M M IN ID A E 
G e n u s :  EARLANDIA P l u m m e r , 1930

E a r l a n d ia  t in t in n i fo rm is  (M i s i k )
PI. I l l ,  fig. 2

1971 Aeolisaccus tin tin n ifo rm is  —  M i s i k , M. p. 169, t e x t f i g .  1— 7.
1972 Aeolisaccus sp . —  S a m u e l , O.— K . B o r z a — E . K ö h l e r ,

pl. 107, fig . 1— 3.
1972 E arlandia  tin tin n ifo rm is  —  B r ö n n i m a n , P .— L. Z a n i n e t t i — F.

B o z o r g n ia , p. 871, p i .  3, f ig .  1 —5, 
8 — 9, 12; pi. 4, f ig . 16— 17.

1972 E arlandia  tin tin n ifo rm is  —  P a n t ic , S.— J . P . R a m p n o u x  (N o

illu s tra ted )
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1 9 7 2 а  E arlandia  tin tin n ifo rm is  

1972b  E arlandia  t in tin n ifo rm is

1972 E arlandia  tin tin n ifo rm is

1972 E arlandia  tin tin n ifo rm is

1973b E arlandia  t in tin n ifo rm is  

1974 E arlandia  tin tin n ifo rm is

1974 E arland ia  tin tin n ifo rm is

1975 E arland ia  tin tin n ifo rm is

1975 E arland ia  tin tin n ifo rm is

1976 E arland ia  tin tin n ifo rm is

—  Za n i n e t t i , L .— P . B r ö n n i m a n n —
A. B a u d , ( N o i l l u s t r a t e d )
Za n i n e t t i , L .— P . B r ö n n i m a n n —
A. B a u d , p .  471 ,  p l .  6, f ig .  2 0 - 2 6 ,  2 8 —  
31; pl.  7, f ig .  1 2 - 1 4 ;  pl. 11, fig. 1 - 2 .

—  Za n i n e t t i , L .— P . B r ö n n i m a n n — F.
BoZORGNIA--- H .  H u b e r , p .  228. pl. 1,
fig. 16— 17.

—  B r ö n n i m a n n , P .— L. Z a n i n e t t i — F. 
B o z o r g n ia— H . H u b e r  (No i l lu s ­
t r a te d )

—  B r ö n n i m a n n , P .— J .  P . Ca d e t — L. Za ­
n i n e t t i , p .  467 ,  p l .  47, f ig . 6.

—  B r ö n n i m a n n  P .— L. Z a n i n e t t i—
A. M o s t a g h i a n — H . H u b e r , p .  22, pl. 
1, f ig . 1— 2, 11— 12.

-  Za n i n e t t i , L .— P . B r ö n n i m a n n  (N o 
i l lu s t ra te d )
Ga z d z ic k i , A .— J .  T r a m m e r — L. Z a - 
w i d z k a , p l.  8, f ig .  6.

—  B r ö n n i m a n n , P .— J .  E . W h i t t a k e r —  
Za n i n e t t i , L . p .  13, p l.  3, f ig .  3— 4.

—  Z a n i n e t t i , L. p .  120, pl. 3, f ig .  20.

S ev e ra l exam ples o f th i s  species were o b serv ed  fro m  th e  Low er T riassic 
(U p p e r  C am pilian) silty  l im e s to n e  recovered b y  th e  core  31/1 (3059.5— 3062.0 
m ) o f  th e  borehole G yő rszem ere-2  and  by  th e  core  9 (1145.0— 1150.5 m) of 
th e  b o reh o le  Pánd-1.

T h e  average o u te r d ia m e te r  o f th e  coniform  tu b e  a m o u n ts  to  0.072 m m , 
i ts  le n g th  is 0.3 mm. T he w a ll consisting  of f in e -g ra in ed  ca lc ite  is as th ic k  as
0.007 m m .

I n  th e  borehole G y 6 rszem ere -2  i t s  fauna l a ssem b lag e  is cha rac terized  
b y  a  m a ss iv e  occurrence o f E c h in o id  frag m en ts  as w ell as b y  th e  p resence of 
se v e ra l sections of th e  spec ies M eandrospira  p u s illa  (H O ), Glomospirella sp., 
A m m o d isc u s  sp., Spirorbis ph lyc ta en a  B r ö n n i m a n n , Z a n i n e t t i .

T h is  species was d e sc rib e d  b y  M. M i s i k , (1971) fro m  th e  L ad in ian  ca rb o ­
n a c e o u s  fo rm ations of th e  L o w  T a tr a  M ountains.

F a m i l y :  F IS C H E R IN ID A E
G e n u s :  CYCLOGYRA W o o d , 1842
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C yclogyra  cf. m a l ia je r i  B r ö n n i m a n n , Z a n i n e t t i , B o z o r g n i a  
P l. I I ,  f ig .  2 — 3

1972 C yclogyra? maliajeri —  B r ö n n i m a n n , P .— L. Z a n i n e t t i— F . B o z o r g ­
n i a , p. 869, pi. 3, fig. 8— 9, 11— 15; pi. 4, 
fig . 2, 4 ? , 8, 10— 11, 18— 19; te x tf ig .  2 A -I.

1973 Cyclogyra maliajeri —  B r ö n n i m a n n , P .— L. Z a n i n e t t i— A . M o s h t a -
g h i a n  — II. H u b e r , p. 15, pl. 1, f ig .  1— 3, 
19; pi. 2, f ig .  19— 21.

1975 Cyclogyra maliajeri —  D a g e r , Z .— L. Z a n i n e t t i  (N o il lu s tra te d )
1976 Cyclogyra nahajeri —  Z a n i n e t t i , L . p . 133, pl. 1, fig . 3 — 4.

A considerab le  n u m b e r of th e  in d iv id u a ls  of th is species w as fo u n d  in 
th e  L ow er T riassic  (U p p er C am pilian) fin e -s ilty  m arl recovered  b y  th e  core 
31/2 (3059.0— 3062.0 m) o f th e  bo reho le  G yőrszem ere-2.

T h e  d iam ete r o f th e  te s t  coiled u p  p lan isp ira lly  varies b e tw een  0 .1 — 0.17 
m m , w ith  an  ax ia l w id th  o f 0.04— 0.05 m m . T he w all (accom pan ied  b y  sm all, 
d a rk  b row n  p a tch es of p ro b ab le  o rgan ic  o rig in) is as th ick  as 0 .007— 0.01 m m , 
rec ry s ta lliz ed , calcareous, im p e rfo ra ta  a n d  s trik in g ly  d ifferen t w ith  i ts  dark  
co lours from  th e  rock  m a te ria l. T he h e ig h t o f th e  whorls in c re a se s  during  
ev o lu tio n . T he d iam ete r o f  p ro lo cu lu m  is 0.026 m m ; th e  h e ig h t o f  th e  f irs t 
w ho rl am o u n ts  to  0.015 m m , th e  second  does to  0.025 m m ; w hile  t h a t  o f th e  
la s to n e  is 0.036 m m  in c lud ing  th e  w all.

I t s  fau n a l assem blage is ch a ra c te riz e d  b y  a frequen t o ccu rren ce  o f th e  
species o f  th e  genus A m m odiscus as w ell as b y  som e sections o f  th e  species 
M eandrosp ira  pusilla  (H O ) in  th in  sections.

T h is species was described  from  th e  L ow er E lik a  F o rm a tio n  (S c y th ia n  =  
L ow er T riassic) in  I ra n  (P . B r ö n n i m a n n ,— L. Z a n i n e t t i ,— F . B o z o r g n ia , 
1972).

G e n u s  : m e a n d r o s p i r a  L o e b l i c h — T a p p a n , 1946

M eandrosp ira pusilla  (HO)

Pl. I , fig- 2 - 6 ,  8;
P l. I I ,  fig . :3 - 8 ;
P l. i l l ,  fig. 3— 9.

1955 S m a ll Foram inifera H a g n , H . pl. 1, f ig . 2; pl. 2, 
fig . 1.

1959 Trocham m inoides p u sillu s H O , Y .p . 416, p l. 7, fig . 18 — 
29; pl. 8, fig. 1— 5.

1959 Trocham m inoides flo scu lifo rm is H O , Y. p. 416, p l. 8 , fig . 6— 10.
1959 Trocham m inoides cheni - H O ,Y .p .4 1 6 ,p l .8 ,f ig .l6 — 19.
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1959
1964

Trocham m inoides inso litus  
Citaella iu lia

—  H O ,Y .p . 4 1 6 ,p l . 8 , f i g .  11— 15. 
P r e m o l i —I. S i l v i a , p .  66 ,  p i.  
48 ,  f ig .  1— 20; p i.  49, f ig .  
1 — 20; pi. 50, f ig . 1— 7; pi.  51. 
f ig .  5.

1965 M eandrospira iu lia - K o c h a n s k y —V. D e v i d e —  
S. P a n t i c , p .  20, p i.  2, f ig .  
1— 15; pi. 3, f ig .  1, 4 — 8.

1966 M eandrospira iu lia —  M a s o l i , M. pi. 2— 3.
1967 M eandrospira iu lia —  P a n t i c , S .  p. 89, pl. 1, f ig .  1.
1967 M eandrospira i u lia —  P a n t i c , S . — S .M o j s il o v ic  

( N o i l lu s t r a te d )
1967a M eandrospira iu lia -  S a l a j . J . —A. B i e l y —

J .  B y s t r i c k y , p .  129, p i.  2, 
f ig .  1.

1967b M eandrospira iu lia —  S a l a j , J . — A. B i e l y

J .  B y s t r i c k y , p .  212, p l .  1, 
f ig .  1.

1967 M eandrospira iu lia —  D u r d a n o v ic , Z. p .  107, p  1,1.

1967 M eandrospira iu lia ---  S C A V N I C A R . B . — A . S u S N J A R A .

p .  93 ,  pi. 2, fig. 4.
1968 M eandrospira iu lia —  R a m o v s , A. p . 78, p i.  8, 

f ig .  1— 4.
1968 M eandrospira iu lia —  R a m p n o u x , J . M. ( N o i l ­

l u s t r a t e d )
1969 M eandrospira ? iu lia —  K o e h n  — L .Z a n i n e t t i , p . 4 4 ,  

p l .  1, fig. F /b ) ;  pi. 2, f ig .  
A (b ) ;  f ig . 8a, b , c.

1969a M eandrospira p u s il la —  S a l a j , J .  (No i l l u s t r a te d )
1969a M eandrospira iu lia —  S a l a j . J .  (No i l l u s t r a te d )
1969b M eandrospira iu lia —  S a l a j , J .  p. 6, p l .  1, f ig .

1 — 2 .

1970 M eandrospira iu lia  

1970 M eandrospira iu lia

1970  M eandrospira iu lia

1971 Citaella iulia

1972  M eandrospira  iu lia

—  P a n t i c , S. p. 378, p l.  1, 
f ig .  7.

—  R o k s a n d i c , M.— M .C a n o - 
VIC (N o  i l lu s t ra te d )

—  B e c h s t ä d t , T .— R . B r a n d - 
n e r  (N o  i l lu s t r a te d )

—  P r e m o l i — I. S ilv a  ( N o i l ­
l u s t r a t e d )

—  BÉRCZi A. Ma k k , p .  337, 
p l .  1, f ig . 1 — 4.
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1972 M eandrospira p u s illa B r ö n n i m a n n , P .— L. Z A N I ­

N E T T I — F. B O Z O R G N IA —
H . H u b e r , ( N o i l lu s t r a te d )

1972 M eandrospira iu lia - B r ö n n i m a n n , P .-— L. Z a n i ­
n e t t i — F. B O Z O R G N IA ,  p. 
871, pi. 3, f ig .  6.

1972 M eandrospira iu lia —  C h r is t o  do  u L O u ,  G .—
S.TSAILA MONOPOLIS, p. 
105, pi. 25, f ig .  1— 2; pi. 26, 
f ig .  1; pi.  29, f ig .  1 - 2 .

1972 M eandrospira iu lia —  Ca n o v i c , M .— R . K e m e n c i , 
p. 20, pl. 1, f ig .  1— 2.

1972 M eandrospira iu lia —  O r a v e c z -S c h e f f e r , A. (N o 
i l l u s t r a te d )

1972 M eandrospira iu lia P a n t i c , S .— J . P . R a m p n o u x , 
p. 314, pi.  1. f ig .  2.

1972a M eandrospira insolita -  T r i f o n o v a , E . pi. 2, fig. 1.

1972a M eandrospira p u s illa —  T r i f o n o v a , E .  p i.  2, f ig . 2 — 3.
1972b M eandrospira iu lia -  T r i f o n o v a , E . ( N o i l ­

lu s t r a te d )

1972 M eandrospira iu lia —  R a m o v s , A. pl. 1, fig. 1.
1972 M eandrospira pu silla —  Z a n i n e t t i , L .— P . B r ö n n i ­

m a n n --- F. B O Z O R G N IA —
H . H u b e r , ( N o i l lu s t r a te d )

1972 M eandrospira iu lia P a n t i c , S .— A. G r u b i c , 
(No i l l u s t r a te d )

1973a M eandrospira p u s illa B r ö n n i m a n n , P .— J .  Ca d e t  
— L. Z a n i n e t t i , p .  314, 
pi. 22, f ig . 10— 11.

1973b M eandrospira p u s illa - B r ö n n i m a n n , P .— J .  Ca d e t  
— L. Z a n i n e t t i , ( N o i l ­
l u s t r a te d )

1973 M eandrospira p u s illa —  B r ö n n i m a n n , P .— L. Z a n i ­
n e t t i —-A. M o s h t a g h i a n — 
H .  H u b e r , p .  16, pi. 4, fig. 
1 17.

1973 Citaella a ff. in so lita —  J e n d r e j á k o v a , 0 .  (N o il­
lu s t r a t e d )

1973 M eandrospira iu lia O r a v e c z -S c h e f f e r , A. (No 
i l l u s t r a te d )

1973 M eandrospira iu lia -  T a p p a n , H . —A. R . J r .  L o e b -
1ЛСН, (No i l l u s t r a te d )
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1974 M eandrospira p u silla —  B a u d , A .— P . B r ö n n i m a n n  
-— L. Z a n i n e t t i , p .  209, pi.  
30, f ig .  1 - 3 ,  7.

1974 M eandrospira iu lia —  B u d u r o v , K .— E . T r i f o n o ­
v a , (N o  i l l u s t r a te d )

1974 M eandrospira p u s illa —  Z a n i n e t t i , L .— P . B r ö n n i ­
m a n n , (N o i l l u s t r a t e d )

1974 M eandrospira iu lia —  E f i m o v a , N . A. pi.  3, f ig . 
11— 14.

1974 M eandrospira iu lia —  R a m o v s , A. ( N o i l l u s t r a te d )
1975 M eandrospira pusilla —  G a z d z i c k i , A .— J .  T r a m m e r  

— K . Z a w i d z k a , ( N o i l ­
l u s t r a t e d )

1975 M eandrospira p u silla —  Z a n i n e t t i , L .— P . B r ö n n i ­
m a n n , p .  261— 262 ,  pi.  
34, f ig .  1— 15.

1975 M eandrospira pu silla —  Co c o z z a , T .— A . L a z z a r o t - 
t o — M . P a s i n i , p .  431 , pi.  
49 ,  f ig .  3.

1975 M eandrospira pu silla —  D a g e r , Z .— L, Z a n i n e t t i , 
(N o  i l l u s t r a te d )

1976 M eandrospira p u silla —  Z a n i n e t t i , L. p . 135, pi. 1, 
f ig .  5 - 1 1 .

1976 M eandrospira cheni —- Sa l a j , J .  (in  p ress )
1976 M eandrospira pusilla —  T o l l m a n n , A. t e x t f i g .  19.

In d iv id u a ls  of M ea n d rosp ira  p u silla  (H O ) are  know n from  L ow er T ri- 
assic a n d  M iddle T riassic fo rm a tio n s  revealed  b y  h y d ro ca rb o n  exp lo ring  
b o reh o les  (boreholes O rta h á z a -1 1 ; O rtah áza  W est-1 ; G yőrszem ere-2 ; M akó-2; 
M ezokeresz tes-8 , -29, -50; B u g y i-5 ; Pánd-1  an d  B udafa-502  resp ec tiv e ly ) 
(in  th is  p u b lica tio n ).

T h e  sm all nearly  sp h e rica l t e s t  w ith  a d iam e te r  o f  0.080— 0.150 m m  con­
sists  o f  a p ro loculum  and  an  u n d iv id e d  tube lik e  ch a m b e r coiling u p  in  a zig­
zag g in g  w a y . As a resu lt of th is  r a th e r  in tr ic a te  m ode of coiling th e  in d iv id u a l 
sec tio n s a re  in  m ost cases to ta l ly  in com parab le . T he m ost fre q u e n t d iam e te r  
v a lu es  a re  0.11— 0.12 m m . T h e  w all is 0.01 m m  th ic k , to ta lly  rec ry s ta lliz ed , 
c a lca reo u s , im p erfo ra ta  an d  s tr ik in g ly  d ifferen t w ith  i ts  d a rk , d ark -b ro w n , 
a lm o s t b la c k  colours in  t r a n s p a r e n t  lig h t from  th e  ro ck  m ate ria l.

T h e  sm all Foram in ifers d e sc rib ed  and il lu s tra te d  b y  H . H a g n , (1955) 
fro m  th e  W erfen ian  oolith ic lim esto n es  of th e  B a v a ria n  A lps belong  also to  
th e  sp ec ies  M eandrospira p u s il la  (H O ).

F ro m  1966 a n u m b er o f  s tu d ie s  have been successively  p u b lish ed  de-
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sc rib in g  new  an d  new  M eandrospira  p u s illa  (H O ) bearing  lay e rs  in  m ost d if­
fe re n t areas of E u ro p e , A sia, A frica, em phasiz ing  a t  th e  sam e tim e  th e  ho rizon­
m ark in g  c h a ra c te r  an d  b io s tra tig rap h ic  s ign ificance  o f th is  species.

G e n u s :  M E A N D R O S P IR A N E L L A  S A L A J ,  1967

Meandrospiranella sp.
PI. I l l ,  fig . 10.

Single in d iv id u a l w as found  in  M iddle A n isian  lim esto n e  recovered  by  
th e  core 33 (3476.0— 3478.0 m) of th e  b o reho le  B udafa-502 , Z ala-C oun ty , 
W -H u n g ary .

T he in d iv id u a l coiling up in  a M eandrosp ira-like  zig-zagging  w ay  ten d s 
to  unco il a f te r  2.5 w horls. T he te s t  Avail is to ta l ly  rec ry sta llized  a n d  is s trik in g ly  
d iffe ren t as co m p ared  to  th e  h o st rock. I ts  le n g th  is 0.25 m m , w id th  is 0.17 m m .

T he m ic ro fau n a l assem blage is ch a rac te rized  by  few in d iv id u a ls  of 
M eandrosp ira  pusilla  (H O ) and  b y  a T rocham m ina  cf. alm talensis  K o e h n — 
Z a n i n e t t i  section .

T he only  in d iv id u a l recovered  h ere  resem bles m o stly  to  th e  species 
M eandrospiranella  sam ueli Sa l a j , b u t th e  species c h a ra c te ris tic s  of i t  could 
n o t be  u n am b ig u o u sly  id en tified  and  its  m easures are  also less as com pared  
to  th o se  of th e  species M eandrosp iranella  sam ueli Sa l a j .

P h y l u m :  A N N E L ID A  
€  1 a s s i s : Polychaetia  
0  r d о : S e d e n ta rid a  

F  a m i l y  : S E R P U L ID A E  
G e n u s :  s p i r o r b i s  D a u d i n , 1800

Spirorbis phlyctaena B r ö n n i m a n n , Z a n i n e t t i  
pl. I I ,  fig . 1

—  M icrofacies ita liane , pl. 7, fig . G P. 291, 
sez. 12588.

—  B r ö n n i m a n n , P .— L. Z a n i n e t t i , p. 75, 
pl. 10, fig . 1— 9; pl. 11, fig . 1— 15; pl. 12, 
fig . 2, 4— 6, 8— 13.

—  Z a n i n e t t i , L .— P . B r ö n n i m a n n — F . Во- 
zoRGNiA— H . H u b e r , p .  239 ,  pl. 4, f ig . 
4, 10.

—  B r ö n n i m a n n , P .— L. Z a n i n e t t i — A.
M o S H T A G H I A N ---H .  H u b e r , p. 6 ,  pl. 1, f i g .

4 —5, 9, 16— 17.
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1974 Sp irorb is phlyctaena  — B a u d , A .— P. B r ö n n i m a n n — L. Z a n i n e t -

t i ; p. 207, pi. 30, fig . 13.
1975 Sp irorb is phlyctaena  —  G a z d z i c k i , A. — J .  T r a m m e r  K . Z a w i d z -

k a , p i .  1 1 ,  f i g .  1 2 .

A Spirorbis phlyctaena  B r ö n n i m a n n , Z a n i n e t t i  w as found in  th e  th in  
s e c tio n  o f  Low er T riassic  (C am p ilian ) lim estone reco v ered  b y  th e  core 31/1 
(3059 .5— 3062.0 m ) of th e  b o reh o le  G yőrszem ere-2 , so u th  of th e  to w n  G yőr, 
N W -H u n g a ry . The d iam e te r  o f  th e  f la t  dorsal side o f  th e  ob lique ax ia l section  
is 0 .795  m m , th e  axial sec tion  is as h igh  as 0.396 m m . T he th ickness of th e  te s t-  
w all v a r ie s  betw een 0.007— 0.015 m m . T he th in  ca lcareous wall consists  o f 
a l te r n a t in g  ligh t and d a rk  p la te s e ts .

I n  ob lique  section th e  tu b u la r  te s t coiled up  in  a sligh tly  T rochosp ira - 
like w a y , th e  ou tline of th e  d ia g o n a l section  is ro u n d ed  in  th e  v e n tra l side and  
e c lip sed  in  th e  dorsal side. T h e  sed im en t filling  th e  tu b u la r  te s t  is th e  sam e 
as th e  h o s t rock. In  th e  s e d im e n t filling  th e  tu b u la r  te s t o f th e  Spirorbis  
p h lyc ta en a  B r ö n n i m a n n , Z a n i n e t t i  show n in Fig. 1 o f th e  P la te  I I  a section  
o f  a f ra g m e n ta ry  M eandrospira  p u s illa  (110) can be observed .

I t s  m icro faunal assem b lag e  is cha rac terized  b y  th e  m assive occurrence 
o f  E c h in o id  fragm en ts as w ell as b y  th e  presence of som e sections of M eandro­
sp ira  p u s il la  (HO),  Glotnospirella  sp ., E arlandia  tin tin n ifo rm is  ( M i s i k ) ,  A m m o-  
d iscus  sp . T h is m icro faunal a ssem b lag e  is know n from  th e  D olom ites an d  from  
th e  A lb o rz -M ts ., Iran .

T h is  species was d esc rib ed  b y  P . B r ö n n i m a n n — L. Z a n i n e t t i  (1972) 
fro m  th e  L ow er T riassic  o f th e  D olom ites (C asta lunga).

P h y l u m :  E C H IN O D E R M A T A  
C 1 a s s i s : llolothuroidea

In  c la ss ify in g  th is  fossil th e  sy s te m  o f L. F r í z z e l — H . E x l i n e , (1966) лгав 
used .

F a m i l y :  S T IC H O P IT ID A E
G e n u s  : B i N o c u L i T E S  D e f l a n d r e - R i g a u d , 1952

B inocu lites sp.
Pl. I , fig. 1

O n e  co m p le te  and sev era l fra g m e n ta ry  in d iv id u a ls  w ere found  in  th e  
L ow er T ria ss ic  (Cam pilian) c h e r ty ,  s ilty  c laystone reco v ered  b y  th e  core 33/2 
(3806 .0— 3812.0 m) of th e  b o reh o le  O rtah áza  W est-1 , W -H u n g ary .

I t  is  a rod-like form  w ith  a  sm all disc a t  b o th  ends. One of th e se  discs 
show s a r a th e r  com pressed i r re g u la r  shape . A t th e  en d  of th e  axis of th e  rod  
a t r a c e  o f  a gap-like hole can  be  o b serv ed . T he disc a t  th e  opposite  end  of th e
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P la te  I
1 . S e c tio n  o f a B in o c u l i te s  sp. (H o lo th u ro id e a )  in ch erty  s ilty  c layey m arl recovered  by  the  
core 33/2 (3806.0— 3812.0 m ) of th e  b o reho le  O rtah áza  W est 1. L ow er T riassic  (C am pilian). 
L e n g th : 0.2 m m
2. S ec tio n s  o f  M e a n d r o s p ir a  p u s i l l a ( H O )  in calcareous m arl recovered  by th e  core 25/a (2477.0—
2478.5 m ) o f th e  borehole O rtah áza-1 1 . T h e  d iam ete r o f th e  in d iv id u a l in th e  r ig h t sides is
0.11 m m
3 . S ec tio n  o f a  M e a n d r o s p ir a  p u s i l l a  (H O ) in  ch erty  c layey m arl recovered  by th e  core 34/d 
(3806 .0— 3812.0 m ) of th e  borehole  O r ta h á z a  W est-1. L ow er T riassic  (C am pilian). D iam e te r =
0 . 2 m m
4 5. S ec tio n s o f M e a n d r o s p ir a  ? sp . in  do lom itic  m arl recovered  by  th e  core 34/c (3806.0
3812.0 m ) o f  th e  borehole O rta h áz a  W est-1 . Low er T risssic  (C am pilian). D iam eter: 0.22 m m  
(F ig . 4); a n d /o r  0.12 m m  (Fig. 5)
6 . S ec tio n s o f M e a n d r o s p ir a  p u s i l l a  (H O )in  calcareous m arl recovered  b y  th e  core 25/2 (2477.0—
2478.5 m ) o f  th e  borehole O rtah áza-1 1 . L ow er T riassic  (C am pilian). T he d iam ete r o f th e  
sec tio n  in  th e  left side: 0.11 m m
7. S ec tio n s o f A m m o d is c u s  cf. p a r a p r i s c u s  H O : G lo m o s p ir e lla  ? sp. an d  E c h in o id  f rag m e n ts  
in a n h y d r it ic  lim estone recovered  b y  th e  core 31/1 (3059.5— 3062.0 m ) of th e  borehole  G yor- 
szem ere-2 . L ow er T riassic  (C am pilian). T he d iam e te r of th e  A m m o d i s c u s  cf. p a r a p r i s c u s  HO 
is 0.18 m m
8 . S ec tio n  o f E a r la n d ia  ? sp. in a n h y d r it ic  lim estone reco v ered  b y  th e  core 31/1 (3059.5—
3062.0 m ) o f th e  borehole G yorszem ere-2 . Low er T riassic  (C am pilian). L en g th : 0.25 m m
9. S ec tio n  o f a M e a n d r o s p ir a  p u s i l l a  (H O ) in  a n h y d ritic  lim esto n e  recovered  by  th e  core 
31/1 (3 0 5 9 .5 — 3062.0 m) of the  bo reh o le  G yorszetnere-2. Low er T riassic  (C am pilian). D ia m ­
e te r: 0.09 m m
10 . S ec tio n  of an  A m m o d is c u s  cf. p a r a p r i s c u s  HO in a n h y d ritic  lim estone  recovered  b y  the  
core 31/1 (3059 .5— 3062.0 m) of th e  b o reho le  G yorszem ere-2. D iam e ter: 0.15 m m

P la te  II
1 . S ec tio n  o f a S p ir o r b is  p h ly c ta e n a  B r ö n n im a n n , Za n i n e t t i  in  a n h y d ritic  lim estone  r e ­
co vered  b y  th e  core 31/1 (3059.5— 3062.0  m ) o f the  borehole G yorszem ere-2. Low er T riassic  
(C am p ilian ). T h e  h e ig h t of th e  ax ia l sec tio n  is 0.396 m m
2 —3 . S ec tio n s  o f C y c lo g yra  cf. m a h a je r i  B r ö n n im a n n , Za n i n e t t i , B ozorgnia  in  th e  s ilty  
m arl re c o v e re d  by  th e  core 31/2 (3059 ,5— 3062,0 m ) of th e  borehole  G yorszem ere-2. L ow er 
T riassic  (C am pilian ). D iam eter: 0.17 m m  (F ig . 2); an d /o r 0.22 m m  (F ig . 3)
4 . S ec tio n  o f  an  A m m o d is c u s  sp. in th e  s ilty  m arl recovered  by  th e  core 31/2 (3059.5— 3062.0 
m ) o f th e  b o reho le  G yorszem ere-2. L o w er T riassic  (C am pilian). D iam e ter: 0.26 m m
5— 8 . S ec tio n s o f M e a n d r o s p ir a  p u s i l l a  (H O ) in  dolom itic  shale recovered  by th e  core 27/a 
(4924.0— 4929.0  m ) of th e  borehole M akó-2 . Low er T riassic  (C am pilian). D iam eters: 0.1 m m  
(Fig. 5); 0.07 m m  (Fig. 6); 0.09 m m  (F ig . 7); 0.08 m m  (F ig . 8)

P la te  III
1. T h in  se c tio n  of oolithic lim estone  reco v e red  by th e  core 9/a (1148.0— 1150.5 m ) of th e  
boreho le  P á n d -1 . Lower T riassic. D ia m e te r :  0.26 m m
2. A se c tio n  o f an  E a r la n d ia  t i n t i n n i f o r m i s  (M i s i k ) in calcareous m arl recovered  by  th e  core 9 /f 
(1148.0— 1150.5 m ) of th e  borehole P á n d -1 . Low er T riassic  (C am pilian). L eng th : 0.275 m m
3. A se c tio n  o f a  M e a n d r o s p ir a  p u s i l l a  (H O ) in  lim estone recovered  by  th e  core 7/3 (1100.0—
1105.0 m ) o f th e  borehole P án d -1 . L ow er T riassic  (C am pilian). D iam e ter: 0.1 m m
4. A sec tio n  of a M e a n d r o s p ir a  p u s i l l a  (H O ) in  lim estone reco v ered  b y  th e  core 6/2 (1066.0—
1070.0 m ) o f th e  borehole P ánd-1 . L o w er T riassic  (C am pilian). D iam e ter: 0.11 m m
5— 6 . S ec tio n s  o f M e a n d r o s p ir a  p u s i l l a  (H O ) ind iv iduals in th e  shale recovered  by  th e  core 
4 of th e  b o reh o le  M ezokeresztes-29. L o w er T riassic  (C am pilian). D iam e ters: 0.12 m m  (F ig . 5); 
an d /o r 0.11 m m  (Fig. 6)
7— 8 . S ec tio n s  o f M e a n d r o s p ir a  p u s i l l a  (H O ) in d iv iduals in th e  do lom itic  schistose m arl 
reco v e red  b y  th e  core 5 (688.5— 692.5 m ) o f th e  borehole B ugyi-5 . L ow er T riassic  (C am ­
p ilian ). D ia m e te rs :  0.135 m m  (Fig. 7); a n d /o r  0.11 m m  (Fig. 8)
9. A sec tio n  of a M e a n d r o s p ir a  p u s i l l a  (H O ) in  the  lim estone  recovered  by  th e  core 33/a 
(3476.0— 3478.0 m ) of th e  borehole B u d a fa -5 0 2 . M iddle T riassic  (L ow er A nisian). D iam eter: 
0.095 m m
10 . A se c tio n  o f a M e a n d r o s p ir a n e l la  sp . in  th e  lim estone reco v ered  b y  th e  core 33/a (3476.0—
3478.0 m ) o f th e  borehole B u dafa-502 . M iddle  T riassic  (L ow er A nisian). L en g th : 0.25 m m
11 . A se c tio n  o f a T r o c h a m m in a  cf. a lm ta l e n s i s  K o e h n —Za n i n e t t i  in th e  lim estone recovered  
b y  th e  co re  33/a (3476.0— 3478.0 m ) of th e  borehole B udafa-502 . H e ig h t: 0.3 m m ; b asa l 
d iam e te r: 0.2 m m
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rod  is ro u n d ed , fa irly  c ircu lar, w ith  a p o in t- lik e  hole a t th e  end  o f  th e  axis 
o f th e  rod, close to  its  m arg in . I ts  le n g th  a m o u n ts  to  0.2 m m . T h e  th in n e s t 
p a r t  o f th e  rod  is its  cen tra l p a r t, w here  i ts  w id th  is 0.02 m m .

P ro b a b ly  th is  re m n a n t should  be considered  as a new species since  it  
could n o t he id cn tify ed  w ith  th e  H o lo th u ro id e a  species p re se n tly  know n. 
T he fac t, how ever, th a t  only  one co m p le te  in d iv id u a l was o bserved  in  th in  
section , does n o t allow  a d e ta iled  and  re liab le  d escrip tion  of th e  species c h a r ­
ac te ristics.

R E F E R E N C E S

A g i p  M i n a r a r i a : M icrofacies ita lian e  (dal C arbonifero  al Miocene m edio). M ilano, 1959.
B a u d , A. P. B r ö n n i m a n n  — L. Z a n i n e t t i : S ur la présence de M eandrosp ira  p u silla  (H O ) 

(F o ram in ifére). dans le T rias in férieur de K uh-e-A li B ashi, Ju lfa , N W  I ra n . P a lä o n t . Z., 
48, 3/4, 2 0 5 - 2 1 3 ,  1974.

B a u d , A .— L. Z a n i n e t t i  - P .  B r ö n n i m a n n : L es F o ram in ifè re s  de TA nisien (T rias  m oyen) 
des P réa lp es M édianes rig ides (P réa lp es ro m an d es , Suisse e t P réa lp es d u  C hablais, 
F ran ce). A rch . Sc. G enève, 24, 1, 73 — 95, 1971.

B e c h s t ä d t , T. —R . B r a n d n e r : D as Anis zw ischen  S t. Vigil u n d  dem  H ö h le n s te in ta l (P rag se r 
u n d  O langer D olom iten , Südtiro l). F e s tb d . Geol. In s t . ,  300-Jhr. Feier U n iv . In n sb ru c k , 
8 103, 1970.

B É r c z i -M a k k , A.: A  M eandrosp ira  iulia  ( P r e m o l i -S i l v a ) (F o ram in ifera) e lő fo rd u lása  az 
Iszk a-h eg y  kam p ili tiro liteszes összle tében . (O ccurrence of M eandrospira  iu lia  ( P r e - 
m o l i -S i l v a ) (F o ram in ifera ) in th e  C am p ilian  T iro lites-bearing  sequence o f th e  Iszka 
M ts.) F ö ld t. K özi., 102, 3 4, 336 -3 3 9 , 1972.

B r ö n n i m a n n , P . —J .  P . Ca d e t  —L. Za n i n e t t i : S ur la présence d ’In v o lu tin a  s in u o sa  prag- 
soides (O h e r i i a u s e r ) (F oram in ifére ) d a n s  TA nisien supérieur p ro b ab le  de Bosnie- 
H erzégovine m érid ionale  (Y ougoslavie). R iv . ita l. P a leo n t., 79, 3, 301 — 334, 1973a.

B r ö n n i m a n n , P . —J .  P . Ca d e t  — L. Za n i n e t t i : S ur quelques F o ram in ifères de TAnisien 
(T rias, M oyen) de B osnie-H erzégovine M érid ionale, Y ougoslavie. R iv . I ta l .  P a leo n t., 
79, 4, 461' 478, 1973b.

B r ö n n i m a n n , P . — J .  E . W h i t t a k e r  —L. Z a n i n e t t i : T riassic  fo ram in ifera l b io s tra tig ra p h y  
of th e  K y au k in e-L o n g taw k n o  area , N o rth e rn  S han  S ta tes, B urm a. R iv . I ta l .  P a leo n t., 
81, 1, T - 3 0 ,  1975.

B r ö n n i m a n n , P. — L. Z a n i n e t t i : On th e  occu rren ce  of th e  Serpulid S p irorb is D a u d i n , 1800 
(A nnelida , P o ly ch ae tia , S ed en ta rid a ) in th in  section  of T riassic  rocks o f  E u ro p e  and 
Iran . R iv. I ta l .  P a leo n t.. 78, 1, 67 - 9 0 ,  1972.

B r ö n n i m a n n , P. — L. Z a n i n e t t i  F. B o z o r g n i a : T riassic  (Scy th ian ) sm alle r F o ra m in ife ra  
from  th e  E lik a  F o rm a tio n  of th e  C en tra l A lborz, n o rth e rn  Iran , a n d  from  th e  Siusi 
F o rm a tio n  of th e  D olom ites, N o rth e rn  I ta ly . M itt. Ges. Geol. B e rg b au s tu d ., 21, 861 — 
884, 1972.

B r ö n n i m a n n , P . — L. Z a n i n e t t i  F. B o z o r g n i a  —H . H u b e r : A m m odiscids a n d  P ty ch o -
eladiis (F o ram in iferid a ) from  th e  T riassic  E lik a  F o rm a tio n , N e ssa -H assan a k d a r Section , 
C entra l A lborz, Iran . R iv . I ta l .  P a leo n t., 78, 1 -  28, 1972.

B r ö n n i m a n n , P. L. Za n i n e t t i  —A. M o s h t a g h i a n  H .  H u b e r : F o ra m in ife ra  from  the 
Sorkh  Shale F o rm a tio n  of the  T ab as a rea , E as t-C e n tra l Iran . R iv . I ta l .  P a le o n t.,  79, 
1, 1 32. 1973.

B r ö n n i m a n n , P. — L. Za n i n e t t i  —A. M o s h t a g h i a n  —H . H u b e r : F o ram in ife ra  a n d  m icro­
facies o f th e  T riassic  E sp ah k  F o rm a tio n , T ab as  area, E as t-C en tra l I ra n . R iv . I ta l. 
P a leo n t.. 80, 1, 1 - 4 8 ,  1974.

B u d u r o v , K . —E . T r i f o n o v a : Die C onodonten- u n d  Foram in iferen  Z onen in d e r T ria s  des 
O stb a lk an s . S o n d erab d ru ck  aus: »Die S tra tig ra p h ie  der a lp in -m e d ite r ra n e n  Trias«. 
Sym p. W ien, Mai 1973. S chriftenreiche E rdw iss. K om m , ö s te r r .  A kad . W iss., 2, 57 62,
1974.

Ca n o v i c , M. — R . K e m e n c i : T riassic S ed im en ts  in D eep E x p lo ra to ry  B oreholes in V o jv o d in a . 
A nn. Geol. P én in . B alk .. 37, 2, 1 9 - 2 9 ,  1972.

Ch r i s t o d o u l o u , G. S. T s a il a  M o n o p o l i s : C o n trib u tio n  to  th e  K now ledge o f th e  S tra tig ­
ra p h y  of T riassic  in th e  E as te rn  H ellen ic  Zone. Bull. Geol. Soc. G reece, 9 , 1, 101 — 118, 
1972.

A da Geologica Acadtmiae Scientiarum Uungaricae 20, 1976



1 2 2 BÉRCZI-MAKK, A.

Co c o z z a , T .—A. L a z z a r o t t o  — M. P a s i n i : S egnalazione di u n a  fau n a  triassica  nel conglo- 
m era to  di M onte Q uoio (V errucano del T o rre n te  F a rm a  — T oscana m érid ionale). 
R iv . I ta l .  P a le o n t., 81, 4, 4 2 5 - 4 3 6 ,  1975.

D a g e r , Z. — L. Za n i n e t t i : Sur quelques F o ram in ifè res d u  T ria s  in férieur du T au ru s  o rien ta l, 
T u rq u ie . C .R. des Sciences, S P U N  G enève, N S , 10, 2 — 3, 133 —137, 1975.

D u r d a n o v i c , Z.: T he L ow er T ria s  o f th e  Gorski K o ta r  reg ion . Geol. V jesnik, 20, 107 —110, 
1967.

E f i m o v a , N. A .: T riassic  F o ram in ife ra  o f the  N o rth -W e s t C aucasus and  C is-Caucasus. Vop. 
M icropal. A kad . N au k . СССР. 17, 5 4 - 8 3 ,  1974.

F r í z z e l , D. L. — H . E x l i n e : H olo thuro idea-fossil R eco rd . In : M o o r e , R. C.: T rea tise  on  in ­
v e r te b ra te  P a leo n to lo g y , P a r t  U, E ch in o d e rm a ta  3, 2, 646 — 672, 1966.

G a z d z i c k i , A. — K . Za w i d z k a : T riassic  F oram in ife r A ssem blages in th e  Choc N ap p e  o f th e  
T a tr a  M ts. A c ta  Geol. P o l., 23, 3, 4 8 3 —490, 1973.

G a z d z i c k i , A. —J . T r a m m e r  — K. Z a w i d z k a : F o ram in ife rs  from  th e  M uschelkalk o f S o u th e rn  
P o la n d . A cta  Geol. Po l.. 25, 2, 2 8 5 -  298, 1975.

G É c z y  B .: L em ez tek to n ik a  és paleon to lóg ia  (P la te  T ec to n ic s  and  Paleonto logy). F ö ld ta n i 
K u ta tá s ,  17, 3, 1 7 -  21, 1974.

H a g n , IL : Fazies u n d  M ik ro fau n a  der Gesteine de r B a y e risc h en  A lpen. Leiden, 1955.
H O , Y .: T riassic  F o ram in ife ra  fro m  th e  C hialingch iang  lim estone  of South  Szechuan. A c ta  

P a lae o n t. S inica. 7, 5, 3 8 7 - 4 1 8 ,  1959.
J e n d r e j á k o v á , О.: F o ra m in ife re n  aus D asy c ladaceen-fazies der T rias der W es tk a rp a te n . 

Geol. Zbor. Geol. C arp .. 24, 1, 1 1 3 -  122. 1973.
K o c h a n s k y  D é v i d é , V. — S. P a n t i c : M eandrosp ira  u  d o n jem  i s red n jem  tr ija su  i neki p o p ra tn i 

fosili u D in arid im a. Geol. V jesnik , 19, 15 — 28, 1965.
K o e h n  — L. Z a n i n e t t i : Les F o ram in ifè res  du  T rias de la  rég ion  de Г A lm tal (H a u te -A u trich e). 

T ex te  condensé de la  th èse  No. 1467. Ed. M édecine e t  H ygiène, Genève, 1968.
K o e h n  —L. Z a n i n e t t i : Les F o ram in ifè res du  T rias de la rég ion  de L ’A lm tal (H au te -A u trich e ). 

J a h r b .  Geol. B und . Sond .. 14, 1969.
K ü m m e l , B .: L ow er T riassic  (S cy th ian ) Molluscs. In : H a l l a m , A . :  A tl a s  of Palaeobiogeo- 

g ra p h y , 2 2 5 - 2 3 3 ,  1973.
L o e b l i c h , A. R . — H . T a p p a n : F o ram in ife rid a . In : M o o r e , R . C.: T rea tise  on in v e r te b ra te  

P a leo n to lo g y , P a r t  C, P ro tis ta ,  2, 1 -2 , 1 —900, 1964.
M a s o l i , M .:  R in v en im en ti di M eandrosp ira  iulia nel T r ia s  in ferio re  del T ren tino -A lto  A dige. 

S t. T ren t. Sc. N a t., A. 43, 2, 3 2 6 -3 3 3 .  1966.
M i s i k , M .: Aeolisaccus t in tin n ifo rm is  n. sp. from  th e  T riass ic  o f th e  W est C a rp a th ian  M ts. 

Geol. Zbor.-G eol. Carp..‘ 22, 1. 1 6 9 - 1 7 2 ,  1971.
O K G T  K ú tk ö n y v i D o k u m en tác ió  (O K G T  W ell D o c u m en ta tio n ), B u d ap est O K G T A d a ttá r .
O r a v e c z -S c h e f f e r , A.: T ria ss ic  F o ram in ife ra l A ssem blages o f S tra tig rap h ic  V alue in  H u n ­

g a ry . J b .  Geol. B u n d . S o n d ., 19, 3 9 - 4 0 ,  1972.
O r a v e c z - S c h e f f e r , A.: T riassic  F o ram in ife ra l A ssem blages o f S tra tig ra p h ic  V alue in  H u n ­

g ary . Ő slén y tan i V iták , 21, 105— 113, 1973.
P a n t i c , S.: T riassic  M ikrofossils o f N o rth w estern  M o n tenegro . B ull. Géol., 5, 89 — 99, 1967.
P a n t i c , S.: C arac té ris tiq u es m icropaléon to log iques de la  colonne tria ss iq u e  de l’an tic lin a l de 

Z drelo  (Serbie o rien ta le ). V jesn ik  Geol., A. 28. 377 — 411, 1970.
P a n t i c , S. — A. G r u b i c : B eiträge  z u r  b io s tra tig rap h isc h en  K e n n tn is  der T rias in w estlichen  

Z onen  O stserb iens. C .R . Som . Soc. Serbe Géol., an n ées  1968 —1970, 339 — 347, 1972.
P a n t i c , S. — S. M o j s i l o v i c ,: Les carac té ris tiq u es facia les des sed im en ts tria siq u es dans les 

M o n tag n es de P o d rin je-V aljev o  (Serbie occiden ta le ). Geol. Sbornik, 18, 2, 209 — 217, 
1967.

P a n t i c , S. — J .  P . R a m p n o u x : C oncerning th e  T riassic  in  th e  Y ugoslav ian  In n e r D in a rid s  
(S o u th e rn  Serbia, E a s te rn  M ontenegro): M icrofacies, M icrofaunas, an  a tte m p t to  give 
P a leo g eo g rap h ic  re c o n s titu tio n . M itt. Ges. Geol. B e rg b au s tu d ., 21, 311 — 326, 1972.

P r e m o l i - S i l v a , L : C itaella  iu lia  n. gen ., n. sp. del T ria s  In ferio re  della  Carnia (1). R iv . I ta l. 
P a le o n t ..  60, 4, 6 5 7 — 670, 1964.

P r e m o l i  S i l v a , L : F o ra in in ife ri an isic i della regione g iu d ica rien se  (T ren to). R iv. I ta l. P a leo n t.. 
77, 3, 3 0 3 - 3 7 4 ,  1971.

R a m o v s , A .: M eandrosp ira  iu lia  ( P r e m o l i -S i l v a ) ( F o r a m i n i f e r a ) aus den U n te rtrias-S ch ich - 
te n  in  W estslow enien  u n d  ih re  L ebensbedingungen . N . Jb . Geol. P a läo n t. A bh .. 131, 
1, 78 -8 1 , 1968.

R a m o v s , A .: M ikro fauna  der a lp in en  u n d  v o ra lp inen  T ria s  Slow eniens. M itt. Ges. Geol. B erg­
b a u s tu d .. 21, 1, 413 426, 1972.

R a m o v s , A .: Die T rias in Ju g o slaw ien . In : Za p f e , I I . : D ie S tra tig ra p h ie  der a lp in -m ed ite rran en  
T ria s , 1 6 1 - 165, 1974.

Acta Geologica Academiae Scientiarum Hungaricae 20, 1976



M EA N D RO SPIRA  PUSILLA (HO) IN  HUNGARY 123

R a m p n o u x , J .  P .:  Sur le p rob lèm e  d u  passage du paléozoïque au  T rias  d a n s  les Dinarides 
yougoslaves (secteur de Serbie  centrale  et du  Montenegro  o r ien ta l ,  Yougoslavie) .  C.R. 
Acad. Se. Paris,  267, D, 1 0 8 7 - 1 0 9 0 ,  1968.

R o k s a n d i c , M. M. Ca n o v i î : Coupes géologiques des forages de R echerche  en  P rofondeur  
dans  la Region de C rm nica  (Montenegro, Yougoslavie). Vesnik Geol.,  A. 28, 185 — 200. 
1970.

S a l a j , J  : Essai de zonations d a n s  le Trias  des C arpa thes  occidentales d ’après  les Foramini-  
fères.  Geol. Prâce,  48, 1 2 3 - 1 2 8 ,  1969a.

S a l a j , J . :  Quelques rem arq u es  su r  les problèm es m icrob ios tra t ig raph iques  du  Trias .  Not.  Sérv. 
Geol. Tunis , 31, 5 - 2 3 ,  1969b.

S a l a j , J . :  C ontr ibu tion  à la m ic rob ios tra t ig raph ie  du  Trias  des C arpates  O cciden ta les  tchéco­
slovaques.  Act. Colloq. Tunis ,  1976 (in press).

S a l a j , J .  A. B i e l y  — J .  B y s t r i c k y : Trias  Foram in iferen  in den W e s tk a rp a te n .  Geol. Prâce. 
42, 1 1 9 - 1 3 6 ,  1967a.

S a l a j , J . —A. B i e l y  — J .  B y s t r i c k y : Die Foram in iferen  in der Trias  d e r  W es tk a rp a te n .  
Arch. Sc. Genève, 19, 2, 2 1 1 - 2 1 8 ,  1967b.

S a m u e l , О. — К .  B o r za  — Е. K ö h l e r : Microfauna an d  L i th o s t r a t ig ra p h y  o f  Pa leogene  and 
a d ja ce n t  Cretaceous o f  t h e  Middle Váh Valley (W est  C a rp a th ian ) .  1972.

S c a v n i c a r , B. A. S u s n j a r a : R echerches  géologiques e t  pé tro g rap h iq u es  des couches tri- 
asiques de Gorski K o ta r  en Croatie  (Région Lokve-Gerovo).  Geol. V jesnik .  20, 87 —104, 
1967.

T a p p a n , H. A. R. L o e b l i c h : Sm alle r  P ro t i s tan  E vidence  a n d  E x p la n a t io n  of the  Permian- 
Triassic  Crisis. In :  T he  P e rm ia n  and  Triassic  System s a n d  th e i r  M u tu a l  Boundary .  
C anadian  Soc. Pe tro l .  Geol.,  2, 465 — 480, 1973.

T o l l m a n n , A.: Analyse des k lassischen norda lp inen  Mesozoikums. W ien, 1976.
T r i f o n o v a , E k.:  Lower Anisic Foram in ife ra  from B oukhotz i  Village, N o r t h - E a s t  Bulgaria.

Mitt.  Ges. Geol. B e rg b au s tu d . ,  21, 5 0 5 - 5 1 2 ,  1972a.
T r i f o n o v a , E k.:  Triassic  Fo ra m in i fe ra  in N orth -B u lgar ia .  Mit t .  Ges. Geol.  B e rgbaus tud . .  

21, 499 -505 ,  1972b.
U r o s e v i c , D. Z. R a d o v a n o v i c : C ontr ibu t ion  à la connaissance d u  d é v e lo p p em e n t  des sédi­

m en ts  t r iass iques dans  la gorge d ’Ovcar K ab lar .  Ann. Géol. Pén insu le  B a lkan ,  37, 2, 
29 31. 1972.

Za n i n e t t i , L.: Les Foram in ifé re s  d u  Trias. Riv. I ta l .  Pa leon t . ,  82, 1, 1 —258, 1976. 
Za n i n e t t i , L. — P. B r ö n n i m a n n : É tu d e  micropaléontologique  com parée  des Invo lu tin idae  

(Foraminiféres)  des fo rm at io n s  tr iasiques d ’E lika ,  d ’E sp a h k  e t  de N a y b a n d ,  Iran. 
Eclogae geol., Helv .,  67,  2, 4 0 3 - 4 1 8 ,  1974.

Z a n i n e t t i , L . - P.  B r ö n n i m a n n : Triassic  Foram in ifera  f rom  P a k is tan .  R iv .  I ta l .  Paleont.,  
81, 3, 2 5 7 - 2 8 0 ,  1975.

Z a n i n e t t i , L. —P. B r ö n n i m a n n  —A. B a u d : Essa i  de zonation  d ’après les Foram in ifé res  dans 
l’Anisien m oyen e t  supér ieu r  des P réa lp es  Médianes rigides (P réa lpes  ro m an d e s ,  Suisse, 
e t  Préalpes du  Chablais,  F rance) .  Ecl.  Geol. Helv .,  65, 2, 343 — 353, 1972a.

Z a n i n e t t i , L. P. B r ö n n i m a n n  — A. B a u d : Microfacies par ticul iers  e t  fo rm in iféres  nouveaux 
de l’Anisien supér ieu r  de la coupe du  R o th o rn  (Préalpes m éd ianes  rigides, Diemtigal, 
Suisse). Mitt.  Ges. Geol.  B erg b au s tu d . ,  21, 465 — 498, 1972b.

БИОСТРАТИГРАФИЧЕСКОЕ ЗНАЧЕНИЕ И РАСПРОСТРАНЕНИЕ В ВЕНГРИИ 
ВИДА MEANDROSPIRA PUSILLA (НО) (FORAMINIFERA) В ТРИАСОВЫХ 

ОТЛОЖЕНИЯХ, ВСКРЫТЫХ РАЗВЕДОЧНЫМИ СКВАЖИНАМИ НА НЕФТЫ1 ГАЗ
А. БЭРЦИ-МАКК

Р е з ю м е

Работа на основании литературных данных кратко знакомит с распространением в 
нижнетриасовых осадочных породах Европы, Азии и Африки вида M eandrosp ira  pusilla  
(НО), а также упоминает о находках данного вида и в среднем триасе. Представители 
M eandrospira  pusilla  (НО) обычно распространены в мелководно-морских образо­
ваниях и являются видом, хорошо приспособленным к изменениям физических условий 
морского дна, экологически выносливым. Биостратиграфическое значение вида большое,
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так как при заданном вертикальном распространении (кампильский ярус) можно просле­
дить на большой территории почти всюду в морских нижнетриасовых формациях.

Рассматриваются стратиграфические условия нижне- и среднетриасовых образо­
ваний, содержащих M ea n d ro sp ira  p u silla  (НО) и вскрытых разведочными скважинами 
на нефть и газ Венгрии, а также дается краткое описание вида M eandrospira  p u silla  (НО) 
и скудной, но характерной сопровождающей микрофауны. Для сопровождающей 
фауны в нижнетриасовых образованиях характерно наличие в небольшом количестве 
экземпляров видов A m m odiscus  s p . ;  Earlandia  tin tin n ifo rm is  ( M i s i k ); Cyclogyra cf.  mahaje- 
ri B r ö n n i m a n n , Za n i n e t t i , B o z o r g n i a ; Spirorbis ph lyctaena  B r ö n n i m a n n , Z a n i n e t t i ; Glo- 
m osp irella  sp .  Автор из одной скважины запада Задунайского края описала новый вид под 
именем B inoculites nov. sp .  (Holothuroidea). В среднетриасовых (анизийских) образова­
ниях находящийся В небольшом количестве экземпляров ВИД M eandrospira  p u silla  (НО) 
сопровождает всего несколько T ro ch a m m in a  cf. alm talensis  K o e h n -Z a n i n e t t i : M eandros- 
p ira n e lla  sp .
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ÜBER BAU UND ENTWICKLUNG DER OSTALPEN 
MIT AUSBLICK AUF WESTUNGARN 

(V ortragsberich t)

Von

P. B e c k - M a n n a g e t t a

GEOLOGISCHE BUND ESA NSTA LT, W IEN

Die n eu en  U ntersuchungsergebnisse  in den  O sta lpen  weisen a u f  eine wesentliche 
E rs t reckung  d e r  Molasse u n te r  dem  Flysch m it  H e lv e t ik u m  u n d  im Osten  noch un te r  
die Nörd lichen  K a lk a lp e n  hin. Die tek ton ische  A b k u n f t  des Flysches aus der penni- 
nischen Zone d e r  W esta lpen  u n d  Hohen  T a u e r n  weicht einer n äh er  gelegenen H e r ­
kunft  am N o r d ra n d e  der  K alkalpen  im  R a u m e  von  Wien ostwärts .  A n  der  Grenze 
nach  U ngarn  e rsche in t  die Rechnitzer  Schieferinsel mit  penninischen B ü n d n e r  Schie­
fern, die von der  u n te ro s ta lp in e n  Grobgneisserie  über lager t  wird. Das W echse lfenste r  
ist  m it  u n t e ro s ta lp in e m  Sem m eringm esozoikum  v e rb u n d en  und  eine F o r tse tzu n g  in 
die Veporiden d e r  W e s tk a rp a te n  ist d e n k b ar .

Von dem  oberos ta lp inen  D eckenstape l  w ird  ein tieferes m it te los ta lp ines  S to ck ­
werk a b g e t r e n n t ,  das eine zentrala lpine  T r ia s  t r ä g t .  Das variszisch gep räg te  A l tk r is ta l ­
lin der Sau- u n d  K o ra lp e  wird norm ale  Basis der  oberosta lp inen G rauw ack en d eck en  
aufgefaßt.  D er  variaszische Deckenbau  der  südlichen G rauw ackenzone  w urde  teils 
tek to n isc h -m e ta m o rp h  ü berp räg t  und noch  in der  variaszischen Ara  m it  dem  a n ­
scheinend ka led o n isch en  Gleinalmkris tal l in  verschm olzen.  Jünge re  a lpidische A uf­
que tschungen  ließen fensterar tige  A ufb rüche  in Kor- und Saua lpenkr is ta l l in  erschei­
nen (W olfsberg,  Kliening etc.). D urch  Fossi lfunde  ist der variszische (vor  Unter-  
K a rbon)  Decken- bis S c huppenbau  in der  süd lichen  Saualpe und  d a m i t  au ch  in dem 
östlichen G u rk ta l  (G lan ta le r  Schuppenzone) erwiesen.

Die v e re in ze l ten  radiom etrischen A l te rsb es t im m u n g en  lassen noch keine e n d ­
gültige Aussage d e r  gewonnen D aten  zu.

Die A usgangs lage  der Lineation  des P la t tengneises  der K o ra lp e  weist in die 
im Norden d e r  Alpen gelegene M oldanubisch-M orawischen S törungszone  u n d  der 
D e fo rm a t io n szu s tan d  äh n e l t  dem des B i t te sc h en  Gneises. Die Torsionen dieser L in ea ­
tion als U m ste l lu n g en  sind der A usdruck  des Auseinanderweichens der  Alpen in die 
K a rp a te n  u n d  D inar iden .  Dem tek to n isch en  E le m en t  des D eckenbaues  der  Alpen 
und  K a r p a te n  s te h t  die m agm atische  Mobil isat ion  im  Inneren  der F a l te n b ö g e n  gegen­
über.

D er S to ff des T hem as k ö n n te  ein  d ickes B uch fü llen; d a h e r  sollen 
in  diesem  Z u sam m en h an g  n u r die n e u e s te n  E rgebnisse  u n d  auszugsw eise 
einzelne P ro b lem e b e rü h r t  w erden. A nsich  sch ließ t das T hem a das P ro b lem  
des O stendes d er A lpen  m it ein, das a lle in  aus Y e rs tän d ig u n g sg rü n d en  geo- 
g raph isch erse its  s c h a rf  abgeg renz t w ird . G eologisch  sind  jed o ch  alle Ü bergänge 
in  die K a rp a te n  u n d  D in arid en  v o rh an d en .

Die su b a lp in e  M olasse zeig t in  ih re m  oligozänen S c h ic h ta n te il w e­
sen tliche  fazielle A bw eichung von dem  T eil der M olasse, den  a u f  der 
B öhm ischen M asse tra n sg re d ie rt. Im  F e n s te r  von  R o g a tsb o d en  (S. P r e y , 

1957) t r i t t  dies d e u tlic h  in  E rscheinung  u n d  in  der B ohrungen  T ex in g  und  
U rm an n sau  (A. R u t t n e r , 1963) die Ü b ersch ieb u n g en  der b e id en  M olasse-
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Zonen k la r  e rk en n b ar gew orden . D ad u rch  w eiß m an , daß  die M olasse sogar 
u n te r  d ie  K a lk a lp en  h e re in s tre ic h t.

D ie F lyschzone der O s ta lp e n  w ird  im  W esten  von  der p en n in ischen  Zone 
an  d e r W est-O sta lp en g ren ze  ab g e le ite t. Im  O sten  jed o ch  h a t S. P r e y  (1975) 
die A b k u n f t der K ah len b e rg e rsch ich ten  von der S t. V eite r K lippenzone w a h r­
sch e in lich  gem ach t. D a m it ä n d e r t  sich die V o rste llung , w onach der p en n in i- 
sche T ro g  von  den W esta lp en  bis in  die S ü d k a rp a te n  ziehen sollte, ohne u n te r  
den  K a rp a te n  als F e n s te r  au fz u ta u c h en . T ro tz  d er w eiterh in  du rch w eg s 
a llo c h th o n e n  L agerung  w äre d er F ly sch  eher von  einem  R aum  etw a  n ö rd lich  
d er p ien in isch en  K lip p en zo n e  d er K a rp a te n  ab zu le iten .

D ie  E n td eck u n g  von  S p o n g ien n ad e ln  in  k ieselingen  K alk sch ie fe rn  der 
R e c h n itz e r  Schieferinsel w eisen  a u f  ein  m itte lk re ta z isc h es  A lter d ieser S ch ich ten  
h in  (H . P .  S c h ö n l a u b , 1973). D a m it is t  das m esozoische A lter d ieser B ü n d ­
n ersch ieferfo lge  erw iesen. A. P a h r  (1960) k o n n te  d ie  Ü berlagerung  d er G ro b ­
g ne isserie  a u f  den R e ch n itze r  S chiefern  a llseits nachw eisen .

W eite rh in  p ro b lem a tisch  b le ib t die k ris ta llin e  U n terlag e  der R e c h n itz e r  
S ch iefer: A. P a h r  (1973) s ie h t in  dem  W ech se lk ris ta llin  die B asis die R e c h ­
n itz e r  Schiefer. Im  W echse lgeb iet se ih st w erden  d ie  Schieferserien von  einem  
u n te ro s ta lp in e n  S em m eringm esozo ikum  tran sg re ss iv  ü b e rlag e rt, dem  jeg lich e  
B ez ieh u n g  zu einer B ü n d nersch ie fe rfaz ies feh lt. U n te r  einer P o rp h y ro id se rie  
(P .  F a u p l , 1971) folgen im m e r h ö h er m e tam o rp h e  G este ine  einer »M etad iab as­
serie«, d ie  ohne scharfe  G renze in  die W echselsch iefer u n d  -gneise ü b erg eh en . 
Im  S ü d en  is t eine F e n s te rn a tu r  d er W echselgesteine gegenüber der h a n g en d en  
G robgneisserie  n ich t n ach w e isb a r, da d o rt die g leichen  G esteine, w ie in  d e r 
G rob g n eisserie  a u ftre te n . D iese lben  k ris ta llin en  Schiefer f in d e t m an  auch  
im  L ieg en d en  der R ech n itze r Schieferserie. D as b e d e u te t, daß  der k r is ta llin e  
U n te rg ru n d  der G robgneisserie  (m it S em m eringm esozo ikum ) u n d  des W ech se l­
fe n s te rs  (m it A ltpaläo zo ik u m  u n d  S em m eringm esozoikum ) als U n te ro s ta lp in , 
im  G eg en sa tz  zur R ech n itze r Schieferinsel (m it B ü n d n e r  Schiefer) die als P en - 
n in ik u m  anzusehen  is t.

Ä h n lich e  V orste llungen  en tw ick e lte  S. P r e y  (1963) in  den  G u rk ta le r  
A lp en  u n d  dieselbe S itu a tio n  sch e in t auch  in  den  W esta lp en  zw ischen  d er 
B asis des H e lv e tik u m s u n d  des P en n in ik u m s im  w esen tlichen  zu b es teh en . 
B ei d iese r A rt der B e tra c h tu n g  k ö n n te  m an  die F o rtse tz u n g  d er G robgneisserie  
u n d  des W echsels gegen N o rd o s ten  in  den  V eporiden  der K a rp a te n  sehen  
(siehe K arten sk izze).

D ie zen tra len  T eile des O sta lp in s  w urde von  A. T o l l m a n n  (1959) in  e in  
M itte l-  u n d  O berosta lp in  u n te r te i l t ,  w obei le tz te re m  die k ris ta llin e  B asis v o ll­
k o m m en  feh len  soll. B e tra c h te t  m an  ab er die A bfolgen genauer, so is t im  B e ­
re ich  d e r  S aualpe  tro tz  a ller s e k u n d ä re r  S tö ru n g en  ein  sch rittw eise r Ü b erg an g  
des A ltp a läo zo ik u m s in  das L lo ch k ris ta llin  zu b eo b ach ten . D as A ltp a läo zo ik u m  
is t  tra n sg re ss iv  m it den  jü n g e re n  S ch ich ten  v e rb u n d e n . D abei is t in  d iesem
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R a u m  die K o n tin u itä t  d er D ecksch ich ten  m it der k rista llinen  B a s is  sicher 
gegeben. A u ß erd em  verlie ren  sich die a lp id isc h e n  D eckengrenzen im  v o ra lp id i- 
schen  K ris ta llin  des O sta lp ins und die U n te rsc h ie d e  der k ris ta llin en  E in h e ite n  
folgen an d eren  G renzen, die n ich t du rch  m esozoische E in sch a ltu n g en  g ek en n ­
ze ich n e t sind . A us d iesem  G rund  sp ric h t E . C l a r  (1975) von e in e r  D ig ita tio n  
(Z w eiteilung) des O berosta lp in s in  eine tie fe re  E in h e it im z e n tra la lp in en  R au m  
u n d  eine höhere  m it dem  gesam ten  o b e ro s ta lp in e n  D eckenstapel. D a  d ie  G lie­
d e ru n g  des O b erosta lp in s n ich t allein a u f  d ie  erkennbaren  L a g e ru n g sv e rh ä lt­
nisse zu rü ck g e fü h rt w erden  darf, sondern  d ie  faziellen U n te rsch ied e  u n d  A n­
k län g e  d er m esozoischen D ecksch ich ten  e ine  w esentliche Rolle sp ie len , is t  zu 
b e a c h te n , d aß  die tie fe re  zen tra la lp in e  E in h e it  s te ts  m it einem  z e n tra la lp in e n  
M esozoikum  v e rb u n d en  is t, das faziell d em  U n te ro sta lp in  eher v e rw a n d t  ist, 
als den  o b ero sta lp in en  Schichtfolgen ( H .  F l ü g e l , 1960). D e sh a lb  m öch te  
P .  B e c k - M a n n a g e t t a  (1969) dieser T e ilu n g  in  ein Ober- und  M itte lo s ta lp in  
aus le tz te re n  G rü n d en  allein im  N orden  zu s tim m en  und die o b e ro s ta lp in en  
D ecksch ich ten  m it d er k ris ta llin en  B asis d e r  K or- und G leinalpe v e rb in d en . 
Als w eite ren  H inw eise h iefü r k ö n n te  das K ris ta llin  der K a in ta leck sch o lle  an 
d e r B asis der N orischen  D ecke (A. H a u s e r  u n d  O. F e l s e r , 1939 ; H .  P .  

C o r n e l i u s , 1952) herangezogen  w erden , in  dem  sowohl A n te ile  des K or- 
sowie des G le ina lm krista llin s stecken  u n d  b e id e  Teile von ih rem  A u sg an g so rt 
te k to n isc h  ab g esch u p p t sind . D er Y e itsch e r D ecke kom m t d a d u rc h  eine ge­
nerelle  L age u n te r  der N orischen D ecke zu , d ie  w ahrscheinlich  b e re its  in  jung - 
v a risz isch er Z eit angeleg t w urde.

N ach  der a lte rsm äß ig en  F ix ie ru n g  des B lassen eck p o rp h y ro id es  als 
U n te rs ilu r  d u rch  G. F l a j s  (1967) sind  w e ite re  w esentliche A lte rsb es tim m u n g en  
d u rch  C onodon ten funde  im  A ltp a läo zo ik u m  d er Z en tra la lpen  zu  e rw arten . 
D u rch  F ra u  D r. H .  P r i e w a l d e r  w urde  d e r  E n n sta le r  Q u a rz p h y llit  als Silur 
( H .  P r i e w a l d e r  und  R . S c h u h m a c h e r , 1976) eingestuft, was fü r  d ie  D eu tu n g  
d er T ek to n ik  d er N iederen  T au ern  w ich tig  is t . Besondere B e d e u tu n g  k o m m t 
den  sp ä te r  s ta rk  e rw e ite rten  C rin o id en fu n d en  in  der P hy llitzone  d e r  südlichen  
S au a lp e  zu, die ein  M itte l-D evon bis S ilu ra l te r  der K alke e rg eb en  h ab e n  (G. 
K l e i n s c h m i d t , 1966; J .  N e u g e b a u e r , 1971). D adurch w u rd e  d ie  A nsich t 
von  P .  B e c k - M a n n a g e t t a  (1957) b e s tä t ig t .  A us der W ied erho lung  d e r k a lk i­
gen Sch ich tfo lgen  m it K e ra to p h y re n  u n d  G raph itsch ie fe rn  k o n n te n  G. K l e i n ­

s c h m i d t  u n d  J .  N e u g e b a u e r  (1975) e in en  D ecken-(S chuppen-)bau  im  epi­
zonalen  B ereich  der S aualpe  n achw eisen , d e r vor der M e tam o rp h o se  e n t­
s ta n d e n  is t. Ä hnliches h a t P .  B e c k - M a n n a g e t t a  (1959, 1960) im  oberen 
G la n ta l (M itte lk ä rn te n ) in  analogen S ch ich tfo lgen  angenom m en (»G lantaler- 
Schuppenzone«  1960), w as w iederum  v o n  H .  H a j e k  (1962) b e z w e ife lt w urde.

D iese E rgebn isse  in  der süd lichen  G rauw ackenzone k ö n n te  m a n  d ah in ­
gehend  zu sam m enfassen : Die k a lk ig en  a ltpaläozo ischen  S ch ich tfo lg en  des 
D evon  u n d  S ilu r d er südlichen G rau w ack en zo n e  w urden d u rc h  e in e  D ecken-
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Ü b ersch ieb u n g  von der o rdov iz ischen  M e tad iab asse rie  (M agdalensbergserie) in  
v a r is z is c h e r  Z eit v o r d er M etam orphose genere ll überschoben , w obei s te lle n ­
w eise  im  L iegenden in n e rh a lb  des kalkigen A ltp a läo zo ik u m s ein S ch u p p en - bis 
D e e k e n b a u  e n ts ta n d . D iese r p räm e tam o rp h e  D ec k e n b a u  w urde in  d ie  d re i 
(A. P i l g e r , 1975) M e tam o rp h o seab sch n itte  des S au a lp en k ris ta llin s  v e rsc h ie ­
d e n s ta rk  einbezogen u n d  d ie  Schichtfolgen w e ite rh in  v erste llt. D aher i s t  d ieser 
D e c k e n b a u  im  H o c h k ris ta llin  als Ü bersch ieb u n g  d e r E klogitserie  a u f  die 
M arm o rse rie  (E . H a b e r f e l l n e r , 1937) n u r u n d e u tl ic h  in der Sanalpe e rk e n n ­
b a r . V o r allem  diese Ü bersch iebungsfläche  d ü r f te  in  der K oralpe zu r A u sb il­
d u n g  des P la tten g n e iss to ck w erk es  geführt h ab e n . D ie  synm etam orphe  P l a t t e n ­
g n e is te k to n ik  b ew irk te  e ine  W iederholung (V erv ie lfä ltigung  und  K o m p li­
z ie ru n g ) des p rä m e ta m o rp h e n  D eckenbaues, w ie d ies in der sü d w estlich en  
K o ra lp e  am  d eu tlich s ten  zu m  A usdruck k o m m t. (A. K i e s l i n g e r , 1928). 
S o lche  tek to n isch e  W ied erh o lu n g en  nehm en j e t z t  A . P i l g e r  und N. W e i s s e n ­

b a c h  (1975) in der S aua lpe  an . Die k a ta k la s tisc h e  Zerscherung der P l a t t e n ­
g n e isg es te in e  (P . B e c i c - M a n n a g e t t a , 1956) g e r ie t gegen W esten zu in  d en  
z u n e h m e n d e n  W irk u n g sb ere ich  einer p o s tk a ta k la s tis c h e n  therm ischen  M e ta ­
m o rp h o se , die die S p an n u n g en  d er zerriebenen M in era lien  auslöschte u n d  zu r 
U m k ris ta llis a tio n  in G lim m ergneise  etc. fü h rte , o h n e  eine w esentliche faz ie lle  
Ä n d e ru n g  d er M inera lassoz ia tion  herbeizuführen .

D u rc h  die A rbe iten  in  d e r  Saualpe w urde  d a s  a ltb e k a n n te  P ro b lem  (F . 
H e r i t s c h , 1932) der Ü b e rla g e ru n g  des K oraim - (a ls  »Kata-«) au f das G lein- 
a lm k r is ta l l in  (Meso-) m it a n d e re n  W orten  w ied er au fg e rü h rt. Diese D e u tu n g  
als Ü b e rsch ieb u n g  eines »heißen  Bügeleisens« b e fr ie d ig t n ich t, da zu  den  
z a h lre ic h e n  U nsicherheiten  n o c h  die F ragen  n a c h  H e rk u n ft und A u sb ild u n g  
des K o r-  bzw . S au a lm k ris ta llin s  h inkom m en. Z. B . U n b e rü h rt b leib t d e r U m ­
s ta n d , w esha lb  allein sau re  G anggesteine in  d iesem  K ris ta llin  a u f tre te n  u n d  
g ar k e in e  g ran itisch en  G neise; inw iefern  eine D e u tu n g  als wurzellose v e n itisc h e  
M e ta m o rp h o se  (P. B e c k - M a n n a g e t t a , 1949) d e n  T a tsach en  gerecht w ird , 
is t  h ie d u rc h  n ich t gek lä rt. D ie  H erk u n ft der p e g m a tio d e n  Lösungen aus d em  
S e d im e n t w ird  anscheinend  a u c h  angenom m en (O . H o m a n n , 1962); au ch  ü b e r  
eine m ög liche  m ehrfache  M o b ilisa tion  der le ic h tf lü c h tig e n  Stoffe als P eg m a- 
to id e  w ird  h iedu rch  keine A u sk u n f t erteilt.

B e tr a c h te t  m an ein Q u e rp ro fil der O s ta lp en , so erschein t u nw eigerlich  
das P ro b le m  des Südendes d e r B öhm ischen M asse. D a s  gleiche Problem  e rg ib t 
sich b e z ü g lic h  der W e s tk a rp a te n . N irgends is t ö s tlic h  d e r W estalpen zu seh en , 
d aß  d as  K ris ta llin  in n e rh ab  d e r  O stalpen , oder K a r p a te n  in  Z u sam m en h an g  
m it d em  im  N orden  v o rg e lag e rten  V orland stehe . D a s  U n te rtau ch en  des V o r­
lan d es w e is t aber d a ra u f  h in , d a ß  die Grenze in n e rh a lb  u n te r  den n ic h tm e ta -  
m o rp h e n  T e ilen  der A lpen lie g t. D ie N ordgrenze des k a rp a tisch en  K ris ta llin s  
is t in  d en  K a rp a te n  sch a rf  d u rc h  den S üdrand  d e r F lyschzone m ark ie rt, d e r 
d u rch  d ie  pieninische K lip p en zo n e  gebildet w ird : Im  W iener B ecken v er-
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sch w in d e t jedoch  d ieser S tre ifen  v e rm u tlic h  u n te r  die K alka lpen . W ü rd e  m an 
ih n  e tw a  an d er G renze K a lk v o ra lp en -K alk h o ch a lp en  gegen W e ste n  w e ite r­
z iehen , so k ö n n te  eine solche L inie die G renze zw ischen der B ö h m isch en  Masse 
und  d er k ris ta llin en  B asis des a lp in en  A ltk ris ta llin s  darste llen .

In  diesem  Z u sam m en h an g  is t  das m ögliche O stende d er pen n in isch en  
H ohen  T au ern  zu besp rech en  (Ch. E x n e r , 1966). Die S tru k tu re n  des O b ero st­
alp in s (G u rk ta le r D ecke) zeigen ein haken fö rm iges V orspringen  des O stte iles 
gegen N orden . D ad u rch  w erden  bis zu r Pö lslin ie  (als F o rse tzu n g  d e r  L av an t-  
ta le r  S tö rungszone J .  S t i n y , 1931) d ie  tie fe ren  Teile im m er m eh r gegen N o rd ­
o sten  ged rän g t. D am it k ö n n te  ein A u ssp itzen  des pennin ischen  T ro g es  v e rb u n ­
den w erden  und  diese N o rd o s ts tö ru n g  k ö n n te  in  die v erdeck te  w estlich e  F o r t­
se tzu n g  der p ien in ischen  K lippenzone  e in m ü d en . F ü r die R e c h n itz e r  Schiefer 
am  O stran d e  d er A lpen  m ü ß te  ein  e igener T rog  m it S E — N W -S tre ich en  
angenom m en w erden , d er m it dem  P e n n in ik u m  der H ohen  T a u e rn  n ic h t in 
V erb in d u n g  s teh ten  b ra u c h t.

Im  Südosten  d ieser T iefen lin ie  re ih en  sich die v e rsch ied en en  K ris ta llin ­
e in h e iten  an, die sü d w ä rts  im m er w en iger von  den a lp id isch en  T rennfugen  
b e rü h r t  w erden, bis im  z e n tra len  T eil des ste irisch en  R andgeb irges (H . F l ü g e l , 

1963) ein h a u p tsäch lich  u n b e rü h rte s  v o ra lp id isches k ris ta llin e s  »R ückgrat«  
beso n d erer S te llung  a u f t r i t t ,  die W estp an n o n isch e  Masse (W PM ), die das alpi- 
d ische O rogen zum  A use inanderw eichen  n ö tig te  (P . B e c k - M a n n a g e t t a , 

1967). D as fen s te ra rtig e  A u ftau ch en  der G ran a t-G lim m ersch ie fe r m it G ra n it­
gneisen  u n te r  dem  K o ra lm k ris ta llin  (P . B e c k - M a n n a g e t t a , 1951; A. P i l g e r  

u n d  N . W e i s s e n b a c h , 1965) is t m it p a rtie llen  d ia p h th o ritisc h e n  V orgängen 
g e p a a rt, die a u f  eine alp id ische A u fq u e tsch u n g  einer v o ra lp id isch en  S tru k tu r  
h in  weisen.

D er V ersuch d ie  A lte rsd eu tu n g  d e r G esteine und ih re r  M etam orphose  
m it H ilfe  der rad io m e trisch en  A lte rsb es tim m u n g  zu erfassen, h a t  im  O stalp in  
noch  keine e in d eu tig en  E rgebn isse  gezeig t. D ie B estim m ungen  an  G lim m ern 
d er K ora lpe  m it 8 0 — 115 Mill. J .  (H . F l ü g e l , 1964) b ed ü rfen  w e ite re  H ypo­
th esen , die sich zu e in er befried igenden  E in o rd n u n g  e n tw ick e ln  sollen (Ab­
k ü h lu n g sa lte r?  M isch a lte r? ). D ie G esam tg este in san a ly se  des P e g m a tite s  von 
O berw ölz ist besser m it den gegebenen geologischen B e fu n d en  in  Ü berein­
s tim m u n g  zu b ringen  (E . J ä g e r  u n d  K . M e t z , 1973). D ie A lte rse in s tu fu n g  
sa u re r  A nteile  des G le inalm kom plexes (W . F r a n k , 1975) zeig t p räv arisz isch e  
A n te ile  im A ltk ris ta llin  der O sta lp en  auf. W eitere U n te rsu c h u n g e n  an 
G esteinen  der östlichen  Z en tra lzo n e  s teh en  bevor (V illacher G ran itgneis, 
W olfsberger G ran itg n e is , P la tte n g n e is  e tc .). Im  K rista llin  sü d lic h  d er H ohen 
T au e rn  is t nach U n te rsu ch u n g en  von  R . O x b u r g h  und M ita rb e ite rn  (1966) 
ein d eu tlicher A lte rssp ru n g  zw ischen d er M etam orphose des T a u e rn k ris ta llin s  
(ca. 2 0 —30 Mill. J .)  u n d  d er a ltk r is ta llin e n  H üllen  (B io tit: 80 M ill. J .)  e rsich t­
lich, w obei b isher noch  g rößere U n te rsch ied e  angenom m en w u rd e n . W eiter
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im  S üdw esten  e rg ab en  U n te rsu ch u n g en  im  A ltk r is ta ll in  W erte, die m it e iner 
k a led o n isch en  O rogenese in  B eziehung g e b ra c h t w erd en  (F . S a s s i , A. Z a n - 

f e r r a r i  u n d  G .  Z i r p o l i , 1974). E in  sicheres P rä k a m h r iu m  is t im  K ris ta llin  
d er O sta lp en  b ish er n och  n ic h t  gefunden w orden  (N . G r ö g l e r ; M. G r ü n e n - 

f e l d e r  und  E. S c h r o l l , 1965).
D er D efo rm atio n sstil d e r  P la ttengne ise  e r in n e r t  seh r an die te ils d iaph - 

th o ritisc h e  D efo rm atio n  des m oraw ischen B itte s c h e r  Gneises (P . B e c k - 

M a n n a g e t t a , 1947). D ie to rd ie r te n  Lagen d er L in e a tio n e n  des P la tten g n e ise s  
w eisen  im  N orden gegen N o rd o s ten , im S üden  geg en  S üdosten ; inso fern  w ird  
d er B au  des O stendes d er O s ta lp e n  vorgezeichnet. D iese T orsionen d er L in e a ­
tio n en  aus der N o rd -S ü d ric litu n g  stehen in  Z u sam m en h an g  m it e inem  bis 
e in ige  k ilo m e te rb re iten  M u ld en b au  der P la tte n g n e isk o m p le x e  (P . B e c k - 

M a n n a g e t t a , 1970). M it d en  Torsionen is t  k e in  m ineralfazieller W echsel 
( re tro g ra d e r  M e tam o rp h o sesp ru n g ) v erb u n d en ; d a h e r  h ab en  die a lp id ischen  
B ean sp ru ch u n g en  b e re its  d iesen  vora lp id ischen  B a u  angetro ffen . Diese S te llung  
des varisz isch  g ep räg ten  K o ra lm k ris ta llin s  e rz e u g te  d ah er das e igenartige  
A use inanderw eichen  d e r O s ta lp e n  gegen N o rd o sten  u n d  Südosten . S o lch e ra rt 
w u rd en  a lte  A nlagen in  v e rsch ied en en  S tücken  d e r  O sta lp en  bis in  das J u n g ­
te r t iä r  an  S tö rungen  w ied e rb e leb t, w odurch d er m orphologisch  b ed eu tsam e  
B ogen  des ste irischen  R an d g eb irg es  e n ts tan d  (H . F l ü g e l , 1963). T iefe ju n g ­
te r t iä r e  K oh lenm ulden  g ren zen  im  W esten u n d  N o rd w esten  diesen ab.

V erläu ft gegen N o rd o s te n  der G ebirgszug ins D eckengebirge der K a rp a ­
te n , so zersch läg t sich diese K la m m e r gegen S üden  u n d  O sten  in  einzelne, te k to ­
n isch  b eg renz te , O st-W estv e rlau fen d e  R iegel u n d  S tre ifen , die s te ts  gegen 
N o rd o s ten  zu um biegen . B e d e u te n d e  S tö ru n g slin ien  (R aab -, B a la ton - u n d  
Z agreb lin ie) zeigen den  V e r la u f  dieser Schollen im  P an n o n isch en  B ecken an, 
die im  S üdw esten  in  d ie sü d ö stlich e  F o rtse tzu n g  d e r P e riad ria tisch en  N ah t 
e in m ü n d e n  (Gy. W e i n , 1973).

D er durch  E in en g u n g  erzw ungene a lp id ische  D eckenbau  der O sta lp en  
w e ich t so m it eher e iner a u f  Z e rru n g  beru h en d en  S cho llen b ild u n g  im  U n te rg ru n d  
des P an n o n isch en  B eckens. D ie  tan g en tia len  M o m en te  d er alp id ischen (K re id e  
bis M itte l-E o zän ) D eck en b ild u n g en  geben den In n e n ra u m  der K a rp a te n  fü r  
ein  A ufd ringen  m a g m a tisc h e r Schm elzen frei, d e re n  Z yklen von W esten  
(L a v a n tta l)  gegen O sten  jew e ils  jü n g er w erden  (O s tk a rp a te n )  und  sich im  
Z e n tru m  auch  ü b e rsch n e id en . D ie klare ze itliche  u n d  stoffliche T ren n u n g  
d er M agm astäm m e im  W esten  ü b erschne ide t sich im  O sten  und  die In te n s i tä t  
v u lk a n isc h e r  T ä tig k e it n im m t gegen Osten (H a rg ita g e b irg e ) zu. Die V erlage­
ru n g  d e r dynam ischen  K o m p o n e n te  der G eb irg sb ild u n g  an die Flysch-M o- 
lasseng renze  erzeugte g le ich ze itig  in  der inneren  Z one  d er G eb irgsketten  eine 
v e r tik a le  A u fste ig u n g sten d en z  zum  H ochgebirge, d e re n  ausgleichendes G egen­
s tü c k  in  den  w eiten  B eck en m u ld en  des P an n o n isch en  u n d  S iebenbürg ischen  
B eckens m it der au ß erg ew ö h n lich en  M äch tigkeit d e r  ju n g en  S edim ente zu
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fin d en  is t. E n tg eg en g ese tz t den in te rn e n  A b sen k u n g sv o rg än g en  erscheinen 
gegenw ärtig  die th e rm isc h e n  A ufstiege, die am  R ande der u n g a risch en  T ief­
ebene am b e d e u te n d s te n  sind (F . R o n n e r , 1974).
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О СТРОЕНИИ И РАЗВИТИИ ВОСТОЧНЫХ АЛЬП С ТОЧКИ ЗРЕНИЯ ПРИВЯЗКИ
К ЗАПАДНОЙ ВЕНГРИИ

П. БЕК-МАНАГЕТТА

Р е з ю м е

Новые результаты научных исследований в Восточных Альпах указывают на значи­
тельное проникновение моласс под флиш с гельветикумом, а на востоке также и на их 
проникновение даже под Северные Известняковые Альпы. В отличие от ранее существо­
вавшего мнения о тектонической структуре, обусловившей флишеобразование, в настоя­
щее время возникает новое представление, согласно которому данная структура начина­
ется не в пеннинской зоне Западных Альп и не в горах Хохе-Тауерн, а где-то вблизи север­
ного края Известняковых Альп, причем, в районе Вены она принимает восточное направле­
ние. На границе с Венгрией появляется Рехницский сланцевый остров с пеннинскими 
сланцами типа «Бюнднершифер», на которые налегает нижнеосталышйская серия грубо­
зернистых гнейсов. Вехсельское окно связано с нижнеостральпийским семмерингским 
мезозоем, причем представляется возможным продолжение в Вепориды Западных Карпат.

От верхнеостральпийской пачки покровов отделяется среднеостальпийский струк­
турный ярус с центрально-альпийским триасом. Обусловленный варисским орогенезом
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древний кристаллиникум Зау-Альп и Кор-Альп рассматривается как нормальная база 
верхнеостальпийских покровов, сложенных граувакками. На вариасское покровное 
строение южной зоны и метаморфические образования, и еще в варисское время они сли­
вались с Глейнальмским кристаллиникумом, имеющим, по-видимому, каледонский возраст. 
В результате более молодых альпидских воздыманий образовались окнообразные подня­
тия в кристаллических породах Кор-Альп и Зау-Альп (Вольфсберг, Клининг и т. п.). На 
основании находок ископаемых органических остатков доказана приуроченность к ва- 
рисским движениям (до раннего карбона) бассейнового и покровного строения южных 
Зау-Альп и тем самым и восточного Гуркталь (Глантальская зона чешуй).

Единичные результаты радиометрического определения возраста пород еще не дают 
основания для какого-либо окончательного высказывания по поводу абсолютного геоло­
гического возраста соответствующих образований.

Исходное положение линеамента плитняковых гнейсов Кор-Альп свидетельствует 
об ориентации данной структуры в направлении Молданубийской-Моравской зоны на­
рушений, расположенной в северной части Альп, причем степень и состояние деформации 
похожи на состояние деформации гнейсов «Витте».

Проявления скручивания данного линеамента являются выражением разветвления 
Альп в Карпаты и Динариды. Тектоническому элементу покровного строения Альп и 
Карпат противостоит магматическая мобилизация, проявляющаяся внутри отдельных 
складчатых дуг.
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DIE ENTWICKLUNGSGESCHICHTE 
DES BUDAER GEBIRGES

Von

G y. W e i n

U NG A RISCH E GEOLOGISCHE ANSTALT, BUDAPEST

A ufgrund seiner struk turgeo log ischen  R eam b u la t io n  u n te rs ch e id e t  der Ver­
fasser vier Phasen  in der  tek ton ischen  E n tw ick lu n g  des B u d aer  Gebirges: I. Paläo- 
alpine, I I .  Mesoalpine, I I I .  Neoalpine,  IV. zum neoalpinen Zyklus an gehörende ,  aber 
im C harak ter  abweichende  Phase  der  p le is tozänen Bewegungen.

Im pa läoalp inen  T ek to n o zy k lu s  k a n n  m a n  eine G eosynkl ina le-E poche  (vom 
Ladin  bis Ende  der T rias)  und  eine orogene E poche  a lp -k a rp a te r  T y p u s  unterscheiden. 
Die aus tr isch -m ed i te r ranen  B ewegungen b rach ten  zuerst  breite  F a l te n  zu s tan d e ,  später 
Q uerbrüche  und  S c huppungen ,  endlich  die sog. »budaer Knickung« m i t  20— 30 km 
langen, SO-gerichteten t ransversa len  Verschiebungen. Infolge dieser V ersch iebung  setzt 
sich die Bala ton-Lin ie  in der D arnó-L in ie  fort.

Der mesoalpine T ek tonozyk lus  begann  m it  epirogenen B ew egungen  während 
des Eozän. Der v o rh a n d en e  A ndes i tv u lk an ism u s  k ö n n te  m it einer S u b d u k t io n  in 
Z u sam m enhang  stehen.  N ach  der le tz ten  k o n t r a k t iv e n  Phase am  E n d e  des Eozän 
begann  die d is junk tive  Zers tückelung ,  der neoalpine T ek tonozyk lus .  (Verwerfungs­
systeme, E n ts te h u n g  v o n  Vortiefen.)

Die pleistozäne P h ase  ist  von  p seudod iap ira r t igen  B ew egungen  u n d  T herm al­
wassertä t igkeit  gekennzeichnet  (insgesamt 8 T raver tin -N iveaus).

Der auch j e t z t  d au ern d e  Aufstieg des B u d aer  Gebirges ist  bewiesen.

Viele F orscher b e sch ä ftig ten  sich m it dem  geologischen A u fb au  und  der 
E n tw ick lungsgesch ich te  des B u d aer G ebirges. Es is t v ie lle ich t d iesem  U m stand  
zuzuschre iben , daß  w ir ü b e r dessen tek to n isch en  A u fb au  k e in  zusam m en­
hängendes B ild e rh a lte n  haben . D er ä lte ren  A uffassung  en tg eg en , gemäß 
w elcher das Gebirge ein sich  längs B rüche geform tes Scho llengeb irge wäre, 
w ies zu e rs t F . S z e n t e s  in  1934 d a ra u f  h in , d aß  der B ru c h s tru k tu rb ild u n g  vo r­
angehend  im  B u d aer G ebirge auch  d u rch  tan g en tie lle  K rafte in w irk u n g en  
e n ts ta n d e n e  F a ltu n g sfo rm en  zu stan d e  gekom m en w aren . E r  h a t  zu ers t die 
einzelnen orogenen P h asen  v o n e in an d e r ab g eso n d ert, u n d  ebenso  die dazu 
g ek n ü p ften  tek to n isch en  E lem en te . E r  h a t all d ies a u f  G ru n d  seiner am 
N agykevelyberg  au sg e fü h rten  B eo b ach tu n g en  zu s tan d e  g e b ra c h t. E r ha t 
le ider seine A rbeit im  ganzen  G eb ie t des G ebirges n ich t fo r tg e se tz t. Gem äß 
B eobach tungen  von F . P a v a i -V a j n a  (1934) sind  die »Raibler« S ch ich ten  auf 
den  H a u p td o lo m it sch u p p ig  aufgeschoben ; er e rw äh n t also als e rs te r  B ew egun­
gen solchen C h arak te rs  im  B u d ae r G ebirge.

G em äß B eo b ach tu n g en  von  S. J a s k o  (1948) in  d er P á lv ö lg y e r Höhle, 
s in d  die »Raibler« S ch ich ten  gleichfalls a u f den  jü n g e ren  F eu erste in d o lo m it 
u n d  a u f  die obereozänen  S ch ich ten  geschoben. A. F ö l d v á r i  (1934) lenkte
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die A u fm erksam keit a u f  d ie  ju n g e n  pannon isehen  B ew egungen. Schließlich  
F . H o r u s i t z k y  m einte  (1943), d aß  die durch  ih n  a b g eso n d e rte  F az iese inheiten  
d e r  T ria s , und  zw ar die B u d a e r  u n d  P ilis-K o v ácsie r E in h e iten  sind  du rch  
E in w irk u n g  der o b ereo zän en  pyrenäischen  P h a se  au fe in an d e r geschoben 
w o rd en . D as Maß der A u fsc h ie b u n g  w ar seiner A n s ic h t n a c h  so groß, daß  die 
B u d a e r  E in h e it ta u c h t von  u n te r  der P ilis-K ovácsie r E in h e it in  H a lb fen ste r 
auf.

W ie  w ir sehen, die A n s ic h te n  über den A u fb a u  des G ebirges h ab en  sich 
v o m  S ch o llen s tru k tu r bis z u r  »Decke« Lösung en tw ick e lt. D er H a u p tg ru n d  
d a fü r , d a ß  so ex trem e te k to n is c h e  A nsichten  e n ts ta n d e n  sind , liegt d a rin , 
d aß  d ie  einheitliche K a r te  des B udaer G ebirges is t a u f  G rund  der von 
F . S c h a f a r z i k , M. P Á l f y , Z. S c h r é t e r  in 1921 fe rtig g es te llten , doch n ic h t e r­
sch ien en , sp ä te r in 1938 d u rc h  F. H o r u s i t z k y  h erausgegebenen  und  auch 
n och  je tz t  gebrauchten  K a r te  gezeichnet w orden . D iese K a r te  is t  gem äß der 
d a m a lig e n  A nsichten  in  a te k to n is c h e r  A uffassung e n tw o rfen . Die T e ilb eo b ach ­
tu n g e n  d e r oben e rw äh n ten  A u to re n  w aren u n zu län g lich  zu r F o rm u n g  eines 
zu sam m en h än g en d en  te k to n is c h e n  Bildes.

D ie  E rk en n tn is  von  d ie se n  M angeln ließ u ns d ie  te k to n isc h e  R eam b u la- 
t io n  des sich  in  S ch lüsse lposition  des U ngarischen  M itte lgeb irges befin d en d en  
B u d a e r G ebirges vo llzu z ieh en .

D  as Ziel der R e a m b u la tio n  w ar n ich t b loß eine den h eu tig en  s t r a t i ­
g ra p h isc h e n  und  te k to n isc h e n  A uffassungen an gem essene  K a rtie ru n g  des 
G eb irg es , sondern m itte ls  n e u e r  B eobach tungen  die se lek tiv e  In te rp re ta tio n  
u n d  F e s tse tz u n g  des te k to n is c h e n  E n tw ick lu n g sg an g es. E s is t  uns gelungen 
in  d e r  E n tw ick lu n g  des B u d a e r  Gebirges v ier P h a se n  zu  u n te rsch e id en : I. 
P a lä o a lp in e , I I . M esoalpine, I I I .  N eoalpine, IV . zu m  neo a lp in en  Z yk lus a n ­
g eh ö ren d e , aber im  C h a ra k te r  abw eichende P hase  d e r  p le is to zän en  B ew egun­
gen.

U n te rg ru n d  der T riasb ildungen

D ie  ä lte s te  der im  A u fb a u  d es  B udaer G ebirges te iln eh m en d en  B ildungen  
is t  d e r  lad in isch e  D ip lo p o ren d o lo m it. Ü ber ä lte ren  G este in en  geben b loß  e n t­
fe rn te re  A usbisse (Velenceer G eb ., B a la to n -H o ch lan d , V epor Geb.) bzw. e tliche  
A n g ab en  v o n  T iefbohrungen  a u ß e rh a lb  des B u d aer G ebirges liegend, u n d  die 
E in sc h lü sse  der erup tiv en  G es te in e  des V isegráder G ebirges A u sk u n ft (A. 
K o c h , 1887; F . S c h a f a r z i k , 1889 ; Gy. S z á d e c z k y , 1895; M. S zűcs, 1937; 
E . L e n g y e l , 1951; T. Z e l e n i c a , 1960). D em gem äß is t  u n te r  dem  lad in ischen  
D ip lo p o ren d o lo m it des B u d a e r  G ebirges die ä lte re  T ria s  in  M ittelgebirgs- 
e n tw ic k lu n g  zu erw arten . Im  N o rd te il des G ebirges is t  w arschein lich  O ber­
p e rm , in  den  südlichen G e b ie te n , u n te r  der überg esch o b en en  M itte lgebirgs- 
T ria s  S ch ich tfo lge  sind T ria s— P e rm  G ebildungen B ü k k e r  T y p u s. G em äß den
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X en o liten  sind d ie  a ltpa läozo ischen  G este ine  des B a la to n -H o ch lan d es  u n d  des 
V elenceer G ebirges auch  h ier e n tw ick e lt. D ie G ran it- und  D io rit-E in sch lü sse  
sind  m it den in tru s iv e n  k arb o n isch en  G este inen  des V elenceer G ebirges g le ich ­
zusetzen . K ris ta llin e  Schiefer m esozonalen  C harak te rs k ö n n te n  a u f  p rä- 
k am b risch e  B ildungen  weisen. D er k o n ta k te  H ornste in fe lse in sch lu ß  w eist 
a u f  die k o n ta k te  W irk u n g  von M a g m atitén  u n b e k a n n te n  A lters h in . D ie A m fi- 
b o lite  können  a ltpa läozo isch  u n d  p rä k a m b risc h  sein. Diese k a rg en  A ngaben  
e rm äch tig en  uns n ic h t über den v o rtr ia d isc h e n  E n tw ick lu n g sg an g  des B u d a e r 
G ebirges m ehr zu sagen.

I. Der paläoalpine Tektonozyklus

А )  G eosynklinale Epoche

D er p a läo a lp in e  Zyklus k a n n  im  B u d ae r G ebirge in  zwei Z e ita b sc h n itte n  
ge te ilt w erden. D er e rste  is t der g eosynk linale  A b sch n itt im  L aufe  dessen , v e r ­
m u tlich  ebenso, w ie im  ähnlich  e n tw ick e lten , aus T riasb ild u n g en  a u fg e b a u te n  
V értes G ebirge, die S ed im en ta tio n  im  s in k en d en  M itte lgeb irgstrog  eine m äch ­
tig e  k o m p le tte  Schichtenfolge z u s ta n d e b ra c h te . D ieser Z e ita b sc h n itt  w urde  
—  wie w ir w issen — im  V értesgeb irge  v o n  einer d u rch  v e rtik a le  B ew egungen  
v e ru rsa c h te r  E m ersionsze it u n te rb ro c h e n , bis E n d e  des C enom ans. Im  B u d ae r 
G ebirge ü b er den  norischen  D a c h s te in k a lk  sind w eder J u ra ,  n o ch  K reide- 
B ildungen  b e k a n n t. Die S puren  v o n  Ju ra sc h ic h te n  sind  n u r  am  P ilisb e rg  u n d  
in  der U m gebung  von  D orog b e k a n n t. E s lieg t nahe , auch im  B u d a e r  G ebirge 
von  E nde  des N o r bis zum  E o zän  a u f  eine zusam m enhängende  E m ersio n sp h ase  
zu  denken , w äh ren d  w elcher diese süd liche  R an d reg io n  des u n g a risch en  M itte l- 
geb irgstroges schon F es tlan d  w ar, dagegen  w äh ren d  in  d er A chsenzone das 
J u r a  und  N iederk re idem eer sich  b e fa n d  (A bb. 1).

Die E reign isse  d er geosy n k lin a len  E poche  im  B u d aer G ebirge k ö n n en  w ir 
n u r  vom  L ad in  an  verfolgen. Zu d ieser Z eit e n ts ta n d  eine k a rb o n a tisc h e  S ch ich t­
folge eines se ich ten , offenen, tro p isc h e n  M eeres. Die 1.500 m  ü b e rtre ffen d e  
lad in ische  Schich tfo lge (D ip loporen  u n d  Ü bergangsdo lom it) w e is t a u f  gleich­
m äßige S ed im en ta tio n . D as b e d e u te t, d aß  d er tek to n isch e  V organg , das h e iß t 
das g leichm äßige, ziem lich schnelle  S inken  im  ganzen G ebiet g le ichen  C h a rak ­
te rs  w ar. Die u n g efäh r 150 m  m ä ch tig e  u n te rk a rn isch e  »R aibler« S ch ich tfo lge , 
w elche im  ganzen  G ebiet des G ebirges in  A ufschlüssen und  in  B o h ru n g e n  sich 
als m ärgelig  u n d  abw echslungsre ich  erw eist, d e u te t d a ra u f  h in , d aß  das 
gleichm äßige S inken  durch  O szilla tio n  g e s tö rt w urde. D iese v e r tik a le  B ew e­
gung, w elche sich  n u r  in  v e rä n d e r te r  F azies ä u ß e rt, k o m m t a u f  die R echnung  
d er L abaer P h ase . H iernach , ganz b is zum  am  E nde des N or e rfo lg ten  to ta le n  
E m p o rh eb u n g  h ab en  sich die O b e rtr ia sb ild u n g e n  im  B u d ae r G eb irge  in  zwei 
v o n e in an d er g u t u n te rsc h e id b a ren  F azies ausgeb ildet. D ie eine is t  die »feuer-
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Abb. 1. Die Trias-fazies  des B udaer  Gebirges ( E n tw . :  Gy . W e i n , 1974)
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ste in -d o lo m itisch e  A usbildung«, w elche 6— 700 m m ächtig  is t u n d  au s F e u e r­
s te in sd o lo m it, D o lom it und am  o b eren  T eil gestreiften  F e u e rs te in sd o lo m it 
b e s te h t. In  d ieser A usb ildung  k en n en  w ir keinen  D ach ste in k a lk . F . H o r u - 

S IT Z K Y  (1943) h ie lt diese A usb ildung  fü r  d as  B u d aer Gebirge c h a ra k te ris tis c h . 
D ie an d ere  is t die »kalkige d o lo m itische  A usbildung«, in w elcher w ir keine 
F eu ers te in sd o lo m ite  fin d en . D en u n te re n  T eil der Schichtfolge b ild e n  D olom ite  
vom  T y p  »H auptdo lom it« , den oberen  T e il schließen die sog. »L bergangs- 
kalkste in -D o lom it« -S ch ich tfo lge  u n d  d e r  m äch tig e  D a ch ste in k a lk k o m p lex  ah. 
F . H o r u s i t z k y  (1943) tra c h te te  d iese A u sb ild u n g  au f das G eb ie t d e r »Pilis- 
N agykoväcsier«  tek to n isch e  E in h e it zu  besch ränken . Diese A u sb ild u n g  ist 
w esen tlich  m äch tig e r, als die vorige: e tw a  1.500 m.

Im  L aufe un se re r tek to n isch en  R e a m b u la tio n  w urde fe s tg e s te llt , daß 
die zwei O bertrias-A usb ildungen  in  sy n se d im e n tä re r  W eise, p a ra lle l m it der 
K ü sten lin ie  des e instigen  M itte lgeb irgstroges, d. h. in  SW NO R ic h tu n g  e n t­
s ta n d e n . Die S tre ifr ich tu n g  der F a z ie sg ü rte l — als es sp ä te r b e h a n d e lt  w ird  
h a t  a u f  E in w irk u n g  der in  der oberen  K re id e  vorangehenden  o ro g en en  P hasen  
sich  in  der je tz ig e n  N W  SO R ic h tu n g  au fg e s ta u t. Das u rsp rü n g lic h e  N eben­
e in an d erse in  is t , abgesehen von  den  in fo lge  der R au m v eren g u n g  erfo lg ten  
h o rizo n ta len  A bsch iebungen  und  S ch u p p u n g en  u n v e rän d e rt geb lieb en . Von 
F . H o r u s i t z k y  e rw äh n te  ü b ere in an d erg esch o b en e  te k to n isc h e  E in h e iten  
s ind  n ich t zu b eo b ach ten . D as v e rfe h lte  D eu ten  mag a u f  K o s te n  d er sich 
a u f  E in ze lh e iten  n ic h t e rs treck en d en  K a r tie ru n g  zuzuschreiben  se in . Im m erh in  
die v ie r  m ite in an d e r paralle len  F a z ie sg ü rte l (Irh á sá ro k — Sas-B erg , Ján o s-B e rg , 
H á rm a sh a tá r-B e rg , N agykevély) sin d  w estlich  von der S o ly m ár-N ag y k o v ácsi 
S tö rungszone  schon  n ich t zu folgen. H ie r  in  dem  W estte il des B u d a e r  G ebirges 
k o m m t n u r die ka lk ig -do lom itische  A u sb ild u n g  vor. In  ö s tlic h e r  R ich tu n g  
k a n n  m an  a u f  G ru n d  der kargen  B o h ru n g san g ab en  der P e s te r  T ie feb en e  die 
A usb ildung  d er oberen  T rias n ich t fe s tse tz e n  (A bb. 2). D as E n ts te h e n  der 
F az iesg ü rte l k ö n n en  w ir auch fo lg en d erm aß en  e rk lären : p a ra lle l m it  d er R ich ­
tu n g  der e in stigen  G eosynk linalachse s in d  synsed im en täre  B rü c h e  e n ts ta n d e n . 
E n tla n g  dieser k am en  schneller, bzw . lan g sam er sinkende S tre ife n  zu stan d e . 
A u f e rs te ren  h ab en  sich die das schne lle re  S inken zeigenden k a lk ig -d o lo m iti­
schen  S ch ich ten  ausgeb ildet, a u f  le tz te re n  die au f g leichm äßigere B ew egung 
h inw eisende u n d  tie fere  Lage ze ig en d en  feuerste in ig -d o lo m itisch en  A usbil­
d u n g en  abg e lag ert.

D as in  d er oberen  T rias s ta t t f in d e n d e  völlige E m p o rh e b u n g , die sich 
— w ie schon e rw ä h n t — in der A chsen lin ie  des M itte lgeb irgstroges n u r  w ährend  

d en  k u rz  d au e rn d en  E m e rs io n sa b sc h n itte n  äu ß e rte  (vom  Lias b is  zu m  A ptien), 
is t  gew öhnlich  en tlan g  der e in stig en  K ü s te n lin ie  zu b e o b a c h te n . D as in  der 
oberen  T rias so lch e ra rt en ts ta n d e n e s  F e s tla n d  n a n n te  T. S z a l a i  (1969) den 
»R ücken  von  Pelso«. Diese te k to n isc h e  E in h e it is t m it dem  sp ä tv a risz isch en  
G ra n itm a g m a tism u s  g leichzeitig  e n ts ta n d e n e n  B ala ton-V elenceer G ran itzu g
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Abb. 2. Die u rsprüngliche  L a g e ru n g  der geosynklinalen T r ia s -B i ld u n g en  des B udaer  Gebirges 
(vor d en  A u s tr isch en -M ed ite r ran en  Bewegungen). 1. K a r n . - N o r . :  Feuerstein-Dolomit  A u s ­
b i ld u n g ;  2. K arn .-N or . :  D o lo m it -K a lk s te in  A u sb i ld u n g ;  3. Grenze von Faz iesgürte l

id en tisch . Diese S tru k tu re in h e it  h a t von der o b eren  T rias  an den u ngarischen  
M itte lb eg irg stro g  von  dem  Ig a l-B ü k k er T rog  e n d g ü ltig  g e tren n t (G. W e i n , 

1969). D iese B ew egung k a n n  also m it der a ltk im m e risc h e n  epirogenen P h a se  
v e rb u n d e n  w erden. Zu d ie se r Z eit u n te rk am en  d ie  B ildungen  der g eo synk li­
n a len  Z e itsp an n e  u n g e s tö r t  in  u rsp rüng licher S W — NO S tre ifrich tung  n o rd ­
w estlich  von  dem  aus a ltp a läo zo isch en  B ild u n g en  au fg eh au ten  R ahm en  d e r 
B ala ton -Y elenceer G ra n itz u g .

В )  Orogene Epoche

D en Z e itp u n k t d e r o rogenen  Phasen , die im  a lta lp in e n  Zyklus die g ru n d ­
legende S tru k tu r  des U n g arisch en  M ittelgebirges au sg es ta lte ten , können  w ir 
n u r  d o r t  festste llen , wo d ie  vo llständ ige  m esozo ische Schichtfolge sich e n t ­
w ick e lt h a t.  In  dem  B u d a e r  G ebirge können  w ir d iesbezüglich  bloß soviel 
fe s tse tzen , daß  sie zw ischen  d e r  oberen T rias u n d  dem  u n te ren  E ozän , bzw . 
inw iefe rn  die p ilisv ö rö sv á re r B au x iten  sich als o b erk re taz isch  erw eisen, in  
der o b e ren  K re ide  sich  ab g esp ie lt haben. Im  B a k o n y , V értes und  G erecse 
b eg an n en  diese B ew egungen  a m  E nde  der u n te re n  K re id e , im  A ptien  (T isiaer 
P h ase  v o n  K . T e l e g d i - R o t h , 1934), und en d e ten  v o r  dem  Senon. D ie H a u p t­
p h ase  sp ie lte  sich zw ischen  C enom an und S enon a h . Je n e  au ß ero rd en tlich  
s ta rk e  B ew egungen k o m p ress iv en  C harak ters, w elche  die grundlegende S tru k ­
tu r  des B u d a e r G ebirges z u s ta n d e b ra ch te n  u n d  w elche  es an seinen je tz ig en  
P la tz  schoben , h aben  sich  in  d en  A ustrischen  u n d  M ed ite rran en  P hasen  a b ­
gesp ielt. A u f G rund  v o n  A nalog ien  aus dem  U n g a risc h e n  M ittelgebirge u n d
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den N o rd w e s tk a rp a te n  (F . S z e n t e s , 1961; D. A n d r u s o v , 1968; G y. W e i n , 

1969) is t fe s ts te llb a r, d aß  d er H au p tp a ro x ism u s  d er B ew egungen  in  der Infra- 
gosau-M editerranen  P h ase , zw ischen C enom an und  Senon s ta t t f a n d  ( T o l l ­

m a n n , 1966). In  d ieser Z eit e n ts ta n d  das D eckensystem  d er In te rn id e n  der 
A lpen und  K a rp a te n . D ie Bew egungen ä u ß e r te n  sich am B a la to n h o ch lan d , im 
B akony- und in  geringerem  M aße im  V értesgeb irge  in  F o rm  von  ho rizo n ta len  
V erschiebungen, S ch u p p u n g en , selten  in  F o rm  von F a ltu n g e n . Im  T úron  
E m p o rtau ch en , K o n so lid a tio n , d ann  T ran sg ressio n  des senon ischen  Meeres 
schließen den bew eg ten  Z e ita b sc h n itt des a lta lp in e n  Z yklus ab .

D er u rsp rü n g lich  SW — NO gerich te te  ungebrochene M itte lgeb irgstrog  
s ta n d  in  gerader L in ie  in  V erb indung  m it dem  südgöm örer M esozoikum  ä h n ­
licher A usbildung . D ie einzige u n g estö rte  L age h a t  sich w äh ren d  d e r austrisch- 
m ed ite rran en  B ew egungen  g eändert. U n te r  E in w irk u n g  des s ta rk e n  D ruckes 
sind zuerst b re ite  F a lte n  e n ts tan d en , p a ra lle l m it der G eosynk linalachse  
(A bb. 3). D eren S p u ren  h a t  schon F . S z e n t e s  (1934) im  S o ly m á re rT a l e rk an n t. 
W ährend  u nserer R e a m b u la tio n  gelang u ns in sg esam t v ie r, h e u te  schon 
N W — SO gerich te te  S p u ren  von g la tte n  F a lte n  zu  rek o n stru ie ren . Sie sind  die 
fo lgenden: 1. P á ty e r  Sch loßberg— K isk o p asz , 2. Ju lia n n a  M eierei— H u n y ad  
H o rs t, 3. Ö rd ö g g rab en , 4. Solym áréi- T a l. D ie m ilden F a lte n  s ind  ziem lich 
schw er zu e rk en n en , da  dieselbe d u rch  h o rizo n ta le  V ersch iebungen  und 
S chuppungen , w elche die sp ä te r  k u lm in ie ren d en  kom pressiven  B ew egungen 
hervorriefen , d an n  d u rch  das te r tiä re  V erw erfu n g ssy stem  vo llk o m m en  zer­
s tü ck e lt w urden . In  S tä rk e  w eite r zu n eh m en d e  B ew egungen  h a b e n  n ach h er 
B rüche, Ü bersch iebungen  und  ho rizo n ta le  V ersch iebungen  v e ru rsa c h t. W äh ­
rend  dieser V organg  sich  vollzog erh ie lt d e r ganze M itte lg eb irg stro g  ungefähr 
vom  V áler G raben  bis zum  R o m h án y er G eb irge  en tlan g  B rü ch e  eine tr a n s ­
versale  V ersch iebung . Inzw ischen  is t  die S tre ifr ich tu n g  der m esozoischen 
G ebilden um  90° von  d er u rsp rüng lichen  M itte lg eb irg srich tu n g  abgebogen. 
D em zufolge h a t  sich  die S tre ifrich tu n g  des M esozoikum s des B u d a e r  Gebirges 
N W — SO g es ta lte t. D as w ird  »B udaer S tre ifb ruchzone«  oder »B udaer K nickung« 
g en an n t. D as M aß d er SO g erich te ten  tra n sv e rsa le n  V ersch iebungen  m ag 
20— 30 km  gew esen se in .

D erg es ta lt h a t  s ich  der M itte lg eb irg stro g  n ich t n u r  se n k re c h t a u f ihre 
S tre ifrich tu n g  v e re n g t, sondern  infolge des S tre ifb ru ch es  h a t  sich  auch  seine 
S tre iflänge  v e rm in d e rt. D iese E rsche inung  lä ß t sich in  v e rsch ied en er W eise 
e rk lä ren . M an k a n n  e inerse its  d a ran  den k en , d aß  die k o n k av e  in n ere  Seite 
des K a rp a ten b o g en s  sich  v e rk ü rz te , an d e re rse its  m ag auch  eine en tlan g  der 
Z ág ráb — K ulcs H a u p ts tru k tu r lin ie  s ta ttf in d e n d e  V ersch leppung  als U rsache 
d ienen. W ährend  d e r a lta lp in en  orogenen E poche  jen e  S tru k tu re le m e n te  
w elche die je tz ig e  L age u n d  G esta lt des B u d a e r  G ebirges b e s tim m te n , sind  in 
fo lgender R eihenfo lge  e n ts ta n d e n : 1. g roße W ölbungen , 2. Q u erb rü ch e , 3. 
U b ersch ieb u n g en -S ch u p p u n g en , inzw ischen b e g in n t der V organg  des S treif-
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Abb. 3. D a s  B ruchsystem  der A u s tr i sch en -M ed i te r ran en  P h a se n  des B u d aer  Gebirges (E n tw . :  
G y . W e i n , 1974). 1. D ru ck r ic h tu n g  d e r  e rsten-zweiten P h a se n  (noch  in u rsprüngl icher  Lage);  
2. D r u c k r ic h tu n g  der d r i t t e n -v ie r te n  P h a se n  (während  des B ruches  u n d  nachher) ;  3. R ic h ­
t u n g  d e r  Bewegung ,  beo b ach te t  a n  Schollen  u n d  Gesteinen; 4. P l a t t e  V erwerfung m it  h o r izo n ­
ta le r  V e rsch ieb u n g ;  5. Ü b e r sc h ie b u n g ;  6. Fa l ten sa t te l ;  7. F a l te n m u ld e ;  8. Z e r t rü m m e r te

Zone; 9. Grenze von Faz iesgürte ln

b ru c h e s  (K n ickung), 4. h o r iz o n ta le  V ersch iebungen , te ils  en tlan g  d er Q u er­
b rü c h e  (A b b . 4).

E s  w a r eine sehr w ic h tig e  g ro ß s tru k tu re lle  Folge des »B udaer S tre if­
b ru ch es« , d aß  die vom  V á le r B ru ch  NO gelegene m esozoische Sch ich tfo lge  
des U n g a risch en  M itte lg eb irg stro g es sieh ü b e r die a ltp a läo zo isch en  G ebilden 
d es  B ala to n -V elen ce  G ra n itz u g e s  schob und sich dem  Ig a l-B iik k er M esozoikum  
a n s ta u te .  Z w ar b e o b ach te ten  w ir  frü h e r an  d ieser S telle  den S tre ifb ru ch  (Gy. 
W e i n , 1969), aber fan d en  w ir  d a fü r keine en tsp rech en d e  E rk lä ru n g . J e tz t  is t 
es sch o n  k la r , daß die B a la to n  L inie nach  infolge des B u d aer S tre ifb ru ch es  
e r l i t te n e n  20— 30 km  V ersch ieb u n g  sich in  der D a rn ó -L in ie  fo r tse tz t. D ie a l t ­
p a läo zo isch en  B ildungen d e r B a la to n —Velence L in ie  s ind  u n te r  der sich n ach
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Abb. 4. G ro ß s tru k tu re n tw u r f  des w ährend  der Aus tr ischen-M editerranen  P h a se n  erfo lg ten  »Streifbruches« des
Ungarischen Mitte lgebirges (E n tw .: Gy . W e in , 1974)

D
IE

 
E

N
T

W
IC

K
L

U
N

G
S

G
E

S
C

H
IC

H
T

E
 

D
E

S
 

B
U

D
A

E
R

 
G

E
B

IR
G

E
S



1 4 4 WEIN, GY.

SO versch o b en en  T ria s-S ch ich tfo lg e  zu v e rm u te n . Im  S inne d er au fg e fü h rten  
E rw ä g u n g e n , können w ir ru h ig  die zusam m engezogene B en en n u n g  »B alaton- 
D a rn ó  Linie« b enü tzen .

D ie  in tensive, k o m p re ss iv e  Bew egungen h a b e n  die schon konso lid ierte , 
s te i f  gew ordene k a rb o n a tis c h e  T riasgeste in sm assen  zerb rochen , ze rm alm t und 
g rö ß te n te i ls  in k a ta k la s tis c h e  G ebilden v e rw an d e lt. B esonders die D olom iten  
l i t t e n  in fo lge der B ew egungen , a b e r auch der D a c h s te in k a lk  is t in  vielen G egen­
d en  ze rq u e tsc h t, d an n  m it K a lz it  neu zem en tie rt w orden , a u f  hohe A lte r der 
D e fo rm a tio n  weisend. D as e n tla n g  ju n g er B rüche  zerb ro ch en e  G estein  zem en­
t ie r t  s ich  in  dieser F o rm  n ic h t  w ieder zusam m en. D ie T a tsach e , d aß  im  »G ürtel 
des B u d a e r  S treifbruches« u n te r  d er juvenilen , ü b e rh a u p t n ich t te k to n is ie rte n  
S c h ic h tfo lg e  des B au x its , b zw . des u n te ren  E ozäns ü b e ra ll die s ta rk  in A nspruch  
g e n o m m e n e n  m esozoischen G este ine  zu fin d en  s in d , is t  ein sicheres Zeichen 
d a fü r , w ie m ächtig  die o ro g en e  P hase  des a lta lp in e n  Z yk lus w ar. N u r die 
s ta r k e n ,  lang  dauernden  u n d  sich w iederho lenden  ko m p ressiv en  P h asen  k ö nnen  
e in e  so lche  In a n sp ru c h n a h m e  von  s ta rren  G este in en  ve ru rsach en . D ieselbe 
E rsc h e in u n g  ist im  m esozo ischen  D eckensystem  d e r K a rp a te n  zu b eo b ach ten , 
wo d ie  m esozoischen G este in e  d e r  ü b e re in an d e rg eh äu ften  S u b ta tra d e c k e n  w ä h ­
re n d  e in e r  Bewegung v o n  m eh re ren  100 k m -n  ze rb rö ck e lt, d an n  w ieder 
z u sam m en zem en tie rt w o rd e n  is t , gleich wie d ie  T riaß g este in e  des B u d ae r 
G eb irg es . Ä hnliche E rsc h e in u n g e n  sind in den v e rh ä ltn ism ä ß ig  ruh igen  Ge­
b ie te n  (B a la to n h o ch lan d . B a k o n y , V értes u n d  G erecse) n u r ab  und  zu zu 
e r fa h re n . Dagegen im  G ü rte l  des »B udaer S tre ifb ruches« , w elcher sich vom  
V á le r  G rab en  bis zu den  S cho llen  von R o m h án y , v ie lle ich t noch  w eiter au s­
d e h n t ,  k a n n  als c h a ra k te r is tis c h  bezeichnet w erden .

Im  Laufe der K lä ru n g  d e r  e igen tüm lichen  te k to n isc h e n  Lage des B u d aer 
G eb irg es  können w ir uns n ic h t  m it F ests te llu n g  d e r b loßen  T a tsach en  b eg n ü ­
gen , so n d e rn  es is t auch  n o tw e n d ig  deren g ro ß s tru k tu re lle  B ed eu tu n g  zu  e n t­
w erfen . D ie Piliser B ru ch lin ie , w elche das B u d aer G ebirge und  das D o n au zu g ­
g eb irg e  (V isegráder G ebirge) v o n e in a n d e r tre n n t —  u n d  w elche schon bis je tz t  
als e in e  neogene B ruch lin ie  v o n  großer B e d e u tu n g  v e rze ich n et w ar —  h a t 
V. S c h e f f e r  (1963) in s p ir ie r t ,  jen e  nach E . B o n c e v  (1958) als F o rtse tz u n g  
des K ra is tid e n -L in e am e n ts  z u  in te rp re tie ren . In  d e r R ich tu n g  der Slow akei 
d ie S p u re n  des »B udaer S tre ifb ru ch es« , n ach fo rschend , sind im  östlichen , an 
d e r  S lo w ak ei fallenden T eile  d es  K isalföld im  U n te rg ru n d  des N eogen zu fin d en  
(0 .  F u s a n  et al., 1971). D ie h ie r  festgeste llten  ä lte re n  k ris ta llin en  B ildungen , 
u .a . G ra n ite  — ähn lich  zu m  M esozoikum  des B u d a e r  G ebirges — än d e rn  
n ä m lic h  d ie  S tre ifrich tung . N a c h  A uffassung von  V. S c h e f f e r  (1963) u n d  L. 
B e n d e f y  (1967) die P ilise r B ruch lin ie  kann  d u rc h  die K leine U ngarische 
T ie fe b e n e  m it der den n ö rd lic h e n  Teil der K le in e n -K a rp a te n  ab g renzenden  
O lv é d e r  L inie verb u n d en  w erd en .

W ir  können uns zu  d ie se r  K onzep tio n  n ic h t ansch ließen , da  w ir zw ar
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eine NW  F o rtse tz u n g  des B udaer S tre ifb ru ch es b e o b a c h te t h ab en , aber eine 
SO V erlängerung  n irgends zu en tdecken  v e rm o ch ten  (Gy. W e i n , 1969). W enn 
w ir zw ar die K ra is tid en -T eo rie  n ich t an n eh m en , soviel kön n en  w ir schon 
je tz t  festste llen , d aß  d er B u d aer S tre ifb ru ch g ü rte l ein S tru k tu rg ü r te l  von 
g rö ß te r  B edeu tu n g  und  v e rm utlich  lin e a m e n ta r tig  is t (Gy. W e i n , 1974). Die 
an d ere  sehr w ichtige F e s ts te llu n g , w elcher w ir N ach d ru ck  geben m üssen, ist, 
d aß  ein so großes A u sm aß  der B ew egungen, w elches schon den  B edingungen  
der D eckenb ildung  n ah e  k o m m t, ab er keinenfalls S c h o llen s tru k tu rb ild u n g  
zu nennen  ist. w eist d a ra u f  h in , daß  der U ngarische  M itte lg eb irg stro g  im  alt- 
a lp inen  Z yklus zum  A lp en -K arp a ten  S ystem  an g eh ö rte , d a m it organisch 
v e rb u n d en  w ar, seine E n tw ick lu n g  sich u n te r  g leichen B ed ingungen  und  zu 
gleicher Zeit vollzog. D em zufolge können  w ir h ie r bis zu r neogenen  Z erstücke­
lu n g s-S tru k tu rb ild u n g  von einer Z w ischenm aße n ich t reden . W enigstens die 
bis zu r Z agreb— K ulcs H a u p ts tru k tu r lin ie  sich en tw ick e lte  S tru k tu re in h e it 
(G. W e i n , 1969) die E ugeosynk linale  von Ig a l— B ükk in beg riffen  —  m üssen 
w ir als F o rtse tzu n g  d e r A lpen b e tra c h te n . D as von d er Z ag reb — K ulcs H a u p t­
s tru k tu rlin ie  südw estlich  gelegenes G ebiet is t du rch  an d ere  geologische Bil­
dungen au fg eb au t, w as a u f  die exotische Lage desselben  verw eisend , w irft 
das P rob lem  der A b stam m u n g  auf. Zugleich is t a n n e h m b a r, d aß  h ier schon 
w ährend  des a lta lp in en  Z yk lus sogar viel frü h er eine »U rtisia« ex is tie r te , welche 
m it dem  »O rien talischen  F estland«  von K . P e t e r s  (1857) u n d  E . M o já iso v ic  
(1880) id en tifiz ie rt w erden  kan n . W ir w ollen uns h ie r m it d ieser F rage  n ich t 
w eiter befassen, b loß d a ra u f  hinw eisen. w elche ungeheuere  B ed eu tu n g  der 
a lta lp in en  T ek to n o cy k lu s  im  K arp a ten b eck en  beizum essen is t, und  dessen 
äu ß e rs t w ichtige G egend — sozusagen in  Sch lüsse lste llung  — der »Budaer 
S tre ifb ruchgürte l«  w ar.

II. Der mesoalpine Tektonozyklus

a) Zeitabschnitt der Bewegungen epirogenen Charakters

D er m esoalp ine T ek to n o zy k lu s  is t nach  K o n so lid a tio n  d er a lta lp inen  
S tru k tu re ta g e  im  SW  Teil des U ngarischen  M itte lgeb irges (B akony) durch 
die T ransgression  des Senon, w ährend  im V értes, G erecse u n d  B u d a e r G ebirge 
n u r  du rch  das V ord ringen  des eozänen M eeres den B eginn  des N euen Z eit­
ab sch n itte s  angezeig t. Im  B u d aer G ebirge fan d , w äh ren d  d e r von  der oberen 
T rias bis zum  u n te re n  E ozän  (bzw . m ittle ren  Eozän) d a u e rn d e n  F es tlan d ze it 
eine V erk arstu n g , B a u x itb ild u n g  und  E rosion  s ta t t .  D ie A b trag u n g , wie das 
von Gy. B Á r d o s s y  (1961) fes tg este llt w urde, geschah  von S üden , aus der R ich­
tu n g  eines aus k ris ta llin e n  G esteinen au fg eb au ten  F es tlan d es  von größerem  
U m fang. Dieses F e s tla n d  w ar der nach d er oberen  T ria s  w ieder au fg e tau ch te  
B alaton-V elence G ra n itz u g  (der »Pelsoer R ücken« von T . S z a l a i ) . Die am
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g an zen  G eb ie t des U n g arisch en  M itte lgebirges w a rn e h m b a r, seh r s ta rk  e n t­
w ick e lte  P a läo k ars tfo rm en  la ssen  d a ra u f  folgern, d aß  das F e s tla n d  sich hoch 
ü b e r d e n  M eeresspiegel hob , e in  en tw ickeltes W assersy stem  besaß  u n d  von  
g ro ß er A u sd eh n u n g  w ar (A bb . 5). G em äß b isherigen  T ie fb o h ru n g san g ab en  
sind  w e d e r  im  Alföld, noch  im  süd lichen  D u n á n tú l — ausgenom m en den 
A lfö lder F ly sch tro g  und  die L in ie  des Ig a l-B ü k k er T roges —  eozäne B ildungen  
b e k a n n t.  D em gem äß, nach  dem  a lta lp in e n  T ek to n o zy k lu s  b eg in n t die H e ra u s­
b ild u n g  je n e s  konsolid ierten  B lo ck es von  großem  U m fang , w elchen  J .  P r i n z  

(1914, 1958) »Tisia<< n an n te .
I m  B u d ae r Gebirge d ra n g  d ie u n te reo zän e  T ran sg ression  —  w arschein- 

lich ä h n lic h , wie hei T a ta b á n y a  (F . S ó l y o m , I960) — in en tlan g  B rüche a b ­
s in k e n d e  lit to ra le  Becken ein. A nn eh m b arerw eise  —  zw ar bis H eu te  noch  n ich t 
n ach g ew iesen  — sind die K o h len b eck en  von S o lym ár, P ilisszen tiv án  und  
N a g y k o v á c s i d ieserart e n ts ta n d e n . D as A bsinken von  den  B ecken is t je d e n ­
falls z u r  la ram ischen  P hase  zu k n ü p fe n , und  es se tz t die e rs te  B ew egungsphase 
d ila tie re n d e n  C harakters des m eso a lp in en  Zyklus fest.
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Äbb. 5. D a s  nachweisbare  B ru c h sy s te m  d e r  E ozänen  (hauptsäch lich  Pyrenä ischen)  Phase  im 
B u d a e r  G eb irge  (Entw .:  Gy . W e in , 1974). 1. R ich tung  der Druckes ;  2. An Schollen u n d  Ge­
ste inen b e o b a c h te te  R ichtung der B e w eg u n g ;  3. Verwerfungslinien; 4. Überschiebungslin ien;

5. Fa l tenachse
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W ir m üssen bem erken , daß  g em äß  der neuen A uffassung  (G . K o p e k  
1968, G. K o p e k  T. K e c s k e m é t i  Б . D u d i c h , 1966) der b ish e r in  das u n te re  
E ozän  gereih te  B rau n k o h len k o m p lex  des B udaer G ebirges (M . H a n t k e n , 
1884; К . T e l e g d i - B o t h . 1923; I*. R o z l o z s n i k , 1935; E. S ző ts , 1952; L. G i d a i , 
1970) w ird  in das m ittle re  E ozän  e in g e re ih t. Sie b eh au p ten , d a ß  die eozäne 
T ransg ression  den no rdöstlichen  Teil des U ngarischen  M itte lg eb irg es  e rs t im 
L u te tie n  e rre ich te . W ir hab en  — bis e n d g ü ltig e r  E n tsche idung  d e r D iskussion  — 
den  u n te ren  K om plex  der eozänen Sch ich tenfo lge des B u d a e r  G ebirges m it 
den  K oh len lagern , der a lten  A uffassung  gem äß  in  das u n te re  E o zän  e ingereih t.

Das in itte leozäne Meer d ran g  n ach  e in er ku rzen  E m ersion  in  d er R ich tu n g  
des B udaer G ebirges vor u n d  ü b ersch w am m  es beinahe v o llk o m m en . Diese 
ep irogene B ew egung d e u te t die illy risch e  P h ase  an. Zu d ieser P h ase  knüpfen  
sich in  dem  U ngarischen  M itte lgeb irge und  so auch im B u d a e r  G ebirge die 
A nfänge des ch a rak te ris tisch en  n e u tra le n  V ulkanism us an . Seine Spuren 
fan d en  w ir auch  im  B udaer G ebirge. D ie, in  den lu te tischen  u n d  p riabon ischen  
B asisk o n g lo m era ten  gefundenen  zah lre ich en  A ndesit- u n d  sau e re  e ru p tiv e  
K iesel (F . S c h a f a r z ik , 1913; A. V e n d l , 1929; Gy. W e i n , 1974) u n d  die zwi­
schen lagernden , sieh nach oben v e rm in d e rn d en  A n d esittu ffe in lag e ru n g en  
d e u te n  die bis zum  u n te ren  O ligozän d au ern d e  vu lkan ische  T ä tig k e it  an. 
B o h ru n g en  hab en  b io titre iches G an g g este in  (B . W e b e r , 1962) u n d  A ndesit- 
gänge aufgeschlossen. W eite rh in  ein G rav ita tio n sm in im u m  lä ß t  d a ra u f  folgen, 
d aß  G esteine von m inderem  spezifischen  G ew icht als die k a rb o n a tisc h e n  - 
v o rau ssä tz lich  sauere, n eu tra le  V u lk an ite  —  sind in größeren T ie fen  v o rh an d en  
(Sz. O s z l a c k y , in : F . HoRUSiTZKY— G y. W e i n , 1962). Infolge d e r  p leistozänen  
T h e rm a lw a sse rtä tig k e it haben  te le th e rm a le  M ineralien und in  Z u sam m en h an g  
d a m it E lem en tan re ich e ru n g en  s ta ttg e fu n d e n . Aus all dies m ü ssen  w ir daran  
d enken , d aß  in  der Tiefe u n te r  d er T ria sb ild u n g en  des B u d a e r G eb irges, bzw. 
in  diese h ineinged rungen  sich eozäne V u lk an ite  befinden , m it w elchen  auch 
eine p rim äre  M ineralisierung  v e rb u n d e n  is t. Die Spuren d e r m itte leo zän en  
v u lk an isch en  T ä tig k e it können  w ir in  d e r L inie der B a la to n — V elence G ra n it­
k e tte -S tru k tu re in h e it  du rch  das B u d a e r  G ebirge bis R ecsk fo lgen  (V. S z é k y - 
F u x , 1957; Gy. W e i n , 1969). W enn w ir an  die M öglichkeiten d e r  P la t te n te k to ­
n ik  an  th eo re tisch en  F o lgerungen  d en k en , so können  wir aus d e r  L age u n d  dem  
A lte r der eozänen V u lkan ite  die Folge ziehen, daß es um  e in en  su b seq u en te r 
V u lkan ism us h an d e lt, w elcher m it dem  E n ts te h e n  des su b ta tr is c h e n  D ecken­
sy stem s, bzw. H o rs tg ü rte ls  u n te rg esch o b en en  K lippenzuges in  Z u sam m en h an g  
s te h t. E r is t ab e r auch e rk lä rb a r  d u rc h  en tlan g  der B a la to n -D a rn ö -L in ie  
erfo lg ten  S u b d u k tio n , oder d u rch  eine  S u b duk tion  von  en tg eg en g ese tz te r 
R ic h tu n g  en tlan g  der Z ag reb— K ulcs L in ie  (E . Sz a d e c z k y - K a r d o s s , 1971). 
D as eine schein t zweifellos zu sein, d a ß  die vulkanische T ä tig k e it ,  w elche m it 
g leichen M erkm alen, in derselben  S tre ifr ich tu n g , in g leichen  Z e ita b sc h n itt, 
en tlan g  L ineam en te  sich e n tfa lte te , tie fg re ifen d e  tek to n isch e  U rsach en  h a tte .
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V o rläu fig  k ö n n en  w ir noch  n ic h t  entscheiden, zu w elchem  tek to n isch en  G ü rte l 
sie sich  k n ü p f t .  N ach d er illy risch en  Phase le ite t  d ie  w eitere T ransg ression  
des o b e re n  E o zän  schon die p y ren ä isch e  P hase  ein.

b)  Pyrenäische Phase

D ie p y ren ä isch en  B ew egungen  sind zw eiphasig . In  der ersten  e rfo lg t 
ep irogenes S inken , w elches d ie  vollkom m ene Ü b ersch w em m u n g  des B u d a e r 
G ebirges v e ru rsa c h t. In  d ieser Z eit geraten  die h ö c h s te n  Gipfel und d er s ü d ­
liche T e il des G ebietes u n te r  d as  W asser des O b ereo zän en  Meeres.

D ie  zw eite  Phase sp ie lte  sich  am  E nde des o b e re n  E ozän , aber n ic h t v o r 
dem  U n te re n  O ligozän ah , u n d  ä u ß e rte  sieh in s ta rk e n  k o n tra k tiv e n  B ew egun- 
gen. Zu F o lge  des in N W — SO R ich tu n g  w irkenden  D ru ck es  sind vorw iegend  
SO gelegene, ste il ge rich te te  S ch uppungen  e n ts ta n d e n . M it den S chuppungen  
g le ichze itig  an  der N eigeseite s in d  auch m it der Ü bersch iebungsfläche  p a ra lle le  
V erw erfu n g en  e n ts ta n d e n , w elche zu den von J .  K ó k a y  (1950) aus dem  B a­
kony  b esch rieb en en  »assym m etrischen  K e ils tru k tu ren «  ähnlich  sind. Es is t 
k e n n z e ic h n en d  fü r diese B ew egungen , daß G este in  n u r  en tlang  der B rü ch e  
sich z e rs tü c k e lte , in reg ionalen  A usm aßen , was hei d en  T riasb ildungen  n irg en d s 
zu b e o b a c h te n  is t. Diese E rsch e in u n g  ist im a llgem einen  zu G ürteln g ek n ü p ft, 
oder iso lie r t  b e o b ach te t w erd en . D as schönste B eisp iel d er S ch u p p en tek to n ik  
der p y re n ä isc h e n  Phase k ö n n en  w ir im nördlichen S te in b ru c h  bei der P álvö lgyer 
G ro tte  b e o b a c h te n , wo die k a rn e r  »Raibler« S ch ich ten  u n d  F euerste in -do lom it 
sich a u f  d en  obereozänen  nu m m u liten -d isco cy c lin en  fü h re n d e n  K alkstein  a n s ta u ­
ten . B eso n d ers  beim  B au  d e r U -B ah n , an der S treck e  S ü d b a h n h o f-B a tth y á n y - 
P la tz  k a n n  m an  k lar sehen , d a ß  im  B udaer M ergel n o ch  a u f  kom pressive B e­
w egungen  w eisende h o rizo n ta le  V ersch iebungen  s ta t t f a n d e n  (Gy. W e i n , 1973), 
w äh ren d  in  den  u n te ro lig o zän en  T a rd e r S ch ich ten  b lo ß  einige V erw erfungen 
zeigen d en  g eän d erten  S til an . Diese w ar die zw eite , und  dam it die le tz te  
G eb irg sb ild u n g sp h ase  k o m p ress iv en  C harak ters in  d e r E n tw ick lungsgesch ich te  
des B u d a e r  G ebirges. N ach h e r ä n d e r t  sich g ru n d sä tz lic h  der tek ton ische  S til.

B e g in n  des Z erstü ck e lu n g s-Z eitab sch n itte s . D as O ligozän gehört a lte rs ­
m äßig  n o ch  zu r pa läo g en en  S tru k tu re ta g e , im  S inne  der g rundsätz lichen  
U m w a n d lu n g  des tek to n isch en  S tils  aber m üßte m a n  sie in  die neogene E tag e  
e in re ih en . N ach  der p y ren ä isch en  k o n tra k tiv e n  P h a se  d e r m ittlere , nörd liche 
und  w e s tlic h e  Teil des B u d a e r G ebirges w urde fü r  e ine  kurze Zeit F es tlan d , 
d an n  b e g in n t die oligozäne T ran sg ression  m it dem  »H ärshegy«-er S andste in . 
Am ö stlich en  G eb iet k ü n d e t d as  seich t w erdende u n d  sich  versüßende M eer 
m it F a z ie sä n d e ru n g  (T ard er S ch ich ten ) die po sitiv e  B ew egung  an. N ach dem  
kurz d a u e rn d e n  in frao ligozänen  E m porhehung  (In frao lig o zän e  D en u d atio n ,
K . T e l e g d i - R o t h , 1928) ü b ersch w em m te  die o ligozäne T ransg ression  das ganze 
B u d ae r G eb irg e . Die T ran sg ress io n  drang  en tla n g  sy n sed iin en tä re r B ru c h ­
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lin ien  vor. In  d ieser Z eit beg an n en  je n e  b e trä c h tlic h e — h a u p tsä c h lic h  N W — SO 
in k leinerem  M asse SW — NO g e r ic h te te — B ru ch sy stem e sich  auszub ilden , 
w elche auch im  N eogen  w eite rleb en d  jen e  tie fe  G rab en sy stem e  u n d  H orste  
z u s ta n d e b ra ch te n , w elche die m a rk a n te s te n  tek to n isch en  E lem en te  des B udaer 
G ebirges sind . Solche s ind  in  e rs te r L inie d er B ru ch  von P ilis, d e r G rab en  von 
S o lym ár und  Ö rdögárok . Im  G rab en  s te h t hoch d er K isceller T o n , m an ch er­
o rts  m ehrere  100 m  m ä c h tig , w äh ren d  er an  den  H orsten  sich  v e rd ü n n t und  
von  sand iger E n tw ick lu n g  is t. Im  oberen  O ligozän b eg in n t das G ebirge sich 
von  neuem  zu e rh eb en ; d er m ittle re  T eil is t  zu dieser Z eit schon  F es tlan d . 
D ie erste  P hase  d er c h a ra k te ris tisch e n  Z e rs tü c k lu n g s-S tru k tu rg e s ta ltu n g  
k ö n n en  w ir m it den  in  u n te re n -m ittle ren  O ligozän s ta ttf in d e n d e n  »helvetischen 
Bew egungen« (A. T o l l m a n n , 1966) sy n sed im en tä ren  C h a rak te rs  v e rk n ü p fen . 
H ie r  t r i t t  zuerst je n e r  tie fg re ifen d er U n tersch ied  zw ischen d e r tek to n isch en  
E n tw ick lu n g  des K a rp a ten b o g en s  u n d  der »Pannon ischen  Zw ischenm asse« 
au f, welche die H e rau sb ild u n g  d er je tz ig en  S tru k tu r  d er »Tisia« an k ü n d e t. 
D iese F rage  kurz  b e rü h ren d  m üssen  w ir zu e rs t d a ra u f  h inw eisen , d aß  die 
H erau sb ild u n g  des F ly sch -D eckensystem s der N o rd k a rp a te n  im  O ligozän 
b e g in n t und  b een d e t sich  b is E n d e  des T o rto n ien . Diese E p o ch e  is t  im  G ebiet 
d e r P annon ischen  Z w ischenm asse die Z eit der sog. » Z e rs tü ck lu n g s-S tru k tu r­
bildung« (Gy. W e i n , 1969). D azu  k n ü p f t sich der im  O ligozän b eg in n en d e r und 
im  N eogen seinen H ö h e p u n k t e rre ichender zw eiter su b se q u e n te r  V ulkan ism us. 
D ie im  m ittle ren  E o zän  s ta ttg e fu n d e n e n  m ag m atek to n isch en  V orgänge eines 
sub seq u en ten  V u lkan ism us w iederho len  sich also aber n ic h t am  gleichen O rt. 
W äh ren d  das D eckensystem  der ä u ß e ren  K a rp a te n  sich h e ra u sb ild e t, im  p an ­
nonischen B ecken v o llz ieh t sich g leichzeitig  die Z erstü ck e lu n g  u n d  zugleich 
fä n g t an  a u f  eine neu ere  S u b d u k tio n  h inw eisender su b se q u e n te r  V ulkanism us 
an . H ier k ö nnen  w ir zw ischen zw ei A lte rn a tiv en  w ählen. W ir k ö n n en  den 
neogenen  V ulkan ism us zu r S u b d u k tio n  der äußeren  K a rp a te n  k n ü p fen , oder 
n ach  E . S z a d e c z i c y - K a r d o s s  m it der schon e rw äh n ten  Z a g re b --  K ulcs, oder 
B a la to n — D arnö-L in ie  in  V erb in d u n g  b ringen .

111. D er neoalpine T ektonozyklus

a) Zeitabschnitt der Zerstückelung und  des neogenen V u lka n ism u s

D as B u d aer G ebirge h a t  sich  am  E n d e  des O ligozän ganz e rhoben . Im  
L aufe  des M iozän w ar es Inse l, d an n  H alb inse l zw ischen d en  m eeresüber- 
schw äm m ten  neogenen  Senken . In  dem  G ebirge stehen  u ns ü b e r  die Phasen  
d e r neogenen S tru k tu rb ild u n g  w enig B eo b ach tu n g en  zu  V erfü g u n g . Jenes 
können  w ir eher in  den  V ortiefen  u n d  an  e n tfe rn te ren  neogenen  G ebieten 
b eobach ten . Die m iozäne Schichtfo lge des R an d es des T é té n y e r  H ügelgebietes 
ze ig t die saw ische u n d  ste ierische B ew egungen du rch  V ersch iebung  d er K ü s te n ­
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lin ie  u n d  durch  D isk o rd an zen  an . D em gem äß is t an  d e r G renze O beroligozän- 
B u rd ig a lie n  (E g erien -E g g en b u rg ien ) die savische P h a se , zw ischen dem  u n te ren  
u n d  oberen  H elvet (O ttn a n g ie n -K a rp a tie n )  die a lts te ie risc h e  P hase , an  der 
G ren ze  vom  oberen H e lv e t-T o r to n  (B adenien) die ju n g ste ie risch e  P h ase  und  
en d lich  zw ischen T o rto n -(B a d ie n )-S a rm a t die M oldauer P h ase  fe s ts te llb a r  au f 
G ru n d  d er in  den In g re ss io n en  sich  äußernden  ep iro g en en  B ew egungen. Diese 
B ew egungen , welche gem äß  d e r  S tru k tu rfo rm e n  die neogene G ebilde d er P es te r  
E b e n e  u n d  der D unazúg-(V isegráder-)G eb irges a n rü h re n , h aben  sich n ic h t 
n u r  in  B ew egungen ep iro g en en  C h arak te rs , so n d ern  au c h  in E rn eu eru n g  der 
a lte n  B ru ch sy stem e u n d  in  E n ts te h e n  von  n eu en  g e ä u ß e rt (A bb. 6). D ie 
B ru c h lin ie n  sind vorw iegend  v o n  N W — SO, m an ch m a l v o n  SW — NO S tre ifrich ­
tu n g . D ie d ila ta tio n sa rtig e  K ru sten b ew eg u n g  (Z e rs tü c k e lu n g s-S tru k tu rg es ta l­
tu n g )  fo rm te  w eiter das te ils  schon  he rau sg eb ild e te  V erw erfungssystem  des 
B u d a e r  Gebirges u n d  g e s ta l te te  die V ortiefen  (B ecken  v o n  B icske, D u n azü g  
G eb irge , P es te r E bene, S ü d b u d a e r  G esänke). E s w a r ein c h a ra k te ris tisch e r 
u n d  w ich tig er V organg d iese r E poche  das W ied e rau fleb en  des P iliser B ru c h ­
sy s te m s . D er sich zu d iesem  S y s te m  k n ü p fen d er neogene n e u tra le  V ulkan ism us 
m u ß  eine w ichtige R olle b e i d en  m agm atischen  V o rgängen  gespielt h ab en . 
V i r  o rd n e n  den neogenen su b se q u e n te n  V u lkan ism us —  w elcher im  Sinne der 
P la t te n te k to n ik  die U rsache  d es  E n ts teh en s  des n e u tra le n  M agm as is t  — dem  
zw eiten  s ta rk e n  k a rp a tisc h e n  S u b d u k tio n sp ro zeß  zu , ab e r beim  E m p o rk o m ­
m en  des M agm as h a t  das P ilis e r  B ruchsystem  die H a u p tro lle  gespielt. D ie 
T a tsa c h e , daß  seine R ic h tu n g  m it  dem  alta lp in en  B ru c h sy s te m  zusam m enfä llt, 
u n d  w estlich  vom  R ruch  die n eogene  vu lkan ische  T ä tig k e it  p lö tzlich  au fh ö rt, 
s c h e in t zu  bestä tig en , d aß  d ieses im  neogenen sich e rn eu ern d es B ru ch sy stem  
seh r t ie f  d ran g  und  sich zu r je n e  lin eam en ta rtig e  Z one des B udaer S tre ifb ru ­
ches (B u d a e r K nickung) k n ü p f t ,  w elche am  E n d e  des a lta lp in e n  T ek tonozyk lus 
e n ts ta n d .

D ie T ransgression  des u n te rp an n o n isch en  Z w ischenm eeres h ä lt  die 
a t t is c h e  P hase  fest, w äh ren d  d a s  noch  s tä rk e re  V o rd rin g en  der oberpannon i- 
schen  See die S lavonische P h a s e  kennzeichnet. W ä h re n d  d ieser P h asen  sank  
sch n e ll d e r B ecken von B icsk e ; in  ih m  und  am  w estlich en  R a n d  des R u d aer 
G eb irges sind  N N W — SSO g e ric h te te  V erw erfungssystem e u n d  m it denen 
p a ra lle le  m ilde F a ltu n g en  e n ts ta n d e n . (A. F ö l d v á r i , 1932; S .  J a s k ó , 1939;
К . M i k e , 1963; L. S z a b a d v á r i , 1966). W ir b e tra c h te n  die im  B icskeer B ecken 
b esch rieb en en  W ölbungen  als »falsche W ölbungen«, w elche d u rch  E rh eb u n g  
d er d e n  U n te rg ru n d  b ild en d en  u n d  selektive B ew egung  ausfü h ren d en  T rias- 
S ch o llen  u n d  durch  K o m p a k tio n  en ts tan d en .
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Abb. 6. Das O ligozän-ple istozäne B ruchsystern  des B u d a e r  Gebirges (Z e i t a b s c h n i t t  der  Zer­
stückelung)  (E n tw .:  Gy . W e i n , 1974). 1. Bruch lin ie  u n b e s t im m te n  Alters;  2. O ligozäne  B ruch­
linie; 3. Miozäne, pliozäne Bruchlin ie;  4. Miozäne, p l iozäne F a l ten sa t te l ;  5. P le is to z ä n e  B ruch­

linie; 6. Ple is tozäne  selektiv  sich p o s i t iv  bewegende Scholle
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IV. D er Z e ita b sc h n itt der p le istozänen  Bew egungen

D ie  am  E nde des o b e ren  P an n o n  b eg in n en d e  R egression  fü h rte  zum  e n d ­
g ü ltig en  E m p o rtau ch en  des B u d ae r G ebirges. D ieses epirogenes E re ign is is t 
v e rm u tlic h  m it der o s tk a u k a s isc h e n  Phase g le ichzuste llen  und k ü n d e t die 
F o r ts e tz u n g  der neogenen  Z erstü ck e lu n g sp erio d e  an  (A bb. 7). Die q u a r tä re n  
B ew egungen  haben  w ir h a u p tsä c h lic h  deshalb  a b g eso n d e rt, weil sie m it s tü r ­
m isch  schnellen  se le k tie rte n  p seu d o d iap ira rtig en  B ew egungen die P rä g u n g  
d er sch n e ll in  G ebirge v e rw an d e ln d en  E poche des neoalp inen  T ek to n o zy k lu s  
in n e h a b e n . Am  E nde  des P lio zän , A nfang des P le is to z ä n  beg inn t die H a lb in se l 
d er T e r tiä re n d e  sich ra sch  zu  erheben und  w ä h re n d  der 2. Mill. J a h r e  des 
P le is to z ä n s  v e rw an d e lt sich  in  das B udaer G eb irg e . D ie E rh eb u n g  erfo lg t 
s tä t ig , m it  sich w iederho lenden  ak tiv en  A b sc h n itte n . D as Gebirge e n tw ick e lte

Abb. 7. Geologische K artensk izze  des B u d aer  Gebirges ( E n tw . :  G y . W e i n , 1974). 1. Neogen:  
2. O ligozän;  3. Eozän ;  4. T r ia s ;  5. P le is tozäne Verwerfungs- u n d  »Pseudodiap ir«s truk turen :  
6. M iozän-p liozäne  Verwerfung;  7. Oligozän-miozäne V e rw e r fu n g ;  8. Obere-eozäne V erw er ­
fung; 9. Obere-eozäne  Ü b e rsc h ie b u n g ;  10. Kreide (au s t r is ch -m ed i te r ran e  Ü bersch iebung):  
11. K re id e  (au s tr isch e -m ed i te r ran e  horizontale  V ersch iebung);  12. Kreide (austr ische-medi-  

t e r r a n e  horizontale  F a l te n t ro g ) ;  13. Verwerfung u n b e s t im m b a h re n  Alters
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sich n ich t e inhe itlich , die v o n e in an d e r m ehr oder w en ig er abgesonderten  
Schollen erhoben  sich m it v e rsch ied en er G eschw indigkeit. D ie  A bsonderung  
d er Y ortiefen  h a t sich fo rtg e se tz t (K . M o l d v a y , 1966). B esonders bezeich­
n en d  sind fü r  den  S til d er p le is to zän en  G eb irgsb ildung  d ie  p seudod iap ir 
(schollendiap ire , d iap iro ide) S tru k tu re n  (Gy. W e i n , 1974). Sie sind  ch a rak ­
te ris tisch e , k leinere  T rias-S cho llen , w elche die über ihnen  g le ichm äß ig  liegende 
eozäne-oligozäne S chich tfo lge sozusagen  d u rch b o h rten  u n d  h e u te  abgesonderte , 
sich steil em porhebende m o rp h o te k to n isc h e  Form en b ild en . D ie schönsten  
B eispiele d a fü r sind der G ellé rt-B erg , T ö rö k u g ra tó , Sas-B erg , R öka-B erg . Das 
m indere  A lter d er E m p o rh e h u n g  w ird  n ic h t bloß d u rch  die s te ile  paläogene 
M an te lb ildungen , sondern  auch  im  p le istozänen  Löß u n d  T ra v e r t in  gem essenen 
20° K ip p u n g en  b e k rä f tig t . E s s ind  au ch  n ich t selten a u f  h o riz o n ta le  V erschie­
bungen  verw eisende V erw erfu n g sp an zern . Je n e  sind a b e r  k e in e  Zeichen für 
reg io n a la rtig e  h o rizo n ta le  B ew egungen , sondern  stehen  m it d en  v e rtik a len  in 
V erb indung . B ezeichnend  is t d as  E n ts te h e n  von offenen B rü ch en , welche 
b u n te  lehm ige B reccia, oder m it p le is to zän en  T h e rm a lw a sse rtä tig k e it v e rb u n ­
dene te le th e rm a le  M ineralien , so h a u p tsä c h lic h  A ragonit u n d  K a lz it ausfüllen. 
Es is t  auch  gelungen e tlich e  zu sam m en h än g en d e  B ruch lin ien  am  Szabadság- 
berg  (S chw abenberg) u n d  am  O s tra n d  des G ellért-B erges a b zu so n d e rn . L e tz ­
te re  is t  bis zu r P e to f ib rü c k e  zu verfo lgen .

W ir m üssen d a ra u f  h inw eisen , d aß  die p leistozäne T h e rm a lw a sse r tä tig ­
k e it, deren  S puren  im  ganzen G eb ie t des B u d ae r S tre ifb ru ch es  zu  b eo b ach ten  
sind , auch  eine E ig e n a rt dieses sich  schnell em porhebenden  G ebirges ist. 
N u r in  dieser Z eit k o n n te n  jen e  h y d ro d y n am isch e  B ed in g u n g e n  Z ustande­
kom m en , w elche erm öglich ten , d aß  sich das senkende K a rs tw a s s e r  in  F o rm  
von  T herm alw asser em p o rströ m e  (M. V e n d e l , P. K i s h a z y , 1962).

W ir beabsich tig en  m it H ilfe  d e r  an  einzelnen B ach- u n d  D o n au te rassen  
e n ts ta n d e n e n  T ra v e rtin n iv e au s  —  w elche nach  einer sch n e lle r  ste igenden  
P hase  e in tre ten d e  R u h e  spiegeln  —  die ste igenden  P h asen  des p le istozänen  
A b sch n itte s  des B u d ae r G ebirges fe s tzu s te llen . Es gelang u n s  —  d en  am  G ipfel 
des Szabadság-(S chw aben-)berges V orgefundenen le v a n tin e r  S ü ß w asse rk a lk ­
s te in  inbegriffen  —  8 E rh e b u n g ss tu fe n  zu un te rsch n e id en . V on oben  nach  
u n te n :
V I I I .  T ra v e rtin n iv e au . 500— 420 m  M eereshöhe. S ü ß w asserk a lk ste in . Szabad- 

ság-B erg , K ak u k k -B erg .
V II . T ra v e rtin n iv e au . 240— 235 m  M eereshöhe. O stse ite  Széchenyi-B erg , 

M áriarem ete, h ö chste  N iveau  des T rav ertin zu g es von  B u d a k a lá sz  Ü röm .
V I. 200— 195 m  M eereshöhe.
V. 220— 195 m M eereshöhe.

IV . 180— 170 m M eereshöhe.
In  den V I— IV . S tu fen , te ils in  das ä lte re  P le istozän , te ils  in s  G ünz ge­

h ö ren d e  T rav e rtin n iv eau s  sind  oft schw er vone inander zu tre n n e n . D o rt, wo
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an  e in e r S telle , wie z. B . im  B u d a k a lá sz — Ü röm er A b s c h n it t  sich alle d rei, 
bzw . v ie r  N iveaus au sg eb ild e t h a b e n , is t es doch lö sb a r. D as Y. N iveau  h a t  
M. P é c s i  (1973) m it dem  den  v értesszö llő sch er M enschen  e rh a lten d en  N iveau  
id e n tisc h  genom m en, a u f  G ru n d  rad io m e trisch e r A lte rsb e s tim m u n g  als 350.000 
J a h r e  a l t  e rk lä r t u n d  es in  das G ünz-M indel In te rg la c ia l e in g e re ih t. N iveau  IY . 
m u ß  fo lg lich  u n te r  dem  G ünz v e rse tz t  w erden.

D as I I I .  T ra v e rtin n iv e a u , 160— 150 m M eereshöhe, k a n n  m an von Po- 
m áz d u rch  Ó bu d a  bis zum  M ária -B e rg  folgen. N eu lich  d e n k t m an  d aran , d aß  
d er S ch loß -B erg  (I. B ezirk  B u d a ) u n d  das kisceller T ra v e r tin n iv e a u  e n th ä lt te ils 
das V I. N iv eau  (Gy. S c h e u e r — F . S c h w e i t z e r , 1973). D as A lter w ird  a u f  
190.000 J a h re  geschätz t.

I I .  120 in M eereshöhe. A m C su cs-B erg is t gu t zu b e o b a c h te n . A lte r 70.000 Ja h re .
I . 107— 105 in M eereshöhe. D er junge Q u e llen k a lk s te in  des R óm aifü rdő

g e h ö rt hierher.
D ie endgü ltige  E rh e b u n g  a m  E n d e  des L e v a n tin s  k ö n n e n  w ir zum  e rs te n  

A b s c h n it t  der W elacher B ew eg u n g en  knüpfen . In  d iese r Z eit begann die T h e r­
m a lw a sse r tä tig k e it, der w ir d a s  E n ts te h e n  von  w e ite ren  T ra v e rtin n iv e au s  v e r ­
d a n k e n . N ach h er e n ts ta n d e n  d ie  am  S zabadság-B erg  b e o b a c h te ten  N W — SO 
g e ric h te te n , auch  den L e v a n tin e r  K a lk ste in  s tre ifen d en  V erw erfungen. D as 
E n ts te h e n  von  diesen k ö n n e n  w ir m it dem  W alach er I I .  A b sch n itt in  Z u ­
sa m m e n h a n g  b ringen . D er B ru c h  des Ö rdögárok  h a t  sich  w ahrschein lich  
in  d iese r Z e it, oder n ach h e r in  L au fe  des m ittle re n  P le is to z ä n , aber jeden fa lls  
n a c h  d e r H erau sb ild u n g  des IV . T rav e rtin n iv eau s  e rn e u e rt, w elchen w ir im  
M e tro sc h a c h t u n te r  V érm ező b eo b a c h te ten  (Gy. W e i n , 1973). Die V erw erfungs­
lin ie  b e rü h r t  schon den T ra v e r t in  des b u d aer Sch loß-B erges n ic h t, dagegen das 
já n o sb e rg e r  oberpannone  A b ras io n sn iv eau  rü c k t v o n  450 m  M eereshöhe in 
H ü v ö s-T a l u n d  R özsa-H ügel zu  275 m  M eereshöhe ab . D ie  gestaffelte  E m p o r­
h e b u n g e n , die in  der Z eit des E n ts te h e n s  der m itt le re n  p le is to zän en  T errassen  
e rfo lg ten , kn ü p fen  sich zu r P asa d e n a -P h a se . Schließ lich  d ie zwei le tz ten  E m p o r­
h e b u n g sp h asen  —  zu w elchen  d ie  I— II. T ra v e rtin n iv e a u s  gehören —• k n ü p fen  
w ir  zu  den  B akuer P h a se n . Ic h  m uß bem erken , d a ß  bei A bsonderung  der 
T ra v e rtin n iv e a u s  ebenso, w ie bei ih re r E in re ih u n g  in  B ew egungsphasen 
S chw ierig k e iten  und  U n s ic h e rh e ite n  v o rh an d en  s in d . D ieser vorg re ifender 
V ersuch , w elcher sich b e m ü h t d ie p le istozäne B ew egungen  des B u d aer G e­
b irges zu  reg istrie ren , k a n n  keinesfa lls als en d g ü ltig  b e tr a c h te t  w erden.

W en n  w ir als V erg le ich sn iv eau  zur P e s te r  E b e n e  d as  obere P an n o n  als 
B asis  n ehm en , dann  h a t  s ich  d as  B udaer G ebirge a u f  E in w irk u n g  der W alach er 
B ew egung  120 m, im  m itt le re n  P le istozän  infolge d e r  P a sad en ae r B ew egun­
gen  100 m  und  im  oberen  P le is to z ä n  infolge der B a ltisc h e n  B ew egungen 60 m 
e rh o b en . W enn w ir den  je tz ig e n  W asserspiegel d e r  D o n a u  und  die h ö c h s t­
gelegenen T h e rm a lw a sse r tric h te rn  zueinander m essen , so is t  das Maß d e r g an ­
zen E rh e b u n g  370 m.
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G leichzeitig  m it der gestaffelten  E rh e b u n g  des U ngarischen M itte lg eb ir­
ges u n d  in n e rh a lb  d iesen  des B udaer G eb irges w ährend  des P le is to z ä n , h ab en  
die K leine und  die G roße U ngarische T ie feb en e  periodische s in k en d e  B ew egun­
gen e rlitten . N ach  U n tersuchungen  von A. R ó n a i  (1972) d o rt, wo d ie  p leisto- 
zäne Schich tfo lge v o lls tän d ig  ist, so bei J á s z la d á n y  und M indszen t, k o n n te  er 
10 A b sch n itte  u n te rsch e id en . E r se tz t d iese  s inkende A b sch n itte  m it den  in 
U n g arn  fes tg ese tz ten  10 S tro m terassen  g leich , u n d  b rin g t den Z u sam m en h an g  
von  en tg eg en g ese tz ten  B ew egungen zw ischen  B eckenrahm en  u n d  B ecken  zum  
A usdruck . H e u te  k ö n n en  w ir die K o rre la tio n  —  besonders infolge d e r L ü ck en ­
h a ftig k e it un se re r K en tn isse  des P le is to zän s  d e r Berggegende —- n och  n ich t 
lösen, in  der Z u k u n ft w ird  aber eine w ich tig e  A ufgabe der P le is to zän fo rsch u n g  
die einzelnen P h asen  d er zwei iso sta tisch en  B ew egungen von e n tg eg en g ese tz te r 
R ich tu n g , m ite in a n d e r  zu synchron isieren .

Die aufs P le is to zän  bezeichnende B ew egungen  setzen sich w äh re n d  des 
H olozän  bis h e u te  fo rt. D ie rezen ten  B ew eg u n g en  haben n ich t n u r  v e rtik a le , 
sondern  nach  L. B e n d e f y  (1958) auch  h o riz o n ta le  B ew egungen v e ru rsa c h t.
L. B e n d e f y  ze rg lied e rt das B udaer G eb irge  in  drei E inheiten , d ie  a u f  G rund  
sek u lä re r B ew egungen  zu u n te rsche iden  s in d . D ie südliche T a fe l n e n n t er 
»B udaer Tafel«, d ie m ittle re  »Öbudaer«, d ie  nörd liche »A quincum er«. D em ­
gem äß weisen d ie w aag rech ten  K o m p o n e n te n  d er sekulären  B ew egungen  in 
der B u d aer T afel, w elcher südlich vom  Ö rd ö g áro k  sich e rs tre c k t, n a c h  SO. 
In  den  zwei n ö rd lich en  E inhe iten  m erk en  sie d ie  Bew egungen in  S —SW  R ich ­
tu n g . D er bis u n se ren  T agen  d au ern d e  A u fs tie g  des B udaer G eb irges is t b e ­
w iesen. W as dagegen  die w aagrech ten  re z e n te n  B ew egungen a n b e la n g t, so 
b ed ü rften  w ir noch  neu ere  Forschung, w e ite re  Beweise, weil w ir so lche reg io n a l­
a rtig e  B ew egungen w eder im  N eogen, n o ch  im  P leistozän  b e o b a c h te te n , und  
eben deshalb  deren  K o n tin u itä t  w ir n ic h t a ls bew iesen b e tra c h te n .

D as B u d a e r G ebirge u m ran d en d e  P e s te r  E bene, bzw. das in  je n e r  h e rau s­
gebildetes D o n a u ta l u n d  die Y ortiefe des B icsk ee r Beckens se tzen  d ie  je tz ig e  
L age des im  N eogen begonnenen G eb irg sb ild u n g s Vorganges fe st. D ie  te r tiä re  
In se l, d an n  H a lb in se l, w elche zeitw eise m e h r  o d er w eniger u n te r  W asse r gerä t, 
endlich  h a t  w äh re n d  des 2 Mill, jä h r ig e n  P le is to zän s seine je tz ig e  F o rm  e r­
re ic h t u n d  is t B u d a e r  G ebirge gew orden.

W enn w ir a u f  die E n tw ick lu n g sg esch ich te  des Gebirges zu rü ck b lick en , 
k ö nnen  w ir diese K o n tin u itä t  in gew issen B eziehungen  bis zu d en  a lta lp in en  
Z yklus b een d en d en  a u s tr isch -m ed ite rran en  P h asen  zu rück füh ren . D ie  H a u p t­
s tru k tu rr ic h tu n g e n  der A usbildung des » B u d aer S treifbruches« s in d  im  T e rtiä r  
m it D ila ta tio n sc h a ra k te r  neu aufgeleb t, u n d  so können w ir d ie  W irk u n g  der 
geerb ten  R ich tu n g en  in  den  T ertiä ren  V a lé r  G raben , Ö rdögárok , S o lym árer 
T al, P iliser B rü ch e  w iedererkennen . D ie h e u tig e  G esta lt des B u d a e r  G ebirges 
w u rze lt t ie f  in  d e r geologischen V e rg a n g e n h e it, durch w elche w ir au ch  die 
R ich tu n g  der Z u k u n f t zu erkennen  fäh ig  s in d . Die E n tw ick lu n g  d e r  Z u k u n ft
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is t im  p le istozänen  tek to n isch en  Stil des B u d a e r  G ebirges zu e rw a rte n . W eitere  
se lek tive  E rh eb u n g  des G ebirges, E n ts te h e n  von  lockernden  B rü c h e n  d i­
k tie re n d e n  C h a rak te rs , eine re la tiv e  V e rtie fu n g  der V ortiefen geben  die U m ­
risse des E n tw ick lu n g sstils  der näch stfo lg en d en  e tlichen  Mill. J a h re n  (A bb. 8).
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ТЕКТОНИЧЕСКОЕ РАЗВИТИЕ БУДАЙСКИХ ГОР (ВНР)
Д Ь . В Е Й Н

Р е з ю м е

Н а основе структурно-геологической реамбуляции, автор выделяет 4 фазы в текто­
нической истории окрестностей Будапешта: I. Палеоальпийскую, II. Мезоальпийскую, III.  
Неоальпийскую, IV. Плейстоценовую.

В раннеальпийском тектоноцикле различаются геосинклинальная эпоха (с ладина 
по конец триаса) и орогеническая эпоха альпийско-карпатского типа. Движения австрий­
ско-средиземноморской фазы создали сперва склады, потом поперечные разломы и чешуй­
чатую складчатость, и наконец горизонтальное смещение длиной 20—30 км. Так получи­
лось, что Балатонская тектоническая линия продолжается в линии Дарно.

Мезоальпийский тектоноцикл начался в эоцене, и характеризуется эпейрогенети- 
ческими движениями. Субсеквентный вулканизм андезитового состава по всей вероят­
ности связывается с субдукцией.

После последней компрессивной фазы (к концу эоцена) начался позднеальпийский 
цикл, с развитием систем дисъюнктивных разломов и передовых прогибов.

Плейстоценовая фаза отличается движениями типа «псевдодиапир» и активностью 
термальных вод. (Имеются 8 горизонтов травертина.)

Будайские горы продолжаются подниматься.
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CHANGES IN INTENSITY OF SALT AND COAL 
FORMATION IN THE NEOGENE

By

S .  J a s k ó

BUDAPEST

In  E u ro p e  and  in th e  N ear-E ast th ree  c lim a tic  zones de term ine  th e  sp a tia l 
ex tension  of th e  N eogene brow n coal and sa lt beds (F ig . 1). L is ted , from  th e  n o rth  
sou th w ard s, th ese  c lim atic  zones are as follows:

a) H u m id  and  sem i-arid  zone w ith  coal fo rm a tio n  b u t  w ith o u t ev ap o rite s.
b) Sem i-arid  tra n s it io n a l zone, locally w ith  coal fo rm atio n s, elsew here w ith  

ev ap o rite s.
c) A rid zone w ith  ev ap o rite s  and w ith o u t coal fo rm ations.
T his a rra n g e m e n t of th e  zones is based  on th e  fa c t th a t  w hen m oving n o r th ­

w ards th e  q u a n ti ty  o f e v ap o rite s  g radually  decreases in general, and th a t  o f th e  coal 
fo rm atio n  g rad u ally  increases.

I t  is re m a rk ab le  th a t  in th e  zone be tw een  th e  lo n g itu d es of 28 to  30 degrees 
th e  loca tion  of th e  tra n s itio n a l zone has been d isp laced  n o rth w ard s by  a d is tan ce  of 
5 to  6 la ti tu d e  degrees. T his d isp lacem en t w as p ro b a b ly  caused  by large-scale post- 
M iocene c ru s ta l m ovem en ts .

The sequence of th e  consecu tive  periods o f e v a p o rite  an d  coal fo rm ations can  be 
ex ac tly  recognized in  th e  c e n tra l  and w estern  p a r ts  o f th e  P a ra te th y s  as well as in 
th e  neighbouring  a reas (F ig . 2). In  those places N eogene sed im en tary  sequences rich  
in fossils an d  c lassifiab le  in d e ta il were form ed. T h is p ro v id es a good o p p o rtu n ity  for 
th e  e x ac t d e te rm in a tio n  of th e  geological age of each  b row n  coal an d  sa lt bed. T he 
g rap h s  of Fig. 3 a re  deduced  from  th e  d a ta  of th e  a rea s  m ark ed  in R om an  n u m b ers in 
Fig. 2. I t  can  he s ta te d  from  th ese  graphs th a t  in th e  c en tra l and  w estern  p a r ts  o f th e  
P a ra te th y s  (a reas No. I l l  IX .)  th e  tim e sequence of th e  fo rm atio n  of b row n coal 
and  sa lts  is ro u g h ly  th e  sam e  everyw here. T he in te n s ity  o f  ev ap o rite  fo rm atio n  assign­
able to  the  T o rto n ia n  (B a d e n ia n ) , fu rth e r th e  tra n s it io n a l decrease of coal fo rm atio n  
in th e  S a rm a tian  and  Low er P a n n o n ian  are a tt r ib u te d  to  th e  general change of c lim ate .

In  th e  o th e r a reas th e  geological even ts follow ed each  o th e r  w ith  sm alle r or 
g rea te r delays. I t  can  be s ta te d , in  general, th a t  in th e  second  p a r t  of th e  M iocene th e  
fo rm atio n  of ev ap o rite s  was a un iform  phenom enon . L arg e  q u a n tit ie s  of sa lt depositions 
an d  a n h y d rite  beds w ere fo rm ed  in C entral E u ro p e  in th e  B ad en ian , in th e  M ed ite r­
ra n ea n  in th e  M essinian and  in th e  Middle E as t in th e  G ach san an  resp. in th e  Low er 
F a rs  an d  these  form  a u n ifo rm , elongated  l i th o s tra tig ra p h ic  horizon.

G eophysica l m easu rem en ts  an d  deep-bores p u t  dow n in th e  b asem en t of 
th e  M ed ite rran ean  Sea in  th e  la s t decade rev ea led  h u g e  M iocene gypsum  an d  
ro ck -sa lt fo rm atio n s. N um erous new  theories tr ie d  to  ex p la in  th e  fo rm a tio n  
of M iocene ev ap o rites*  (H sü , 1972; R y a n  C i t a , 1972; N e s t e r o f f  e t  al., 
1972; C i t a , 1972; K o n r a d , 1973; S o n n e n f e l d , 1974 an d  1975; B e n s o n  

R u g g i e r i , 1974; D r o o g e r  1975; M a l o v i t s k y  e t a l., 1975). These P aleogeogra- 
p h ic  h y p o theses c o n ce rn  for th e  m ost p a rt th e  b a s in  o f th e  M ed ite rran ean

* F u rth e r , for sake of sh o rtn ess, th e  so-called d esicca ted  chem ogenic sed im en ts (a n ­
h y d r i te , gypsum , ro ck -sa lt, silv ite ) will he referred to  as ev ap o rite  o r sa lt fo rm ations a cc o rd in g  
to  th e  term inology  p roposed  by  E .  S z á d e c z k y - K a r d o s s  ( 1 9 3 0 ,  p. 34).
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sea i ts e lf . S tud ies as to  how  th e se  new  hy p o th eses  co rrespond  or c o n tra d ic t 
to  th e  fo rm erly  accepted  th e se  reg a rd in g  th e  Neogene of th e  E u ro p ean  
c o n t in e n t  a n d  con ta in ing  ro c k -sa lt an d  b ro w n  coal beds, h av e  b een  neg lec ted .

T h e  co n tras ts  and  re la tio n sh ip s  o f th e  fo rm a tio n  of e v ap o rite s  an d  coals 
w as f i r s t  em phasized  b y  E . S z á d e c z k y - K a r d o s s  (1927). T he ass ig n m en t of 
e v a p o r i te  fo rm atio n  to  c e r ta in  geological periods was also d e m o n s tra te d  
(E . S z á d e c z k y - K a r d o s s , 1930; L o t z e , 1938 an d  1965). T he o p tim a l con­
d itio n s  o f  coal fo rm atio n  in  gen era l w ere also discussed ( S t r a k h o v , 1967, 
p. 386 ; T i m o f e e v , 1968; L ő t t i g , 1971).

D e ta ile d  concrete in v e s tig a tio n  of such an aim  of th e  epochs o f the  
E u ro p e a n  Neogene has so fa r  b een  lack ing . T hus, b y  m eans o f sy s te m a tiz a tio n  
a n d  c r itic a l review  of tb e  d a ta  o f enorm ous q u a n ti ty  in th e  p a p e r  below  
th e  a u th o r  a tte m p ts  p o r tra y in g  in  a u n ifo rm  w ay  th e  re le v a n t fe a tu re s  of th e  
N eo g en e  as developed in  C en tra l an d  S o u th e rn  E urope  and  th e  M iddle E a s t.

I t  is well know n th a t  sa life rous sed im en ts are c h a rac te ris tic  fo rm atio n s 
of a r id  c lim atic  facies. S a lt fo rm a tio n  is essen tia lly  caused b y  th e  e v a p o ra tio n  
o f s a tu r a te d  solutions in  ra in less  areas. T he fo rm atio n  of coal b ed s , how ever, 
n eed s  a b u n d a n t p re c ip ita tio n  an d  a b u n d a n t v eg e ta tio n . C o n seq u en tly , coal 
fo rm a tio n s  can n o t develop to g e th e r  w ith  evaporites in  space or in  tim e 
(S z á d e c z k y - K a r d o s s , 1927, p . 485).

R eg a rd in g  the  M iocene c lim a tic  zones as well as th e  sp a tia l ex tension  
o f co a l a n d  evaporite  fo rm a tio n s  th e  follow ing s ta te m e n ts  o f u n iv e rsa l v a lid ity  
can  be  sa id  (Fig. 1). Three zones o f  n ea rly  W  E  strik e  h av e  d eve loped . L isted  
in a n o r th  to  so u th  d irec tio n  th e se  are as follows:
a) h u m id  zone and  sem i-arid  zone w ith  coal fo rm atio n s, w ith o u t ev ap o rite s .
b) S e m i-a rid  zone locally  w ith  coal fo rm a tio n s , elsew here w ith  ev ap o rite s .
c) A r id  zone w ith  ev ap o rite s , w ith o u t coal fo rm ations.

T h e  a rran g em en t of th is  ty p e  o f th e  zones is based  on th e  fa c t th a t ,  
w h e n  m o v in g  n o rth w ard s, th e  q u a n t i ty  o f evap o rites  g rad u a lly  decreases , and 
t h a t  o f  th e  coal fo rm atio n s in creases , in  general.

T1 íe fa c t can  be also o b se rv ed  th a t  w hen  m oving from  e as tw ard s  th e  
h u m id  c h a ra c te r  also decreases w ith in  th e  zones a an d  b. T he  coal beds are 
f r e q u e n t  in  th e  w est, b u t  c an  be fo u n d  a t  th e  foot of th e  fo rm er m o u n ta in s  
in  th e  e a s t. I t  is conspicuous t h a t  w ith in  th e  s tr ip  be tw een  th e  28 30 degrees
lo n g itu d e s  the position  of th e  tra n s it io n a l zone was d isp laced  in  N -  S d irec tion  
b y  a b o u t 5 to  6 degrees la t i tu d e . In  E u ro p e  th e  range of M iocene evaporites 
lies m u c h  fa r th e r  n o r th  th a n  in  A sia M inor. This difference is also re flec ted  
in th e  ex ten sio n  of coal beds. S o u th  o f 43 degrees la ti tu d e  on ly  a few  excep tions 
r e p re s e n t  th e  M iocene b ro w n  coal beds in  th e  E u ro p ean  c o n tin e n t. O n th e  
c o n tr a ry ,  in  A sia M inor th e  M iocene b ro w n  coal beds are f re q u e n tly  found  
a lso  a lo n g  the  37th degree o f la t i tu d e . T he a ssu m p tio n  seem s to  be p ro b a b le  th a t  
o r ig in a lly  th e  tra n s itio n a l zone e x te n d e d  from  th e  w est e a s tw a rd s  w ith o u t
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0 °  10° 20° 30° 40° 5 0 °  6 0 “

b ig . 1. R ange of M iocene c lim atic  zones. 1. A reas w ith o u t M iocene sed im en ts; 2. M iocene 
te rre s tr ia l, m arsh y , lacu str in e  an d  flu v ia tile  deposits; 3. M iocene m arine  sed im en ts  (w ith o u t 
ev ap o rite s); 4. Miocene m arin e  sed im ents w ith  gypsum , a n h y d r ite  and  rock  sa lt beds; 5. B row n 

coal occurrences; A. H um id  zone; B. S em i-arid  zone; C. A rid zone

an y  change, b u t  th e  large-scale P o st M iocene c ru s ta l m ovem ents d isp laced  th e  
E u ro p e a n  c o n tin e n t fa r th e r  n o rth  as co m p ared  to  A sia M inor. T h is a ssu m p ­
tio n  is su p p o rted  b y  th e  fa c t th a t  th e  M iocene sea-shore line tu rn s  to  th e  so u th  
a long  th e  V istu la  an d  D n este r, rou g h ly  in  th e  reg ion  of W arsaw , L vo v  (L em ­
berg) and  V inn itza .

R egard ing  th e  d e ta ils  th e  fo llow ing can  be s ta te d .
E a s t of th e  N e th e r la n d s  num erous b ro w n  coal beds were exp lo red  on th e  

G erm an —P olish  P la in  (Aj)* as well as a t  th e  n o rth e rn  foot o f th e  G erm an  
M itte lgebirge, E rzgeb irge  and  S u d e ten . The e a s te rn  m ost coal traces w ere found  
on th e  easte rn  b a n k  o f th e  riv e r B ug, n ear B rest ( M a n y k i n , e t ah , 1968, p . 63). 
O n th e  G erm an—P o lish  P la in  th e  Miocene has a te r re s tr ia l  facies p oo r in  fossils. 
M arine sed im en ts p ro v e d  also by  fossils are fo u n d  in  L ow er S axony  an d  Schles­
wig H olste in  from  th e  n o r th  ( H i n s c h — O r t l a m , 1974) resp . in  S ilesia from  
th e  so u th  ( L u c z k o w s k a  D y j o r ,  1971). T h u s, th e  coal-bearing  s t r a ta  of 
N o rth  G erm any  an d  P o lan d  can n o t be co rre la ted  e x a c tly  w ith  th e  fossil-rich 
s t r a ta  of m arin e  an d  b rack ish  facies of th e  P a ra te th y s . B y m eans o f  sed im en t- 
p e tro g rap h ic  and  pollen-spore analyses on ly  th e  fa c t could he d e te rm in ed  
th a t  th e  dep o sitio n  o f th e  Neogene te r re s tr ia l  sequence of th e  a rea  had  been

* The ty p es  and  n u m b ers in b rack e ts  d en o te  geological regions show n u n d e r th e  
sam e m arks in  Fig. 1.
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in  progress for a lo n g er geological tim e. T h u s , th e  low erm ost beds o f th e  sam e 
coa l occurrence are ass ig n ed  to  th e  U p p er O ligocène, its  m idd le  and  up p er 
b e d s  to  the Low er, M idd le , m oreover, to  th e  U p p er M iocene b y  d ifferen t 
e x p e r ts  ( D y j o r , 1970; C i u k , 1970; Z i e m b i n s k a  — N i k l e w s k i , 1966; A h r e n s  

L o t s c i i  T z s c i i o p p e , 1968; H u n g e r , 1953; H o l u b  S k o c e k , 1968).
No brow n coal a n d  lign ite  beds are m en tio n ed  from  th e  N eogene in  th e  

p la in  n o rth  of the  B lack  a n d  C aspian Seas (A 2). O nly  a t th e  foot o f the  so u th ern  
U ra l M ountains does a m in o r coal basin  occur ( M o k r i n s k i , 1962, p p . 439 
4 4 3 ; M a t v e e v , 1960, p . 421).

In  the  w estern  p a r t  o f  the  P a ra te th y s , i.e. in  th e  N eogene fore-deeps of 
th e  Alps and C a rp a th ia n s  (B, )  as well as in  th e  R hine g rab en  an d  in  N o rth  
I t a ly  th e  coal fo rm a tio n s  are in te rc a la ted  in th ic k  se d im e n ta ry  sequences 
b e in g  d istingu ishab le  b y  m arin e  fau n a , th u s  th e ir  ex ac t geological age can 
b e  de te rm in ed , in gen era l ( J a s k ó , 1973 an d  1975; M o r e t t i , 1962; N a s c i m b e n , 

1970 ; R a i l e a n u  G r i g o r a s , 1963; S u f , 1952; Z a p f e , 1956; e tc .).
Miocene brow n coal occurrences are  fo u n d  in  E urope  u su a lly  n o r th  of 

43° la titu d e . S ou th  o f th is  line only  ex cep tio n a l b row n coal beds w hich can 
b e  assigned  to  th e  M iocene can  be found . E .g . in  th e  so u th e rn m o st p a r t  o f the  
A p , ten ine  peninsu la ( C a s t a l d o  S t a m p a n o n i , 1975) and  in  A lb an ia  ( S h k u p i  

B i b a j a ,  1976) there  are  som e sm aller occurrences. W hen  d isregard ing  th e  brow n 
co a l occurrence in th e  so u th e rn  U rals th e  e a s te rn  b o u n d a ry  o f th e  M iocene 
b ro w n  coal beds can be d ra w n  as fa r as 29° long itude .*

Concerning th e  e x te n s io n  of ev ap o rite s  th e  follow ing can  be said . 
In  E u ro p e  th e  n o r th e rn m o s t occurrences o f M iocene ev ap o rite s  are  found  up 
to  50° la titu d e . The A q u ita n ia n  an h y d rite  and  ro ck -sa lt beds o f th e  R hine- 
v a lle y  are found here ( W a g n e r , 1953, p. 709; S c i i a d , 1964, p. 46).

N o evaporites a re  k n o w n  from  th e  n o r th e rn  fo re land  of th e  A lps. S ligh t 
a n h y d r i te  traces are fo u n d  o idy  in th e  n o rth e rn  p a r t  of th e  V ien n a  B asin , a t 
th e  C a rp a th ian  B a d e n ia n  b o u n d a ry  ( J a n a c e k , 1974, p. 81). In  th e  fo re­
d eep s  o f the  N o rth ern  C a rp a th ia n s  th e  f irs t g ypsum  and  ro ck -sa lt occurrences 
o c c u r w ith  18° lo n g itu d e  a n d  these  can  be tra c e d  as fa r  as th e  fo o t o f th e  
E a s te rn  and S ou thern  C a rp a th ia n s  dow n to  th e  Iro n  G ate  in  th e  so u th . The 
f in a l p a r t  of th is series e x te n d s  well in to  th e  area  o f B u lgaria , w here  gypsum  
w as ex p lo red  by  deep -bo res. T he evaporites of th e  fore-deeps of th e  C a rp a th ian s  
a re  fo u n d  in tw o ho rizons in  general, th e ir  m in o r p a r t  belongs to  th e  Low er 
M iocene , while th e ir  m a jo r  p a r t  can  be assigned to  th e  M iddle M iocene (B ad e ­
n ia n )  ( K w i a t k o w s k y , 1974 ,  p . 341; St o i c a , 1961, p. 252; P a r a s c h i v , 1975, 
p . 4 1 ;  J o v c h e v , 1961, p. 6 1 ;  etc .).

T h e  salt beds on th e  n o r th e a s te rn  m arg in  o f th e  P a n n o n ia n  B asin , in 
th e  T ra n sy lv a n ia n  B asin  a n d  in th e  T uzla Basin of Ju g o slav ia  w ere form ed

* T he geological age a n d  e x ten sio n  of the  b ro w n  coal beds of th e  P a r a te th y s  will be 
d isc u sse d  in  th e  second p a r t  o f th is  paper.
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also in the  M iddle M iocene ( J a n á c e k , 1974, p. 79; V i n o g r a d o v , 1975, p . 103; 
C u i p a g e a  P a u c a , 1970, p. 246; S o k l i c , 1961, p . 73).

I t  is re m a rk a b le  th a t  th e  a n h y d r ite  trace s  of th e  m iddle p a r t  o f  th e  
P a n n o n ia n  B asin  are of S a rm a tia n  age ( J á m b o r , 1976, p. 304) i.e. th e se  are 
y o u n g e r th a n  th o se  m entioned  above .

In  A sia M inor (B.,) n u m iro u s  N eogene b asin s  are found se p a ra te d  from  
one an o th e r. (R o u g h ly  schem atized , F ig . 1 show s only  th e  g rea tes t o f  th em .)  
T he N eogene s t r a ta  of those basins consist m o stly  o f m arine , p a rtly  o f te r re s tr ia l  
anil volcanic fo rm atio n s. Due to  co rre la tio n  d ifficu lties only th e  fa c ts  can  be 
s ta te d  th a t  th e  b row n  coal and  lig n ite  beds w ere form ed in each  b a s in  in d e ­
p en d e n tly  of one an o th e r in d iffe re n t horizons of th e  Miocene an d  P liocene . 
N um erous o ccu rrences are found  b u t  m ost of them  are in s ig n if ican t. T he 
only  im p o r ta n t occurrence is th a t  o f E lb is ta n , th is  is of U pper P lio cen e  age 
( B e c k e r  P l a t e n , 1974, p. 683; S t a e s c h e , 1972, p. 332).

In  th e  e a s te rn  p a r t  of A sia M inor gypsum  s tra ta  are f re q u e n tly  fo u n d  
in  m arine sequences; locally ro ck -sa lt is also fo u n d . The ex ac t geological age 
o f th e  ev ap o rite s  is unknow n. A ccord ing  to  N e b e r t  (1956, p. 84.) a n d  I r r l i t z  

(1970, pp . 22. an d  91.) these can be assigned to  th e  M iddle and  U p p e r M iocene, 
resp . to  th e  L ow er M iocene.

In  th e  en v iro n m en ts  of th e  C aucasus and  L ittle  Caucasus (B 3) o n ly  a 
poor coal fo rm a tio n  took  place in  th e  U pper O ligocène, in the  U p p e r M iocene 
and  in th e  P liocene ( M o k r i n s k i , 1962, p. 456.). H ere  a sed im en ta ry  seq u en ce  of 
m arine  facies an d  of g rea t th ick n ess  w as fo rm ed  d u rin g  th e  M iddle a n d  U p p e r 
M iocene in w hich  sign ifican t g y p su m  and ro ck -sa lt beds occur ( G a b r i e l i a n , 

1962, pp . 344. and  359; A l i z a d e , 1972, pp . 159. an d  161.).
In  th e  a rea  betw een  th e  C asp ian  Sea and  L ake A ral (B 4) g y p su m  beds 

are  f req u en t in  a m arine M iocene sed im en t and  locally  rock-sal is a lso  fo u n d  
( S m o l k o  S m i r n o v  P o p o v , 1972, pp . 337 365; S l i g i n  K o s t e n k o

G a l i t z k i , 1971, pp . 257 261.). H ere  th e  b o u n d a rie s  betw een  th e  th re e  zo­
nes can n o t be ex ac tly  traced  th u s  it  is possible th a t  the  w hole o f  th is  a rea  
ou g h t to  be assigned  to  the  arid  zone (m arked  b y  C).

In  th e  p a s t decade several e x p lo ra to ry  wells w ere carried  o u t to  ex p lo re  
the  b asem en t o f th e  M ed ite rran ean  Sea. E .g . in  th e  G ulf of L ions in  th e  w est 
(C r a v a t t e  e t a l., 1974), in  th e  m idd le  p a r t  of th e  basin  (C4) in  th e  T y rrh e n e a n  
an d  Io n ian  Seas (C2) ( N e s t e r o f f  e t  ah , 1972) as well as near th e  sho res o f Is ra e l 
in  th e  east (C3) ( D e r i n — R e i s s , 1973). N um erous hydrocarbon  e x p lo ra to ry  
wells were also drilled  in th e  A d r ia tic  Sea ( H a r k  S c h ö n e i c h , 1971).  O n th e  
basis o f these  bores and  g eo p h y sica l m easu rem en ts  th e  e v a p o rite -b e a r in g  
M essinian s t r a ta  co u ld  be d e te rm in ed  in th e  b asem en t also in th e  re c e n tly  
sea-covered a reas . I t  has been p ro v ed  th a t  th is  fo rm a tio n  is o f m u c h  g re a te r  
ex tension  in th e  d e p th  th a n  assu m ed  so fa r (M a l o v i t s k y , e t a l., 1975) .  In  th e  
te rre s tr ia l a reas eas t o f the M ed ite rran ean  Sea, i.e. in L ebanon , I s ra e l  an d
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J o rd a n ,  the M iocene se d im e n ts  are for th e  m o st p a r t  absen t. O nly  th e  te c to n ic  
d ep ression  of th e  J o r d a n  tre n c h  is filled w ith  a saliferous M iocene sequence 
( B e n d e r , 1968, p p . 89. a n d  162.).

F rom  the  e a s te rn  p a r t  of Syria fa r  to  th e  P ersian  G ulf enorm ous and  
co n tin u o u s  areas h id e  g y p su m  and saliferous d ep o sits  (C4). These are  found 
m o s tly  in the “ L ow er F a r s a n ”  sequence w h ich  can  be assigned to  th e  M iddle 
M iocene, and to  a sm a lle r  ex ten t in th e  L o w er M iocene “ D ib b a n e ”  s tr a ta  
( W o l f a r t , 1967; N a q u i b , 1967; M e t w a l l i  - P h i l i p , 1974; W e t z e l , 1974). 
T h e  evaporite-rich  s t r a ta  o f  Persia w hich are  p ro b a b ly  con tem poraneous w ith  
th o s e  of the  “ L ow er F a r s ”  are called “ G a c h a rsa n  F o rm a tio n ”  b y  several 
a u th o rs  ( G i l l — A l a , 1972 ; J a m e s  — W y n d , 1965; F a l c o n , 1974).

In  the m olasse z o n e s  o f  the  m o u n ta in  c h a in s  ly ing  south of th e  Caspian 
S ea  (C5) the gy p su m  b e d s  are  frequen t in  th e  U p p e r Oligocène an d  M iocene 
sed im en ts  (Qom F o rm a tio n ) ,  locally considerab le  h a lite  and sy lv ine beds were 
a lso  form ed. The N eo g en e  s t r a ta  of the  b a s in  iso la te d  from  one a n o th e r can n o t 
b e  co rre la ted  w ith  d e p o s its  occurring in e ith e r  th e  Caucasus or in th e  environs 
o f  th e  Persian  G ulf ( A s o v s k i , 1949, p. 70; S t ö c k l i n , 1974, pp . 225. and  230: 
A l a v i , 1972, p .  214.).

The a lte rn a tio n s  o f  th e  evaporite  an d  coal fo rm atio n  periods d u rin g  the 
N eogene can be well s tu d ie d  in  the central an d  w este rn  p a r t  of th e  P a ra te th y s  
as w ell as in the s t r a ta  o f  neighbouring  areas fa u n is tic a lly  ex ac tly  c lassifiab le. 
H e re  a good p o ssib ility  is p ro v id ed  for an e x a c t d e te rm in a tio n  of th e  geological 
age  o f each bed.

In  the fore-deeps o f  th e  young orogenic m o u n ta in s  the  th ick n ess  of the  
m a r in e , brackish a n d  f re sh w a te r  s tra ta  fo rm ed  in  th e  cen tra l an d  w estern  
p a r t  of the P a ra te th y s  a n d  in  the n e ig h b o u rin g  areas am oun ts to  5 6000
m e tre s . D uring th e  sa m e  perio d  the a d ja c e n t m assifs only  slig h tly  subsided  
a n d  m uch th inner se q u e n c e s  were form ed on th e i r  surface ( J a s k o , 1972, p .  

168 ; an d  1974, p .  91.). I n  th e  Middle M iocene m arin e  s tra ta  locally  gypsum  
a n d  rock -sa lt deposit w ere  accum ulated . L im nic  coa l fo rm ations are f re q u e n tly  
fo u n d  as initial and  f in a l m em bers of the  N eogene sequences. P a ra lic  beds are 
le ss  freq u en t, these lie in  th e  m arginal areas.

In  Fig. 2 the a rea s  m a rk e d  w ith d o tted  lines show  only te rre s tr ia l (lim nic, 
la c u s tr in e  and f lu v ia tile )  d ep o sits . The p a r ts  sh o w n  illu stra ted  b y  s trip es  are 
m o s tly  m arine b u t w i th o u t  an  evaporite  fo rm a tio n . In  th e  crossed areas 
g y p su m  and an h y d rite  b lo c k s  are found in  th e  m arin e  sed im ents. H a lite  and  
sy lv in e  deposits are sh o w n  b y  separate  sym bols.

On the basis o f  th e i r  reserves th e  M iocene brow n coal an d  lign ite  
o ccu rren ces are f ig u re d  b y  th ree  d ifferent signs (less th a n  50 m illion  tons, 
b e tw e e n  50 and 500 m illio n  tons, and m ore th a n  500 m illion to n s). In  the 
m a p  b o th  operating  a n d  ab a n d o n e d  mines are  sh o w n . N o tab ly , w h a t th e  m ap 
sh o w s is no t an eco n o m ic  geographical p o r tr a y a l  of th e  con tem poraneous
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s itu a tio n , b u t  ra th e r  th e  sp a tia l d is tr ib u tio n  of th e  ra te  of o n e -tim e  coal 
genesis an d  th e  b o u n d aries  o f generalized  econom ic geological reg ions o u tlin e d . 
C oncern ing  the  reserves o f coal num erous p a p e r  have been p u b lish ed . Som e of 
th e  m o st im p o rta n t one are th e  fo llow ing:
A u s tr ia :  P e t r a s c h e k , 1921 1922; K i r n b a u e r , 1967;
H u n g a ry:  V i t á l i s , 1939; B a r t k ó  H e g e d ű s  - K ó k a y , 1963;
Y ugoslavia :  M i l o j e v i c  Cic ic , 1971; S im ic , 1958;
R o u m a n ia :  R a i l e a n u  e t  al., 1963; P r o t e s c u , 1932;
B u lgaria :  J o v c h e v , 1960;
I ta ly :  P i L O T T i  Ca s t r o , 1933; Ca s t a l d o  - S t a m p a n o n i , 1975.

R eview s inc lud ing  th e  o th e r co u n trie s  of E u ro p e : B i s c h o f f  G o c h t , 

1970; G o r s k i  et al., 1972; S c h w a h n , 1958; H a v l e n a , 1964; M a k s a k o v s k i , 

1968; F r i e d e n s b u r g , 1965.
A lth o u g h  th e  used  d a ta  on m ineral resou rces were com piled  b y  d iffe ren t 

a u th o rs  and  accord ing  to  d iffe ren t p rin c ip les  and  in d iffe ren t tim e s , th e ir  
su m m arized  resu lts  can  he  relied on as in fo rm a tiv e  d a ta . M ap N o. 2 as well 
as th e  g rap h  of F ig . 3 w ere d raw n  on th is  basis. O ut of th e  97 b ro w n  coal 
d ep o sits  lis ted  below  58 (60 p er cen t) possess coal resources less th a n  50 m illion 
to n s . T h e  coal resou rces of 26 occurrences fa ll betw een  50 and  500 m illion  tons 
(27 p e r cen t) and  th e  n u m b er of d ep o sits  w ith  coal resources a m o u n tin g  to 
m ore th a n  500 m illion  tons is as low as 13 (13 p er cent).

T he M iocene b ro w n  coal and  lign ite  deposits  are as follows (in th e  sam e 
o rd e r as in Fig. 2).*
I .  The Lower R h ine  Valley and the coasts o f  the North Sea. 1. L im b u rg , 2. Low er 
R h in e  B ay , 3. H am b u rg , 4. K iel, 5. J i i t t la n d .
J /a . North-G erm an and Polish P la in , G erm an Central M o u n ta in s , Erzgebirge, 
northern foo t o f  Sudeten. 6. W este rw ald , 7. N ordhessen , 8. W itte n b e rg , 9. B orn- 
h au sen , 10. R hoen M o u n ta ins, 11. Leipzig , 12. W est L ausitz , 13. E a s t  L ausitz  
(L u sa tia ) , 14. L egn ica-S cinava, 15. G d an sk , 16. T rzc ian k a, 17. Z lochev, 
18. K o n in  (O dile), 19. B e lch a to v , 20. R ogozno , 21. Skiernicw icz, 22. M orysin, 
23. A d am o v , 24. B re s t, 25. S ilesian B asin , 26. T urow , 27. C h o m u to v  (K o m o tau ), 
28. Sokolov  (F a lk en au ), 29. Gheb (E ger).
I I .  M a in z  B asin  and R hine-trench. 30. M ainz B asin , 31. R h ine  T re n c h ,
I I I .  Northern fore-deep o f  the A lp s  and the environm ent o f  the V ien n a  B asin . 
32. T h u rg a u , 33. W irta to b e l, 34. N ö rd lingen , 35. W ackersdorf, 36. B udejov ice- 
T re b o n , 37. T rim m elk am m , 38. A m ste tte n , 39. G eras (L angau), 40 . W a rtb e rg , 
41. G lo g g n itz -P itten ,
I V .  Fore-deep o f the Northwestern C arpathians  (N o rem ark ab le  coal fo rm atio n s 
are  know n).

* T he g rap h s No. I -X . in Fig. 3 were c o n s tru c ted  from  the  d a ta  of g ro u p s  No. I —X. 
T h e  deposits  of groups I /a , IX /a  and  X /a  were neglected  in these c o n s tru c tio n s  because of 
c o rre la tio n  d ifficulties.
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500 m illion tons) 9. M ajor b row n coal deposit (m ore th a n  500 m illion tons); 10. Serial num bers and  b o u n ­

daries of coal and  sa lt regions
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V. N orthern margin o f  the P annonian  B asin . 42. H e re n d , 43. V á rp a lo ta , 
44. H an d lo v a -N o v ák i (N y itra b á n y a ), 45. M o d ry -K ám en  (K ü rtö s) , 46. S algó­
ta r já n , 47. N a g y b á to n y , 48. Ózd, 49. B orsod , 50. E d e lén y , 51. V ih o rlá t.
V I . T ransylvania . 52. B ra d , 53. A lm ásvölgy , 54. P e tro sen i-L u p en i (Zsil- 
va lley ), 55. M ehádia, 56. Bozovici.
V I I .  Fore-deep o f  the E astern  C arpathians. 57. L v o v , 58. T sh e rn o v tz i (Tscher- 
now itz ), 59. F a lc iten i, 60. B aia , 61. C om anesti, 62. R en i-V u lkanesti.
V I I I . Fore-deep o f  the Southern C arpathians and the M orava Trench. 63. M lade- 
n o v ac , 64. Z ajecar, 65. K u c a j, 66. P e tro v a c , 67. D esp o to v ac , 68. A ran d lje lo v ac .
I X .  Southwestern p a rt o f  the P annon ian  B asin  and the ad joning  depressions. 
69. K eu tsch ach , 70. L a v a n t ta l ,  71. K n itte lfe ld , 72. T au ch en , 73. B ren n b e rg , 
74. K öflach-V oitsberg , 75. Feldbach , 76. E ib isw ald , 77. P o ljan ce  (P ö ltsch ach ), 
78. R ad o b o j, 79. P e tr in ja ,  80. H idas, 81. P écsv á rad , 82. K a in en g rad , 83. K o to r-  
v a ro s  (B an ja  L uka), 84. Teslic, 85. U gljev ik , 86. B anov ic i.
I X j a .  Sm aller Neogene basins subsided into the D inarides. 87. L ivno , 88. B ugo jno , 
89. M iddle B osnian  B asin , 90. M osta r, 91. D u b n o , 92. Ja n k o v a -K lisu ra , 
93. A leksinac.
X/ a .  Southern m argin o f  the A lps. 94. V a lsu g an a .
X .  Depressions accom panying the Northern A p p en n in es . 95.V al d ’E lsa , 96 .C ecina, 
97. O m brione , G ro se tto .

To m ake easier th e  co rrelation  o f d iffe ren t sequences a n y  f in e r  s t r a t i ­
g rap h ic  classification  h as  been o m itted , thus F ig . 3 show s several p e riods as 
one u n it. C onsequen tly , th e  A q u itan ian  and  B u rd ig a lian  (E g g en b u rg ian ) w ere 
red u ced  to  Lower M iocene, the H e lv e tian  an d  T o rto n ia n  (C a rp a th ia n  an d  
B ad en ian ) to  M iddle M iocene. The S a rm a tia n  an d  B uglov ian  are in  th e  U p ­
p er M iocene, th e  M eo tian  and L ow er P an n o n ian  (P a n n o n ia n  s .s tr .)  in  th e  
L ow er Pliocene, th e  U p p e r P an n o n ian  (P o n tia n  s .s tr .)  and  D acian  in th e  
M iddle Pliocene, f in a lly  th e  R om an ian  and L e v a n tin ia n  in  th e  U p p e r P lio ­
cene.*

I t  can  be seen in  th e  graphs th a t  th e  fo rm a tio n  of b row n coal a n d  lign ite  
could  ta k e  place in  all periods of th e  N eogene b u t  w ith  a rea lly  d iffe ren t 
in te n s ity . I t  is consp icuous, how ever, th a t  a t th e  end  of M iocene an d  in  E a r ly  
P liocene tim e  th e  lig n ite  fo rm ation  decreased , an d  locally  co m p le te ly  ceased. 
In  th e  M iddle P liocene , how ever, s ig n ifican t lig n ite  fo rm a tio n  to o k  place 
again  in th e  areas o f th e  V ienna, P a n n o n ia n , D ac ian  an d  T h rac ian  B asins. 
A p p a re n tly , excep t th e  U pper M iocene and  L ow er P liocene periods, d u rin g  
th e  w hole Neogene c lim a tic  cond itions fav o u rab le  for coal fo rm a tio n  p re ­
d o m in a ted  in the  c e n tra l p a rts  of th e  E u ro p ean  c o n tin e n t. As to  w hen  and  
w here m ore or less coal fo rm ations developed , th is  w as d ep en d en t f i r s t  o f all 
on th e  tem p o ra lly  ch an g in g  pecu liarities of th e  local sed im en ta tio n  processes.

* In  th e  graphs th e  in te n sity  of sa lt fo rm atio n  is in te rp re te d  q u a n tita tiv e ly . T h u s, th e  
co n cep t of Szádeczky- K a rdo ss  d iverging from  th a t  o f  L o tze  has been ad o p ted .
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11. III. IV. V. VI. VII. VIII. IX.

F ig . 3. F requency  of coal a n d  e v a p o rite  fo rm ations acco rd in g  to  geographic  d is tr ib u tio n  and 
s tra tig ra p h ic  horizon (h ig h ly  sc h e m a tiz ed  graphs). I. L ow er R h ine  V alley  a n d  th e  shores o f 
th e  N o r th  Sea; II . T he M ainz B a sin  and  th e  R h in e  T ren ch ; I I I .  N o rth e rn  Fo re -d eep  of th e  
A lp s  a n d  th e  Vienna B asin ; IV . Fore-deep of th e  N o rth w e s te rn  C a rp a th ian s; V. N o rth e rn  
p a r t  o f th e  Pannon ian  B asin ; V I. T ran sy lv an ia ; V II . F ore-deep of th e  E a s te rn  C a rp a th ian s: 
V I I I .  Fore-deep of th e  S o u th e rn  C arp ath ian s an d  th e  M orava T ren ch ; IX . S ou th w este rn  
p a r t  o f th e  P annon ian  B asin  a n d  th e  adjo in ing  depressions; X . D epressions accom pany ing  
th e  N o rth e rn  A ppenines; 1. C oal fo rm atio n  w ith  sm all reserves; 2. Coal fo rm atio n s  w ith  
re se rv e s  of m edium  q u a n ti ty ;  3. Coal fo rm ations w ith  g re a t reserves; 4. E v ap o rite s  w ith  sm all 
re se rv e s ; 5. E v aporites with, re se rv e s  of m edium  q u a n ti ty ;  6. E v ap o rite s  w ith  g re a t reserves; 
7. F o o t  w all of th e  B a d en ian  e v a p o r ite  fo rm ations; 8. F o o tw all of th e  U p p er P an n o n ian  
D a c ia n  lignite  fo rm ations. 0 3 — U pper Oligocène; Low er M iocene; M2 — Middle
M io cen e ; M3 — U pper M iocene; P l t — Lower P liocene; PL  — M iddle P liocene; P l3 — U pper

Pliocene

In  the  ex te rn a l fo re -d eep  of the  C a rp a th ia n s , th e  T ra n sy lv a n ia n  B asin 
a n d  th e  P annon ian  B asin , e v a p o rite  fo rm atio n  to o k  place m a in ly  in  th e  M iddle 
M iocene, w ithin t lie T o r to n ia n . T he q u a n tity  o f ev ap o rite s  form ed in th e  Low er 
M iocene resp. in th e  U p p e r  M iocene is sm aller. F in a lly , th e  P liocene of E urope  
do es n o t  show any  tra c e  o f  g y p su m  or h a lite .

T he assum ption  seem s to  be p robable  th a t  th e  h igh  in te n s ity  o f ev ap o rite  
fo rm a tio n  in the  T o rto n ia n  as well as th e  tra n s it io n a l decrease o f coal fo rm atio n  
in  th e  S a rm atian  and L ow er P an n o n ian  can  be tra c e d  b ack  to  th e  sam e reason , 
i.e . to  th e  general change o f  c lim a te  in  th e  E u ro p e a n  c o n tin e n t. P h y to p a leo n to - 
lo g ic a l research  carried  o u t  in  d ifferen t co u n trie s  show ed, th a t  in  g enera l the  
c l im a te  in the  E a rly  an d  M iddle M iocene w as h u m id , in  th e  L a te  M iocene 
a r id ,  in  th e  P liocene a g a in  hum id  ( A n i c  1958, p . 191; B e r g e r , 1953, p. 
2 3 2 ; N a g y , 1967, p p . 98, 101; S c h w a r z b a c h , 1966, p. 60. an d  1974, p . 209. 
P l a n d e r o v a  1975, p . 386; B e n d a  &  S i c k e n b e r g  1975, p . 383.) T h is change 
w a s , o f  source, no t o f  th e  sam e  effect in  d iffe ren t areas since th e  local in flu ­
en ces  m ig h t also e ffec t m ic ro c lim a te .
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W hen th e  decisive effect of d ifferen t c lim a tic  changes up o n  th e  in te n s ity  
o f b row n coal and  e v a p o rite  fo rm a tio n  he accep ted , th e  q u e s tio n  m a y  arise 
th a t  th is  h ad  a co n tem p o ran eo u s effect n o t o n ly  on th e  E u ro p e a n  co n tin en t 
h u t  in  th e  basin  o f th e  M ed ite rran ean  Sea as w ell. In  the  la t te r  reg ion  the 
fo rm a tio n  o f th e  N eogcne ev ap o rite s  is re s tr ic te d  only  to  th e  M essinian. 
A ccord ing  to  th e  g enera l view , how ever, th e  M essinian is y o u n g e r th a n  the 
C en tra l E u ro p ean  T o r to n ia n  (B aden ian ). As to  several au th o rs  th e  M essinian 
is con tem poraneous w ith  th e  S a rm a tia n  and  L ow er P an n o n ian  (C i c h a , 1970, 
p. 25; Cic h a  S e n e s , 1971, p .  211 ; G i l l e t  F a u g è r e s , 1974, p. 1178.). 
A ccord ing  to  o thers th e  M essinian is co n tem p o ran eo u s w ith  th e  L ow er and 
U p p e r P an n o n ian  (S e l l i , 1970, p. 58; B a r t h a , 1971, p. 21; B e n d a  M e u l e n - 
k a m p , 1972, p. 562; B e r g g i ie n  e t al., 1974, p .  93; J i r i c e k , 1974 ,  p. 160). 
G r i v u l e s c u -A n d r e s c u  1976, p. 1024.) In  th e  P a ra te th y s  a re a  ev ap o rite  
fo rm atio n s are ra re  in  th e  S a rm a tian  an d  a b se n t in th e  P an n o n ian . 
In  th e  I ta lia n  m arine  sed im en ts  p ro b ab ly  co n tem p o ran eo u s w ith  th e  B aden ian , 
how ever, n e ith e r gy p su m  n o r sa lt is found . T hese co rre la tion  d ifficu ltie s  are 
re flec ted  b y  th e  d ifference  of co lum n X  from  th e  o thers (Fig. 3).

Two kinds of so lu tio n  of th is  a p p a re n t co n trad ic tio n  m a y  he offered:
a) The co rre la tio n  concep t o u g h t to  be changed , i.e. the  M essin ian  would 

he con tem poraneous w ith  th e  B ad en ian  and  n o t w ith  th e  P a n n o n ia n , th u s  the 
e v a p o rite  fo rm atio n  w ould  be synch ronous b o th  in th e  P a ra te th y s  and  in 
th e  T e th y s. This, how ever, is in w an t of b io s tra tig ra p h ic  ev idence , th u s  only 
S o n n e n f e l d  proposed  th is  p o ssib ility  so fa r (1974, p . 1143).

b) The co rre la tio n  classifica tion  is a ccep ted  w ith o u t a n y  ch an g e  and 
th e  fa c t will he assum ed  th a t  th e  effect o f c lim a tic  changes is d e lay ed  in the 
reg ion  of th e  M ed ite rran ean  Sea as com pared  to  C en tra l E u ro p e .

W hen  accep ting  th is  la t te r  v a ria tio n  th e  fa c t should  he ta k e n  in to  account 
th a t ,  sim ilarly  to  th e  fo rm a tio n  o f o th e r sed im en ts , th a t  of e v a p o rite s  is also 
a ffec ted  h y d iffe re n t local fac to rs (e.g. geom orphological co n d itio n s, S z á d e c z k y - 
K a r d o s s , 1927).

I t  is well know n  th a t  th e  lo t o f in lan d  seas is d e te rm in ed  b y  th e  ra tio  
of th e  ev ap o ra tin g  w a te r  and  of ra in  w a te r, fu r th e r  b y  th e  d isch arg e  of the 
incom ing  rivers as well as by  th e  size and  d irec tio n  of th e  jo in in g  s tr a i t  com ­
m u n ica tin g  w ith  th e  ocean. W hen  e v a p o ra tio n  is g rea te r th a n  th e  w ater 
su p p ly , the  basin will be dried . W hen  th e  fre sh w ate r su p p ly  is g re a te r  th an  
th e  ev ap o ra tio n  (p re c ip ita tio n  an d  w a te r in flow ), th e  w a te r will be g radually  
lim nified , the  w a te r  su rp lu s  b reak s  leaks to  th e  ocean. W h en , how ever, the 
fre sh w a te r su p p ly  is s lig h t, b u t  th e re  is a p o ssib ility  to  w a te r  in flo w  from  the 
ocean , evaporites will p re c ip ita te  in  th e  b as in . In  sem i-arid  zones th e  effects 
o f these  processes are  m an ifested  in d iffe ren t m easures as a fu n c tio n  of space 
an d  tim e . In  th is  sense it  can  be u n d e rs to o d  th a t  in th e  M iddle  Miocene 
a n h y d rite  and ro ck -sa lt deposits  were fo rm ed  in th e  c o m p a ra tiv e ly  closed
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b a y s  a n d  stra its  of th e  P a r a te th y s ,  and in o th e r  b a s in  p a r ts  th is  p h enom enon  
d id  n o t  occur. In the  M id d le  M iocene no m a jo r r iv e r  n e tw o rk  ex is ted . Along 
th e  l in e  o f the recent G e rm a n  M itte lgebirge, E rz g e b irg e , S udeten  an d  Podolia  
R id g e  a f la t  w atershed w as e x te n d in g  and th e  r iv e rs  n o r th  of it did n o t supp ly  
th e  P a ra te th y s .  The a n c e s to r  o f  th e  recent r iv e r  n e tw o rk  s ta r te d  to  fo rm  only 
a t  th e  e n d  of the M iocene, re s p . in the P liocene, w h en  the  con n ec tio n  w ith  
th e  o c e a n  was broken an d  th e  basin  parts  becam e successively  lim n ified  and 
f ille d  u p  b y  alluvium . D u r in g  th e  same period  th e  sea p red o m in a ted  in the  
e n v iro n s  o f the M ed ite rran ean  Sea and in th e  M idd le  E a s t.

I n  th e  zone of tr a n s i t io n  betw een  hum id  a n d  arid  c lim ates th e  sp read  
o f v e g e ta t io n  producing th e  b ro w n  coal beds w as in flu en ced  also b y  paleo- 
g e o g ra p h ic a l conditions. In  th e  m ounta ins m ore  p re c ip ita tio n  fell, th u s  a t 
th e i r  fo o t  forests and m a rsh e s  could  exist w hile  in  th e  sem i-arid  p la in s  only 
s te p p e  v eg e ta tio n  could be  a v a ilab le . U nder th e  tra n s itio n a l c lim ate  each 
s u b s e q u e n t  clim atic change h a d  its  own effect. C o n seq u en tly , in  th e  M iocene 
se q u e n c e s  of Europe th e  g eo h is to rica l changes o f  th e  fac to rs  in flu en c in g  tin- 
s e d im e n ta t io n  can be ea s ily  t r a c e d .

T h e  enclosed m aps sh o w  to g e th e r the  coal fo rm a tio n s  and  ev ap o rite s  
fo rm e d  d u rin g  the w hole M iocene. B y d raw ing  se p a ra te ly  the se d im e n ta ry  
g eo lo g ica l m aps of th e  L o w e r, M iddle and U p p e r M iocene, th e  d ifferences 
b e tw e e n  each  stage could  h a v e  been illu s tra te d . T h e  ex ac t e lab o ra tio n  of 
su ch  a  s tu d y  needs, h ow ever, f u r th e r  in v estig a tio n s.

T em p o ra rily , th e  s ta te m e n t  should be ac c e p ted  th a t  in th e  second p a r t  
of M io cen e  a relatively  sh o r t  b u t  ra th e r  w ide-sp read  e v a p o rite  fo rm a tio n  took  
p la c e . T h e  B adenian in C e n tra l  E u ro p e , the  M essin ian  in  th e  env irons o f the  
M e d ite r ra n e a n  Sea, th e  G a c h s a ra n , resp . the L ow er F a rs  s tr a ta  in th e  M iddle 
E a s t  sh o w  huge rock-sa lt a n d  a n h y d rite  beds w h ich  can  be traced  over in 
g re a t  d is ta n c e s  and form  a c o n tin u o u s  l i th o s tra tig ra p h ic  horizon. I t  is p ro b ab le  
t h a t  th e s e  form ations d e v e lo p e d  n o t a t the  sam e p o in t of th e  ab so lu te  age 
c h ro n o lo g ic a l scale. T heir fo rm a tio n , how ever, is th e  sam e, c h a ra c te r is tic  
f e a tu re  o f  th e  areas q u o ted  a b o v e  and  can be sa tis fa c to r ily  sep a ra ted  from  th e  
p re c e d in g  an d  subsequent g eo log ica l events. A n o th e r  p ecu lia r ev en t w as th e  
fo rm a tio n  o f lignite beds in  t h e  V ienna, P a n n o n ia n , D acian  and  T h rac ian  
B a s in s  a t  th e  end of th e  P lio c e n e  sed im en ta tio n . T h is , how ever, sp read  over 
a m u c h  sm alle r region th a n  th e  M iocene ev ap o rite  fo rm a tio n .

P re c e d in g  this ev ap o rite  fo rm a tio n  the  period  b e tw e e n  th e  L a te  O ligocène 
w o rld -w id e  regression an d  M id d le  Miocene tra n sg re ss io n  had been su itab le  
fo r co a l fo rm atio n . The b ed s  fo rm e d  during th a t  tim e  can n o t be obv iously  
o b se rv e d  on  the  sketches sh o w n  in  F ig . 3. This is p ro b a b ly  due to  th e  fa c t th a t  
d e p e n d in g  on local cond itions th e s e  coal beds occur e ith e r  as to p m o st m em bers 
o f th e  L a te  Oligocène reg re ss io n  o r as in itia l m em b ers  of th e  tran sg re ss iv e  
s t r a ta  o f  d iffe ren t Miocene h o riz o n s .
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L otze has a lready  c rea ted  th e  ru le  of “ co n te m p o ra n e ity ” , i.e. th e  in te n ­
s ity  of sa lt fo rm atio n  reaches its  m ax im u m  a t  th e  sam e tim e  also in  fa r th e r  
ly ing  areas. A ccording to  him  th is  is va lid  also of th e  coal fo rm a tio n  ( L o t z e , 

1957, p . 188. and  1938., p. 152.).
All th e  a fo re -m en tioned  fac ts  m ake th is  ru le  va lid  also of th e  N eogene 

o f E u ro p e  and o f th e  M iddle E a s t. I ts  h a rd -a n d  fa s t ap p lica tion , h o w ev er, is 
possib le  only  w ith in  each  iso d iastro p h ic  reg ion  a t  least, since am ong  th e  areas 
o f d iffe ren t evo lu tion  th e re  are  ce rta in  phase  d isp lacem en ts.
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ИЗМЕНЕНИЯ ИНТЕНСИВНОСТИ ОБРАЗОВАНИЯ УГЛЯ И СОЛИ В НЕОГЕНОВОЕ
В РЕ М Я

ш. яш ко

Р е з ю м е

Пространственное распространение неогеновых месторождений бурого угля и 
каменной соли в Европе и на Ближнем Востоке определяется тремя климатическими зона­
ми (рис. 1). Перечисленные с севера на юг, эти климатические зоны следующие:

A) Влажная и полусухая климатическая зона с угольными месторождениями, но без 
эвапоритов.

Б) Полусухая (переходная) климатическая зона местами с угольными образова­
ниями, а на других местах с эвапоритами.

B) Аридная климатическая зона с эвапоритами, без уголовных пластов.
Такое распределение зон обусловлено тем, что в направлении с юга на север коли­

чество эвапоритов обычно постепенно уменьшается, в то время как количество угольных 
образований постепенно увеличивается.

Любопытно, что в полосе между 28 30° долготы, местоположение переходной кли­
матической зоны сдвинуто на примерно 5 — 6° широты в направлении с севера на юг. Такие 
сдвиги вызваны, повидимому, интенсивными послемиоценовыми движениями земной коры.

Порядок периодов эвапорито- и углеобразования, последовавших друг за другом, 
хорошо опознается в центральной и западной частях Паратетиса, а также в сопредельных 
с ними районах (рис. 2). Дело в том, что здесь образовались неогеновые толщи, богатые 
ископаемыми организмами и поддающиеся более дробному расчленению. В связи с этим, 
вполне возможно точное определение геологического возраста отдельных пластов бурового 
угля и каменной соли. В результате обобщения частичных данных участков, указанных 
римскими цифрами на рис. 2, были составлены графики, приведенные на рис. 3. Из этих 
графиков вытекает, что в центральный и западной частях Паратетиса (участки III IX) 
временная последовательность соле- и буроуглеобразования была более или менее одина­
ковой повсюду. Интенсификация в тортонском веке (бадениен) образования эвапоритов, а 
затем временное уменьшение углеобразобания в сармате и раннем панноне были обуслов­
лены всеобщим изменением климата.

В других участках геоисторических событий последовали друг за другом с большей 
или меньшей задержкой. Все же можно сделать общий вывод, что эвапоритообразование 
было всеобщим процессом во второй половине миоценовой эпохи. Огромные по количеству 
запасов месторождения каменной соли и ангидритов проявляются в отложениях бадениена 
в Центральной Европе, в слоях мессиниано в районах Присредиземноморья и в отложе­
ниях гахсарана и нижнего фарса на Ближнем Востоке, причем они образуют выдержан­
ный литостратиграфический горизонт, прослеживаемый на больших расстояниях.
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In  th e  D a n u b e —Tisza In te rflu v e  of th e  G re a t H u n g a rian  P la in  num erous saline 
lakes and sed im en ts  form ed in fo rm er soda lak es a re  found . T hese  lakes w ere fo rm ed 
in  th e  depressions am ong th e  b low n sand  du n es o f NW  — SE  d irec tion  p roduced  b y  
th e  p revailing  w in d . L ate  P le istocene loess or H olocene  b low n sand  lie a t  th e  b o tto m  
of th e  lacu strin e  sedim ents.

T he c lim a te  of th e  D anube  T isza In te rf lu v e  is c o n tin e n ta l charac te rized  b y  
w arm  sum m er an d  freq u en tly  by d ry  periods o f severa l w eeks w ith o u t p rec ip ita tio n . 
U nder such co n d itio n s  and  due to  s tro n g  ev ap o ra tio n  th e  dissolved salts a re  concen­
t ra te d  in th e  w a te rs  of lakes of several d ecim etres d e p th  an d  th is  is increased by  th e  
sa lt-rich  g round  w a te r  supply . T he local te rm  of th is  specific sed im en ta tio n  en v iro n ­
m en t is sem yek .

Since th e  E a rly  H olocene lim e and d o lom ite  hav e  been p rec ip ita ted  from  th e  
basic w a ter o f  h ig h  sa lt co n ten t ju s t  because o f d iffe ren t facto rs. M ajor p a r t  of lim e 
gas tran sfo rm e d  in to  early  d iagenetic  dolom ite.

In  th e  d ep ressed  areas su rro u n d in g  th e  lak es th e  saline g round  w a te r ev ap o ra te s  
and th is re su lts  in  th e  fo rm atio n  of lim y-sodaic  so lonchak-so lonetz  ty p e  soils. P a r t  
of th e  soda p re c ip ita te d  on th e  surface  is dissolved b y  ra in w ate r  an d  th is  also co n trib ­
u tes  to  th e  increase  o f a lk a lin ity  in th e  lakes.

In tro d u c tio n

W ith in  th e  m arin e  and  te rre s tr ia l se d im e n ta tio n  areas num erous sm aller 
b u t  ch a rac te ris tic  en v iro n m en ts  can  be o bserved  an d  each o f th em  produces 
a specific se d im e n ta ry  facies. W ith in  the  te r re s tr ia l  sed im en ta tio n  f lu v ia tile , 
lacu strin e , eolian , g lacial, e tc . en v iro n m en ts  can  be d istingu ished .

In  th e  D a n u b e  Tisza In te rf lu v e , one o f  th e  special areas of c h a ra c ­
te r is tic  geological s tru c tu re  of th e  G rea t H u n g a ria n  P la in , special la cu s trin e  
sed im en ta tio n  h as  been  in progress (F ig. 1). T h e  geological s tru c tu re , th e  
hydrogeological co n d itio n s of lakes, th e  m orph o lo g y  an d  clim ate  of th e  area  
as well as th e  liv in g  w orld  of th e  lakes have fo rm ed  a pecu lia r sed im en ta tio n  
an d  w hich has b een  unique in th e  te rre s tr ia l sed im en ta tio n  also on a w orld  
scale. In  th is  p a p e r  th is  sed im en ta tio n  p rocess and  th e  re la ted  sed im en ts 
are in troduced  in  o rd e r to  en large th e  know ledges needed b y  th e  geological 
ac tua lism .
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Fig.  1. Geological m ap of th e  D a n u b e —T isza In te r f lu v e  and  th e  ex ten sio n  o f th e  semyelc 
( re c e n t  a n d  form er lacu strin e  se d im e n ta ry  en v iro n m en ts). 1. A lluv ium ; 2. R ed ep o s ited  loess; 
3. S o d a ic  loess and c lay , san d ; 4. B low n  sand ; 5. Loessic sand ; 6. T y p ica l loess; 7. A lluvial 

loess; 8. C layey loess; 9. S em yek ; 10. L o ca tio n  of th e  p rofile  o f F ig . 2

Geological Setting and Q uaternary Evolution  o f  the Danube T isza  In terfluve

In  th e  E a rly  P le istocene  th e  d irec tio n  of flow  of th e  D an u b e  w as d iagonal, 
i.e . to  th e  sou theast in s te a d  o f th e  re c e n t N —S direc tion . T h is d irec tio n  was 
c h a n g e d  p ro b ab ly  in th e  G iinz — M indéi in te rg lac ia l and  th e  r iv e r  s ta r te d  to  
fo rm  i ts  recen t va lley  su b se q u e n tly . T h e  w inds of p rev a ilin g  N W -d irec tio n  
in d ic a t in g  th e  P leistocene g lac ia l p e riods b lew  large  q u a n titie s  o f san d s  from  
th e  D a n u b e ’s flood p la in  a n d  dep o sited  o n to  th e  D an u b e  T isza In te rf lu v e . 
T h e  n ea r-su rface  horizon o f th e  D an u b e  T isza In te rf lu v e  is b u ilt  u p  b y  th is  
m a te r ia l  and  by  loess d e riv in g  fro m  th e  fa lling  d u s t of th e  glacial p e rio d s  (Figs 
1 a n d  2 ). C onsequently , a t  th e  en d  o f  th e  P le istocene  th e  surface of th e  D an u b e  — 
T isza  In te r f lu v e  was covered  b y  loess an d  b low n sand  (I. M i h á l t z , 1953- 
В . M o l n á r , 1973).
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Fig. 2. Geological profile in the  D a n u b e —Tisza In terf luve  according to Miháltz, I. (1953). 1. Loess. 2. Blown sand:  3. Clay; 
4. Silt; 5. Fine-grained sand ;  6. Medium-grained sand; 7. Gravelly sand; 8. H um ic  s t ra ta ;  9. C arbonate  rock
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In  th e  H olocene th e  c lim ate  has co n sid e rab ly  changed  also  in  the  
D a n u b e  Tisza In te r f lu v e  an d  has becom e w arm er as com pared  to  th e  fo rm er 
p e r io d s . The clim ate o f H olocene, how ever, has been  no t un ifo rm  since cool, 
w a rm  d ry  and w arm  h u m id  periods have a lte rn a te d  each o th er. S ed im e n ta tio n  
fo llow ed  these a lte rn a tio n s . T he b low n san d  deposited  during  th e  P le istocene  
m o v e d  less in the h u m id  a n d  to  g rea te r e x te n t  in  th e  d ry  periods. T he blow n 
s a n d  h a s  been arranged  b y  th e  w ind of p rev a ilin g  N V —SE d irec tio n  in to  dunes 
o f N W  — SE d irection  a n d  am o n g  the  dunes e longa ted  depressions developed . 
W h e n  th e  clim ate b ecam e  w arm er and  th e  g ro u n d  w ater rose, p a r t  of these  
d ep ress io n s  was filled  w a te r , th u s  in  th ese  p laces co n stan t o r p e rio d ic  lakes 
w ere  form ed.

R ecen tly , th e  rid g e  o f  th e  D an u b e  T isza In te rf lu v e  rises m o rp h o lo g i­
c a lly  o v er the  D anube v a lle y  b y  30 m etres  an d  over th e  a lluv ium  o f th e  riv e r 
T isz a  b y  abo u t 40 m e tre s  (F ig . 2). The lakes developed in  th is  reg ion  have  
b e e n  s tu d ied  by  a co m p lex  research  group . T he research  itse lf  has ex ten d ed  
o v e r  th e  fo rm ation , s e d im e n ta tio n  and liv ing  w orld of the  lakes.

T h e  investig a tio n s c a rr ie d  ou t till now  s ta te d  th a t  th e  lak es  of the  
D a n u b e  Tisza In te rf lu v e  do n o t belong to  a n y  of th e  ch a ra c te ris tic  lake  ty p es 
a n d  a re  m ost k in d red  to  th e  ephem eric  lakes b u t  differ from  th e m  in  num ero u s 
fe a tu re s . These can be c h a ra c te riz e d  b y  th e  w a te r  d ep th  of severa l d ecim etres 
a n d  th is  m akes possible th e  w a te r m o v em en ts  caused  b y  w ind a n d  th is  p ro ­
d u ces again  flow p h e n o m e n a  in th e  sed im en ts  of the  lake. M orpho log ically  
th c  lak es  are f re q u e n tly  ch an g in g  ju s t  due to  th e  m ovem ent o f b low n  sand . 
T h is  re su lted  in th e  a l te rn a tio n  of blow n san d , soil and  la c u s tr in e  sed im en ts 
in  th e  la k e s’ m argins. T h e  lo n g itu d in a l ax is an d  th e  shape of th e  la k e s  e longate  
in  N E  — SW  direction  (F ig . 3). The n o rth w e s te rn  p a rts  becom e n a rro w , the 
so u th e a s te rn  p a rts  are  g e n e ra lly  w idened . In  ce rta in  cases severa l lakes ly ing 
p a ra lle l w ith  each o th e r is tra n sfo rm e d  in to  one lake  system  an d  th is  is caused 
b y  th e  b u rs t  of sand  ridges (F ig . 3, L ake K o n d o r). The ex tension  o f  th e  lakes 
v a r ie s  b u t  none of th e m  exceeds 3 to  4 k m  len g th . T heir w id th s  co rrespond  
to  th e  lo n g itud ina l m easu res , i.e. no t w ider th a n  1 to  2 km  (B. M o l n á r , 1971, 
1973; В . M o l n á r  I. M .  M u r v a i , 1975 ,1976 ; В. M o l n á r  M .  S z ó n o k y , 1976).

T he m ean te m p e ra tu re  in  Ju ly  is m ore th a n  22 °C in the  D a n u b e  Tisza 
In te r f lu v e , the m ax im al av e rag e  te m p e ra tu re  o f 50 years exceeds also 25 °C. 
T h e  ann u a l p re c ip ita tio n  varies be tw een  500 and  600 m m , th e  tem p o ra l 
d is tr ib u tio n  is n o t u n ifo rm . D rough ts of h igh  te m p e ra tu re  an d  4 5 weeks
d u r a t io n  m ay also occur. T h e  shallow  lakes are o f large su rface as com pared  
to  th e i r  w ate r q u a n ti ty  th u s  considerab le  e v a p o ra tio n  is in p rog ress. T he lakes 
a re  supp lied  by  ra in  w a te r  an d  by  g round  w a te r  in filtra tin g  to w a rd s  th e  local 
d ep ressio n s. The ra in  w a te r  and  su rfic ia l w a te r  supp ly  of th e  lak es  of the 
D a n u b e -  Tisza In te r f lu v e  is less th a n  th e  a n n u a l ev ap o ra tio n  (M. A n d ó , 
1964). C onsequently , th e  w a te r  su rp lus m a y  derive only from  g ro u n d  w ater.
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Fig. 3. P lo t o f th e  n a tro n  lak es o f F ü lö p h áza  in d ica tin g  th e  loca tions of bo res a n d  geological 
profiles. 1. B low n sand; 2. L ac u str in e  (sem yek) sed im en t; 3. A xial lines o f th e  fo rm er dep res­

sions of L ak e  K o n d o r; 4. L ocation  of th e  geological profile

T he g ro u n d  w a te r ta b le , how ever, depends on th e  w ea th e r co n d itio n s . All 
these  fac to rs  are resp o n sib le  for th e  period ica lly  chang ing  w a te r  su rface  and 
fo r th e  occasional d ry in g  o f th e  lakes.

T h e  pecu liar se d im e n ta tio n  en v iro n m en t in tro d u ced  above  is called  by 
th e  H u n g a ria n  fo lk-speech  as “ sem yek” in  o rd e r to  m ake d is tin c tio n  from  the 
lakes (th e  w ord  “ sem y ek ”  d eno tes th e  p h o n e tic  tra n sc r ip tio n  of th e  H u n g a ria n  
“ sem ly ék ”  in to  E ng lish ). In  th e  D anube T isza In te rf lu v e  th e re  a re  a lo t of 
sem yek  (F ig . 1). T h e ir d e ta iled  geological d iscover has been c a rr ie d  o u t by 
choosing  th e  ty p ica l a rea s , d rilling  geological ex p lo ra to ry  b o res, designing 
geological profiles resp . p rep a rin g  tr ia l tren ch es . All these  ex p lo red  in  deta il
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Fig. 4. Geological profile of th e  lakes H a tty ú ssz ék  and  Szívósszók. 1. F ine-g rained  blown sand; 2. F ine  sand ; 3. Loessic 
fine sand ; 4. F ine  sandy  loess; 5. C arbonate  m ud ; 6. S trong ly  hum ic unconso lida ted  silt; 7. C arbonate  per cen t; 8. T he 

g round  w a te r  tab le ; 9. W ater tab le  of th e  lakes in Ju ly  1972; 10. D irection  of f i ltra tio n  of g round  w a ter
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th e  sem yek, th e ir  e n v iro n m e n ts  and  th e  sed im en ts  o f  th em . The e x p lo ra to ry  
bores ind ica ted  am ong  o th e rs  th a t  form er la c u s tr in e  sed im en ts are  found  in 
n u m ero u s sites w here re c e n tly  em ergence is fo u n d , e.g. bore No. 18 in  F ig . 4, 
or F ig . 2. F o rm erly  shallow  lakes were found  in  th e se  p laces b u t  th e  lakes 
were filled  up b y  b low n san d . I t  is obvious from  th e  profiles th a t  th e  ex ten sio n  
of th e  lacustrine  sed im en ts  is a lw ays g rea te r th a n  th e  recen t su rface  o f th e  
lakes. C onsequen tly , th e  ex ten sio n  of th e  lakes h ad  been  d iffe ren t as co m p ared  
to  th e  recen t one. T he g re a te s t ex tension  o f lak es , how ever, re f le c t n o t th e  
largest area  of th e  lakes, b u t  on ly  th e  changes o f it.

Form ation and S tu d y  o f  the Sem yek Sedim ents o f  the Danube T isza  In terflu ve

In  th e  sem yek  sed im en ts  of th e  D anube T isza In te rf lu v e  th e  loess or 
blow n sand  is covered  b y  lacu strin e  sed im en ts of 30 to  110 cm th ick n ess . 
Two ty p es of la c u s tr in e  sed im en ts can  be d is tin g u ish ed . M ainly in  th e  so u th ­
ea s te rn  p a r t  o f th e  D a n u b e -  T isza In te rf lu v e  th e  b low n sand  is ov erla in  b y  
h a rd  carb o n a te  ro ck  o f 20 to  60 cm th ickness a n d  th is  is covered b y  loose 
ca rb o n a te  m ud of 20 to  40 cm  th ickness (F ig . 5). In  o th e r reg ions o f th e  
D a n u b e —Tisza In te r f lu v e  th e  low er h a rd  c a rb o n a te  rock  is a b se n t, on ly  th e  
loose ca rb o n a te  m ud  o f 20 to  80 cm th ickness has developed . F irs t th e  fo rm a ­
tio n  of th e  loose c a rb o n a te  m ud  will be d iscussed .

1. W here th e  h a rd  c a rb o n a te  rock is lack in g , th e  ca rb o n a te  m ud  can 
be d iv ided  in to  th ree  horizons according to  its  fo rm a tio n :

a) The b o tto m  o f th e  ca rb o n a te  m ud derives from  th e  w a te r  flow ing 
and  in f iltra tin g  th ro u g h  its  cover of higher c a rb o n a te  co n ten t. T h is am o u n ts  
to  a b o u t 30 per cen t o f th e  ca rb o n a te  m ud or m ore (0.3 to  0.4 m) b u t  i t  varies 
also w ith in  the  sam e lense (В. M o l n á r  I. M. M u r v a i , 1975, 1976; В. M o l ­

n á r  M. S z ó n o k y , 1976).
T he dow nw ard  f i l t ra t in g  carb o n a te  so lu tion  s a tu ra te d  th e  fine- or sm all- 

g ra ined  sand  o f th e  lak e  b o tto m , or occasionally  th e  loess. The p re c ip ita te d  
ca rb o n a te  m a tte r  filled  u p  f irs t o f all the  pores o f san d . U pw ard  th is  show s 
tra n s itio n  w ith o u t m ark ed  b o u n d a ry . The c a rb o n a te  co n ten t of th is  low er 
p a r t  is ra th e r  chan g in g  as re flec ted  by  la b o ra to ry  analyses b u t  varies be tw een  
25 and  50 per cen t in  general and  depends co n sid e rab ly  on th e  q u a n t i ty  of 
th e  in f iltra tin g  and  side-w ard  m oving w a te r affec ted  by  th e  m orpho logy . 
I t  differs from  th e  m idd le  horizon b y  th e  h ig h er res id u e  insoluble in  h y d ro ­
chloric acid. This res id u e  consists o f fine and- sm all-g ra in ed  sand , an d  o f loess 
frac tio n  w hen dep o sited  o n to  loess.

b) The m iddle ho rizon  of th e  carb o n a te  m u d  is a b o u t 50 to  60 p e r cen t 
of th e  to ta l th ick n ess  o f c a rb o n a te  m ud, i.e. 0.6 to  0.8 m . This c a rb o n a te  
p rec ip ita tio n  has been  of such an  ex ten t th a t  i t  com plete ly  ch an g ed  th e  
o rig inal rock s tru c tu re  th u s  p roducing  an  in d iv id u a l geological fo rm atio n
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Fig. 5. T h e  carbonate  and  c a rb o n a te  m u d  ex cav atio n  of Csolyospálos. a)  R e d -sp o tte d  sandy 
c a rb o n a te  ro ck  of looser s tru c tu re ;  b)  H a rd  ligh t-grey  c a rb o n a te  rock; c) D a rk -g rey  b a rd  car­

b o n a te  rock; d)  L ig h t g re y  carb o n a te  m ud w ith  m eadow  soil in  its  u p p e r  p a r t

o fte n  w ith  70 to  80 p er c e n t c a rb o n a te  co n te n t. T h is high value  is ra re ly  found 
b u t  th e  ca rb o n a te  c o n te n t is a lw ays over 50 p er cen t. The gra in  size d is tr ib u tio n  
o f i ts  inso luble  residue is s im ila r  to  th a t  o f th e  low er horizon , b u t  reg ard in g  
i ts  q u a n t i ty  it  is less. T h is s tro n g ly  carbonaceous fo rm atio n  is loose, w h ite  or 
g rey ish -w h ite  under d ry  co n d itio n s . I ts  com po sitio n  an d  fea tu re s  as well as 
i ts  e x ten s io n  in th e  D a n u b e  T isza In te rf lu v e  have been in v e s tig a te d  by  
n u m e ro u rs  researches (T. M i h á l t z , M. M. F a r a g ó , 1946, P . K r i v á n , 1953, 
M. M u c s i, 1963, B . M o l n á r  I. M. M u r v a i , 1975, 1976, В . M o l n á r

M. S z Ó n o k y , 1976). T he c a rb o n a te  con ta in s m olluscs only  in  neglig ib le  q u an ­
t i t y ,  a n d  only  a few species.

c) The upper h o rizon  o f  th e  carb o n a te  m u d  is only  10 to  15 p e r cent 
o f th e  to ta l  th ickness (0.1 to  0.3 m). I ts  c a rb o n a te  co n ten t is less th a n  th a t
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Fig. 6. X -ra y  d iffrac to m e tric  reco rd s of do lom ite  m u d s  fro m  th e  D an u b e—T isza In te rf lu v e  
(R ecord ing  cond itions: C uK a , N i-filte r, 32 kV , 24 m A , 2 m in). 1. Lake K on d o r, B orehole 
No. 3. 0.5 — 0.6 m , ty p ica l c a rb o n a te  m ud; 2. L ake  H a tty ú s sz é k , Borehole No. 17. 0.2 0.3 in
jin e  and sm all san d y  carb o n a te  m ud ; 3. Lake L odriszék , B orehole  No. 14. 0.5 — 0.6 m  fin e  and 
sm all-g rained  sa n d y  c a rb o n a te  m u d ; 4. L ake K erek , B oreho le  No. 5. 1.6 1.8 in c a rb o n a te
m ud . A b b rev ia tio n s  in th e  X -ra y  d iffrac tog ram s: D d o lom ite ; Ca = calcite; Q q u a rtz ;

F  =  fe ld sp ar; Ch =  ch lorite; Mu =  m u sco v ite ; I illite
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В Ca

Fig.  7. Х -г а у  d iffrac tom etric  reco rd s  of do lom ite  a n d  lim estone  from  th e  D a n u b e —Tisza 
In te r f lu v e  (recording cond itions see in  Fig. 6.). 1. N a g y b u g ac , loose dolom ite; 2. D om aszék, 

lo o se  lim estone; 3. D orozsm a, h a rd  do lom ite  (L eg en d  of th e  records see in  F ig . 6.)

o f th e  m id d le  horizon, i.e. is s im ila r to  th a t  o f  th e  low er one (25 to  50 p e r  cen t). 
T h is w as deposited  in  th e  lak es  in u n d a te d  for lo n g est tim es. This u p p e r  horizon  
d iffe rs  f ro m  the  u n d erly in g  ones f irs t of all in  its  higher clay c o n te n t in  the  
in so lu b le  residue, th u s  a f te r  d ry in g  i t  c rack les dow n to  20 cm d e p th . In  th e  
geological profile  show n in  F ig . 4 th e  horizon  o f ca rb o n a te  m ud w as n o t  speci­
fied  b e c a u se  technical reaso n s.

2. M ain ly  in th e  so u th e a s te rn  p a r t  o f th e  D an u b e  Tisza In te r f lu v e  and  
o v e r ly in g  f ir s t  of all b low n sa n d  h a rd e r c a rb o n a te  rock  of 20 to  70 cm  th ick n ess  
an d  loose carb o n a te  m ud  o f 20 to  50 cm th ic k n e ss  w ere deposited . T h is fo rm a ­
tio n  c a n  be  d iv ided as follow s.
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a) A t th e  b o tto m  red  s p o tty , veined sa n d y  c a rb o n a te  rock  o f looser 
s tru c tu re  developed  ev ery w h ere . I ts  m axim al th ick n ess  is 20 to  30 cm . In  the  
rock th e  ra tio  of th e  c a rb o n a te  cem en ting  m a te ria l an d  of th e  san d  g ra in s are 
n ea rly  1 : 1 .  I ts  fo rm a tio n  is p ro b ab ly  hound  to  th e  w a te r  flow ing  an d  in fil­
t ra t in g  th ro u g h  its  cover. T h e  upw ard  tra n s itio n  is w ith o u t sh a rp  b o u n d a ry  
b u t  can be e x a c tly  follow ed (F ig . 5).

b) The su b seq u en t p a r t  is o f 30 to  50 cm th ick n ess  and  consists  o f h ard , 
co m p act ligh t-g rey  c a rb o n a te  rock  w ith  p la n t m ark s. I t  co n ta in s  f ir s t  o f all 
p la n t roo ts. A long th e  ro o ts  th e  rock  is often  porous. N o or ra re  s tra tif ic a tio n  
is found . T he sand  g ra ins a re  ind istingu ishab le  in  th e  rock , in  g enera l. Its  
ca rb o n a te  c o n te n t varies a t  a b o u t 70 to  80 per cen t. I t  is se p a ra te d  b y  a sharp  
b o u n d a ry  from  its  cover. In  th e  D anube Tisza In te rf lu v e  th is  m a te r ia l was 
used  to  th e  fo u n d a tio n s  o f houses.

c) T he su b seq u en t p a r t  is only  of 5 to  8 cm th ick n ess , v e ry  h a rd  and 
often  of m ore th a n  80 p e r c e n t ca rb o n a te  co n ten t. T he c a rb o n a te  rock  is of 
d a rk e r-g rey  colour and  b o th  up - and  dow nw ards i t  is b o rd e red  b y  sharp  
b o u n d a ry  and  bedd in g  p lan e . In  th e  la t te r  ones deep fissu re  trace s  resp . fissure 
fillings can be observ ed .

d) W h ite -g rey  c a rb o n a te  m ud  follows w ith o u t sh a rp  b o u n d a ry  and  in 
a th ickness of 30 to  60 cm  an d  i t  is sim ilar to  th e  m idd le  m em ber o f  th e  s t r a ­
ta  described  u n d er 1. I ts  c a rb o n a te  co n ten t varies  be tw een  50 an d  60 per 
cen t. As it is d e m o n s tra te d  in  Fig. 5 its u p p er p a r t  o ften  tra n sfo rm e d  in to  
soil.

A m ong th e  scm yck  sed im en ts especially  th e  h a rd  c a rb o n a te  rock 
described  in  2. was chem ica lly  in v es tig a ted  (I. M i h á l t z  M. M. F a r a g ó , 1946, 
P . K r i v a n , 1953, M. M u csi, 1963). X -ray  d iffrac to m e tric  m easu rem en ts  were 
carried  o u t b y  N em ecz, E .. an d  he s ta ted  th a t  th e  c a rb o n a te  m uds are  ra th e r  
of do lom ite , w hile th e  h a rd e r  ca rb o n a te  rocks of lim estone  com p o sitio n  (in 
P . K r i v á n , 1953).

In  our w ork th e  X -ra y  d iffrac to m etric  in v es tig a tio n s  o f severa l typ ica l 
sam ples w ere also carried  o u t. R esu lts  are show n in F igs 6 an d  7, as well as 
in T ab le  1. In  Fig. 6 th e  X -ra y  d iffrac to m etric  reco rds of th e  c a rb o n a te  m uds 
of th e  D anube —T isza In te r f lu v e  are show n. T he do lom ite  p eak  occurs sharp ly  
in all records. In  ad d itio n  to  dolom ite q u a rtz , fe ld sp ar, ch lo rite , m uscovite  
an d  occasionally  illite  w ere de te rm in ed .

Fig. 7 show s th e  X -ra y  d iffrac to m etric  records o f th e  h a rd e r  ca rb o n a te  
rocks. O u t of th e  sam ples an a ly zed  those of N o. 1 of N ag y b u g ac  an d  No. 3 of 
D orozsm a p roved  to  be lim esto n e , while th a t  o f No. 2 of D om aszek  has been 
do lom ite . T he lim estone and  dolom ite  are so m ew hat poorer in  m inera ls  th a n  
th e  do lom ite  m ud. In  a d d itio n  to  calcite  and  d o lom ite  q u a r tz , fe ld sp a r and 
less illite  w ere d e te rm in ed . C h lorite  occurs, m uscov ite  how ever, is lack ing  in 
th is  sequence.
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Table I

P e c u lia r itie s  o f  th e  c a r b o n a te  rocks o f  th e  D a n u b e — T is z a  I n te r f lu v e

Mark of 
sample Location Macroscopic description

Mineral composition

by means of derivatograph by means of X-ray 
diffractometer

l Lake K ondor, 
borehole No. 3
0,5—0,6 m

ty p ic a l carbonate 
m u d

dolom ite, q u a rtz , 
ch lorite

do lom ite, quartz , 
fe ldspar, chlorite, 
m uscovite , illite

2

A

Lake H a ttyússzék , 
borehole No. 17 
0.2—0.3 m

sm all and fine 
g ra in ed  sandy 
carb o n a te  mud

q u a rtz , dolom ite, 
ch lorite

q u a rtz , dolom ite, 
fe ldspar, chlorite, 
m uscovite

3 Lake Lodriszék, 
borehole No. 14 
0.5—0.6 ш

sm all and fine 
g ra in ed  sandy 
carb o n a te  m ud

dolom ite, (calcite), 
q u a r tz , chlorite

dolom ite, feldspar, 
q u a rtz , (illite?)

4 Lake K erek, 
borehole No. 5 
1 .6 -  1.8 m

c a rb o n a te  m ud dolom ite, q u a rtz , 
ch lorite

do lom ite, q uartz , 
fe ldspar, chlorite, 
m uscovite

1 Nagybugac, 
Lake Vész

loose carbonate 
rock

calcite, q u artz , 
(do lom ite?)

calcite, q uartz , 
fe ldspar, dolom ite, 
ch lorite, illite

2

В

Domaszék loose carbonate 
rock

dolom ite, q u a rtz dolom ite, q u artz , 
fe ldspar, chlorite, 
illite

3 Dorozsma h a rd  carbonate  
rock

calcite , q u a rtz q u a rtz , calcite, 
fe ldspar

4 Z ajnát Hill T riass ic  hard  car­
b o n a te  rock

dolom ite —

T h e d eriv a to g rap h  re c o rd s  of these sam p les  w ere also carried  ou t. 
D e r iv a to g ra p h  records fo u r k in d s  of changes w h en  h e a tin g  th e  sam ple to  he 
a n a ly z e d . The in s tru m e n t m easu re s  the  te m p e ra tu re , th e  d iffe ren tia l th e rm a l 
(D T A ) an d  th e rm o g ra v im e tric  (TG) changes. T h e  la t te r  one in d ica te s  all the  
r e a c tio n s  w hich are acco m p an ied  b y  change in  w eig h t caused  b y  h eating . 
F in a lly , it records th e  d e r iv a te d  th e rm o g rav im e tric  (D TG ) change w hich 
th ro w s  lig h t upon th e  r a te  o f  th e  change in  w eigh t.

T h e  carbonate  m u d s w h ich  proved to  be  do lom ite  b y  X -ra y  d iffracto- 
m e tr ic  analyses, w ere d e te rm in e d  also as do lo m ites  b y  th e  d e riv a to g rap h  
(F ig . 8, T able 1). The d o u b le  p e a k  of dolom ite occu rrin g  a t a b o u t 800 an d  910 °C 
w as o f  d ifferen t in te n s ity . T h e  records show ed n o t  th e  u su a l do lom ite  curves, 
a n d  th e  basic m edium  a c tin g  in  th e  fo rm ation  o f do lom ite  has been  responsible 
fo r  th is . In  th is  w ay  a lk a lie s  o f ca rbona te  an d  su lp h a te  bon d s o f d ifferent 
q u a n t i t ie s  also developed  a n d  these  d istu rb  th e  reg u la r  shape of th e  curve.
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A
0 500 1000"C 100 500 юооч:
1 __________ I___________ I l_J_________I___________ I

OTG DTG

Fig. 8. D eriv a to g rap h ic  records o f do lom ite  m uds from  th e  D a n u b e —Tisza In te r f lu v e . D TA  =  
d iffe ren tia l th e rm al analysis; TG =  th e rm o g rav im etric - , DTG =  d e r iv a te d  th erin o g rav i-  
m etric  change. Sensib ility : D TG  =  1/10, D TA  1/20, TG  =  500 m g, d isk -sp eed  100 m in ., 

h eatin g  ra te  10°/min. S am ples o f th is  figure a re  th e  sam e as in F ig . 6.

T he d e riv a to g rap h ic  re su lts  of th e  h a rd e r ca rb o n a te  ro ck s a re  d em o n ­
s tra te d  in  Fig. 9. The sam ples 1. and  3. show  ra th e r  c h a ra c te r is tic  calcite  
p eak s , th u s  these  are lim estones. T he sam ple of No. 2 of D o m aszék  is of 
do lom ite  com position . T he d e riv a to g rap h ic  curve of th e  la t te r  one is so m ew hat 
e lo n g a ted  as com pared  to  th e  d o lom ite  m uds.

T he record  No. 4 of F ig . 9 is th e  d e riv a to g rap h ic  cu rve  o f  a ty p ica l 
T riassic  do lom ite  recorded  u n d e r  th e  sam e cond itions. W hen  co m p arin g  th is 
re c o rd  w ith  those of th e  sem yek  sed im en ts th e  difference be tw een  th e  fo rm a­
tio n  cond itions becom es obv ious. T he Triassic dolom ite is ch em ica lly  m uch 
p u re r , there fo re  it  shows th e  reg u la r  curve of dolom ite.

T he X -ra y  d iffrac to m etric  an d  d e riv a to g rap h ic  in v es tig a tio n s  carried  
o u t in  our w ork su p p o rted  th e  re su lts  o b ta in ed  b y  E . N e m e c z  fo r c a rb o n a te  
m u d s. T hese called, how ever, th e  a t te n tio n  to  th e  fa c t th a t  the  h a rd e r  c a rb o n a te  
rock  is n o t alw ays of lim estone  com position , b u t  dolom ite is also  fo u n d  in 
th e m . T h u s , th e  d e ta iled  in v es tig a tio n  of several ty p ica l sec tio n s is needed 
since th e  com position  w ith in  th e  c a rb o n a te  profile  can be d e te rm in e d  on ly  in 
th is  m an n e r. These in v es tig a tio n s  are  in  progress. I t  is, how ever, ob v io u s now 
th a t  m a jo r p a r t  of the  sem yek sed im en ts  is dolom ite .
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В
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F ig .  9. D eriv atog raph ic  re c o rd s  o f dolom ite (sam ple  N o. 1 an d  3) and  lim estone  (Sam ple 
N o . 2) from  the  D a n u b e —T isza  In te rflu v e  and of c o m p a ra tiv e  T riassic  do lom ite  (Sam ple 

N o. 4). R ecording c o n d itio n s: see Fig. 8. Sam ples N o. 1 — 3 are  th e  sam e as in  Fig. 7

F orm ation  o f the S em yek  Sed im en t o f the D anube  — T isza  In terfluve

To u n d e rs tan d  th e  d ep osition  and  p re c ip ita tio n  of th e  sem yek  of th e  
D a n u b e  Tisza In te r f lu v e  is h igh ly  p ro m o ted  b y  th e  previous investig a tio n s 
o f  F .  S m a r ogla y  (1939), I . M ih á l t z  M. M. F a r a g ó  (1946), P . K r i v á n  (1953), 
Z s. D v i h a l l y  (1970), J .  S z é p f a l u s i  (1970, 1976) an d  B. Mo l n á r  I. M. 
M u r v a i  (1975, 1976). T a k in g  in to  co n sid e ra tio n  th e  geological processes as 
w ell as th e  form er re su lts , th e  fo rm atio n  o f c a rb o n a te s  can be ex p la ined  as 
fo llow s.

T he lakes are su p p lie d  b y  ra in  w ate r an d  b y  th e  w aters flow ing to w ard s 
th e  local depressions. T h e  la t te r  is especially  im p o r ta n t .  The q u a n titie s  of Ca 
a n d  Mg are high in th e  sa n d s  form ing the  bases  o f lakes and  b low n o u t from  
th e  D an u b e  valley , a n d  in  th e  loess and  th e se  a re  b o u n d  p a r tly  in  form  of 
C aC O ;i, or CaM g(C03) 2 o r  in  form  of o th e r co m p o u n d s. D olom ite occurs firs t 
o f  all in  loess.

D urin g  soil fo rm a tio n  th e  w ate r f i l t r a t in g  to w ard s  th e  lakes dissolves 
th e  C a(II)  and  M g(II) a n d  tra n sp o r ts  in to  th e  lak es . T he chem ical com position  
o f  som e ground w a te r  sam p les  found in  th e  b o re s  a ro u n d  som e o f th e  lakes 
h a s  b een  analyzed (T ab le  2). The g round w a te r  co n ta in ed  dissolved sa lts  in 
co n sid erab le  q u a n titie s , i.e . 700 to  4000 m g /l.T h e  q u a n titie s  o f C a(II) and  M g(II)
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Table II

Chem ica l  c o m p o s i t i o n  o f  the  L a k e  S z a p p a n o s s z é k  a n d  t h a t  o f  t h e  g r o u n d - w a t e r s  f r o m  t h e  b o re s  in  th e  n e ig h b o u r h o o d

S a m p lin g  p o i n t
T h e  w a te r  o f  th e  

S z a p p a n o ssz ó  к

L a k e  K o n d o r ,  
b o re h o le  

N o . 1

L a k e  K o n d o r ,  b o r e h o le  
N o .2.

L a k e  K o n d o r ,  b o re h o le  
N o . 6

L a k e  K o n d o r ,  b o r e h o le  
N o . 8

L a k e  K o n d o r ,  b o re h o le  
N o . 4

L a k e  K o n d o r ,  b o r e h o le  
N o .  7

L a k e  S z a p p a n o s s z ó k ,  
b o r e h o le  
N o . 12

L a k e  S z a p p a n o s s z ó k ,  
b o r e h o le  
N o .  11

L a k e  S z ív ó ssz ó k , 
b o re h o le  
N o .  13

L a k e  H a t t y  ú s s z é k ,  
b o r e h o le  
N o .  17.

L a k e  H a t ty ú s s z ó k ,  
b o r e h o le  
N o . 16

C h e m ic a l
c h a r a c te r i s t i c s m g /l

T u a n ’s

ionic-
e q u iv a l e n t  

p e r  c e n t

T h a n ’s  
io n ic

m g /l  e q u iv a l e n t  
p e r  c e n t

m g / l

T H A N ’S
io n ic

e q u iv a l e n t  
p e r  c e n t

m g / l

T u a n ’s
io n ic

e q u iv a l e n t  
p e r  c e n t

m g /l

T h a n ’s
ionic-

e q u iv a l e n t  
p e r  c e n t

m g /l

T h a n ’s
io n ic

e q u iv a l e n t  
p e r  c e n t

m g /l

T h a n ’s
io n ic

e q u iv a l e n t  
p e r  c e n t

m g /l

T h a n ’s
io n ic

e q u iv a l e n t  
p e r  c e n t

m g /l

T h a n ’s
io n ic

e q u iv a l e n t  
p e r  c e n t

m g /l

T h a n ’s
io n ic

e q u iv a le n t  
p e r  c e n t

m g /l

T h a n ’s

i o n ic
e q u iv a l e n t  

p e r  c e n t

m g /l

T h a n ’s
io n ic

e q u i v a l e n t  
p e r  c e n t

Sodium  Na + 5089.2 97.19 140.2 59.92 108.9 27.32 22.3 10.58 48.1 17.07 204.0 53.13 239.4 04.91 400.2 55.63 3421.3 97.50 252.7 47.70 1080.2 88.58 250.5 08.75

Potassium  К  + 184.0 1.85 9.0 2.20 8.3 1.22 0.8 0.22 2.0 0.43 9.0 1.13 5.5 0.87 10.5 1.35 120.0 2.01 1.0 0.18 31.3 1.51 4.5 0.71

Calcium  Ca + + t r a c e s — 53.1 20.03 100.7 40.20 98.9 53.79 95.0 40.0 54.0 12.44 49.2 15.30 0.4 1.02 traces 124.8 ; 27.07 16.0 1.50 54.0 10.00

M agnesium Mg + H 29.6 0.90 14.0 11 .79 53.1 25.19 39.5 35.40 00.2 41.83 87.7 33.29 30.9 18.91 159.8 41.99 7.8 0.42 09.9 ! 24.98 54.2 8.40 27.5 1 3.93

I r o n  Fe + + traces - traces - - - traces - - — - - - - - t r a c e s

Am m onium  N H “ traces - - traces traces - traces - traces - - traces

Chloride Cl - 1031.7 18.08 74.2 20.55 07.2 10.93 3.2 0.98 97.7 23.28 39.4 5.13 40.8 8.22 00.8 0.02 975.2 18.03 150.0 18.40 308.2 19.58 92.8 10.13

H ydrogencarbonate  H C O ^ 3282.7 21.13 427.1 08.73 499.1 47.17 528.4 94.34 403.7 04.19 1199.0 90.73 771.2 78.74 1300.9 08.1 1 2092.9 22.48 046.8 40.06 2262.5 09.89 818.8 82.60

C arbonate CO“ “ 4059.6 53.15 - - - - - - - 106.8 1 7.70 2400.4 52.40 -

S u lphate  SO “ 934.0 7.65 52.4 10.71 448.8 41.89 20.0 4.08 71.2 12.52 43.0 4.13 100.4 13.03 121.8 8.10 514.0 7.02 392.0 35.47 208.0 10.52 9.4 1.20

M eta-silica H 2S i0 3 3.1 17.9 19.7 - 22.9 19.7 18.7 - 14.8 8.0 - - 17.9 - 22.9 14.5 -

T otal dissolved solids 15813.9 l 100.00 788.5 99.99 1205.8 1 99.99 730.0 100.00 857.0 99.99 1710.0 99.99 1204.2 99.99 2247.2 99.99 9531.0 99.99 1056.3 99.99 4103.3 99.99 1278.0 99.99

A lkalinity 189.10 7.00 8.18 8.00 7.00 19.66 12.40 26.88 114.30 10.60 37.08 13.42

T otal hardness in № 0.80 10.78 34.71 22.92 27.14 27.73 15.37 37.05 1.79 33.54 14.70 13.88

C arbonate h a rd n ess in  № 22.90 21.28 - - - - 29.08 —

Chemical reac tion  to  
phenolphtale ine

Alkaline Acid Acid Acid Acid Acid Acid A lkaline A lkaline Acid Acid A cid
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p ro v ed  to  be 16 160 resp . 8 150 ing/1. T he N a (I I ) , I1CO“ , H .,S i0 4 a n d  in
som e cases th e  CO-, co n ten ts  have  been also im p o r ta n t.

G round w a te rs  in  w hich th e  to ta l  d isso lved  sa lt q u a n tity  exceeded  5000 
mg/1 were fo u n d  b y  L. K u t i  (1976) du ring  th e  geological m ap p in g  o f th e  
K ecskem et en v iro n s. C a(II) and  M g(II) am o u n te d  to  600 -6 0 0  mg/1. I n  o th e r  
reg ions of th e  D an u b e  -T isza In te rf lu v e  g ro u n d  w aters  of sim ilar chem ica l 
c h a ra c te r  an d  ra p id ly  chang ing  chem ical co m p o sitio n  are found (A. R ó n a i , 
1956). C onsequen tly , th e  g round  w a te r  carries sa lts  of varied  co m p o sitio n  
an d  of considerab le  q u a n ti ty  to w ard s th e  lakes.

The shallow  lakes of th e  D an u b e  T isza In te r f lu v e  are of la rg e  su rface  
as com pared  to  th e ir  w a te r vo lum e, thus in d ro u g h ts  th ere  is co n sid e rab le  
e v ap o ra tio n . T he te m p e ra tu re  f lu c tu a tio n  in  th e  la k e ’s w ate r is h igh  w ith in  
a sh o rt section and  w ith in  one d ay . C o nsequen tly , in  th e  w ater th e re  is a co n ­
siderab le  chem ical change bo th  seasonally  and d u rin g  one day. This is re flec ted  
b o th  by  th e  q u a n t i ty  of the  dissolved sa lts and  b y  th e  ion /ca tion  ra tio . In  g en e r­
al, th e  lakes are  ch a rac te rized  b y  h igh to ta l  d isso lved  sa lt co n ten t a n d  b y  
s tro n g  a lk a lin ity , i.e . th e ir  рн v alue  is m ore th a n  9 in sum m er, m o reo v er, it 
m a y  exceed th e  р н  value  of 10 or 11.

From  th e  L ak e  S zappanosszék  n ea r F ü lö p h á z a  (see also T ab le  2) w a te r  
sam ples were ta k e n  in  J u ly  1972, para lle l w ith  th o se  from  bores. T h e  to ta l  
dissolved sa lt c o n te n t of th e  lak e ’s w a te r  exceeded  a t  th a t  tim e 15.000 mg/1. 
A ccording to  Zs. D v i h a l l y  (1970) an d  J .  S z é p f a l u s i  (1970, 1976) in  e x tre m e  
cases th is  v a lue  m a y  am o u n t also to  25.000 mg/1.

In  w in te r m o st of th e  lakes in th e  D an u b e  T isza In te rflu v e  lose th e ir  
n a tro n  ch a ra c te r , th e ir  w aters c o n ta in  th e n  c a rb o n a te , th e ir  p H-vaIue  and  
a lk a lin ity  h igh ly  decrease. In  w in te r, due to  th e  lack  of p lan t a ss im ila tio n  
an d  to  the  p red o m in an ce  of d issim ila tion  as well as to  th e  au tu m n  an d  w in te r  
p re c ip ita tio n , th e  carbon  dioxide accu m u la tes  in  th e  w aters which g ra d u a lly  
decreases the  q u a n t i ty  of the  p re c ip ita te d  CaCO:i. T he la tte r  is tra n s fo rm e d  
in to  ca lc iu m -h y d ro g en carb o n a te  accord ing  to  th e  follow ing reaction :

CaCO., +  H 2CO:i C a (H C 0 3) ,

193

In  th is  case due to  th e  accu m u la tio n  of th e  free ca rb o n  dioxide th e  C a(II)  
g e ttin g  the  lake an d  deriv ing  from  th e  g ro u n d  w a te r  rem ains in  so lu tio n , 
fu r th e r , ce rta in  p a r t  o f c a rb o n a te  m u d  deposited  in  th e  lake’s b o tto m  w ill 
be d issolved, th u s  th e  q u a n ti ty  of C a(II) m ay  be te n  tim es higher th a n  in  
th e  sum m er period . In  sum m er th e  ca rb o n a te  an d  h y d ro g en carb o n a te  c o n te n t  
o f a lm o st all w a te rs  is n ea rly  th e  sam e th a n  th a t  o f  th e  N a. In  w in te r  th e  
m a jo r  p a r t o f h y d ro c a rb o n a te  is b o u n d  to  C a(II).

In  spring  th e  assim ilation  increases, since th e  lakes con ta in  a lgae  an d  
o th e r  aq u a tic  p la n ts  in  th e  near-sho re  s trip . T h e ir  q u a n tity  is w o r th y  o f
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m e n tio n . Parallel w ith  in c reasin g  assim ila tion  th e  free, th en  th e  eq u ilih ria l 
CO., w ill be used and  th is  b reak s  the  eq u ilib r iu m  developed d u rin g  w in te r. 
T h e  r ise  in  tem p era tu re  increases th e  e v a p o ra tio n  w hich increases th e  salt 
c o n c e n tra t io n , i.e. also th e  C a(II) and M g(II) co n ten t b u t w ith o u t th e  p ro ­
p o r t io n a l  increase of th e  so lu b ility  index  o f C a(II)  and M g(II). T h is  process 
d e c re a se s  a t the sam e tim e  th e  so lub ility  o f  C 0 2. Paralle l w ith  th e  decrease 
o f  CO., c o n te n t and  w ith  th e  increasing  sa lt co n cen tra tio n  the  рн  v a lu e  will 
in c re a se , th u s  C aC 03 and  to  a sm aller e x te n t  th e  CaM g(C03)2 will g rad u a lly  
p re c ip i ta te  decreasing in th is  m anner th e  C a (II)  and  M g(II) c o n te n t o f the  
w a te r .  A fte r the d isap p ea ran ce  o f the  free  an d  equilibria! C 0 2 th e  p lan ts  
c o n su m e  th e  half-bound  CO., of N a H C 0 3. C onsequen tly , in th e  w a te r  th e  
q u a n t i t y  of p rec ip ita ted  c a rb o n a te  will in c rea se , th e  C a(lI)-ion  an d  M g(II)- 
ion  c o n te n ts  decrease, w hile th e  рн  and a lk a lin i ty  values will in crease  again. 
In  s u m m e r  the illu m in a tio n  is v e ry  s tro n g , th u s  dissim ilation  b ecom es p re ­
d o m in a n t ju s t due to  th e  grow th  over th e  o p tim a l value. In  th is case th e  w hole 
p ro cess  begins to  tu rn  b ack .

A ccord ing  to  P . K r i v a n  (1953) th e  ch em ica l processes of th e  lakes are 
a f fe c te d  b y  o ther physica l fac to rs  (e.g. p re ssu re  decrease and w aves), b y  the  
m o rp h o lo g y  of the  lak e ’s b e d  and  shores, in  a d d itio n  to  those m en tio n ed  above.

T h e  p rec ip ita tio n  o f do lom ite  m uds in  a lkaline m edium  is in d ica ted  
a lso  b y  th e ir  poor g a s tro p o d  fau n a . O nly a few  species less sensible to  a lk a lin ity  
a n d  a  few  ind iv iduals are  ch a rac te ris tic  (A. H o r v á t h , 1950; A. R i c h n o v s z k y , 
1970). I t  is to  be n o te d , how ever, th a t  th e  gastro p o d  fau n a  is m u ch  m ore 
a b u n d a n t  in the  do lom ite  an d  lim estone (M. M u csi, 1963).

T h e  geological consequence of the  p rocess ou tlined  above is th e  rep ea ted  
p re c ip ita t io n  of C a(II)- a n d  M g(II)-ion  in  fo rm  o f C aC 03 and  CaM g(CO:!)2 
a n d  th e  deposition of th em  in form  of c a rb o n a te  rock. The do lo m ite  of these 
c a rb o n a te s  is form ed p a r t ly  b y  sy n d iag en e tic  p rec ip ita tio n , i.e. th is  is a syn- 
s e d im e n ta ry  deposit. D o lom ite  is form ed in general in sim ilar m a n n e r  in the  
d e s e r t  zones of the  E a r th  in  basic seas, th o u g h  G. M ü l l e r  (1969) d e te rm in ed  
d o lo m ite  in a d ep th  o f one m etre  below th e  la k e ’s bo tto m  p re c ip ita te d  from  
th e  w a te r  of Lake B a la to n  o f m uch less s a l t  co n cen tra tion .

T h is  fo rm ation  of d o lom ite  has b een  d ea lt w ith  in d e ta il b y  H. E . 
U s d o w s k i  (1967, 1968). A ccord ing ly , th e  tra n sfo rm a tio n  of ca lc ite  in to  dolo­
m ite  m a y  be p rom oted  b y  th e  syngenetic re p la c e m en t of C a(II)- b y  M g(II)-ion . 
T h is  is th e  so-called e a rly  d iagene tic  d o lo m itiza tio n  and th is  m ay  be increased  
w h e n  th e  incom pletely  conso lid a ted  s t r a ta  g e t th e  surface. B ecause  of th e  
f r e q u e n t  drying of th e  lak es  of the  D an u b e  T isza In te rf lu v e  th e  ca rb o n a te  
p re c ip ita tio n s  m ay  get th e  surface, th is  p h en o m en o n  m ay also increase  th e  
d o lo m itiza tio n .

T h e  ev ap o ra tio n  o f th e  saline g ro u n d  w^ater rising in  a c ap illa r  w ay in 
th e  depressions of th e  la k e ’s n e ighbourhood  a n d  the desiccation  o f th e  w a te r
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cause th e  co n c e n tra tio n  an d  p rec ip ita tio n  o f sa lts  m a in ly  in  form  of N a H C 0 3 
an d  N a 2CO:i w hich are  easily  soluble in  w a te r. In  th e se  cases lim y-sodaic  
so lonchak  solonetz ty p e  soils will develop . C erta in  p a r t  o f the  soda p rec ip i­
ta te d  in  the  surface w ill be w ashed in to  th e  lak e , th u s  its  a lk a lin ity  will be 
co n tin u o u sly  increased .

I t  is q u estio n ab le  w hen  the  c a rb o n a te  sed im en ts  w ere form ed. I t  is a 
com m only  accep ted  v iew  th a t  the loess d iscovered  e ith e r  b y  bores or fo u n d  
in  th e  surface of th e  D an u b e  Tisza In te r f lu v e  in d ic a te s  th e  W iirm -III  g lacial. 
C onsequen tly , th e  o v erly in g  sed im en ta ry  sequence is o f H olocene age. T he 
H olocene sequence a n d  its  tem p o ra l ev o lu tio n  is w ell-know n concern ing  th e  
w hole D anube T isza In te rf lu v e  (I. M i h á l t z  M. F a r a g ó , 1946; В. Z ó l y o m i , 
1953; A. H o r v á t h  S. A n t a l f i , 1954; M. M ucsi, 1963, 1965, 1966; M. M. 
F a r a g ó , 1966, 1969; M. M. F aragó  M. M u csi, 1971; M. K o m l ó d i , 1966, 
1969; M. A ndó  M. M ucsi, 1967; B. M o l n á r , 1971 ; B . M o l n á r  I . M. M u r v a i , 
1975 , 1976; B. M o l n á r  M. S z ó n o k y , 1976).

On th e  basis o f  th e  papers above th e  p o stg lac ia l can  be d iv ided  to p w ard s  
b y  pollen , gastropod  fa u n a  and se d im e n ta ry  in v e s tig a tio n s  as follows: b irch - 
p ine, hazel, oak and  beech  phases. T hese phases can  be d ifficu ltly  p ara lle lized  
w ith  th e  Central E u ro p e a n  clim ate an d  v e g e ta tio n  phases  of F irb as . B y  all 
m eans, how ever, th e se  m ay  correspond  to  th e  phases  IV - IX  o f F irb a s  
( F .  F i r b a s , 1949).

A ccording to  M. M. F aragó  (1966, 1969) th e  m ain  period  of fo rm a tio n  
o f th e  carbona tes o f th e  D a n u b e —T isza In te r f lu v e  fell to  the  end of th e  d ry  
hazel phase and to  th e  f ir s t  p a r t of th e  oak  p h ase  o f  th e  H olocene. A bso lu te  
age d e te rm in a tio n s  a re  in  progress, i t  is, h ow ever, p ro b ab le  th a t  th e  h a rd  
c a rb o n a te  rock w as fo rm ed  in the  m ain  fo rm a tio n  periods, i.e. in th e  hazel 
an d  oak  phases. In  o th e rp a r ts  of the  D an u b e  T isza In te rf lu v e  loose c a rb o n a te  
m u d  w as s im u ltan eo u sly  p rec ip ita ted  as h e te ro p ic  facies. F ina lly , a f te r  th e  
m ain  fo rm ation  p e rio d , everyw here th e  d ep o sitio n  o f th e  la tte r  one becam e 
p re d o m in a n t and  th is  process is in p rogress re c e n tly , too .

No sufficient e x p la n a tio n  ex is ts  reg a rd in g  th e  fac ts  th a t  w hy o n ly  in 
c e r ta in  sites the  h a rd  ca rb o n a te  rock  w as developed  an d  w hat is responsib le  
fo r th e  sudden  changes w hich occurs in  th e  p ro files b y  sh a rp  boundaries an d  
b e d d in g  planes b e tw e e n  th e  hard  c a rb o n a te  ro ck  and  loose ca rb o n a te  m ud  
(F ig . 5). To solve th is  p ro b lem  fu r th e r  in v e s tig a tio n s  a re  requ ired .

T he n a tro n  lak es  o f th e  D anube T isza In te r f lu v e  have  come to  an  en d  
in  tw o  m anners. T hese  are buried  e ith e r  b y  b low n san d , or filled up  b y  the  
c a rb o n a te  deposited  o n to  th e  lake’s b o tto m  as ex p la in ed  b y  F. S m a r o g l a y  
(1939). T he la tte r  p h en o m en o n  causes th e  rise o f lak e  b o tto m  over th e  g ro u n d  
w a te r  tab le . The lak e  is f ir s t  overgrow n b y  p la n ts  an d  paralle l w ith  p ro ­
gressive senescence th e  a q u a tic  v eg e ta tio n  is rep laced  b y  steppe v e g e ta tio n  
(F ig . 5).
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T he p resen t p ic tu re  of the  D an u b e  T isza In te rf lu v e  is th e  resu lt o f 
th e  geological process described  above. T h is shows th e  n a tro n  lak es  covered  
b y  w a te r  as well as th e  filled  lacu strin e  en v iro n m en ts  re flec ted  b y  th e ir  sed i­
m e n ts  and th e ir  sp a tia l a lte rn a tio n  (F igs 1 an d  3).

In  o lder, m a in ly  T riassic , b u t  in  y o u n g e r co n tin en ta l fo rm a tio n s  geo­
lo g ica l p henom ena  are  o ften  fo u n d  w h ich  can  be h a rd ly  ex p la in ed  b u t  as 
to  o u r op in ion  are h igh ly  s im ila r to  th e  sem yek  fo rm ations of th e  D an u b e  — 
T isza  In te rf lu v e  (J . M r o c z k o w s k i , 1972; E . G r u m b t , 1974). T h e  c o m p a ra tiv e  
in v e s tig a tio n  of these  fo rm atio n s  from  th is  p o in t of view seem s to  be w o rth y  
to  c a rry  ou t in th e  n ea r fu tu re .

S um m ary

1. In  th e  D an u b e  T isza In te r f lu v e  of th e  G reat H u n g a ria n  P la in  
n u m e ro u s  n a tro n  lakes and  sed im en ts  fo rm ed  in form er n a tro n  lakes are found 
(F ig . l ) .T h ,  'se lakes w ere fo rm ed  in  th e  depressions betw een  th e  d u n es form ed 
b y  th e  p reva iling  w ind  of N W  — SE d irec tio n . The basis o f th e  la c u s tr in e  sed i­
m e n ts  consists o f L a te  P le istocene  loess or E a r ly  H olocene b low n sand .

2. The reg ion  in  th e  D an u b e  T isza In te rf lu v e  is c o n tin e n ta l c lim ate  
c h a ra c te r iz e d  b y  w arm  su m m er te m p e ra tu re  an d  d rough ts of sev e ra l w eeks. 
In  th is  en v iro n m en t and due to  s tro n g  ev ap o ra tio n  th e  d isso lved  sa lts  are 

e x tre m e ly  c o n cen tra ted  an d  th is is in c reased  b y  th e  sa lt-rich  g ro u n d  w a te r  
s u p p ly  (T able 2). T he local te rm  o f th is  pecu lia r sed im en ta ry  e n v iro n m e n t 
is  sem y ek , in  o rder to  d is tin g u ish  i t  from  lakes.

3. On th e  effect o f d iffe ren t fac to rs  (v eg e ta tio n , rap id  change in  te m p e ra ­
tu r e ,  w aves, etc .) lim e an d  do lom ite  h av e  p re c ip ita ted  from  th e  la k e s’ w a te r 
o f  h igh sa lt co n cen tra tio n  an d  h igh a lk a lin ity  since th e  b eg inn ing  o f th e  H o lo ­
cen e . T he m ajo r p a r t  of th e  lim e is tra n s fo rm e d  in to  early  d iag en e tie  do lom ite  
(F ig s  6 9; T ab le  1).

4 . In  th e  d eep -sea ted  areas an d  sp o ts  of th e  lakes’ e n v iro n m e n t th e  
r is in g  saline g ro u n d  w a te r  ev a p o ra te s  an d  lim y , sodaic so lo n ch ak  — solonetz 
ty p e  soils are fo rm ed . P a r t  of th e  soda p re c ip ita te d  in  th e  su rface  is w ashed  
in to  th e  lakes an d  th is  also c o n tr ib u te s  to  th e  increase of th e ir  a lk a lin ity .
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СОВРЕМЕННОЕ ОБРАЗОВАНИЕ ОЗЕРНЫХ ДОЛОМИТОВ НА ТЕРРИТОРИИ 
БОЛЬШОЙ ВЕНГЕРСКОЙ НИЗМЕННОСТИ
Б . М О Л Н А Р  — Й. М, М У РВА И  — Й. Х Е Д И -П А К О

Р е з ю м е

На Междуречье Дуная и Тиссы, являющемся частью Большой Венгерской низмен­
ности известны многочисленные солончаковые озера и осадки, накопившиеся в ранее су­
ществовавших озерах такого характера. Эти озера образовались в депрессиях, формиро­
вавшихся между сериями дюн эоловых посков СЗ — ЮВ простирания, обусловленных дея­
тельностью преобладавших ветров. Базу озерных осадков образуют позднеплейстоценовые 
лессы или раннеголоценовые эоловые пески.

Климат Междуречья Дуная и Тиссы является континентальным с относительно 
высокой летней температурой и частыми засухами, продолжающимися на протяжении 
нескольких недель. В таких усиовиях, из-за сильного испарения, сильно концентрируются 
соли, растворенные в воде озер глубиной, еле-еле достигающей нескольких дециметров, 
причем это дополнительно усиливается в результате восполнения грунтовыми водами с 
повышенной соленостью. Такая характерная среда осадконакопления получила местное 
название шемье.

Из щелочной озерной воды под влиянием различных факторов начиная с начала 
голоцена выделяются известь и доломит; большинство извести превражается в раннедиа- 
генетический доломит.

На более глубоких участках, окружающих озера, соленая грунтовая вода испаря­
ется и этот процесс приводит к образованию почв солночако-солонцевого типа. Атмосфер­
ная осадочная вода часть соды также унесет в озера, усиливая тем самым щелочность озер­
ной воды.
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MINÉRALOGIE, GÉOCHIMIE ET GÉNÉTIQUE DES 
BAUXITES DU VIETNAM DU NORD

P ar

G y . K o m l ó s s y

I N S T I T U T  D E  R E C H E R C H E S  D ’ É T U D E S  E T  E N T R E P R I S E  G É N É R A L E  D E  L A  S O C I É T É  H O N G R O I S E  

D ’A L U M I N I U M  ( A L U T E R V - F K I )  B U D A P E S T

E n tre  1972 e t 1975 l’en trep rise  A L U T E R V  e ffe c tu a it des recherches de b a u x ite  
sous la d irec tio n  géologique de l’a u te u r , dans la p ro v in ce  de L ang Son au  V ie tnam  
du N ord. Ce tra v a il  ré cap itu le  les ab o n d an tes  o b se rv a tio n s  recueillies au  cours des 
recherches e t les ré su lta ts  d ’ex am ens des m a té ria u x  dé ta illés effectués d an s les lab o ­
ra to ires  et in s t i tu ts  de recherches sc ien tifiques de H ongrie .

A cet espace de l’Asie du  S u d -E st les g îtes de b a u x ite  p rim aire  à d iaspore  et 
cham osite  pa léozoïques d iffè ren t com plè tem en t t a n t  du  p o in t de vue  géologique, 
m inéralog ique que gén étiq u e  des gîtes de la p ro v in ce  de b a u x ite  m éd ite rran éen n e  
et qui on t é té  a lté rés  en argile e t réaccum ulés ap rès o x y d a tio n , dans le N éogène; des 
gîtes secondaires p récieux  du p o in t de vue in d u strie l y o n t  é té  form és. Ces g îtes de b a u x ite  
p ré sen ten t une affin ité  g én étiq u e  avec les g îtes de b a u x ite  de la Chine e t de l’O ural.

Les g îtes de b a u x ite  du  V ie tn am  du N ord s i tu e n t  le long des p rin cip ales lignes 
s tru c tu ra le s , en d irec tion  du  N -N W  au S-SE, au  bord  de la  p laq u e  de la C hine m érid io­
nale, dans u n e  zone de m io-géosynclinal.

Dès le C am brien  ju sq u ’au  T rias supérieur, ce te r r i to ire  p ré sen ta it u n e  dépression 
à in te rru p tio n s  p lus au  m oins longues. Le P a léozo ïque  ancien  e t récen t est rep résen té  
pa r calcaires biogéniques déposés au x  m ilieux litto ra l e t  de m er ouverte . L a seule période 
de genèse de la b a u x ite  p ro u v ab le  é ta it dans le P e rm ien  su p é rieu r, e n tre  les étages 
k a za n ie n  e t ta ta r .  A ce tte  époque, la su ré lév a tio n  ép irogén ique , accom pagnée des 
m o u v em en ts  oscilla to ires é ta i t  partielle . La b a u x ite  a é té  form ée en te rre  ferm e et 
accum ulée en p a rtie  en te rre  fe rm e, en zone lit to ra le  inondée  en oscillation  p é rio d i­
q u em en t e t en p a rtie  en baies é ta n t  en voie d’iso lation . E n  a lla n t vers la m er p lu s ou v erte , 
com m e faciès hé térop iques on  tro u v e  de l’arg ilite , p u is l’arg ilite  divisé p a r bancs de 
calcaire. La b a u x ite  déposée en zone litto ra le  est div isée p a r fo rm atio n s houilleuses. 
E n  a lla n t de la te rre  fe rm e vers la m er plus o u v e rte , des faciès de b a u x ite  c a rac té ris ­
tiques on t é té  fo rm és caracté risés p a r la paragenèse  m inéralog ique  p u re m e n t o x y d an te , 
o x y d a n te -réd u c tiv e  e t p u re m e n t réductive . Les g îtes de  b a u x ite  on t é té  recouverts 
des séd im ents transgressifs de  l’é tage ta ta r  d u  P e rm ien  supérieu r, com posés de la 
m arn e  houilleuse e t du  calcaire. Au to it plus récen t, on  tro u v e  de l’a léu ro lite  d ’âge 
tria siq u e  e t des vo lcan ites acid iques su rto u t d ’âge ju rassiq u e .

L’orogenèse est déroulée d a n s  le T rias su p érieu r. Sous l’effet du  tec to n ism e  in tense 
le com plexe de calcaire ancien  e t plus récen t a é té  fo r te m e n t frac tu ré  e t  écaillé (plus 
ta rd  fo rtem en t k a rstifié), l’a léu ro lite  tria siq u e  e s t p lissée-fracturée .

Le ca lca ire  du  to it  est d issous sans trac e  au -dessus des gîtes de b a u x ite  restés 
en position  de g isem ent re la tiv e m e n t non p e rtu rb é e . Le com plexe a ffleu ré  est a ltéré  
en argile, en place. E n  fo n c tio n  des conditions géom orpho log iques, le com plexe  situé 
aux te rra in s  to p o g rap h iq u em en t les plus élevés e st c o n tin u e llem en t érodé, réaccum ulé  
aux  pentes des collines a b ru p te s  e t  accum ulé de n o u v eau  dans les vallées p lus profon­
des. De ce p o in t de vue on p eu t d istinguer tro is  ty p es  de g îte  d é tritiq u e : ty p es  de Leo 
Cao, Ma Meo e t de  Dong D ang. Des procédés o x y d a n ts  in ten ses acco m p ag n en t l’effri­
tem e n t, la réaccu m u la tio n  e t l’accu m u la tio n  qui e x e rc en t leu r effet d ifférem m ent dans 
les ty p es  de g îtes d ifféren ts . Au cours de l’o x y d a tio n  des ch an gem en ts considérables 
o n t é té  déroulés e t d é ro u len t encore dans la co m position  m inéralog ique e t ch im ique 
originale de la b a u x ite  qui o n t p ro d u it à la phase  in itia le  l’am élio ra tio n  q u a lita tiv e  des 
d é tr i tu s  de b a u x ite , m ais à la phase su iv an te  c’é ta i t  l’abb aissem en t de la qualité .
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In tro d u c tio n

Sous la d irection  géo log ique  de l ’a u te u r  l ’E n tre p rise  de C o n stru c tio n  
d ’in d u s t r ie  d ’A lum inium  (A L U T E R V ) a exécu té  la  recherche  de b a u x ite , 
e n t r e  1972 et 1975, d an s  la  R ép u b liq u e  D ém o cra tiq u e  du  V ie tn am  (RD V ), 
d a n s  la  province de L an g  S on . A u cours de celle-ci, il y  a v a it  de possib ilité  
à la  reconnaissance  d ’a u tre s  te rr ito ire s  b a u x itifè re s  de la  R D V , p a rm i lesquels 
d u  p o in t  de vue in d u strie l le  p lu s  im p o rta n t es t le gisem ent de T a p  N a, situé 
d a n s  la  province de Cao B a n g . D ’après leu rs s tru c tu re  géologique e t  ca rac­
té r is t iq u e s  p é tro g rap h iq u es  ces g îtes de b a u x ite  d iffè ren t co m p lè tem en t des 
g is e m e n ts  connus de la  p ro v in ce  de b a u x ite  m éd ite rran éen n e , e t  p a r  suite 
n o t r e  ex p éd itio n  ex igeait u n e  concep tion  de recherche  e t le d év e lo p p em en t 
d ’u n e  p ra tiq u e  co m p lè tem en t d ifféren tes de celle em ployée en H o n g rie .

D  ans le trav a il de l ’E x p é d itio n  hongroise et dans la com p o sitio n  du 
r a p p o r t  géologique d é ta illé  su iv a n t on t p a rtic ip é  L. H a v a s , E . H avas  — 
S z i l á g y i , A. M i n d s z e n t y , A . V é g h  e t I . V ö r ö s .

L a  recherche de b a u x i te  to u c h a it u n  te rr ito ire  de 200 k m 2 env iron , 
o u t r e  les tra v a u x  g éodésiques co m p ren an t la  ca rto g rap h ie  géologique en 
éch e lle  de 1 : 25.000 e t  la  c a rto g ra p h ie  géologique de b a u x ite  en  échelles de 
1 : 5 .000  e t 1 : 10.000, e t au ss i les recherches d ’ex p lo ra tio n : ap p ro fo n d isse ­
m e n t des p u its  creusés e t des sondages. A cô té de celles-ci, la  rech erch e  du 
c o m p le x e  à d é tritu s  de b a u x i te  — à l’aide de la  m éthode  géoé lec trique  - 
d é ro u la i t  aussi avec succès (P . E g e r s z e g i ).

A u  V ietnam , nous av o n s  élaboré  la m éth o d e  d ’en rich issem en t du  com ­
p le x e  com posé en d é tr itu s  de  b a u x ite  durs e t en argile m euble . A  cô té  de la 
n é c e ss ité  industrie lle  de celle-ci, on a o b ten u  des in fo rm atio n s p réc ieuses sur 
l ’e f f r i te m e n t de la b a u x ite  p r im a ire  in situ  et su r la tra n s fo rm a tio n  m in éra lo ­
g iq u e  e t  géochim ique p ro fo n d e  au  cours du  rem an iem en t.

O n a effectué les e x a m e n s  des m a té r ia u x  au x  in s t i tu ts  de recherche  
sc ie n tif iq u e s , labora to ires e t  en trep rises  in d u strie lle s  de H ongrie .

A  cô té  des analyses ro u tin e s , c’est l ’E n tre p rise  de R echerche  de B au x ite  
à  B a la to n a lm á d i qui a e ffec tu é  les exam ens des é lém ents en trace s . (A. S e l é n y i , 
M . S i k l ó s i - J e n e i .)

P o u r  reconnaître  la  te x tu r e  e t la  com position  m inéra log ique  q u a lita tiv e  
de la  b a u x ite , on a p rép a ré  150 lam es m inces à l ’A L U T E R V  (A. M i n d s z e n t y ).

C’e s t le L abora to ire  de R ech erch es G éochim iques de l’A cadém ie H ongroise 
des Sciences qui a effectué les an a ly ses  de d iffrac tio n  à ray o n s X  (G y . B a r d o s s y  
e t M . T ó t h ).

P o u r  éclaircir les p ro b lèm es s tra tig ra p h iq u e s , à l ’I n s t i tu t  G éologique de 
H o n g r ie  M. Sid Ô a e ffec tué  les é tu d es m icropaléon to log iques su r  le calcaire 
p a lé o z o ïq u e , ren fe rm an t la  b a u x ite , com plétées d ’é tu d es m acro p a léo n to lo - 
g iq u es  (A . V örös , S ection  P a léo n to lo g iq u e  du M usée N a tio n a l H ongro is).
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L a Chaire de T ra ite m e n t de M inerai de l’U n iv e rsité  T echnique d ’in d u s tr ie  
lou rde  à Miskolc s’o ccu p a it fo r t d é ta illém en t e t e fficacem ent d u  p ro b lèm e 
de la possib ilité  d ’en rich issem en t industrie lle  d u  com plexe de b a u x ite  au  n i­
v eau  sem i-industrie lle  (Sz. P e t h ô  e t K . S z i k l a v á r y ) .

Ici aussi, je  dois ex p rim er mes rem erc iem en ts  à mes co llab o ra teu rs  qu i, 
p a r  leurs tra v a u x  dévoués, o n t résolu avec succès le devoir c h a rg e a n t l’ex p é ­
d itio n , aussi au V ie tnam  q u ’en  H ongrie.

Histoire courte de la recherche

J ’ai tro u v é  les p rem ières in fo rm atio n s su r la  b a u x ite  d u  te r r i to ire  de 
L ang  Son, dans les ouv rages des géologues fran ça is  R . B o u r r e t  (1922), pu is 
E . P a t t  (1927). On a p rép a ré  déjà  dans les années de 1930 les p rem ières  
e s tim a tio n s  sur les réserves.

A u V ietnam  d u  N ord , libéré  en 1954, les géologues so v ié tiq u es o n t 
com blé le m anque en spécialistes dans les recherches géologiques com m encées 
en g ran d  élan. E n  1959, on a com m encé l’ex p lo ra tio n  sy stém a tiq u e  a u x  te r r i ­
to ires  b au x itifè res  de L ang  Son e t Cao B ang su r les ré su lta ts  desquelles les 
ra p p o r ts  géologiques f in a u x , p rép arés  en 1961 e t 1969, o n t re n d u  co m p te . 
On p e u t considérer de l ’im p o rtan ce  fo n d am en ta le , à la  connaissance  de la 
c o n s titu tio n  géologique du  V ie tn am  du  N ord, la  c a rte  géologique en  échelle  de 
1 : 500.000 e t le te x te  e x p lic a tif  y  jo in t p rép arés  p a r  A. D o b c h i k o f f  e t  al. 
(1965).

1. A perçu  général géologique et structural

D u p o in t de vue de la tec to n iq u e  générale, le V ie tn am  se tro u v e  à l’e x tré ­
m ité  e s t du  systèm e a lp o -h im alayen . Le systèm e orogénique e n tie r  e s t s itu é  
au  b o rd  nord  de la  T é th y s .

P a rm i les lignes s tru c tu ra le s  les plus im p o rta n te s  de l’Asie d u  S u d -E s t 
ce so n t celles à d irec tion  du N W  au SE qui d o m in en t au  V ie tnam , l’arc  lég ère­
m en t courbé des M ontagnes F an  Si P a n  et V ie tn am  allongen t à c e tte  d irec tio n  
au  V ie tn am  e t la chaîne  de l’A rak an  Y om a en B irm an ie , etc. Vers le N W , on 
p e u t su iv re  ce tte  d irec tion  ju s q u ’au T ib e t. Les g randes riv ières su iv e n t aussi 
c e tte  d irec tion  s tru c tu ra le  au  V ie tnam  du  N ord : Song D a (R iv iè re  N oire), 
Song H ong  (R ivière R ouge) e t Song Chay.

O n p e u t d iv iser la  p a r tie  du  N E  de la  R épub lique  D ém o cra tiq u e  du  
V ie tn am  — p ré se n ta n t l ’en to u rag e  plus large de n o tre  te rr ito ire  de rech erch e  
en d eu x  un ités s tru c tu ra le s :

a. Le te rrito ire  s itu é  à W  de la  vallée de la  Song C hay est d u  c a ra c tè re  
d ’éugéosynclinal, où on tro u v e  des séd im en ts fo rte m e n t plissés, 
in tru sions e t roches vo lcan iques.
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b . La zone de m iogéosynclina l située à Г Е  de la ligne s tru c tu ra le  p récé­
den te  e t fo rm a n t le passage à la  p la q u e  du  m ic ro -co n tin en t de la 
Chine m érid io n a le .

Les te rrito ire s  b a u x itifè re s  du  V ie tn am  d u  N ord  se tro u v e n t dan s ce tte  
d e rn iè re  zone. Ce te r r i to ire  se divise encore en  d eu x  p a rtie s : celle de Song 
H ie m  d u  N e t la zone d ’A n C liau du  Sud.

D ans la zone de Song H iem , la ta ille  p ro fo n d e  de Cao B an g  à L ang 
Son es t la plus im p o r ta n te  d o n t la d irec tio n  e s t d u  N -N W  au S-SE . Le long 
de celle-ci ja llo n n e n t les g isem ents b a u x itifè re s  de T ap  N a, H a  Q uang  et 
Q u an g  H oa dans la  p ro v in ce  de Cao B an g  e t  de Ma Meo, D ong D ang , Tam  
L u n g  e t K hon P ich  d an s  la  province de L an g  Son (F ig . 1). Sur ce te rrito ire -c i, 
dès le C am brien ju s q u ’au  T rias su p érieu r se tro u v a i t  essen tie llem en t une 
d ép ressio n . Le faciès du  Paléozoïque est c a rb o n a té  e t c a rac té risab le  p a r  la 
fo rm a tio n  de la  b a u x ite . Les roches d u  M ésozoïque sont te rrig én iq u es , la 
p lu p a r t  à facies de d é tr i tu s  fin s déposés en  m er. D u p o in t de vue  s tru c tu ra l 
il p ré sen te  une synéclyse  trè s  allongée en  p réd o m in an ce  à d irec tio n  du  N V  
a u  S E  et com posée des an tic lin a u x  e t sy n c lin a u x . En d ép e n d a n t de l’échelle 
de  l ’érosion, dans les a n tic lin a u x  les couches p a léozo ïque  inférieure  e t supérieu re  
d ’âges d ifféren ts a ff le u re n t. Les assises tr ia s iq u e s  rem plissen t les sync lin au x . 
L a  p h ase  orogénique p rin c ip a le  é ta it  e n tre  les é tages carn ien  e t no rien  avec 
p lissem en ts  e t ém ersion  [13, 33]. Au cours de celle-ci, le com plexe com posé 
des roches argileuses ou à d é tr itu s  fins e s t  p lus fo rte m e n t plissé, le com plexe 
de calca ire  pa léozo ïque  p lus rigide est ch ev au ch é  e t faillé au  te rr ito ire  de 
L a n g  Son et p lissé-faillé au  te rr i to ire  de Cao B an g . Les p ro d u its  d u  volcanism e 
p réo ro g én iq u e  tr ia s iq u e  e t  p osto rogén ique  ju ra ss iq u e  et crétacé se tro u v e n t 
le lo n g  des lignes s t ru c tu ra le s  princ ipales (F igs 2 e t 3).

L a zone s tru c tu ra le  d ’An Cliau diffère de celle de Song H iem  en ce que 
les an tic lin a u x  se tro u v e n t ,  ici, dans u n  arc  s tru c tu ra l courbé du  V -N W  à 
l ’E -N E . Ici, la ligne s tru c tu ra le  de T h ay  N g u y en , D ay  Т у  et D ong D an g  est 
la  p lu s  im p o rtan te  d o n t le long  (resp . le long  des lignes s tru c tu ra le s  parallè les 
à celle-ci) se tro u v e n t les g îtes de b a u x ite  de B ac Son, B ang M ac, B a X a, 
D o n g  D ang (Figs 1 e t  2).

Le rôle de ces p rin c ip a le s  lignes s tru c tu ra le s—dans la  genèse et l ’accu m u la ­
t io n  de la  b au x ite  — es t an a lo g u e  à celui de la  ligne s tru c tu ra le  à d irec tio n  de 
Г Е -N E  au W -SW , en  T ra n sd a n u b ie  en H o n g rie .

2. Géologie des territoires bauxitifères

2.1. Form ations paléozoïques

Les te rr ito ire s  b a u x itifè re s  v ie tn am ien s  se lien t au x  fo rm a tio n s  de 
ca lca ire  paléozoïques, p lu s  ou m oins d iv isib les, a p p a r te n a n t au  D évonien , 
C arb o n ifè re  et au  P e rm ie n  (F ig. 2).
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Fig. 1. Les u n ité s  m ég a tec to n iq u es de V ie tn a m  du  N o rd  ( D o b c h i k o f f  e t al. 1965) et les
occurrences de b a u x ite

Les a ffleu rem en ts  du com plexe de calca ire  p ré sen tan t les reliefs les 
p lu s ca rac té ris tiq u es  de l’Asie d u  S u d -E s t se lien t aux  p rin c ip a le s  lignes 
s tru c tu ra le s , d éc rite s  dans le c h a p itre  p récéd en t. Ceux-ci fo rm en t u n  désert 
ro ch eu x  com posé des tou rs k a rs tiq u e s  b iza rres , dentelées, fa n ta s t iq u e m e n t 
ta illées , couvertes de végéta tion  rich e , élevées so lita irem en t ou  en  m asses
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Fig. 2. E squ isse  géologique des g isem en ts de b a u x ite  d a n s  le  p rovinces de Cao B ang  e t L ang 
Son (V ie tn am  du N ord) ( D o b c h i k o f f  e t al. 1965). 1. O rd o v ic ien : aléurolite, grès, grav ier, 
ca lca ire ; 2. D évonien in fé rieu r e t  m oyen: calcaire; 3. D év o n ien  m oyen: calcaire; 4. Perm o- 
c arb o n ifère : calcaire; 5. P e rm ien : calcaire; 6. T rias in fé rieu r: grès, aléurolite  («Couches de 
L an g  Son» ); 7. T rias m o y en -su p érieu r; grès, a léuro lite; 8. T r ia s  m oyen-supérieur: grès tu facée , 
9. Ju ra ss iq u e : a léurolite  e t  co n g lo m éra t tu facé; 10. J u ra s s iq u e :  rhyolite , rh y o d ac ite ; 11. ? 
d iab ase ; 12. Crétacé: «gran it de  Song Chay» 13. C rétacé: co n g lo m éra t, gravier; 14. N éogène: 
a rg ile , séd im en ts  c o n tin e n ta u x  en général; 15. lignes s tru c tu ra le s  principales; 16. pendage, 
d irec tio n ; 17. p o in t d ’a lt i tu d e ;  17. riv ière; 19. ro u te  20. fro n tie r  du pays; 21. g isem ents

de baux ite
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Fig. 3. C arte  géologique de la région b a u x itifè re  des env irons de Lang Son (L. H a v a s , 1975). 
1. D évonien  su p érieu r (D 3): calcaire: P e rm o -carb o n ifè re  (P  — C): calcaire: Perm ien  ind iffé renc ié  
(P ): calcaire; P e rm ien  inférieur (P ,): calcaire; 2. P e rm ien  supérieur-N éogène: P 2л -N : b a u x ite ;  
3. P e rm ien  supérieu r-T rias (P 2.2—T) aléuro lite: «couches de L ang  Son» 4. T ria s  m oyen- 
su p érieu r: (T 2_3): grès tu fitiq u e , cong lom éra te ; 5. Ju ra ss iq u e  (J): laves e t tu fs  d e  rh y o lite  et 
de rh y o d a c ite ; 6. Ju rass ique-C rétacé  (J —Cr): laves e t tu fs  rh y o litiques e t rh y o d a itiq u e s ; 
7. N éogène (N ): argile, conglom érat, séd im en ts c o n tin e n ta u x  récen ts ind ifférenciés; 8. crê tes 

rocheuses; 9. lignes s tru c tu ra le s  p rincipales; 10. riv ière; 11. chem in de fe r
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p lu s  g ran d es (P h o to  1). E lles p ré sen ten t les la m b e a u x  des p la te a u x  k a r s t i ­
qu es (13), jad is  c o n tin u s , a u p a ra v a n t te c to n iq u e m e n t fo rt frac tu ré s , che­
v au ch és  en écailles, p u is  karstifiés sous le c lim a t tro p ica l-su b tro p ica l 
p lu v ie u x .

Le term e le p lus an c ien  du com plexe de ca lca ire  du te rr ito ire  de L ang  
Son rep ré sen te  l’é tag e  g iv é tie n  du D évonien  tro u v a b le  à la  p a rtie  sud  (B an  
L ong) du  te rrito ire  de rech e rch e  (Fig. 3). A cô té  des Crinoïdes, Brachiopodes 
e t P olypiers, M. S m ô  a d é te rm in é  Tham nopora boloniensis ( G o s s e l e t ) ,  espèce 
c a ra c té r is tiq u e  du D év o n ien  eurasien . D ans le d is tr ic t  plus lo in ta in , on p e u t 
re tro u v e r  les te rm es p lu s  anciens du ca lca ire  dévon ien  aussi qu i p résen te  
le m u r des deux  g isem en ts  b au x itifè res  (H a  Q uang e t Q uang  H o) à 
g ran d es  ex tensions, m a is  à qua lité  in férieu re  de la  p rovince de Cao B ang
(Fig- 2).

D ans le m assif de B ac  Son, la  l i t té r a tu r e  spéciale m en tio n n e  u n e  d is­
c o rd a n c e  n e tte  e n tre  le D év o n ien  e t le C a rb o n ifè re [13, 34, 45].

A u te rrito ire  de L a n g  Son, l’é tude de la  m icro faune a vérifié  l’étag e  
m oscov ien  du C arbon ifè re , a u x  parties  sud  e t  n o rd  du  te rr ito ire  de recherche . 
A u  S le co n tac t av ec  le D évonien m oyen e s t  p résu m ab lem en t te c to n iq u e  
(F ig . 4).

M. Sidô  a d is tin g u é  tro is  n iveaux  à l ’in té r ie u r  de l’étage m oscovien:
a . à Pseudostaffella, Profusulinella  e t  D viu e lla  comnata, 
h. à P seudostaffella , Eostaffella  e t P ro fusu lin e lla ,
c. à W edekindella  e t  Pseudostaffella.
A u te rr ito ire  de rech erch e  de L ang  S on , l’horizon à Schw agcrines du  

P e rm ie n  in férieur (é tag e  sak m arien ), c a ra c té r is tiq u e  à la rég ion  de la  T h é ty s , 
m a n q u e . A ux te rr i to ire s  de M a Meo et D ong D an g , le com plexe D arv asite s  
e t P seudofusu lines, in d iq u a n t la p a rtie  su p é rieu re  du  P erm ien  in férieu r, 
d év e lo p p e  de l’é tag e  m oscov ien  lith o lo g iq u em en t en séd im en ta tio n  co n tin u e : 
seul le d iasthèm e p a léo n to lo g iq u e  signale la la cu n e  de séd im en ta tio n . D ans 
ce com plexe de couches les fragm ents de B erese lla  sp. e t les débris d 'a u tre s  
fossiles carbonifères re m a n ié s  son t aussi re tro u v a b le s . Chacune des espèces 
de M arg in ifera  sp ., A th y r is  cf. nanthensis ( G r a b a u ) ,  A .  cf. acutirostris ( G r a b a u ) ,  

M a rth in ia  semiglobosa ( T c h e r . ) ,  Phricodothyris nucleola ( G r a b a u ) es t aussi 
re tro u v a b le  dans le ca lca ire  “ m aping” ré p a n d u  en  Chine m érid ionale  [16]. 
P lu s  loin du te r r ito ire  de recherche , au  m ass if  de Bac Son, D o b c h i k o f f  et 
N g u y e n  D i n h  K a t  in d iq u e n t de la d isco rd an ce  ta n t  dans le C arbonifère  
m o y en  q u ’à la lim ite  e n tre  le C arbonifère e t  le P e rm ien  [13, 33].

A u x  te rr ito ire s  de M a Meo e t D ong D a n g , nous avons in te rp ré té  le 
com plexe  lith o lo g iq u em en t hom ogène du C arb o n ifè re  m oyen e t du  P erm ien  
in fé r ie u r  (étages a r tin sk ie n  e t  d ’ufa) com m e u n e  fo rm a tio n  perm o-carbon ifè re . 
A u S de ces te rr ito ire s , ce com plexe passe en  ca lca ire  ne co n ten an t que d ’espèces 
p e rm ie n  in férieur (D o n g  D an g  S). E n  a lla n t  encore plus loin vers le S, les
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fo ra g e s  o n t explore des com plexes paléozo ïques de p lus en plus récen ts  (T am  
L u n g ; F ig . 3).

M . S m ô a p résen té  l ’im age s tra tig ra p h iq u e m e n t la p lus co m p lè te  su r le 
c o m p le x e  perm ien  su p érieu r. Elle a d is tin g u é  les horizons su iv an ts :

a . à  Néoschwagerines, Cancellines, M isse llines  e t N éofusu lines,
b . à Paléofusulines, Reichelines, Colaniella  e t Pachyphloia,
c. à  N ankinelles, Glomospires e t A lgues  calcaires,
d . horizon à oo lithes e t  b rèche  a u th ig én iq u e  (P erm o-T rias ?).
A  l ’in té rieu r de la  rég ion  de la T é th y s , c’est l ’horizon à P aléo fu su lin es  

q u i e s t  le plus ré p a n d u . Les F o ram in ifè res p ré sen ts  en g rand  n o m b re  d ’espèces 
e t  in d iv id u s , C olaniella sp ., Leiodiscus sp ., R obu lo ides sp., co n v en ab les  à la 
c o rré la tio n  de longue d is tan ce , p ro u v e n t la com m u n ica tio n  d irec te  e n tre  les 
p ro v in c e s  est et ouest 142]. A l’in té rie u r de cet horizon, on p e u t d is tin g u e r 
d e u x  lith o fac iès:

a . à dom inance des A lgues calcaires litto ra l,
b . à dom inance des F o ram in ifè res  m er ouverte , peu  p ro fo n d e .

O n re tro u v e  les espèces co n d u c trices  c i-m en tionnées dans tous les d eu x  faciès.
A u  te rrito ire  de L an g  Son, les fo rm a tio n s  paléozoïques de m er o u v e rte , 

p lu s  an ciennes que le com plexe à G lom ospires, se com posent des ca lcaires 
lith o lo g iq u e m e n t un ifo rm es dès le D évonien  ju s q u ’au  P erm ien  su p é rieu r, en 
p ré d o m in a n c e  à te x tu re  g rossiè rem en t recris ta llisée , en gros bancs ou grossière­
m e n t s tra tif ié e . Sur ce te rr ito ire , le pendage des couches ne dépasse  pas 25°. 
A u te r r i to ire  de Cao B an g , m êm e le p en d ag e  à 60° n ’est pas ra re . D ans la 
s u ite , n o u s allons ab o rd e r de n o u v eau  l ’im p o rtan ce  géologique de b a u x ite  
de la  d ifférence e n tre  ces deux-ci.

L a  m oyenne de la  co m position  ch im ique des d ix  échan tillons, p ro v e n a n t 
de ces fo rm atio n s, e s t la su iv a n te :

T ableau I

S i0 2 T i0 2 A1.,03 F e ,0 3 FeO CaO MgO K ,0  Na.,0 +  H 20  C 0 2
4,2 0,04 1,80 1,30 0,31 46,5 0,52 0,59 0,43 3,65 35,59

L a  ten eu r en silice re la tiv e m e n t p lus élevée du  calcaire e s t f ra p p a n te , 
60 à 8 0 %  de celle-ci e s t d û  à la te n e u r  de sab les quartz ifè res fin s .

L e  n iveau  à Glomospires lith o lo g iq u em en t est plus v a riab le  d an s  son 
fac iès l i t to ra l . L ’argile  houilleuse, bancs de houille  argileuse e t  de houille , 
a in s i q u e  des laies de m arn e  houilleuse e t le calcaire  no ir b itu m in e u x  y  sont 
f r é q u e n ts . P a r  en d ro its , on p e u t observer dan s le calcaire in te rca lé  dans le 
c o m p le x e  liouillifère des p réc ip ita tio n s  de silice en form e e t g ra n d e u r  de 
le n til le  e t  harico t, o rien tées p a ra llè lem en t à la  s tra tif ic a tio n .
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2.2. P osition  stratigraphique de la bauxite p rim a ire

On p eu t d é te rm in e r la position  s tra tig ra p h iq u e  de la b au x ite  p rim a ire  
le plus p réc isém en t au x  g isem ents de T am  L u n g  e t  B a X a  étud iés le p lu s  en 
d é ta il, où  la b a u x ite  se tro u v e  dans le calcaire  p erm ien  supérieur.

A u te rr ito ire  de B a X a , la b au x ite  es t s itu é e  en tre  les horizons à Paléo- 
fusu lines e t  à G lom ospires, grosso modo à la lim ite  e n tre  les étages k a z a n ie n  et 
ta r ta r .

A u te rr ito ire  de T am  L ung , la fo rm a tio n  de b a u x ite  é ta it p résen te  m êm e 
dans l’horizon à G lom ospires.

La l i t té ra tu re  sov ié tique  e t v ie tn am ien n e  y  concernan te  ind iq u e  le m u r 
de la b a u x ite  de B ang Mac com m e p erm o -carb o n ifè re  [13, 33]. 11 n ’e s t  pas 
exclu que le n iv eau  in fé rieu r du P erm ien  su p é rieu r, l ’horizon à P aléofusu lines  
so it p ré se n t aussi dans ce com plexe. Le to it  e s t, ici aussi, le calcaire n o ir  b i tu ­
m ineux  du  P erm ien  su p érieu r co rresp o n d an t à l ’horizon  à Glomospires.

A ce rta in s  gîtes du  g isem ent de T ap  N a , nous re trouvons la b a u x ite  en 
position  s tra tig ra p h iq u e  id en tiq u e  à la p ré c é d e n te , m ais à ce tte  d ifférence  
q u ’ici le m u r est p ro b ab lem en t plus ancien , u n  Perm o-C arbon ifère  com ­
p re n a n t le C arbon ifère  m oyen e t le P erm ien  in fé rieu r.

C’e s t le te rr ito ire  de l’ind ica tio n  de B an  L ong , ou nous tro u v o n s  la  plus 
g rande lacune de séd im e n ta tio n , où le m ur est le C arbonifère m oyen e t le to it 
est le T rias in fé rieu r. Ic i, à cause de l’ém ersion  localem ent arrivée le ca lca ire  
du  P erm ien  su p érieu r du  to i t  a été érodé, e t la  b a u x ite  p résen te  un  lam b e a u  
in s ig n ifian t ép arg n é  de l’érosion. E lle a pu  su b ir  une réaccu m u latio n  p lus ou 
m oins g ran d e  dan s le T rias in férieur, et en ce sens on peu t la co n sid érer, en 
p a rtie  ou  e n tiè re m e n t, com m e tria s iq u e  in fé rieu r.

P lus loin de ces te rr ito ire s , on tro u v e  de te ls  g isem ents b a u x itifè re s  à la 
surface nue  (p a r  ex . Ma Meo) que nous considérons en p artie  aussi à p o s itio n  
s tra tig ra p h iq u e  perm ien  su p érieu r. Ce son t des len tilles, resp. p a r tie s  de len ­
tilles situées to p o g ra p h iq u e m e n t en a ltitu d e  la  p lu s  élevée p ar r a p p o r t  à l’en ­
v iro n n em en t. Ce com plexe de b au x ite  a é té  a lté ré  in situ , lith o lo g iq u em en t 
in d is tin g u ib le  de la b a u x ite  réaccum ulée, m ais p a r  causes géom orpho log iques 
l’a p p o rt récen t p a r  ici es t im possib le. Le to i t  p o u v a it  ê tre , ici aussi, le n iv e a u  
à Glomospires du  P erm ien  supérieu r qui a é té  «dissous» com m e le su c re  sans 
la issan t des d é tr i tu s  (sau f les lentilles de silice décrites dans les p récéd en ts). 
A ce p rob lèm e nous som m es d ’accord  avec G y . B á r d o s s y  v is i ta n t  le t e r ­
ra in  e t B. O t d o k i y , géologue soviétique.

2.3. Form ations mésozoïques

On co n n a ît la géologie des fo rm ations m ésozoïques des env irons de L ang  
Son en  d é ta il d ’après le tra v a il de c a rto g ra p h ie  géologique en échelle  de 
1 : 25 .000 , fa it p a r L. H a v a s .
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2 .3 .1 . Form ations sédim entaires

A u x  environs de L an g  Son, le com plexe f in e m e n t d é tritiq u e  à l ’épa isseu r 
to ta le  d é p a ssa n t 1000 m , e t  c o u v ran t u n  g ra n d  te rr ito ire , rep résen te  le T rias 
e n t ie r .  L a  séd im en ta tio n  osc illa to ire , les b an cs à cause de la g ra n u lo m é trie  
v a r ia b le  c a rac té risen t les fo rm a tio n s  te c to n iq u e m e n t fo rt affectées: les élé­
m e n ts  m o rp h o tec to n iq u es  p lissés e t fa illés-p lissés y  son t fréq u en ts . Le p ro d u it 
d ’a l té r a t io n  la té ritiq u e  a c tu e l de sa surface e s t l ’argile rouge à k a o lin ite .

Ces couches son t trè s  p au v re s  en fossiles e t s tra tig ra p h iq u e m e n t ne  sont 
c o rré la b le s  plus p réc isém en t. L ith o lo g iq u em en t on p eu t d is tin g u e r deux  
n iv e a u x :

a . Les soi-d isantes «couches de Lang S o n » com posées du grès e t  de l ’alé- 
u ro li te  qu i déve loppen t d u  calcaire  perm ien  su p é rieu r à  l ’in te rm é d ia ire  de la 
m a rn e  arg ileuse divisée p a r  b an cs de ca lca ire . Ce com plexe rep ré se n te , grosso 
m odo, le  T ria s  in férieur. A u x  env irons de B a  X a , il su rm onte  le ca lca ire  ou la 
b a u x i te  d u  Paléozoïque anc ien  à  lacune d ’érosion  p lus rédu ite  m ais p lu s g ran d e  
à  B a n  L ong . D ans le b an c  de grès fin  de ce com plexe  Gervileia costata ( S c h l o t h .) 

e t  M y o p h o r ia  costata ( Z e n .)  so n t p rovenues.
b . L e grès tu ff i t iq u e  e t  le cong lom éra t bario lés co m p ren n en t en v . le 

T ria s  m o y e n  e t  supérieu r (e t év en tu e llem en t le Ju ra ss iq u e  inférieur). L a  m atiè re  
d u  sé d im e n t hé térogén ique com prend  des d é tr i tu s  vo lcaniques n o n  classés 
e t d es  g ra in s  de q u a rtz  guère  ou pas de to u t  usés, à côté de ceux-ci dan s la  
f r a c t io n  d ’argile on p e u t d é m o n tre r  l’illite  e t  u n  p eu  de m o n tm o rillo n ite  [25]. 
L a  fo rm a tio n  est p a r  e n d ro its  fo rtem en t silicifiée p a r  affection  p o st-v o lcan iq u e  
p lu s  ré c e n te . Ces p a rtie s  siliceuses to m b a n t de la roche plus m eu b le  e t 
f a c ile m e n t a ltérée a c c u m u le n t en d é tr itu s  p ié m o n ta is , en g randeur de cm  à m. 
A u  te r r i to ir e  de B a X a , p a r  en d ro its  on p e u t  la  re tro u v e r ensem ble avec  la 
b a u x i te  en  voie d ’érosion e t ré s is ta n te  à m an iè re  pareille .

A u  te rr ito ire  de T ap  N a , c’est le calcaire  à  b an cs  m inces e t gros, développé 
d u  P e rm ie n  supérieu r en c o n tin u ité  qui com pose le Trias in fé rieu r. Il est 
c a ra c té r is é  p a r  sa s tru c tu re  p lu s  fo rtem en t p lissée que le calcaire p a léozo ïque , 
p r é s e n ta n t  des v o û tes  à d ia m è tre  pas p lus de tro is  m ètres.

2 .3 .2 . Volcanites

A u  V ie tnam  du  N o rd , d an s  le T rias su p é rie u r, m ais su r to u t à la  lim ite  
e n tre  le  T ria s  e t le J u ra s s iq u e  une a c tiv ité  de vo lcanism e ac id ique  in ten se , 
sy n - e t  posto rogén ique a p ris  son com m encem en t qu i d u ra it à in te r ru p tio n s  
p lu s  ou  m oins longues encore dan s le C rétacé in fé rieu r, aussi [13]. A L an g  Son 
e t  ses e n v iro n s  plus lo in ta in s  les vo lcan ites p ré s e n te n t les form es to p o g ra p h i­
q u e m e n t  les plus élevées.
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Selon L . H avas  à  la phase in itia le  du  vo lcan ism e des laves g lo bu leuses 
e t cordées ainsi que  des brèches de lave  o n t é té  p rodu ites. Sur la  b ase  des 
d é te rm in a tio n s  m inéra log iques en lam es m inces e t les analyses ch im iq u es  ce 
so n t des an d ésito -d ac ites  à am phibole  v e r te  p a s sa n t en rhyo lite  av ec  l’in te r ­
m éd ia ire  rh y o -d ac itiq u e . U n ty p e  de rh y o lite  à te x tu re  g ra n o p h y riq u e , e t à 
co m position  ch im ique id en tiq u e  à la p ré c é d e n te , est g énéra lem en t ré p a n d u  
à la  su rface , la re la tio n  en tre  celui-ci e t les fo rm a tio n s  p récéden tes n ’e s t pas 
encore éclaircie.

A u cours de l’a lté ra tio n , les fe ld sp a th s  de la rhyo -dac ite  se tra n s fo rm a ie n t 
en illite  ou en k ao lin ite . On a tro u v é  te l g rav ie r la té ritiq u e m e n t a lté ré  d o n t 21%  
é ta i t  de la  g ib b site . D ans la lentille B an  T h a u  T. du  gisem ent de M a M eo, des 
g ra v ie rs  de b a u x ite  à q u a lité  excellen te  e t m o n tra n t  la te x tu re  de c e t te  roche  
se p ré se n ta ie n t aussi, m élangés avec de  la b a u x ite  k a rs tiq u e  réaccu m u lée  dan s 
le N éogène.

Le K h a o  Ma (-(-800 m ), pic le p lus é levé de la région p o u v a it co n se rv e r 
la p h ase  te rm in a le  de l’ac tiv ité  vo lcan ique. A u flan c  a b ru p t e t au  pic de  celui-ci, 
la  rh y o lite  non  a lté rée  à colonnes p e u t ê tre  d u  rem plissage de chem inée .

D ans le com plexe  vo lcan ique, des co n g lo m éra ts  tu ffeu x  s’in te rc a le n t  à 
p lu sieu rs  n iv eau x . L a m atiè re  des g rav ie rs  e s t en p rédom inance  d u  grès 
accom pagné du  q u a rtz  e t d ’une vo lcan ite  a p h a n itiq u e , tous les d e u x  ra res . 
L a  fo rm a tio n , n ’in d iq u a n t pas un n iv eau  c o n s ta n t, p o u rra it s ig n a le r le com ­
m en cem en t des d ifféren tes périodes d ’exp losion .

Le com plexe volcan ique  co n tien t des im p rég n a tio n s su lfu reu ses . D ans 
le g isem en t de B a X a , à côté des veinu les de silice capillaires on p e u t  t ro u v e r  
d an s  la  b a u x ite  des rem plissages su lfu reu x  aussi, com m e p ro d u it té lé th e rm a l.

2.4 . Form ations néogènes, position  stratigraphique des accum ula tions de 
bauxite secondaires

A v a n t la  fin  du  volcan ism e, ce t espace de l’Asie du S u d -E st e s t  d ev en u  
te r re  ferm e. Dès le C rétacé ju s q u ’à nos jo u rs  -  ne considéran t pas le  re m p lis ­
sage des bassins des grandes riv ières e t q u e lq u es  séd im en ta tio n s la c u s tre s  
in s ig n if ia n te s  — ce son t l’érosion in ten se  e t  la  séd im en ta tion  te r re s tr e  qui 
ré g n a ie n t.

N ous avons rangé  dans le N éogène les fo rm atio n s  plus récen te s  q u e  les 
v o lcan ite s  qui é ta ie n t p rodu ites p a r  l ’a l té ra tio n  argileuse des ro ch es  de la 
su rface  e t p a r  leu rs d é tr itu s  effrités e t déposées dan s des bassins sé d im e n ta ire s  
pério d iq u es. A ux  en v iro n s de L ang  Son, ap rè s  une  grande lacune  d ’érosion  
elles su rm o n te n t la surface k a rs tiq u e  du  ca lca ire  paléozoïque e t  les la m b e a u x  
d ’a léu ro lite  tr ia s iq u es  épargnés p a r l’érosion e t  à T am  L ung la  b a u x i te  in 
situ .
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L ’argile e n ca issan t les d é tr itu s  est le p ro d u i t  d ’a lté ra tio n  fin  des vol- 
c a n ite s , a léu ro lite  e t d u  grès ou calcaire, m ais  on  p e u t y  re tro u v e r au ssi la 
m a tiè re  de la b a u x ite  a lté rée  en  argile.

D u p o in t de vue de la  s tra tig rap h ie , il f a u t  ran g e r ici les accu m u la tio n s  
seco n d a ire s  de la b a u x ite  aussi qui se tro u v e n t, com m e com plexe de d é tr i tu s  
m o n o m ic te , su r la su rface  des roches c a rb o n a tées  paléozoïques d ’âge d iffé ren t. 
E lle s  se com posen t des d é tr i tu s  de b a u x ite  d u rs  à granu lom étrie  v a riée  e t 
v a r ia b le m e n t usés, lith o lo g iq u em en t ré s is ta n ts  à l ’a lté ra tio n  e t de l ’argile 
e n c a issa n te  m euble p ro v e n a n t de la b au x ite  e t  d ’a u tre s  roches. E n  d é p e n d a n t 
des co n d itio n s  géom orpho log iques, elles p ré s e n te n t  des lentilles e t g îte s , plus 
ou m o ins riches en d é tr i tu s  de bau x ite , accu m u lés  au x  flancs des collines, au  
fo n d  des vallées d ’érosion  e t en ponors c a rs tiq u e s  profonds, non ra re m e n t 
sous u n e  épaisseur de 50 m (T ap N a, B ang M ac, B a  X a , Ma Meo, etc.).

Les ouvrages p récéd en ts  on t rangé les g îte s  de b au x ite  seco n d a irem en t 
accu m u lés  u n ifo rm ém en t d an s  le Néogène [13]. Selon no tre  avis, ce p rocessus 
p o u v a it  com m encer d é jà  a v a n t  le Néogène e t  d u re  à nos jou rs, aussi. D ’ap rès 
leu rs  ca rac tè re s  séd im en to lo g iq u es e t leurs p o s itio n s  géom orphologiques, on p eu t 
d is tin g u e r  les a ccu m u la tio n s  plus anciennes e t  plus récentes sans p o u v o ir 
p ré c ise r  leu rs p o sitions s tra tig ra p h iq u e s  fines. A u  te rr ito ire  de L ang  Son, p a rm i 
les g îtes  secondaires c’e s t la  b au x ite  du g isem en t de K hon  Pich qui e s t la  p lus 
an c ien n e . Sa source in  s itu  n ’est pas connue , n o u s  probabilisons seu lem en t 
que  la  b a u x ite  p rim a ire  à p o s itio n  s tra tig ra p h iq u e  perm ienne se tro u v e  re c o u ­
v e r te  des couches tr ia s iq u e s  e t perm iennes a u  W  de la  ligne de frac tu re  lo n g ean t 
le cô té  ouest de la  len tille . A près l’accu m u la tio n , le com plexe de b a u x ite  secon­
d a ire  e s t à la  p lu p a r t  é rodé  e t  altéré . L a len tille  p résen te  un  lam b eau  à l’e n ­
to u ra g e  d ’un  ponor k a rs tiq u e  ex trêm em en t p ro fo n d  épargné de l’érosion  à 
“ l’o m b re ”  d ’une colline d ’a léu ro lite  (Fig. 5).

Le com plexe de b a u x ite  secondaire de T a m  L un g  situé à la su rface  p e u t 
ê tre  u n  peu  plus récen t que le p récéden t, il se t ro u v e  encaissé en argile au -d essu s 
d u  ca lca ire  p erm ien  su p é rie u r ou de la b a u x ite  p rim a ire  perm ien su p é rieu r.

Le com plexe tro u v a b le  au fond des vallées de Dong D ang p ré se n te  une  
a c c u m u la tio n  encore p lus récen te , et les d é tr i tu s  de b au x ite  arg ileux , é ta n t  en 
m o u v e m e n t a c tu e llem en t aussi au x  flancs des co llines ab ru p ts  de Ma Meo a insi 
q u e  les accu m u la tio n s s itu ées  à p rox im ité  des g îtes prim aires (B a X a , B ang  
M ac, T ap  N a, e tc .) so n t les p lus récents.

3. Gîtologie générale , classement génétique des gîtes de bauxite

3.1. S itua tion  structurale

L a genèse e t l’accu m u la tio n  de la b a u x ite  k a rs tiq u e  sont liées, à ch aq u e  
âge e t  p a r to u t, au x  m o u v em en ts  ép irogéniques e t  tec ton iques, au  c h a n g e m e n t 
des co n d itions pa léogéograph iques. Ce qu i m a n ife s te  dans la r é p a r t i t io n  des
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Np Ne Ne T Р22-Рс

Fig. 5. Coupe géologique de g îte  de bau x ite  à K h o n  P ich . 1. N éogène (Ne): com plexe d e  d é tr i tu s  
de b a u x ite ; 2. N éogène (N e): argile; 3. N éogène (Ne): arg ile  à d é tr itu s  d ’a léu ro lite ; 4. T ria s  

(T): a léurolite; 5. P e rm o -carbon ifère  (P  — C): calcaire. P ,  „ Perm ien  supérieur: ca lca ire

d ifféren ts g isem ents liés aux  d irec tions s tru c tu ra le s  déterm inées à l’in té r ie u r  
d ’une  province b a u x itifè re , resp. des u n ité s  m in eu res: gîtes e t g roupes de 
len tilles [14].

P arm i les g isem en ts bau x itifè res  de L an g  Son, D ong D ang, T am  L ung  
e t K hon  Pich p ré se n te n t des con fig u ra tio n s allongées en d irection  de la  p r in c i­
pale ligne s tru c tu ra le  du  NW  au S E . L a fo rm e des len tilles de M a M eo, le 
re lie f du m ur à l’in té r ie u r  des len tilles e t  la p o sitio n  des a lignem ents ro ch eu x  
a b ru p ts  en tre  les len tilles sont tous en h a rm o n ie  avec la tec to n iq u e  locale 
du  N E  au SW , p e rp en d icu la ire  à la ligne p rin c ip a le  (F ig . 3).

Les lignes s tru c tu ra le s  à d irec tio n  d u  N W  au  SE  ca rac té risen t le te r r i ­
to ire  de Tap N a. Les affleurem ents de b a u x ite  ja lo n n e n t le long de c e tte  ligne, 
e t les accu m u la tio n s secondaires p ré se n te n t des con figu ra tions allongées en 
m êm e direction .

3.2. Classement des gîtes de bauxite

Nous allons classifier les gîtes de b a u x ite  v ie tn am ien s d ’après les gise­
m en ts  les m ieux  exp lo rés e t s tra tig ra p h iq u e m e n t les m ieux  connus; nous avons 
d is tin g u é  les ty p es  p rin c ip au x  su iv a n ts . N a tu re llem en t, à l’in té r ie u r  d ’un 
g isem ent on p e u t re tro u v e r  p lusieurs ty p e s  de g îtes, les d ifféren ts ty p es p a s sa n t 
sans lim ite n e tte , les uns dans les a u tre s  (F ig . 6).

3.2.1. Type de Ba X a

Le com plexe de  b a u x ite  in situ  a ffleu re  en p lu sieu rs k ilom ètres à in te r ­
ru p tio n s  d ’érosion p lus ou moins g ran d es le long de la  d irection  d u  N -N E  
au  S-SW . Son p en d ag e  est de 15 à 25°. On p e u t  su iv re  les a ffleu rem en ts , 
en  la rg eu r de 10 à 60 m co rresp o n d an t à l’ép a isseu r réelle  de 5 à 45 m .
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F ig . 6. C oupe géologique id éa le  des ty p es  de g îte  d é tr i t iq u e , de Leo-Cao, M a Meo e t D ong 
D ang. 1. arg ile; 2. com plexe de d é tr i tu s  de b au x ite ; 3. calcaire

L ith o lo g iq u em en t le com plexe de b a u x ite  in  s itu  est com posé de la 
b a u x i te  dure, rig ide en bancs gros et de P a rg ilite  plus f in e m e n t s tra tif ié e . 
L ’a rg ilite  p résen te , à la  p lu p a r t ,  l ’un  ou d e u x  tie rs  in férieu rs d u  com plexe. 
Le passag e  est g raduel e n tre  la b au x ite  e t  P a rg ilite . A la zone de passag e  dans 
P a rg ili te  en strie  de 2 à 3 m m  ou encore p lu s large on tro u v e  des laies e t co r­
d o n s  de b au x ite  à te x tu re  p iso lith ique , d is tin g u ab les  aussi à l’œil n u , qui- 
d e v ie n n e n t de plus en p lu s  larges en a lla n t vers le h a u t.

Le com plexe de b a u x ite  est divisé p a r  b an cs  houilleux, s u r to u t  dan s son 
n iv e a u  supérieur. Les sond ag es im p lan tés  en  d irec tion  du p en d ag e  hors le 
b o rd  des affleu rem en ts, a u  n iv eau  de la  b a u x ite , on t trav e rsé  un  com plexe 
d ’a rg ilite  divisé p a r  b an cs calcaires, où la  b a u x ite  m an q u a it co m p lè tem en t. 
D ’a p rè s  les ca ro ttes  de sondages no tre  im pression  é ta it q u ’ici p a r  passage 
m a rn e u x , Pargilite  e s t développée  du  m u r en co n tin u ité , c‘est-à -d ire  la séd i­
m e n ta t io n  m arine é ta i t  c o n tin u e .

Le com plexe de b a u x ite  est te c to n iq u e m e n t fo rt a ffec té , p a r tic u li­
è re m e n t c’est la b a u x ite  re la tiv e m e n t p lu s  rig ide  qui est fo rte m e n t f ra c tu ré e  
e t  fissu rée . A la surface ou  à p ro x im ité  de la  surface, le long des fissu res e t 
su rfa c e s  de couches le com plexe  altère  en  arg ile . C’est P arg ilite  q u i e s t la  p re ­
m iè re  v ictim e de l’a lté ra t io n  en ta n t  que  la  roche  dure, so u v en t s tra tif ié e  en 
lam e lle s , s’altère  en arg ile  m euble  e t p la s tiq u e . E n  a llan t du  h a u t  v e rs  le lias, 
le com plexe  de b a u x ite  p rim a ire  in  situ  d ev ien t de plus en p lus arg ileux . 
L a  b a u x ite  en gros b a n c s , divisée p a r rem  [dissages de fissures e t  de bancs 
d ’a rg ile , passe en c o n tin u ité  dans la b a u x ite  p seu d o -d é tritiq u e  in  s itu , a lté rée  
en  p lace  e t encaissée d a n s  l ’argile (P h o to s  2 e t  3).

Le m ur en position  p lu s  élevée é ta n t  é ro d é , le com plexe de b a u x ite  pseudo- 
d é tr i t iq u e  arrivé à la su rface  p e u t ê tre  réaccum ulé  en d é p e n d a n t des co n ­
d itio n s  géom orphologiques, ca r le long des p a rtie s  cim entées p a r  arg ile  le 
c o m p le x e  désagrège v ite  e t  passe de la  su rface  du te rra in  p lus élevée vers 
celle  p lu s basse (vo ir: p ro fil de B a X a  d an s la  Fig. 4).
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On p e u t ra n g e r  dan s le ty p e  gîto logique de B a X a  aussi les b a u x ite s  in  
situ  du  gisem ent T a p  N a de Cao Bang à c e tte  d ifférence considérab le  que 
c’es t la  b au x ite  d u re  qu i co n stitu e  le com plexe  de b au x ite  to u t  en tie r, 
a lors ici l’e ffr ite m e n t est p lus m odéré m algré l ’a ffec tio n  tec to n iq u e  p lus fo rte . 
Ic i, on ne co n n a ît p as  d ’au tre s  faciès du com plexe de b a u x ite , é ta n t  donné que 
la  recherche  p a r  fo rages ne les a pas encore exp lo rées.

3.2 .2 . Type de Leo Cao

Comme on l’a m en tio n n é  dans le c h a p itre  2.2. là , où le com plexe de 
b a u x ite  se tro u v e  à la  su rface  nue , il y  a de te lles p a r tie s  de gîtes, len tilles ou 
de p a rtie s  de len tilles qu i so n t ap p arem m en t p se u d o -d é tr itiq u e s , p are illem en t 
à la  b a u x ite  réaccu m u lée . D ’après les analogies observées à B a X a  nous con­
sidérons les len tilles, s ituées gém orpho log iquem ent a u x  som m ets des collines, 
com m e com plexe p se u d o -d é tr itiq u e  altéré en p lace  (à position  s tra tig ra p h iq u e  
p e rm ien  supérieu r). N ous en tro u v o n s les plus b e a u x  exam ples dans les len ­
tilles  Leo Cao d u  g isem en t de Ma Meo. Des v a leu rs  ex trêm es ca ra c té rise n t 
l ’épa isseu r du com plexe  de b a u x ite . A l’in té rie u r d ’u n e  d istance  de quelques 
m è tres  des d ifférences de 0,5 à 50 m p e u v e n t a r r iv e r  p a r  conséq u en t du  relief 
e x trê m e m e n t irrég u lie r d u  calcaire du m ur.

La p ro p o rtio n  de po ids e n tre  la b a u x ite  e t l’arg ile  es t la plus élevée dans 
le ty p e  de g îte  de Leo Cao. L a q u a n tité  de la b a u x ite  e s t en m oyenne de 1,04 
t /m :i, m ais il y  a aussi de te lles zones, où les v a le u rs  de 2,4 à 2,6 t /m ’* ne son t 
pas ra res . P arce  que  le po ids vo lum étriq u e  de la  b a u x ite  com pacte  es t 3, 
alors il es t év id en t q u e  l ’on tro u v e  ici telles «couches» qu i son t com posées pai 
« d é tritu s  de b au x ite»  p resq u e  en leur e n tité  co m p lè te . Si ces zones riches en 
b a u x ite  se tro u v e n t à la su rface , l’enrich issem ent de la b a u x ite  p e u t ê tre  aussi 
secondaire : les e a u x  de surface o n t déjà lavé l’arg ile  du  c im en t. Si les zones 
[dus riches en b a u x ite  se p ré se n te n t en p ro fo n d e u r p lus grande au-dessous 
de la surface, nous p o u v o n s  penser q u ’il s’ag it des re s te s  de la couches, p rim or- 
d ia lem en t plus rich e  en b a u x ite , du com plexe o rig ina lem en t d ivisé p a r 
l’a rg ilite .

L a d im ension  m ax im ale  des «détritus» re s te  en générale au-dessous de 
1 m , en  p réd o m in an ce  de 20 à 40 cm . La p ro p o rtio n  e n tre  les frac tio n s  plus 
grossières, resp . p lus fines de 2 cm : 4 : 1. Les fo rm es anguleuses ou seu lem ent 
légèrem en t usées y  so n t fréq u en te s . Même au  cou rs de l’a lté ra tio n  en place 

sans effet m écan iq u e  p e u v en t se p ro d u ire  des form es bien  a rrond ies, 
ca r les fac teu rs ch im iq u es, aussi com m e ceux m écan iq u es, a t ta q u e n t p rem iè re ­
m en t les tra n c h a n ts  e t  les angles les plus exposés. L a  résis tan ce  de la  m a tiè re  
hom ogène con tre  l’a l té ra tio n  p ro d u it la surface sp h ériq u e .

M algré son ex ten s io n  réd u ite , le ty p e  de Leo Cao p résen te  la  p a r tie  la  
p lus précieuse du  g isem en t de Ma Meo, car à cô té  d u  ren d em en t re la tiv e m e n t
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r ic h e  la  q u a lité  des «détritus»  e s t  ég a lem en t la  m eilleure, ici. V oir en  d é ta ils: 
c h a p i t r e  6.

C erta in es  p a rtie s  d ’a u tre s  g isem ents a p p a rtie n n e n t aussi à c e tte  u n ité  
g îto lo g iq u e , com m e p a r e x .: B a  X a  ou la  p a r tie  du  gîte de T am  L un g  non 
re c o u v e r te  du calcaire.

3 .2 .3 . T y p e  de M a Meo

A u te rr ito ire  des g îtes à ty p e  de Leo Cao l ’argile à d é tr i tu s  de b a u x ite  
e f f r ité s  e s t encore a c tu e lle m e n t aussi en m o u v em en t au x  flan cs  des collines 
a b r u p ts .  On le vo it b ien  à la  p h o to  4, où on p e u t observer co m m en t découle 
le co m p lex e  à d é tr itu s  de b a u x ite  en tre  les to u rs  rocheuses à parois 
a b r u p te s  com posées du  ca lca ire  du  m ur. E n  d ép e n d a n t des co n d itio n s  géom or­
p h o lo g iq u es  la m atiè re  de ro ch e  désagrège en  plus. A p ro x im ité  des gîtes 
à ty p e  de Leo Cao, les b locs de 50 à 60 cm  son t encore fréq u en ts . E n  a llan t 
v e rs  le b a s  sur les p en tes , le d ia m è tre  m ax im al e t p ré d o m in a n t d im inue .

A  ce ty p e  le re n d e m e n t m oyen  n ’est p lus que 0,7 t /m 3 seu lem en t, e t la 
p ro p o r t io n  en tre  les frac tio n s  p lu s  grossière, resp . plus fine de 2 cm es t de 3 : 1 .  
E n  a l la n t  vers les fonds des vallées, il a rriv e  de p lus en p lus fréq u em m en t 
q u ’à c e r ta in s  n iveaux , m ais p lus p a rtic u liè rem en t à la p ro x im ité  d u  m ur, 
la f r a c t io n  fine a tte in t, m êm e dépasse  la q u a n tité  de la frac tio n  p lus grossière.

L ’épaisseur du com plexe  de ty p e  de Ma Meo varie  aussi e n tre  va leurs 
e x trê m e s . L’épaisseur d u  com plexe  est la fo nc tion  de l ’énerg ie  d u  relief. 
O n t ro u v e  la plus g ran d e  ép a isseu r là, où la  m a tiè re  m o u v a n t v e rs  le bas 
s ’e n ta s s e  en h e u r ta n t une  p a ro i rocheuse (P h o to  5), e t là, où la b a rric a d e  est 
in te r ro m p u e , des vallées é tro ite s  co u ren t vers le bas, e t ici l ’arg ile  à d é tr itu s  
de b a u x i te  «découle».

Ce ty p e  de gîte  re p ré se n te  des réserves à q u a n tité  co n sidérab le  aussi au 
te r r i to i r e  de T ap  Na. Le p rocessus de l’accu m u la tio n  de la m a tiè re  d é tr itiq u e  
d u re  ic i m oins long tem ps, les d é tr i tu s  son t m oins usés et m oins classés.

3 .2 .4 . T y p e  de Dong D ang

D ’après l’exem ple du  g isem en t de D ong D ang  de L ang Son, nous avons 
in sé ré  ic i ces accum ula tions q u i se tro u v e n t géom orpho log iquem en t au  re lief 
le p lu s  b a s . Au bord  des v a llées à fond  large , le com plexe a rriv é  dès les pen tes 
de co llines ab ru p tes  s’é ta le  en  fa n g lo m éra t (P h o to  5). Si la  co n stru c tio n  
de la  v a llée  es t géo log iquem ent a sy m é triq u e , alors l’argile à d é tr i tu s  de b a u x ite , 
a r r iv é e  de l ’en tourage  ca lca ire , e s t m élangée avec les d é tr itu s  d ’a u tre s  roches, 
au ss i. E n  a llan t vers l’axe  de la  vallée , les d é tr itu s  de b a u x ite  d im in u e n t de 
p lu s  en  p lus dans le com plexe  d ’argile , e t la  g ran u lo m étrie  ab b a isse  b ru sq u e ­
m e n t. Ic i , l ’argile est d é jà , en  m a jo rité  é c ra san te , le p ro d u it d ’a lté ra tio n  des 
v u lc a n ite s  ou de l’a léu ro lite .
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L a b a u x ite  p e u t ê tre  aussi m élangée avec  les d é tritu s  de ces roches. 
D ans la  m a tiè re  de la len tille  de K hon  P ich  on p e u t reco n n a ître  l ’a léu ro lite  
tr ia s iq u e  e t dans les len tilles nom m ées B an  T h a u  d u  gisem ent de M a Meo la 
m a tiè re  des vo lcan ite s , aussi.

N ous avons rangé  à ce ty p e  une p a r t ie  des accum ulations re s té e s  en 
en to u rag e  des c a rb o n a te s , aussi: les séd im en ts  déposés dans des v a llées  te c to n i­
q u e m e n t préform ées larges de 70 à 200 m , lim itée  des paro is ca lcaires a b ru p te s , 
à d éc lin a tio n  co m p lè tem en t légère e t le com plexe en voie d ’a c c u m u la tio n  
dan s les env irons des ponors à ray o n  de 50 à 200 m , en situ a tio n  to p o g ra p h iq u e  
élevée.

S au f K h o n  P ich  qu i est le p lus an c ien , le t r a i t  com m un de to u s  les tro is  
te rr ito ire s  est ce que la m atiè re  d é tr itiq u e  accum ule  co n tin u e llem en t, il n ’y  a 
pas d ’érosion ou elle es t de l ’échelle très  lim itée . L ’a lté ra tio n  m écan iq u e  a cessé, 
e t c ’e s t la  nap p e  p h ré a tiq u e , resp . l ’eau k a rs t iq u e  qui effectue son e ffe t d ’a l té ra ­
tio n  ou o x y d a n t.

B ien que l’on tro u v e  dans les vallées des blocs énorm es aussi, la  g ra n u lo ­
m étrie  d o m in a n te  es t de 2 à 4 cm. La p ro p o rtio n  en tre  les frac tions p lu s  g ran d e , 
resp . p lus p e tite  de 2 cm est d im inuée à 2 : 1. Le rendem en t m o y en n e  reste  
aussi au-dessous de ceux décrits p ré c é d e m m en t: 0,5 t /m 3. L a v a r ia t io n  du 
re n d e m e n t est e x trê m e m e n t capricieuse t a n t  ho rizo n ta lem en t q u e  v e r tic a le ­
m e n t. Les zones im p ro d u c tiv es  sans b a u x ite  — y  sont fré q u e n te s , e t  les 
n iv e a u x  à d é tr itu s  de b au x ite  son t séparés du  m ur p a r argile im p ro d u c tiv e , 
p a r  en d ro its  épaisse de 10 m . E n  c o m p a ra n t a u x  types p récéden ts, l ’ép a isseu r 
du  com plexe de b a u x ite  est la plus régu lière  d an s les vallées te c to n iq u es  bo rdées 
p a r le calca ire  d u  m ur. Les p lus fréq u en te s  va leu rs d ’épaisseur se t ro u v e n t 
e n tre  10 e t 15 m . Le re lie f du m u r est m oins va riab le  au-dessous d u  n iv eau  
de l’eau  k a rs tiq u e , resp . de la nap p e  p h ré a tiq u e .

L ’épa isseu r du com plexe de b a u x ite , rem p lissan t les ponors k a rs tiq u e s  
p ro fondes, dépasse m êm e 100 m , dans la  len tille  de K hon P ich  ex p lo rée  p a r  
sondages. Au te rr ito ire  de Ma Meo, où nous n ’avons exécuté  que des rech erch es 
à p u its  creusés, nous les avons arrê tées à la  p ro fo n d eu r de 50 m , d a n s  le com ­
plexe à d é tr itu s  de b au x ite .

3.2.5. T ype  de T am  L ung

On p e u t ra n g e r à ce ty p e  la p a rtie  de g îte  du  n iveau  p rofond , re c o u v e r te  
du  ca lca ire  perm ien  supérieu r, du g isem en t de T am  L ung qui d iffère  p é tro g ra -  
p h iq u e m e n t e t g én é tiq u em en t des g îtes re c o u v e rts  des au tres g isem en ts .

Le com plexe de b a u x ite  est varié , sa ca rac té ris tiq u e : les d é tr i tu s  de 
b a u x ite  durs en dom inance  de 2 à 6 cm , so n t encaissés dans la b a u x ite  m eub le  
ou d an s l’argile b a u x itiq u e . La d ifférence essen tie lle  p a r ra p p o r t a u x  ty p e s  
de g îtes d é tr itiq u e s  p récédem m ent décrits  e s t ce que la m atière  e n c a issa n te
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de la  b a u x ite  n ’est pas le p ro d u it  d ’a lté ra tio n  de la b au x ite  ou de l’a rg ilite , 
m ais elle  e s t aussi de la  b a u x ite  p rim aire , m êm e si elle est q u a lita tiv e m e n t p lus 
in fé rie u re  que les d é tr i tu s  (v o ir en détails c h a p itre  n° 7).

A ussi, com m e à B a X a , le com plexe de b a u x ite  est divisé, ici aussi, p a r  
b an cs  d ’argile liouilleuse e t  de houille arg ileuse . L ’épaisseur du  com plexe est 
assez v a ria b le  due en p a r tie  à l’inégalité  du m u r, en  p a rtie  à ce que le com plexe  
de b a u x i te  passe h o riz o n ta le m e n t, même en p e ti te  d is tan ce , dans des fo rm a tio n s  
ho u illeu ses  e t arg ileuses. C om m e changem en t de  faciès hé térop ique  s u iv a n t, 
n o u s re tro u v o n s  aussi les séd im en ts p u re m e n t m arin s  con sis tan t en sch is tes  
a rg ile u x  à sidérose.

L ’accu m u la tio n  du  com plexe de b a u x ite  é ta i t  de tem ps en te m p s  in te r ­
ro m p u e : le com plexe ren fe rm e  des bancs de c a lca ire , p a r endro its.

C om m e effet ép ig én iq u e , la p y ritisa tio n , cau sée  p a r le m ilieu d u  m ara is , 
e s t f ré q u e n te  e t s’é te n d  so u v e n t sur l’épa isseu r d u  p ro fil en tier, m ais n ’av an ce  
que d a n s  la m atière  en c a issa n te  plus m euble .

Le te rr ito ire  est fo r t ta illad é  te c to n iq u e m e n t, les affaissem ents o n t  é té  
su iv is  de chev au ch em en ts . Il y  a aussi de re d o u b le m e n ts  de couche à cause 
des c h ev au ch em en ts  (F ig . 1).

4. Propriétés pétrographiques de la bauxite  et de Fargilite

D ’après les p ro p rié té s  p é tro g rap h iq u es  o b se rv ab les  au te rra in , on d is­
tin g u e  les types su iv a n ts :

A .  B au x ite , n o ir à gris foncé, p rim a ire , d u re , com pacte e t ses v a r ié té s  
oxydées (Ma M eo, T am  Lung, B a X a).

B . B aux ite , b ru n  ro u g e â tre  foncé e t rouge b ru n â tre , p rim aire , co m p ac te , 
dure  et ses v a r ié té s  oxydées en ro u g e  (M a Meo, Tap Na).

C. B rèche de b a u x ite :  en b au x ite , gris ou rouge, m euble sont encaissés 
des d é tr itu s  de b a u x ite  des ty p es A e t  B (n iveau  profond de T am  
Lung).

D . A rgilite, gris c la ir  ou p lus foncé, à d u re té  m oyenne et vo isine de la 
b au x ite  e t ses v a r ié té s  oxydées (B an  L o n g , B a X a).

E . T ypes de la té r ite .
L a  b au x ite  a p p a r te n a n t  au  type A  e s t ré d u ite  en son é ta t  p rim a ire : 

n o ir, g ris foncé, gris v e rd â tre  ou vert (P h o to  6). E x trêm em en t dure (D  >  7) 
à ca ssu re  conchoïdale ou esquilleuse. T e x tu re  p o u r  la p lu p art o o lith iq u e  
p iso lith iq u e , d é tritiq u e  ou p seudobréch ique , p lu s ra re m e n t hom ogène. L a  s tru c ­
tu re  des types à q u a lité  m eilleu re  est rec ris ta llisée , souvent à te x tu re  arén i- 
t iq u e . L a  b au x ite  de Cao B an g  est to u jo u rs  p lu s  grossièrem ent rec ris ta llisée  
q u e  celle  de L ang  Son.

Ses a ffleu rem en ts , tro u v a b le s  in  situ  à B a X a , B ang Mac e t T ap  N a , son t 
s tr a t if ié s  en bancs, p lus r ich em en t oo lith iques e t  p iso lith iques vers le to i t .  Sa
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m icro -s tra tifica tio n , so u v en t visible à  l’œil n u , signifie l’a lte rn an ce  des s trie s  à 
te x tu re  plus g rossiè rem en t ou p lus f in e m e n t recrista llisée ou co llom orphes.

L ’ox y d atio n  secondaire  de la b a u x ite , gris ou v e rt, p résen te  u n  p h én o ­
m ène généra lem ent observab le . E n  zone épaisse  de 1 à 3 m m , le processus 
d ’ox y d a tio n  com m ence d é jà  le long des fissu res e t surfaces de couches de la 
b a u x ite  in  situ , reco u v e rte  de couches perm ien n es. L ’épa isseu r de la  zone 
d ’o x y d a tio n  de la b a u x ite , noir, de B a  X a  e t T am  Lung, reste  p o u r  la p lu p a r t  
au-dessous de 1 cm , sa couleur: ja u n e  ou ja u n e  ro u g eâ tre .

Les graviers e t blocs des ty p e s , gris c la ir ou plus foncé, so n t à l’e x té rie u r 
d u  rouge vif, à l ’in té r ie u r  com m ence u n  an n eau , rouge p lus foncé , ju s q u ’à 
qu e lq u es cm. Il p e u t ê tre  suivi d ’un e  su rface lim ite , jau n e , à 1 m illim è tre  qui 
e s t en  zig-zag le long des é lém ents de te x tu re  p lus com pacts e t  p lu s  ré s is ta n ts  
au  processus d ’o x y d a tio n . Le n o y au  in té r ie u r  e s t du gris v e rd â tre , qu i p eu t 
p ré se n te r  ta n t  l’é ta t  p rim a ire  que seco n d a ire : il es t la  p a rtie  lég è rem en t oxy ­
dée de la grise (P h o to  6).

T a n t à l’œil nu  q u ’à la loupe, on p e u t co n sta tée  égalem ent que  la c ro û te  
ex té rieu re , seco n d a irem en t oxydée à une  s tru c tu re  p lus lâche, m oins com pact 
q u e  le noyau  in té r ie u r  réd u c tif.

Aus cours de l’a lté ra tio n  e t  ré a c c u m u la tio n  à durée p lus longue , les 
d é tr i tu s  de b au x ite , oxydés dans le u r e n tité , se tra n sfo rm e n t u n ifo rm ém en t 
en  b a u x ite  rouge qu i conserve la te x tu re  o rig inale  e t ne diffère de la b a u x ite  
p rim a ire , gris e t gris v e rd â tre , q u ’en  sa cou leur. P a r  l’av an cem en t des processus 
d ’o x y d a tio n , la po ro sité  de la m a tiè re  d é tr i t iq u e  augm en te  aussi e t d an s des 
cas ex trêm es de ce rta in s  blocs s’a ltè re  à s tru c tu re  scoriacée.

On p eu t d is tin g u e r la b a u x ite , b ru n  ro u g e â tre , en é ta t  p rim a ire  aussi 
oxydée  a p p a r te n a n t au  type B  e t les m o rceau x  de b a u x ite  du  type  A ,  secon­
d a irem en t oxydés en b ru n  ro u g eâ tre . L a co m p acité  du  type B  e s t id en tiq u e  
à celle de la b a u x ite  p rim aire , gris ou  n o ir, resp . au  n o y au  in te rn e , p rim a ire  
e t  ré d u c tif  des blocs oxydés (P h o to  7).

P a r  ra p p o r t au  p récéd en t, le type B  es t to u jo u rs  p lus hom ogène, la 
m ic ro -s tra tifica tio n  ne se p résen te  que  dan s le g isem ent de T ap  N a. E n  sens 
de la  s tru c tu re  de c ris ta l in té rieu re  sa  te x tu re  es t b ien  c ris ta llin e , e t il est 
c a rac té ris tiq u e  que les c ris tau x  de d iaspo re  b rillen t so u v en t e t  v is ib lem en t 
à l’œil nu.

D ans le g isem ent de Ma Meo a u x  p a r tie s  de gîtes de ty p e  de Leo Cao ce 
ty p e  form e en p réd o m in an ce  le com plexe  (P h o to  8).

N ous avons ran g é  dans le typ e  C c e tte  p a rtie  des b rèches de b au x ite  
qu i es t com posée des roches à consistences trè s  d ifféren tes; n o ta m m e n t elle 
consiste  en cim en t de b a u x ite  m eu b le , friab le  sous la m ain  à a sp ec t d ’argile 
e t  en d é tr itu s  de b a u x ite  durs, en p réd o m in an ce  a p p a r te n a n t au  type  A .

L a te x tu re  du  c im en t est p iso lith iq u e-o o lith iq u e , seu lem en t ra re m e n t 
hom ogène, gris ou b ru n  rou g eâ tre  e t  rouge b ru n â tre . Le c im en t e s t secondaire-
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m e n t ré d u it , py ritisé . D im en sio n  de la m a tiè re  d é tr i t iq u e  anguleuse ou légère­
m e n t usée: 2 à 6 cm. Sa c o u leu r, gris, gris b ru n â tre  ou b ru n  ro u g eâ tre  est plus 
fo n cée  p a r  ra p p o rt au  c im e n t. I l y  a aussi de te ls  b locs, gris, plus g ran d s dans 
le com plexe  qui re n fe rm e n t des d é tritu s  de b a u x ite  d u re , b ru n  ro u g e â tre , de 
1 à 5 m m  (brèche dans la  b rèch e) (P ho to  9).

L e type C n ’est co n n u  q u ’au n iveau  p ro fo n d  de T am  L ung. I l  e s t b ien  
possib le  que telles b rèches de b a u x ite  on t é té  form ées ailleurs aussi, m ais à la  
su rface  m élangées avec la  m a tiè re  d é tritiq u e  des g îtes de b a u x ite  développés en 
gros b an cs , son asp ec t b ré c h iq u e  «prim aire» n ’e s t p lu s reconnaissab le .

T y p e  D : d ’arg ilite  e s t co n n u  dans les g isem en ts  de B a X a  e t B an  Long. 
D ’a p rè s  la  descrip tion  p a r  A . M i n d s z e n t y  c e tte  roche  est plus m eub le  que 
la b a u x ite  p récéden te , d u re , e t  non ra re m e n t ta illa b le  à cou teau . Sa te x tu re  
e s t à  la  p lu p a rt o o lith iq u e  ou  d é tritiq u e . E lle  e s t so u v en t s tra tif ié e  en bancs 
m inces à s tru c tu re  feu ille tée . C’est l ’a lte rn an ce  des stries  d é tr itiq u es  e t ho m o ­
gènes ou com pactes e t m o ins com pactes qui cause  la  s tra tif ic a tio n  (P h o to  10). 
Sa te x tu re  n ’est o rd in a ire m e n t recristallisée seu lem en t, polluée de l’a lé u rite  de 
q u a r tz .  E n  é ta t  oxydé ja u n e  c la ir, jau n e  ro u g e â tre , le long des fissu res à stries 
e t  ta c h e s , lilas ro u g eâ tre  [32]. S tra tig ra p h iq u e m e n t elle situe au  n iv eau  de 
b a u x ite . E n  sens v e rtic a l u n  passage n e t se m an ifes te  vers la b a u x ite , visib le 
à l ’œ il n u . H o riz o n ta le m e n t, elle se tro u v e  en c o n ta c t de d ig ita tio n  p a r  ra p p o r t 
à la  b a u x ite .

N ous avons ran g é  d a n s  la  b au x ite  de type  E  quelques échan tillons, p ro ­
v e n a n t  des lentilles B an  T h a u  du  gisem ent de M a M eo, qu i son t d ’après leurs 
a sp e c t, com position  m in éra lo g iq u e , resp. é tu d e  m icroscopique les p ro d u its  
d ’a lté ra t io n  la té ritiq u e  des vo lcan ites. Ce ty p e  se tro u v e  to u jo u rs  m élangé 
av ec  des d é tritu s  de b a u x ite  de k a rs t, au  m ax im u m  en q u a n tité  de 5% . 
Sa s tru c tu re  est p iso lith iq u e-o o lith iq u e , sa te x tu re  e s t poreuse, p ou r la  p lu p a r t  
m eu b le  ou m o y en n em en t d u re , friab le sous la  m a in , sa couleur: rouge j a u ­
n â tre ,  ja u n e  b ru n â tre , ja u n e  lilacé, rouge lilacé à taches b lanches (P h o to  
11). E lle  présen te  du  m in é ra i à qua lité  trè s  b o n n e  à te n e u r en A120 3 de 70 à 
8 0 % .

A u te rrito ire  de M a-M eo, dans le com plexe de b a u x ite  de k a rs t , il y a 
q u e lq u e s  fragm ents de cu irasse  rap p e lan t la  la té r i te  d o n t la ten eu r en oxyde 
de fe r  e s t proche de 6 0 % . L e u r  couleur es t d u  gris, leu r re fle t brille  com m e 
le m é ta l,  leu r s tru c tu re  es t scoriacée.

5. Composition m inéralogique et propriétés structurales de la bauxite

E n  ce qui concerne la  com position  m in éra lo g iq u e  de la b a u x ite  v ie t­
n a m ie n n e , nous n ’en avons p a s  d ’in fo rm atio n s déta illées  que sur le te rr i to ire  
de L a n g  Son. La co m p o sitio n  m inéralogique est connue  d ’après 230 essais

Acta Geologien Academiae Scientiarurn Hungaricae 20, 1976



DES BA U X ITES D U  VIETNAM  DU NORD 2 2 1

à d i f f ra c t io n  à r a y o n s  X  (G y . B á r d o s s y  e t  M. T ó t h ) e t  des  é v a l u a t i o n s  
q u a l i t a t i v e s  su r  la m e s  m inces  (A. M i n d s z e n t y ) [32].

D iaspore: s a u f  la p e tite  in d ic a tio n  de B an  Long, il é ta i t  d é m o n tra b le  
d a n s  tous les échan tillons en q u a n t i té  au  m oins de 1% , le plus f ré q u e m m e n t 
de 40 à 4 5 % , au  m ax im um  de 8 2 % .

Sa q u a n tité  d im inue, s u r to u t  re la tiv e m e n t, au  cours des p rocessus 
d ’o x y d a tio n , resp . de l’e ffritem en t (T ab leau  3).

Selon les é tu d es  m icroscopiques on d istingue d eu x  g én éra tio n s :

a. Sous form e m icrocrista lline  ad h éré e  avec les m in é rau x  ferreux  de la  m a tr ic e  ou 
- su r to u t d an s les ty p es o x y d és — sous form e grossièrem ent c r is ta llin e  à aspect 

de m osaïque.
h. Comme p h ase  pu re  bien  séparée  des m in érau x  fe rreux , dans la m a tr ic e  ou en  sé­

g régation  à co n to u r irrégulier se ré g la n t su r les é lém ents s tru c tu ra u x  c o n ce n triq u e s  
à l’in té rieu r des d ifféren ts é lé m en ts  tex tu ra u x .

Boehmite: sa  q u a n tité  reste  en  m oyenne au-dessous de 5%  d a n s  les gîtes 
secondaires oxydés, bien  que le m a x im u m  a été  tro u v é  ju s te m e n t d an s la 
c ro û te  ferreuse, rouge d ’une b a u x ite  rem an iée  de B a X a : 56% . D an s que lques 
éch an tillo n s de B an  Long, seule la  b o eh m ite  de 25 à 30%  p ré se n te  l’u n iq u e  
o x y -h y d ro x y d e  d ’alum in ium . Sa v a r ia tio n  q u a n tita tiv e , à l’in té r ie u r  d ’u n  profil 
se fa it  to u jo u rs  en d é fav eu r du d ia sp o re  (F ig . 7).

Gibbsite: on la  re tro u v e , en  q u a n ti té  plus ou m oins élevée, p re sq u e  en 
to u te s  les b a u x ite s  de surface. Sa q u a n ti té  est le plus so u v en t de 4 à 7 % , 
au  cours de l’e ffr item en t sa m oyenne  m on te  de 2 à 4 % . C’est un  éc h a n tillo n  
de T am  L ung qu i a a t te in t  le m a x im u m : 22 ,4% .

D ’après les é tu d e s  m icroscopiques so u  en rich issem en t est dû  aux  processus secondaires .

K aolin ite  méta-halloysite : d ’ap rès  les é tu d es de d iffrac tion  à ra y o n s  X , 
on ne p eu t d is tin g u er q u a n ti ta t iv e m e n t ces d eux  m inéraux . L e u r q u a n ti té  
to ta le  p eu t v a rie r en tre  quelques d ix ièm es e t 80% , m ais à cause de l’inhom o- 
géné ité  de la roche elle p eu t v a rie r e n tre  des lim ites larges, m êm e à l ’in té r ie u r  
d ’u n  seul éch an tillo n . La strie  grise d ’un  échan tillon  p ro v en an t de B a n g  L ong 
co m p ren d  33%  de kao lin ite  à cô té  de la  b oehm ite  de 37% , e t la  p a r t ie  gris 
c la ir  co n tien t 79 %  de kao lin ite  -)- m é ta -h a llo y s ite  à côté de 1%  de b o e h m ite .

Chamosite: c’est le m inéral le p lu s ca rac té ris tiq u e  de la b a u x ite  v ie t­
n am ienne . M alheureusem ent, lors les analyses de d iffrac tion  à ra y o n s  X  nous 
n ’av ions pas la possib ilité  de d is tin g u e r ses v a rié té s  ferrique e t  fe rreu se . I l  est 
p ro b ab le  que d ans les v arié tés de b a u x ite , no ir, gris e t v e r t g risâ tre , c ’es t la 
ferro-cham osite, p lus riche en a lu m in iu m , qu i dom ine, e t dans les ty p e s , b ru n  
foncé e t  rouge b ru n â tre  c’est la ferri-cham osite . D ans les v a rié té s  de b a u x ite  
oxydées sa q u a n tité  es t o rd in a irem en t m oins élevée e t au lieu d ’elle ce son t 
p rem iè rem en t la  k ao lin ite , g ib b site  e t  la bo eh m ite  qui s’e n rich issen t. D ans 
la  m oyenne de la  b a u x ite  de L ang  Son elle es t p résen te  en 5% . D ans la  b a u x ite  
à d é tr itu s , p a ra llè lem en t à la d im in u tio n  de la g ran u lo m étrie  sa  q u a n t i té
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F ig . 7. Com position m in é ra lo g iq u e  des fractions g ra n u lo m é tr iq u e s  > 2 0  m m  e t de 2 — 5 m m  
d u  com plexe de d é tr itu s  d e  b a u x i te  dans un  pu its  c reusé: 1. d iaspore; 2. b o eh m ite ; 3. g ibbsite ; 

4. cham osite; 5. k a o lin ite ;  6. hém atite ; 7. g o e th ite ;  7. au tres  m in érau x

ab b a isse  aussi de 5,5 à 1 % . M ais, tels éch an tillo n s  ne son t pas ra res  non plus, 
o ù  il y  a 30 à 40%  de ch a m o site . Dans la  b a u x ite  rouge foncé — prim ord ia le- 
m e n t o xydative  — n o u s  tro u v o n s  aussi de la  ch am o site  en 34% , m ais les 
v a le u rs  m axim ales se r a p p o r te n t  aux  v a rié té s  réd u c tiv e s .

Son aspect m icro sco p iq u e: aiguilles e t écailles fin es  à  d im ensions pour la p lu p a rt de quel­
q u e s  m icrons, dans la  m a tr ic e  d e  la  baux ite . S p o ra d iq u em en t, elle p résen te  des écailles idio- 
in o rp h es  d istinctes de 100 m ic ro n s. La varié té  f in e m e n t écailleuse com pose ra re m en t des 
a m a s  rad io-fib reux , m o n tr a n t  p a rfo is  une o rien ta tio n  n e t te  (P h o to  12a, b).

Goethite: elle est p a rtic u liè rem en t ré p a n d u e  d an s  les typ es oxydés. D ans 
la  c ro û te  o x y d a tiv e , ja u n e ,  ex trêm em en t m ince  de la  b a u x ite , no ir, du te r r i­
to ire  de Ba X a, elle se p ré se n te  en tre  8 e t 2 5 % . D an s la b au x ite  à d é tr itu s , sa 
q u a n t i té  augm ente de 9 à 16%  p ara llè lem en t à la  d im in u tio n  de la  g ran u lo ­
m é trie . Sa q u a n tité  m o y e n n e  ne dépasse celle de l ’h é m a tite  que dans les gîtes 
les p lu s oxydatifs de ty p e  de Dong Dang.

Hématite : E n  c o n s id é ra n t la m oyenne d u  te r r i to ire  en tie r, c ’est la dom i­
n a n c e  de l’h ém a tite  q u i ca rac té rise  la b a u x ite  p a r  r a p p o r t  à la go e th ite , dans 
c e r ta in s  cas elle dép asse  tro is  fois la g oeth ite .
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Sous m icroscope: elle rem p lit les pores d an s la m a trice  où p résen te  des fo rm atio n s  
en  stries , a illeurs form e des écailles pseudo-hexagonales de  1 à 2 m icrons. C o m p o sa n t con­
s ta n t  des zones des p iso lithes e t  œ lithes. E lle  fo rm e pseudom orphoses d ’ap rès la  p y rite . 
Im p règ n e  presque  en tiè rem en t les ty p es  de  b a u x ite  fo r tem en t oxydés.

P arm i les a u tre s  m in érau x  il fa u t  m en tio n n e r la  lépidokrokite, suppo sab le - 
m e n t d ’origine secondaire  e t  a tte ig n a n t  quelques p o u rcen ts d an s  c e rta in s  
éch an tillo n s. La p yrite  es t séd im en ta ire  d an s  le g îte  de T am  L ung , m ais  dans 
le g isem en t de B a X a  elle e s t en  p réd o m in an ce  d ’origine té lé th e rm a le . Sa q u a n ­
t i té  p e u t a tte in d re  10 à 15% , dans ce rta in s  échan tillons m anuels. L a  sidérose 
s’en r ic h it s u r to u t dans l’arg ilite , e t  ici elle a t te in t  30%  au m ax im u m . D an s les 
b a u x ite s  p rim aires , en général elle res te  au-dessous de 1% . Les m in é ra u x  du 
t i ta n e  a tte ig n e n t, en to ta l ,  m êm e 4 à 5 % . C’es t Yanathase  qu i dom ine, Vilm énite  
e t  le ru tile  ne p ré se n te n t que que lques d ix ièm es de pou rcen t. D ans les ta b le ­
au x  i l lu s tra n t la com position  m inéra log ique , on n ’a p résen té  que les q u a n tité s  
des se p t m in érau x  p r in c ip a u x  (d iaspore , b o eh m ite , g ibbsite , k ao lin ite , cliam o- 
s ite , h é m a tite , goe th ite ) en p o u rcen tag es , la  différence p a r  ra p p o r t  au  100%  
es t égale au to ta l  des au tre s  m in é ra u x  ci-énum érés.

L a com position  m inéra log ique  ne p résen te  pas de v a ria tio n s  régu lières 
n i v e r tic a le m en t, ni h o rizo n ta lem en t, dan s les g îtes de b a u x ite  in  s itu  ou à 
d é tr i tu s  é ta n t  p lace en ou en voie de rem an iem en t. Comme on v a  le v o ir  dans 
le c h a p itre  6.4. aussi, du  p o in t de vue  m inéra log ique  et géochim ique les gîtes 
de b a u x ite  paléozoïques so n t co n sid é rab lem en t plus hom ogènes q u e  soit 
c e u x  de la p rov ince  de b a u x ite  m éd ite rran éen n e , soit ceux des te rr ito ire s  
la té r itiq u e s .

P o u r  l’illu s tra tio n  de l’hom ogénéité  v e rtic a le , dan s la Fig. 7 e s t p résen tée  
la com position  m inéra log ique  d ’un  p u its  creusé de Ma Meo, c o n c e rn a n t les 
f ra c tio n s  p lus grossières de 20 m m , resp . e n tre  2 e t  5 m m . Com m e on p e u t 
le lire  dan s la fig u re  aussi, la com position  m inéra log ique  de l’é ch an tillo n  d ’un 
in te rv a lle  p résen te  une différence p lus g ran d e  selon les d ifféren tes frac tio n s  
que les in te rv a lle s  de 1 m successifs d u  profil.

É tu d io n s  les chan g em en ts  de la  com position  m inéralog ique d an s la 
b rèch e  de b a u x ite  d u  g îte  p rim a ire  de T am  L ung , en co m p aran t les d é tr i tu s  de 
b a u x ite  durs e t la m a tiè re  b a u x itiq u e  du  cim en t (ciin) (T ableau  I I ) .

I l est b ien  visib le que d ans la m a tiè re  du  g îte  p rim aire  la  d ifférence  en tre  
les d é tr i tu s  durs e t le c im en t m eub le  est re s tre in te , p o u r la p lu p a r t ,  à la 
d ifférence p lus considérab le  m an ifestée  d an s  la  te n e u r en d iaspo re . I l  n ’y  a 
q u ’un  seul cas, où une  d ifférence p lus considérab le  a p p a ra ît dans la  te n e u r  en 
ch am o site . D ans le c im en t, l ’h é m a tite  s’e n ric h it légèrem en t p a r  r a p p o r t  aux  
d é tr i tu s .

N ous avons é tu d ié  d ans le d é ta il les v a ria tio n s  de la  com position  m in é ra ­
log ique en  fo nc tion  de la g ran u lo m étrie  au  te rr ito ire  de Ma Meo, d ’où  on a 
e ffec tué  en to ta l 107 analyses p a r  d iffrac tio n  à ray o n s X  sur les f ra c tio n s  p lus 
grossières de 20 m m , e n tre  10 e t 20 m m , e n tre  5 e t 10 e t en tre  2 e t 5 m m . D ’après
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T ab leau  11

Sondage LK-185.
78,0 m 80,8 m 81,1 m

détritu s cim. détritus cim. détritus cim.

d iasp o re 40,3 25,8 42,6 17,5 47,4 27,4
b o eh m ite 2,3 10,0 — 8,0 — 11,0
g ib b site — — — — — —
k a o lin ite — 2,9 — — — —

cham o site 42,5 43,9 35,8 17,2 30,5 30,4
h é m a tite 4,3 8,6 12,4 14,9 5,3 7.8
g o e th ite 1,0 4,2 — 3,2 — —
a u tre s

celles-ci

0,6 13.8 9,2 39,2 16,8 23,4

a) le d iaspore d im in u e  de 50%  à 35%  p a ra llè lem en t à l’ab b a issem en t 
de la g ra n u lo m é tr ie ,

b) la boehm ite  v a r ie  e n tre  2 e t 3%  d an s les d ifféren tes frac tio n s,
c) la g ibbsite  s ’e n r ic h it  de 3 ,5%  à 7 %  p a ra llè lem en t à l’ab b a issem en t 

de la g ra n u lo m é tr ie ,
d) la k ao lin ite  s ’en ric h it de 10%  à 16% ,
e) la cham osite  d im in u e  de 3%, à 0 ,7 % ,
f) l’h ém atite  v a r ie , sans ten d an ce , e n tre  16 ,5%  et 18% ,
g) la goeth ite  s ’e n r ic h it  de 9%  à 14% .
D ans le T ab leau  I I I .  est récap itu lée la  com position  m inéralogique des 

p a r t ie s  de quelques é c h a n tillo n s  de b au x ite  é ta n t  à de d ifféren ts degrés d ’o x y ­
d a tio n .

E n  négligeant le f a i t  que même un é ch an tillo n  de b au x ite  m an u el p o u r­
r a i t  ê tre  plus ou m oins inhom ogéné, on ne se tro m p e  pas tro p , en e x p liq u an t 
p a r  l’o xyda tion  les d iffé rences m inéra log iques ap p aru es à l’in té r ie u r  des 
é ch an tillo n s . On p e u t c o n s ta te r  que c’est la chamosite  qui est la  plus sen ­
sib le  à l’oxydation . D a n s  la  croûte rouge sa q u a n ti té  d im inue en sau t p a r 
r a p p o r t  au noyau , g ris ou  v e rt, resp . à l’a n n e a u . D ans ces cas-ci, d ’après 
les analyses ch im iques la  présence de ferro-cham osite  est p ro b ab le . D ans l ’é­
c h a n tillo n  p ro v en an t de 22,0 m du sondage L K -156 , la cham osite  ne dim inue 
q u e  de 32%  à 19% , e t d a n s  ce cas-ci nous p o u v o n s  p robab ilise r la  présence 
de la  ferro-ferri-, re sp . de la  ferri-cham osite  p lu s  ré s is tan te s  à l’o x y d a tio n . 
P a ra llè le m e n t à la d im in u tio n  de la cham osite , la  k a o lin ite  e t l’h é m a tite  s’en ri­
ch issen t d av an tag e  e t la  g ib b site  m oins (vo ir p lu s d é ta illém en t: ch ap itre  7.).

E n  réc a p itu la tio n , n o u s  présen tons la com p o sitio n  m inéralog ique m oy­
en n e  des d ifférents g isem en ts  baux itifères ensem b le  avec les va leurs m inim ales 
e t  m ax im ales y observées (T ab leau  IV).
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T ab leau  I I I

Tableau com paratif des parties réductives et oxydatives des échantillons de bauxite

localité n° d’échantillon bauxite diaspore boehmite gibbsite kaolin. chamos. hémat. goethite

T am  Lung Tm k-4 croûte rouge 63,3 — — 1,0 1,8 19,0 4,0

noyau gris 54,5 - - 5,0 21,4 6,0 4,2

K hon Pich 22.0 m croûte rouge 57,7 - — 3,5 19,0 3,4 9,7

Lk-156 noyau gris 56,2 - 1,3 2,6 32,6 1,6 1,2

102.0 m croûte b ru n  rougeâtre 51,9 - 1,5 3,7 4,5 15,8 13,5

anneau  jau n e 50,5 - 1,0 1,3 30,0 4,0 7,5

noyau gris v e rd âtre 47,9 - 1,0 3,2 32,2 3,2 1,5

Ba X a B xk-7 croûte rouge 29,9 2,6 5,0 23,0 — 8,6 25,6
noyau v e rt 19,1 - — 23,8 34,7 — 18,0

Bxk-13 croûte rouge 3,4 56,0 1,2 12,9 - 6,2 15,5

anneau v e rt g risâ tre 1,7 51,0 - 8,8 21,7 - 11,3

noyau gris 1,4 53,5 - 6,0 32,3 2,0

Bxk-23 anneau v e rt grisâtre 52,9 - — 10,5 26.8 — 10,0

noyau gris foncé 38,8 15,4 - 3,5 27,5 — -
Ma Meo B t-5/9 croû te  rouge 30.0 - - 8,6 — 54,5 3,5

noyau gris lilas 18,0 — 7,6 21,5 18,2 1,3 20,0

to
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T a b le a u  IV

Tableau récap itu la tif de la composition minéralogique

Ma Meo Dong Dang Tam  Lung

max. m oy. min. max. moy. min. max. moy. min.

d ia sp o re 91,5 46,7 0,2 55,2 47,4 37,0 82,1 39,4 0,7

b o e h m ite 44,1 2,2 — 2,0 0,5 - 44,9 8,3 —

g ib b s ite 13,0 4,2 - 2,0 0,7 — 22,4 1,4 —
k a o lin i te 40,0 11,4 — 23,6 16,8 11,0 64,8 11,6 —
c h am o site 34,1 2,6 — 2,0 0,9 — 49,4 12,4 —

h é m a ti te 54,5 16,6 — 18,6 12,1 9,1 27,1 10,5 —

g o e th ite 28,0 10,1 — 22,3 14,2 8,0 67,4 7,9 —

Le nom bre des analyses à d iffrac tio n  à rayons X :
R em arque: Ma Meo 110, D o n g  D ang 17, T am  L ung  64, K h o n  P ich  9, B a Х а  20 e t B an

6. Composition ch im ique de la bauxite: conclusions géochimiques

6 .1 . Enrichissem ent de la  bauxite , variation de la com position chimique en
fo n c tio n  de la granulom étrie

L e fa it que le co m p lex e  de b au x ite  à d é tr i tu s  es t com posé de b au x ite  
d u re  e t  d ’argile m euble e n c a is sa n te  a offert l ’é la b o ra tio n  de la  m éthode d ’en ­
r ic h is se m e n t de la b a u x ite  p a r  voie physique , en p lace. N ous avons divisé sous 
j e t  d ’e a u  pu issan t e t à t r a v e r s  une  série de ta m is  la  m a tiè re  écarte lée  en 300 kg 
e n v iro n  de chaque m è tre  d u  p ro fil du p u its  creusé  à p ro fil 1,5 X 1 m , en fra c ­
t io n s  > 2 0  m m , de 10 à 20 m m , de 5 à 10 m m , de 2 à 5 m m  e t > 2  m m . E n 
co n n a issan ce  du vo lum e d u  p u its  creusé, en p e sa n t le po ids des d ifférentes 
f ra c t io n s  p ar m ètres, nous av o n s présen té  la  v a le u r de re n d e m e n t exprim ée 
en  t / m 3 qui carac térise  tr è s  b ien  les d ifféren ts ty p e s  de g îtes (com m e nous 
l ’a v o n s  décrit dans le c h a p itre  3.2).

C’e s t la m atiè re  des f ra c tio n s  plus grossières de 2 m m  q u ’on a mis sous 
l’a n a ly se  en série p ou r c in q  com posents, car nous avons supposé p réa lab le ­
m e n t q u ’elle soit é co n o m iq u em en t tra ita b le  du  p o in t de vue in d u s tr ie l. Nous 
a v o n s  calculé les réserves de  M a Meo de D ong  D an g  e t de K h o n  P ich  e t la 
q u a l i té  de ces réserves c o n c e rn a n t la  m atiè re  des frac tio n s  p lus grossières de 
2 m m  [25]. A l ’aide de la  m é th o d e  d ’en rich issem en t à lavage em ployée, nous 
a v o n s  am élioré la q u a lité  des réserves de m in éra is , p ré a la b le m en t p résen tées 
e t  ca lcu lées , à Ma Meo m o in s , m ais au x  te rr ito ire s  de D ong D ang  e t  de K ho- 
P ic h  considérab lem en t. E n  co n trô le , de tem p s en  te m p s  nous avons éch an til­
lo n n é  e t  analysé aussi la  m a tiè re  de la  frac tio n  p lus fin e  de 2 m m .

L a  Chaire de T ra ite m e n t de M inerai de l ’U n iv e rs ité  T ech n iq u e  d ’in d u s tr ie  
L o u rd e  à Miskolc a e ffec tu é  des essais d ’en rich issem en t su r quelques échantil-
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des gîtes de bauxite de L ang  Son

Khon Pich Ha Xa Ban Long

max. moy. min. max. moy. min. max. moy. min.

57,7 45,4 0,5 52,9 16,3 — 2,5 1,7 —

36,6 4,6 — 56,0 21,4 — 37,9 16,0 —

3,1 1,0 — 5,0 0.6 — 6,3 1,5

20,2 6,6 1,3 61,0 23,5 — 78,9 34,9 —

32,3 19,9 — 37,5 16,7 — 83,0 16,9 1.0

15,8 7,4 1,6 8,6 1,2 — 36,1 3,8

13,5 8,5 1,2 25,6 13,4 — 14,5 4,4 —

Long 21. Alors, la fiab ilité  des va leurs présentées n ’est pas id en tiq u e  pour les différents g isem ents.

Ions c a rac té ris tiq u es , p e sa n t p lusieurs cen ta in es  de kgs, au x  ty p es  de g îtes de 
Leo Cao, Ma Meo e t  de D ong D ang [51]. Ces échan tillo n s p ré se n ta ie n t la  
q u a n tité  de m a tiè re  to ta le  prise d ’un m ètre  des d iffé ren ts  p u its  creusés. Les 
essais du  p o in t de v u e  in d u strie l im p o rta n ts  o n t liv ré  des in fo rm atio n s p ré ­
cises à la connaissance  des processus géoch im iques déroulés au  cours de 
l’e ffritem en t de la  b a u x ite  en ta n t  q u ’à cô té de la ré p a r ti t io n  des 12 d iffé­
ren te s  frac tions g ran u lo m é triq u es  ils o n t aussi liv ré  les données des an a ly ses  
à  cinq com p o san t des d ifféren tes frac tions. P o u r  illu s tre r  les données, nous 
avons co n stru it u n e  succession de figures (F ig . 8). P ara llè lem en t à la d im i­
n u tio n  de la g ran u lo m é trie , la q u a n tité  de l ’a lu m in iu m , de fer e t du  t i ta n e  d im i­
nue aussi, m ais celle du  silice, resp . de la p e rte  au  feu  aug m en te , ce qu i e s t c a ra c ­
té r is tiq u e  à tou s les tro is  ty p es de gîtes. L a v a r ia tio n  du  tita n e  e t de la p e r te  
au  feu  est régu lière , p a r  con tre  la ré p a r titio n  d ’A l.,0 3, SiO., e t de F e 2O a p ré ­
sen te  un  c h a n g e m e n t-ex trê m e m e n t b rusque  d an s  le p ro fil du ty p e  de Le Cao, 
en tre  les frac tio n s de 2 à 0,8 m m , e t de 0,8 à 0,07 m m . D ans le ty p e  de M a M eo 
ce changem en t n ’es t p lus aussi b rusque e t se p ré sen te  au  dom aine de 1 à 
0,07 m m . D ans le ty p e  de D ong D ang, la v a r ia tio n  des tro is  é lém ents p r in ­
c ip au x  est é to n n a m m e n t p lus régulière. L a d im in u tio n , resp . l ’en rich issem en t 
des tro is  é lém ents p r in c ip a u x  est tou jo u rs  p ara llè le  à la d im inu tion  b ru sq u e  de 
la q u a n tité  des fra c tio n s  g ranu lom étriques. D an s  les ty p es de Leo Cao e t 
de Ma Meo, dans les frac tio n s  plus fines de 0,8 m m , resp . de 0,07 m m  la q u a n ­
ti té  de la m atiè re  e s t  ré p a r tie  plus rég u liè rem en t e n tre  les d ifférentes frac tio n s  
g ran u lo m étriq u es, e t ici la q u a n tité  d ’A l20 3 e t de S i0 2 est p resque c o n s ta n te , 
aussi.

P a r co m p ara iso n  des tro is  ty p es il est b ien  v isib le  que c’est la m a tiè re  
des g îtes de ty p e  de Leo Cao q u ’on p e u t en rich ir  le m ieux, non seu lem en t,
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car ici la  q u a n tité  des frac tio n s  p lus fines de 2 m m  est in sign ifian te  p a r  r a p ­
p o rt a u x  au tre s , m ais aussi à cause de cela, c a r à la  g ranu lom étrie  de 2 m m  
on p e u t  ex écu te r l’en rich issem en t v ite  e t à p eu  de consom m ation  en  énerg ie . 
D ’ap rès  la  q u a lité  de la  b a u x ite , il fa u t  co n stru ire  l’en rich issem ent in d u s tr ie l 
au ty p e  de Ma Meo à la fra c tio n  p lus grossière de l m m  e t à celui de D ong 
D ang  à celle p lus grossière de 0,32 m m .

L a p ro p o rtio n  A l20 3/S i 0 2 est la p lus p roche  de l’argile pure  d an s  le ty p e  
Leo Cao, ta n d is  que dan s les ty p e s  de Ma Meo e t de D ong D ang la p ro p o rtio n  
en tre  les m in é rau x  de b a u x ite  e t les m in é rau x  d ’argile  est 1,5 à 2 : 1.

6.2. V ariation de la com position chim ique en fonction  du poids spécifique

A la C haire de T ra ite m e n t de M inérai, on a é tu d ié  dans les do m ain es 
g ran u lo m étriq u es > 1 3  m m , 0,8 à 13 m m  e t 0,07 à 0,8 m m , co m m en t change 
la com p o sitio n  des é lém en ts dans les ca tégories du  poids spéc ifique  p lus 
g rand  de 2,8, 2,7 à 2,8, 2,6 à 2,7 e t p lus p e t i t  de 2,6. Les r é s u lta ts  so n t 
illu strés  en d iag ram m e (F ig . 9).

D ’ap rès la figure , dans la frac tio n  > 1 3  m m , para llè lem en t à la  d im in u ­
tion  d u  po ids spécifique, la q u a n tité  d ’A l20 3 m o n te  légèrem ent au  d é b u t, pu is 
abba isse , la  q u a n tité  de la  p e rte  au feu m o n te  p lus légèrem ent, m ais celle de 
SiO„ et de F e 20 3 plus a b ru p te m e n t.

Si nous négligeons p ro v iso irem en t l’anom alie  e n tre  les va leurs de po ids 
spécifique 2,7 et 2,6, p a ra llè lem en t au po ids spécifique  d im in u an t, la q u a n t i té  
d ’A l ,0 3 e t de F e 20 3 d im inue  de p lus en p lus a b ru p te m e n t, dans les fra c tio n s  
g ran u lo m étriq u es  de p lus en p lus fines, la  p e r te  au  feu  u n  peu  m oins e t S i 0 2 
un p eu  p lus.

L ’anom alie  a p p a ru e  en tre  les v a leu rs  du  poids spécifique 2,7 e t  2,6 
es t le r é s u l ta t  de l’en rich issem en t en silice considérab le  en ta n t  que d a n s  les 
frac tio n s  g ran u lo m étriq u es  0,07 à 0,8 m m  à cô té  d ’A l20 3 de 10%  e t  de F e 20 3 
de 11%  il y  a 54%  de S i0 2. Selon n o tre  av is, il p e u t s’ag ir des d é tr itu s  de silice 
à g ra ins fin s  qui on t é té  épargnés après la d isso lu tion  du calcaire d u  to i t  et 
m élangés avec la  m a tiè re  de la  b a u x ite . B ien que l ’on p eu t observer des p ré ­
c ip ita tio n s  de silice à g ra n d e u r de len tille  ou de h a rico t aussi dans le ca lca ire  
du to i t ,  su p p o sab lem en t c e tte  anom alie  n ’a p p a ra ît  pas dans la m a tiè re  des 
frac tio n s p lu s  grossières, ca r la m asse de b a u x ite  de la  frac tion  «supprim e» 
l’effet de c e tte  add itio n  en silice.

6.3. Géochimie de l'oxydation  de la bauxite

L a  d ifférence a p p a ru e  dans la com position  m inéralogique e n tre  le 
n o y au  in té r ie u r  ré d u c tif  e t la  p a rtie  ex té rieu re  o x y d a tée  de certa in s é c h an tillo n s  
m érite  l ’a t te n tio n  p a rticu liè re . P a re illem en t, d ’après les in fo rm atio n s  des
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an a ly se s  chim iques à 10 co m p o san ts  des six  é ch an tillo n s  choisis, on p e u t su iv re  
le p rocessus géoch im ique déroulé dans les d é tr i tu s  de b au x ite . D ’ap rès  le 
T a b le a u  Y, la p lus g ra n d e  différence e n tre  les p a rtie s  oxydées e t réd u ite s  
a p p a r a î t  dans les q u a n t i té s  de F e 20 ;), resp . de FeO  en ta n t  q u ’au  cours de 
l’o x y d a tio n  la q u a n ti té  de FeO  p eu t d im in u e r m êm e à deux  ordres de g ra n ­
d e u r . L a  v a leu r de FeO  de la  p a rtie  oxydée  e s t  a u to u r  de 10 e t  celle de la 
p a r t ie  réd u ite  est a u to u r  de 1. Le degré d ’o x y d a tio n  de la  b a u x ite  v e r te  est 
se u le m e n t u n  peu  p lu s  é levé que celui de la  b a u x ite  grise (éch an tillo n  n° 
B x-23 ).

D u  po in t de v u e  in d u s tr ie l il est im p o r ta n t  que les p a r tie s  oxydées 
c o n tie n n e n t successivem en t de moins en m oins de S iO , que leurs pa ires  ré d u i­
te s ;  au  cours de l’o x y d a tio n , la ten eu r en S iO a des d é tr itu s  de b a u x ite  a d im i­
n u é  avec la q u a n ti té  d é p a ssa n t 60%  (vo ir: c h a p itre  7.3.). La co n c e n tra tio n  
en  t i ta n e  de la b a u x ite  oxydée  augm ente  e t la  b a u x ite  dev ien t p lus h y d ra té e  
q u i s’exprim e aussi d a n s  la com position  m inéra log ique . P a ra llè le m e n t à 
l ’o x y d a tio n , la  q u a n ti té  des alcalins e t d u  soufre  p résen te  une te n d a n c e  à d i­
m in u e r , p a r  co n tre  la  te n e u r  en m atière  o rg an iq u e  reste inchangée.

6. 4. Caractérisation géochim ique des gisem ents bauxitifères d 'après la proportion
entre А1.,Ол, SiO., et F e .,03

N ous avons c o n s tru it  les h istog ram m es des tro is  p rin c ip au x  co m p o san ts  
d ’ap rè s  l ’analyse ch im iq u e  de l’ordre de  g ra n d e u r  de d izaine de m illes. Au 
te r r i to ire  de T ain  L u n g  nous avons calcu lé  la  fréquence d ’après l’analyse  
ch im iq u e  du com plexe de b a u x ite  en tie r, c’es t-à -d ire  des d é tr itu s  de b a u x ite  
d u rs  e t  de l’argile m eu b le  encaissan te , ta n d is  q u ’au x  gisem ents de Ma Meo, 
D o n g  D an g  e t de K h o n  P ich  nous n ’av o n s  te n u  com pte que des frac tio n s  
p lu s  grossières de 2 m m  d u  com plexe à  d é tr i tu s  de b au x ite . A B a X a  les 
do n n ées concernen t la  p a r t ie  enrichie de la  b a u x ite  rem aniée e t de la m a tiè re  
d ’éch an tillo n s en tiè re  de la  b au x ite  in s itu  (F ig . 10).

D ans les h is to g ra m m e s  du g isem ent de B a  X a , nous avons sép aré  la 
ré p a r t i t io n  d ’é lém en ts  de la  b au x ite  p rim a ire  p u re  qui p résen te  des courbes 
en  cloche (de G auss) sy m é triq u es  à un  m a x im u m  ta n t  à l’A l20 3 q u ’au  SiO., 
ce q u i ind ique l’ho m o g én é ité  de la b au x ite  p r im a ire . Les m inces zones allongées, 
h a c h u ré e  de l’A l20 3 au -dessus de 45%  e t d u  SiO., au-dessous de 10%  in d iq u e n t 
la  p h ase  plus oxydée  e t  à  q ualité  m eilleure de  la  b au x ite  réaccum ulée . Les 
a ires  hachurés de l’A l20 3 au-dessous de 4 0 %  e t  du  S i0 2 au-dessus de 17%  
in d iq u e n t la présence de l ’arg ilite  in te rca lée  d a n s  le b au x ite  in s itu , resp . des 
d é tr i tu s  siliceux m élangés avec le com plexe de b a u x ite  réaccum ulé.

D ans les d iag ram m es du g isem ent de T am  Lung, nous avons séparé , 
p a r  hachures, la m a tiè re  m euble enca issan te  e t  les d é tritu s  de b a u x ite  durs. 
B ien  que ce te rr ito ire  e s t aussi carac térisé  p a r  les courbes sy m é triq u es  à un
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Tableau V

Composition chimique des parties oxydatives et réductives de quelques échantillons de bauxite

A120 3 S i0 2 F e20 3 FeO T i0 2 K 20 N a20 +  H 20 CO 2 S

T ain Lung Tm k-4 croûte rouge 56.1 2.9 22.3 1.2 3,2 0,50 0.06 12,7 — 0.06

noyau gris 54,6 8,7 6.3 13,5 2.6 0.90 0.10 11.4 0,03 0,11

K hon Pich 102 ш anneau  jau n e 50,0 3,0 27,3 1,3 4,0 0,09 0.20 13,5 r0 ,09 0,0

noyau gris 52,5 8,4 13,7 8.3 3,7 0,05 0,11 12.9 0.07 0,08

Ba X a K-276 croû te  rouge 59,4 0,7 18,2 0,7 3,2 0,01 0.01 14,9 0,84 0,04

noyau gris 58,2 8,6 3.9 12,0 2,9 0.04 0.04 12.9 0,63 0,09

K-278 croûte jau n e 54,0 4,6 22,6 0,8 3,8 0,05 0,04 12,6 0,14 0,04

noyau gris 54,2 10,9 17.0 2.1 3,1 0,04 0,03 11.4 0,22 0,02

K-284 croûte  jau n e 56,2 2.8 21.2 1,5 3,2 0,02 0.01 14,1 0.14 0,04

noyau gris 54,1 9,6 9,9 10,0 2,9 0.03 0.01 12.4 0.14 0,05

Bxk-23 anneau ve rt 55,5 8.0 9.6 10,2 3.6 0.03 0.09 12,8 0,07 —

noyau gris 56,2 11,4 6,2 11.2 3,5 0,11 0,10 13,1 traces —
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m axim um , ici la  q u a lité  des d é tr i tu s  de b a u x ite s  du rs  est déjà m eilleu re  que 
la  b au x ite  p rim a ire  de Ba X a .

Les courbes a sy m étriq u es de ré p a r ti t io n  d ’élém ents du  g isem en t de 
Ma Meo o n t u n  m axim um  e t leu r descen te  e s t  sem blable à celle des g îtes 
à bonne q u a lité  de la province de b a u x ite  m éd ite rran éen n e .

D ans le g isem en t de D on D ang, la  q u a n ti té  de la m a tiè re  à te n e u r  
en A120 3 m oind re  que 4 5%  e t en  S i0 2 p lus que  12,5% , est p lus fré q u e n te  
q u ’au te rr ito ire  de Ma Meo ce qui e s t d ’acco rd  avec  l’e ffritem en t p lus poussé 
(ch ap itre  7.3.).

L a b a u x ite  rem aniée  du  g isem ent de K h o n  P ich  est polluée de d é tr i tu s  
d ’aléu ro lite . C e tte  co n tr ib u tio n  de m atiè re  é tran g è re  s’exprim e d an s les 
h istog ram m es de l’A l20 3 et du  S i0 2 à deux  m ax im u m s. E n  d é ta c h a n t les d is to r ­
sions des cou rbes causées p a r  l’a léu ro lite , on o b tie n t  des courbes lég è rem en t 
a sy m étriq u es à u n  m axim um  d e v e n a n t sem blab les à celles du  g isem en t de 
D ong D ang.

6.5. Géochimie des éléments en traces

D ans les échan tillons des g isem ents b a u x itifè re s  de L ang  Son nous 
avons fa it e ffec tu er 31 exam ens d ’élém ents en  tra c e  d e m i-q u a n tita tifs  p o u r  
pouvo ir p réc ise r lesquels son t les co m p o san ts  d o n t l’analyse q u a n t i ta t iv e  
m érite  l’é tu d e . D ’après celle-ci on a fa it  e ffec tu er les analyses sp ec tra le s  q u a n t i ­
ta tiv e s  au  G a, B e, Z r e t au  V, à l’E n tre p rise  de R echerche  de B au x ite  à B a la to n ­
alm ádi. Le ta b le a u  V I récap itu l les ré su lta ts , y  son t aussi p résen tées  les 
valeurs m oyennes calculées p a r  Schroll e t S au e r [41] po u r les b a u x ite s  
k a rs tiq u es  m éd ite rran éen n es.

T ableau VI

gisements éléments ppm Ma Meo Dong Dang Tam Lung Ba Ха bauxites médit.

Ga ш ах. 36 39 43 45

m in. 18 20 8 6

шоу. 29 30 24 23 52

Be m ax. 11 10 10 4

min. 3 4 1 1

moy. 4 6 4 2 10

Zr m ax. 1288 1036 873 992

min. 592 614 451 333

moy. 816 872 672 784 574

V m ax. 346 216 193 242

min. 186 138 82 108

moy. 242 183 113 161 222
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N ou s avons com posé le tab leau  d ’ap rès  l’é tu d e  de 100 éch an tillo n s. 
E n  c o m p a ra n t la q u a lité  des q u a tre  é lém en ts  en  traces au x  co n c e n tra tio n s  
d ’é lé m e n ts  conform es des g îte s  de b a u x ite s  k a rs tiq u e s  m éd ite rran éen s , on 
n ’o b se rv e  pas de telle  d iffé rence  à p a r tir  de laq u e lle  on p o u rra it d éd u ire  une 
co n c lu s io n  génétique p lus poussée, e t d ’a u ta n t  m oins, car les n o m b res des 
a n a ly se s  d iffèren t au  m oins p a r  un  ordre de g ra n d e u r, e t ainsi la c o m p a ra i­
son e s t  p lu tô t in fo rm a tiv e .

E n  co m p aran t les v a le u rs  m oyennes des d iffé ren ts gîtes d u  te rr ito ire  
de L a n g  Son, on v o it q u e  les élém ents de tra c e s  s’enrich issen t p lu tô t  dans 
les g îte s  réaccum ulés e t  p lu s  oxydés de M a Meo e t de D ong D ang, ta n d is  que 
la  b a u x i te  prim aire  e t  celle seconda irem en t réaccum ulée  à p ro x im ité  de la 
p ré c é d e n te  son t plus p a u v re s  en élém ents de tra c e s .

7. Problèm es sur la genèse de la bauxite

D ’après les o b se rv a tio n s  de te rra in  au  V ie tn am  du N e t des exam ens 
des m a té r ia u x  de H ongrie  a in si que sur la  base  de la litté ra tu re  y  re la tiv e , 
n o u s  a llo n s esquisser les co n d itio n s  de la genèse, resp . de l’accu m u la tio n  de la 
b a u x i te  paléozoïque e t  de la  réaccu m u la tio n  p lus récen te .

T a n t  dans la rech e rch e  q u ’au  cours des ex am en s des m a té r ia u x , nous 
é tio n s  obligés de su ivre  les in té rê ts  in d u strie ls  p ro p res , alors nos é tu d e s  ne 
p o u v a ie n t  aborder to u s les dé ta ils , il est b ien  p ro b ab le  que les rech erch es 
u l té r ie u re s , les ex p lo ra tio n s m inières e t les n o u v e ls  exam ens des m a té r ia u x  
p lu s  d é ta illé s  v o n t p réc ise r encore no tre  co n cep tio n  évoluée ju s q u ’à p ré sen t.

N ous pensons que c e tte  conception  est s u r to u t  valab le  aux  g isem en ts  des 
e n v iro n s  de L ang Son, m a is  dans les au tre s  g isem en ts  du V ie tnam  d u  N  elle 
n ’e s t u tilisab le  que p a r  e n d ro its  ou seu lem en t p a r tie lle m e n t. D ’après la  l i t t é r a ­
tu r e  n o u s  supposons a in si q u e  les gîtes pa léozo ïques à cham osite e t à d iaspore  
des a u tre s  te rrito ires de l’A sie de S u d -E st e t de l’O ural e t les g îtes p rim a ires  
d u  V ie tn a m  du N so ien t en  p a ren té  géné tique .

7.1 . Problèmes généraux su r  la  genèse de la bauxite et des m inéraux

A u  V ietnam  du N , dès le D évonien ju s q u ’au  T rias, le P a léo zo ïq u e  est 
c a ra c té r is é  p a r la s é d im e n ta tio n  m arine à c a rb o n a te s , p ro d u isan t des fo rm a ­
tio n s  de m er peu p ro fo n d e , m er ouverte  e t  litto ra le s . D ans le C arbon ifère  
e t le P e rm ien , la s é d im e n ta tio n  a é té  p lusieurs fois e t localem ent in te rro m p u e , 
p a r  e n d ro its  les d iscordances e t les d iasthèm es, p lu s  ou m oins m arq u és , in d i­
q u e n t  u n e  m er a rch ip é lag iq u e , dans cet espace.

C’es t au  P erm ien  su p é rie u r  que la rég ression  générale est a rriv ée , com m e 
r é s u l t a t  de l’épirogenèse accom pagnée de le n ts  m ouvem ents osc illa to ires.
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L es em ersions n ’é ta ie n t  que partie lles , car p a ra llè le m en t à la séd im en ta tio n  
co n tin en ta le , e t à  sa p ro x im ité  im m éd ia te , on p e u t d ém o n tre r p a r e n d ro its  
la séd im en ta tio n  m arin e  con tinue. D an s la rég ion  litto ra le , à côté des b an cs  
h o u illeu x  le ch an g em en t des cond itions p a léo g éo g rap h iq u es  est aussi in d iq u é  
p a r  ce que la sé d im e n ta tio n  du c a lc a ire  a é té  in te rro m p u e  e t au  lieu de celui 
c’es t l ’arg ilite  qu i a é té  déposée.

L a cessation  de la  p réc ip ita tio n  des c a rb o n a te s  p eu t ê tre  ex p liq u é  
p a r  ce que le long d u  li t to ra l , d iv isé p a r  lagunes en  voie d ’iso la tion , la  m er 
a é té  adoucie, e t p a r  su ite  les co n d itio n s d e v en a ien t d éfavo rab les au biocénose 
m arin  p récéden t, c ’est-à -d ire  le rô le des fac teu rs  b io logiques a cessé d an s la 
séd im en ta tio n  des ca rb o n a te s  [50].

La fo rm atio n  de b a u x ite  a com m encé d an s  la  zone su p ra litto ra le , m ais 
en te rre  ferm e à la  su rface  du  calcaire. D ’après la  s i tu a tio n  paléogéograph ique, 
c’est le calcaire l’u n iq u e  roche-m ère possible. D an s un  ouvrage p récéd en t, 
l ’a u te u r  [23] a p ro u v é , p a r  analyses ch im iques, la  possib ilité  de la fo rm a ­
tio n  de la b a u x ite  à p a r t i r  du ca lca ire  c a rb o n a té , en sou lignan t q u ’à cause 
de leu r basse te n e u r  en  R .,0 3 on ne p e u t exclu re  les roches c a rb o n a tées  de 
la  gam m e des roches-m ères , car au  cours de l’a l té ra tio n  l’en rich issem ent des 
d iffé ren ts é lém ents ne dépend  pas de la com p o sitio n  ch im ique de la roche- 
m ère , m ais de le u r co m p o rtem en t géochim ique. E n  ce sens les roches 
ca rb o n a tées  p ré se n te n t des bons p ro d u c te u rs  de b a u x ite  m êm e, ca r elles 
so n t com posées de te ls  élém ents qu i son t e x trê m e m e n t m obiles (m é ta u x  
te r re u x  alcalins) ou  ex trêm em en t im m obiles (A120 3 e t  F e 20 3) sous le c lim a t 
tro p ic a l et su b tro p ic a l. Au m ilieu a lca lin  S i0 2 se d isso u t en g rande p a r tie  
e t  en p a r ta n t  c’est de la  bau x ite  qui se form e, ta n d is  q u ’au  m ilieu m oins a lc a ­
lin ou n eu tre  il re s te  en place et c’es t de la terre rouge q u i se p ro d u it.

P a r  ra p p o r t au  M ésozoïque e t  C énozoïque, d an s le C arbonifère e t  le 
P e rm ien  l’air, resp . les p réc ip ita tio n s é ta ie n t co n sid é rab lem en t plus riches 
en C 0 2 [45]. Ce q u i in flu en ça it fa v o ra b le m en t la d isso lu tion  du calca ire  et 
supposab lem en t la  fo rm a tio n  de b a u x ite  a é té  aussi p lus rap ide  que d an s  le 
M ésozoïque.

U ne p a rtie  d u  résid u  de d isso lu tion  a é té  déposée su r le co n tin en t d an s  
les dépressions k a rs tiq u e s  rem plies d ’eau  à la  saison  p luv ieuse  — e t une a u tre  
p a r tie  tra n sp o rté e  vers la m er est accum ulée dan s la zone litto ra le  im m éd ia te  
pério d iq u em en t en v ah ie  de la m er: d an s les b a ies en voie d ’iso lation . A insi à 
p a r t i r  du  co n tin en t ju s q u ’à la m er p lu s o u v erte  des faciès de b au x ite  c a ra c té r ­
is tiq u es  on t pris leu r naissance e t com m e faciès h é té ro p iq u es su iv an ts  d ’ab o rd  
c ’e s t l’arg ilite  p u re , pu is l’arg ilite  d iv isée p a r  b an cs de calcaire qui o n t é té  
déposées (Fig. 11).

A u co n tin en t, les m in érau x  de la  b a u x ite  p ré c ip ita ie n t des gels am o rp h es. 
E n  d ép en d an t d u  p H  variab le  e t de la pu issance  de l’érosion, le tr a n s p o r t  
v e rs  la  m er d é ro u la it sous form es des so lu tions (v é ritab les  e t colloïdales),
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chamosite
boehmite ferri

Tam Lung

Ba Xa

1 2 3 U 5

F ig . 11. F ac iès de b au x ite  d a n s  la  zone cô tière  p e rm ien n e  supérieure  1. b a u x ite ;  2. houille , argile 
à  houille , houille arg illeuse; 3. a rg ilite ; 4. ca lca ire ; 5. n iveau  des e au x  k a rs tiq u e s

e t  de suspensions à p é lites  e t m êm e des d é tr i tu s  fins (F ig . 2 ): d é tr i tu s  de 
b a u x i te ,  rouge, de 2 à 4 m m  dans la  b a u x ite , grise.

Le golfe m arin  en  vo ie  d ’iso la tio n  d e v e n a it p é rio d iq u em en t m ara is . 
Ic i, à c e tte  période l’a c c u m u la tio n  de la  b a u x ite  a cessé à cause d u  p H  bas, e t 
c ’e s t  le d ép ô t de l’arg ile  m eub le , p a u v re  en  fer, qu i a cco m p ag n ât les b an cs 
h o u ille u x  en voie de d ép ô t. A près l’ex tin c tio n  du m arais, l ’ac c u m u la tio n  de 
la  b a u x i te  a recom m encé. Il e s t b ien  f ra p p a n t que m êm e la b a u x ite  no ire  ne 
c o n t ie n t  p lus que 2 %  de m a tiè re s  o rg an iq u es.

L a  com position  m inéra lo g iq u e  de la  b au x ite  e t ce tte  reco n stru c tio n  
p a léo g éo g rap h iq u e  son t en acco rd  h a rm o n iq u e . Selon les op in ions de I . V a l e - 

t o n ,  P . J .  C o m b e s  e t V .*T . d ’A l l e n , le d iaspo re  p réc ip ite  de l’alum ogel 
a m o rp h e  en m ilieu lég è rem en t ré d u c tif  [48, 10, 1]. E n  é tu d ia n t  la  genèse 
m in é ra lo g iq u e  des g îtes de b a u x ite  de H ongrie , l ’a u te u r e s t a rr iv é  a u x  avis 
id e n tiq u e s  e t a m o n tré  que les co n d itio n s de E h  pH  son t les fo n c tio n s de 
l’échelle  d u  drainage, c’es t-à -d ire  de la  p ro fo n d eu r de l’eau  k a rs tiq u e  à p a r tir  
de la  surface [24].

N ous avons c o n s tru it le d iag ram m e E h  p H  de la  F ig . 12, va lab le  
au ss i à la  com position  m inéra lo g iq u e  de la  b a u x ite  v ie tn am ien n e , en  u tilisa n t 
les r é s u l ta ts  d ’essais de sy n th èse  de H .  H a r d e r , fa ite s  su r la  n o n tro n ite .

D ’après la com para ison  e n tre  la  s i tu a tio n  paléogéograph ique  e t  d u  d ia ­
g ra m m e  n° 12, ta n t  au  c o n tin e n t que  d an s les golfes m arin s  c ’es t su r to u t 
le d ia sp o re  qui se p réc ip ite . A c tu e llem en t e t p o u r la p lu p a rt, la b a u x ite  co n tien t 
de la  b o eh m ite  et de la  g ib b site , en q u a n ti té  p lu s ou m oins élevée. Les é tu d es de
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F i g .  12. Stabilité des principaux m inéraux d’alum inium  et de fer de la bauxite en fonction de
et du  pH (H a r d e k  H.)

A. M i n d s z e n t y , f a i t e s  su r  la m es  m in c es  o n t  décélé  q u e  la  g ib b s i te  e s t  e n t iè re ­
m e n t  se co n d a ire  e t  la  b o e h m i te  en  es t  au ss i  en  p a r t i e :  le u r  n a i s s a n c e  est 
e x p l ic a b le  p a r  l’o x y d a t io n  u l t é r i e u r e  [32].

Comme nous l’avons illu stré  dans la F ig . 11, la  b o e h m ite  a é té  aussi 
fo rm ée aux te rr ito ire s  plus élevés, re la tiv e m e n t m ieux  d ra in és . L ’érosion 
con tinuelle  tra n s p o r ta i t  p ério d iq u em en t la b a u x ite , l’a déposée, vers les 
te rr ito ire s  situés p lu s  bas, où elle e s t devenue in s tab le  e t s’il y  a v a it  assez de 
te m p s , s’est tran sfo rm ée  en d iaspo re . Si la réaccu m u la tio n  d an s  le Perm ien  
a é té  déroulée im m éd ia tem en t a v a n t  le d ép ô t du  to i t  p a r  ex. au  te rrito ire  
de T am  Lung — alors des p a rtie s  de gîtes, riches en  b o eh m ite , se dévelop­
p a ien t.

Ce sont les m in é rau x  du fer qu i s ig n a len t le p lus sen sib lem en t les condi­
tio n s d ’o x y d a tio n . D ans ce tte  paragenèse, la g o e th ite  in d iq u e  le m ilieu le 
p lus o x y d a tif  e t  la fe rro -cham osite  celui le plus réd u c tif . Ne co n sid é ran t ce 
que  les processus d ’ox y d a tio n  secondaires o n t m odifié  la com p o sitio n  m in éra ­
log ique originale, l’im age paléogéograpliique e t les t r a i ts  te x tu ra u x  de la  b au x ite  
su g g èren t que l’h é m a tite  (et un  p eu  de g o e th ite  aussi) p o u v a it  ê tre  form ée 
p rim itiv e m e n t aussi a u x  te rr ito ire s  p lus élevés, m ieux  d ra inés e t, p a r ta n t ,  plus 
o x y d a tifs . A insi, à cô té  de la b o eh m ite  les m in é rau x  de l’oxyde  fe rriq u e  
p ré sen ts  dans le com position  m inéra log ique  ac tu e llem en t observée  — s’é ta ie n t 
form és en p a rtie  à m anière  p rim a ire . De m êm e, nous considérons la  ferri-
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c h a m o s ite  aussi comme m in é ra l p rim a ire . Il n ’est p as  p ro b ab le  q u ’elle so it 
fo rm ée seco n d a irem en t à p a r t i r  de la  ferro -c liam osite , c a r on p e u t d iffic ilem en t 
im a g in e r  l ’oxydation  de la  fe rro -ch am o site  sans d é s in té g ra tio n  du  réseau  
m o lé c u la ire . La q u an tité  de la  ferro -ch am o site  a é té  in fluencée  p a r  celle de 
l’io n  de  F e +  + é tan t à d isp o s itio n  dan s la so lu tion  qu i a aussi fixé une p a rtie  
de l’a lu m in iu m . C o n fo rm ém en t a u x  conditions de E h —p H , ГА1 d ev en u  en 
é ta t  in s ta b le  dans la so lu tio n  e s t  p réc ip ité  sous fo rm e d u  d iaspore. E n  a lla n t 
v e rs  la  m e r  plus ouverte , la  c o n c e n tra tio n  de la  so lu tio n  en a lum in ium  a 
d im in u é  de  p lus en plus, e t  p a r  su ite  ce sont la k ao lin ite , resp . la  m é ta -h a llo y site  
q u i o n t  é té  précipitées fa v o risé e s  aussi p a r  l’a u g m e n ta tio n  des cond itions 
d ’o x y d o -ré d u c tio n  e t la d im in u tio n  de celles du p H . A insi a é té  développé 
le fac iè s  d ’argilite  ca rac térisé  p a r  la q u a n tité  d o m in an te  des m in é rau x  d ’argile, 
où la  c h a m o site  existe enco re  e t  les m odifications d u  S i0 2 son t d é jà  ap p aru es , 
p ré c ip ité e s  d ’une solu tion  p a u v re  en  a lum in ium  e t su rsa tu ré e  en silicium .

E n  ré c a p itu la n t les p ré c é d e n ts , en a llan t d u  c o n tin e n t vers la  m er, la 
p r o p o r t io n  Al/Si de la  so lu tio n  m o n tre  une te n d a n c e  de décro issance.

C e tte  conception e s t en  a c c o rd  avec l ’opinion de E . S z a d e c z k y - K a r d o s s , 
qu i a m o n tré  que parm i les m in é ra u x  d ’argile c’es t la  k ao lin ite  d o n t la  fo r­
m a tio n  in d iq u e  les co n d itio n s les p lus o x y d a tiv es  [44].

L o rs  de la sy n th é tisa tio n  de la  n o n tro n ite , H . H a r d e r  [19] a d é te rm in é , 
p a r  e ssa is , les dom aines de s ta b i l i té  des silicates de fe r fe rreu x  e t  du  q u a rtz  
(F ig . 13). Le dom aine de s ta b i l i té  de la n o n tro n ite  e s t id e n tiq u e  à celui de 
la  c h a m o s ite  à cette d iffé rence  que  près la  ch am o site  p réc ip ite  des so lu tions 
p lu s  p a u v re s  en silice.

L a  kaolin ite  p rim a ire  a é té  aussi form ée d an s  la  zone co n tin en ta le . 
P u is q u e  que  Si présente le m in im u m  de m obilité  d an s  le dom aine de p H  en tre  
5 e t  8 , nous pensons q u ’à la  sa ison  chaude e t p lu v ieu se  les o x y -h y d ro x y - 
des d ’a lu m in iu m  ont é té  fo rm é s , e t  à la période p lu s  fro ide e t m oins p luv ieuse 
c’es t p o u r  la p lu p art la k a o lin ite  qu i se p ré c ip ita it ainsi dans les dolines k a r s t i­
qu es p lu s  profondes e t de te m p s  en tem ps des m a tiè res  p lus riches ou plus 
p a u v re s  en  kaolinite se d é p o sa ie n t d ’après l’a lte rn a n c e  des périodes sa ison­
n iè re s .

7.2. G énétique de bauxite régionale

L e  te rrito ire  le p lus é lev é  e t  le plus o x y d a tif  é ta i t  la  rég ion  de M a Meo 
e t D o n g  D ang, où la b a u x ite  p rim a ire  e t oxydée a é té  aussi form ée, en g rande 
m a sse . L ’ém ersion p o u v a it  com m encer p ré su m a b le m e n t a v a n t l ’é tage  kaza- 
n ie n , c a r  ici le m ur a é té  é rodé  ju sq u ’au x  couches perm o-carbon ifè res 
les p lu s  anciennes. A près l ’é rosion  du calcaire, la  fo rm a tio n  de b a u x ite  a 
c o m m e n c é  à la période tra n q u i l le ,  sy n g én é tiq u em en t à la  k a rs tif ic a tio n , en 
p a r t ie  a u  con tinen t en  m ilie u  o x y d a tif , en p a r t ie  à p ro x im ité  im m éd ia te  
d u  l i t to r a l  sous cond itio n s, en  p rédom inance , ré d u c tiv e s  à la  zone périodi-
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q u e m e n t inondée p a r l’eau . Com m e nous l’avons d é jà  m en tio n n é  p réa lab le ­
m e n t, le to it  p o u v a it ê tre  ici aussi le calcaire p e rm ien  su p érieu r (é tage  ta ta r )  
qu i plus ta rd  a é té  co m p lè tem en t d issou t sans tra c e s , sa u f  les d é tr i tu s  siliceux 
m enus. La b a u x ite  déposée en d ifféren ts faciès, en a r r iv a n t à la  surface, a 
é té  désagrégée, p lus ou m oins oxydée e t rem an iée .

Л la p rovince Cao B an g , au  gisem ent de T ap  N a, à cause du  tec to n ism c 
le pendage des couches de b a u x ite  p rim aire  e s t a b ru p t , la d isso lu tion  du  cal­
ca ire  du  to it  p o u v a it ê tre  partie lle  seu lem ent. Ic i les couches de b au x ite  
p rim a ire  a ffleu ren t au  dessous du  to it.

T am  L ung p résen te  u n  te rr ito ire  in te rm éd ia ire  en tre  le c o n tin e n t e t 
les golfes m arins co u v erts  co n tin u e llem en t de l’eau , en voie d ’iso la tion . P ar 
ra p p o r t à Ma Meo, l’ém ersion  a com m encé plus ta rd  (m u r perm ien  su p érieu r !) 
e t  a duré m oins lo n g tem p s. A cause des ch an g em en ts  géom orpho log iques, sur 
ce te rr ito ire  la  m a tiè re  p ro d u ite  sous faciès d iffé ren ts a é té  rem an iée . C’e s t ainsi 
que  la b rèche  de b a u x ite  a é té  développée, dans laq u e lle  les d é tr i tu s  de b au x ite  
p lus durs à d iaspore et à ch am osite  on t été form és a u x  m ilieux  p lus réd u c tifs , 
e t le c im en t plus m eub le , p lus riche en b o eh m ite  e t kao lin ite  au x  m ilieux 
plus o x y d a tifs . P a r  su ite  de la transg ression  la su rface  du  com plexe de b au x ite , 
p ré a lab lem en t accum ulée, est devenue m arais  qu i a ré d u it seco n d a irem en t 
s u r to u t  le c im en t plus m eub le .

La b a u x ite  p rim a ire  de B a X a  a été déposée dan s les golfes m arin s  en 
vo ie  d ’iso la tion , en m ilieu le plus réduc tif. L ’ac c u m u la tio n  de la b a u x ite  se 
d é ro u la it au cours de la rég ression  carac térisab le  p a r  les m o u v em en ts  oscil­
la to ires , où p rem iè rem en t c’est l’arg ilite  qu i a é té  déposée e t p lus ta rd  la
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b a u x i te  divisée p ar de laies de  houille . C onform ém ent à la succession génétique  
e t  séd im en ta ire  esquissée d a n s  le ch ap itre  p récéd en t, en  a lla n t vers la m er 
n o u s  re tro u v o n s  les c h a n g e m e n t faciologiques aussi h o rizo n ta lem en t en ce 
q u e  la  b a u x ite  passe en  a rg ilite , puis celle-ci passe dan s une fo rm a tio n  de m er 
p lu s  o u v e rte  divisée p a r  b a n c s  de calcaire (F ig . 11).

7 .3 . Processus d 'oxydation

D ans les p récéden ts, o n  a dé jà  carac térisé  en d é ta il les ch an g em en ts  qui 
d é ro u le n t  ta n t  dans la  co m p o sitio n  ch im ique que m inéra log ique  au  cours 
de l’o x y d a tio n  et de l’e ffr ite m e n t de la h a u x ite .

E n  conséquence le co m p lex e  secondaire  est p lus d ifférencié  p a r  ra p ­
p o r t  à la  bau x ite  p rim a ire .

A  la  phase in itia le , la  te n e u r  de la h a u x ite  en fe rro -ch am o site  dev ien t 
in s ta b le , p ar suite la q u a lité  de la b a u x ite  s’am éliore en d é p e n d a n t de la 
te n e u r  de la  b au x ite  en fe rro -ch am o site . U ne p a r tie  de la te n e u r  en alum in ium  
de la  cham osite , à l’in té r ie u r  des d é tr itu s , p réc ip ite  en h o eh m ite  secondaire 
o u  en  g ibbsite , e t l’a u tre  p a r tie , horm is les d é tr itu s , p réc ip ite  en kao lin ite , 
a v e c  S i so r ta n t  en son e n ti té , en  so lu tion . C’est le processus d ’a rg ilisa tion  de 
la  b a u x i te  a m e n a n t le re lâ c h e m en t te x tu ra l des d é tr itu s .

P a r  suite, les m in é ra u x  a lum inifères s’en rich issen t d an s  la  h au x ite , 
en  sens ta n t  re la tif  q u ’ab so lu . D ans le ty p e  de g îte  de Leo Cao com posé 
de d é tr i tu s  de b au x ite  g rossiers à frac tio n  d ’argile re la tiv e m e n t réd u ite  
ce p rocessus ne p eu t se ré a lise r  en  p lus à cause de l’érosion co n tin u e lle : c’est 
p o u r  cela que l’on tro u v e  la  b a u x ite  à la m eilleure q u a lité  d an s  ce ty p e  gîto- 
lo g iq u e .

A la  phase ta rd iv e , les d é tr i tu s  s’e ffriten t de p lus en p lus e t leu r q u a lité  
a b b a is se  p rogressivem ent. A  cô té  de la k ao lin ite , l’argile en ca issan te  co n ti­
e n t  to u jo u rs  plus de m in é ra u x  a lum inifères. A lors, ce p rocessus p ro d u it 
l’hom ogén é isa tio n . D ans le ty p e  de D ong D ang , où la m a tiè re  chim iques 
re lâ c h é e  e t p h y siq u em en t e ffritée  a été accum ulée, c’est la n ap p e  p h ré a tiq u e  
o sc illa to ire  qui exprim e son effe t lessivan t in ten se  e t d o n t le p H  oscille aussi. 
L ’ac id e  hum inique, p ro d u it  p a r  la v ég é ta tio n  située  au-dessus d u  com plexe 
de  b a u x ite , abbaisse lo c a le m e n t e t successivem ent le p H  au-dessous de 5, 
e t  p a r  su ite  à cause de le u r s tru c tu re  plus lâche les (o x y )-h y d ro x y d es, d ’a lu ­
m in iu m  secondairem ent e t  p ré a la b le m en t p réc ip ités  se ro n t d issou te . L ’eau 
k a r s t iq u e  m élangée avec de  l ’eau  de la n ap p e  p h ré a tiq u e  n e u tra lise  v ite  la 
s o lu tio n  so rta n t des d é tr i tu s  e t  les a lum inifères y  form és am élio ren t, m a in ­
t e n a n t ,  la  qualité  des f ra c tio n s  d ’argile. La te n e u r  en fer des d é tr itu s  sera 
au ss i d issou te  don t la p a r t ie  p lus considérab le , a y a n t p o u r r é s u lta t  une 
fo rm a tio n  pareille à la cu irasse  d ésertique , p réc ip ite  à la  su rface  des d é tr itu s . 
A in si, la  qualité  des d é tr i tu s  de b au x ite  abbaisse , à la phase ta rd iv e , parallè-
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Photo 1. Les tours k a rstiq u es de Ma Meo Photo 4. T ype  de Ma Meo: aux  flancs des collines ab ru p ts , le com plexe de b a u x ite  est en m ouve- Photo 11. G raviers de rh y o d acite  la té ritisés
m en t continuel (M a Meo: B an T hau)

Photo 2. L a b a u x ite  en gros bancs, in s itu , a ffleu ran t 
de dessous des couches du  to it ,  a ltè re  en  place e t devient 

argileuse le long des fissures

Photo 6. B aux ite  p rim aire  noire e t b a u x ite  ve rte  
à c roû te  oxidée rouge (B a X a)

Photo 7. Bloc de b au x ite  à te x tu re  scoriacée 
(K hon Pich)

Photo 8. B au x ite  p rim aire  o x y d a tiv e  (Ma Meo) Photo 9. D é tritu s  ox y d a tifs p rim aires dans
à o x y d a tio n  secondaire la b au x ite  p rim aire  réd u ctiv e  (Tam  Lung)

Photo 12. a-b. A spect m icroscopique de la cham osite. B au x ite  c o n te n an t de la 
charnosite (125 x) e t sa p a rtie  à g ra in  fin  (200 x). B a X a

Photo 5. L a  b a u x ite  a rrivée  dès les flancs des collines s’éta le  en 
con g lo m éra t aux  fonds des vallées

Photo 1Ô. A rgiiite  (B an  Long), au  m ilieu: strie  de b au x ite , 
au  bord: o x y d a tio n  secondaire

Photo 3. L ’arg ilisa tion  est p lus in ten se  vers le m ur
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lem en t à la d im in u tio n  du poids spécifique, e t  le silicium  e t le fer s’e n ­
rich issen t re la tiv e m e n t.

Il fau t a t t i r e r  l’a t te n tio n  à ce que lors les essais d ’enrich issem ent, l’échelle 
de la d é té rio ra tio n  q u a lita tiv e , a p p a ru e  avec la d im in u tio n  de la g ran u lo m étrie  
e t du poids spécifique , n ’est a ttr ib u a b le  q u ’en p a r tie  au  processus ci-esquissé. 
Selon n o tre  avis, ici in te rv ie n t aussi ce fa c te u r de q u e  lors l’e ffritem en t à cause 
de la surface spécifique  augm en tée , le n e tto y a g e  des g ra in s à p a r tir  de l’argile 
d ev ien t de plus en  p lu s  difficile, c ’est-à -d ire  m alg ré  le criblage avec lavage  
à la surface des g ra in s  de b au x ite  re s te  de p lus en p lu s  de la «pollution» arg ileuse.
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МИНЕРАЛОГИЯ, ГЕОХИМИЯ И ГЕНЕТИКА БОКСИТОВ СЕВЕРНОГО ВЬЕТНАМА

дь. комлош и  

Р е з ю м е
В 1972—75 гг. под геологическим руководством автора Проектное предприятие 

Алюминиевой промышленности (АЛЮТЕРВ) проводил поисково-разведочные работы на 
бокситы в провинции Ланг-Сон Северного Вьетнама. В настоящей работе подводятся итоги 
разносторонних геологических наблюдений, а также детальных лабораторных анализов 
собранных в полевых условиях проб, исследованных в лабораториях и научно-исследова­
тельских институтах ВНР.

В данном регионе Юго-Восточной Азии образовались палеозойские, диаспорово- 
шамозитовые, первичные бокситовые тела, резко отличающиеся от местнорождений Среди­
земноморской бокситоносной провинции как минералогически, так и по своим генети­
ческим условиям. В неогеновое время эти рудные тела подверглись глинистому выветри­
ванию, были оксилены и переотложены. В результате этих процессов образовались про­
мышленные вторичные бокситовые залежи, генетически близкие к бокситовым месторож­
дениям, известным в Китае и на Урале.

Бокситовые месторождения Северного Вьетнама расположены вдоль главных 
структурных линий ССЗ-ЮЮВ простирания на краю южно-китайского микроконтинента, 
в условиях миогеосинклинальной зоны.

Рассматриваемая территория с кембрийского периода по поздний триас предста­
вляла собою депрессию с более или менее длинными периодами поднятия. Нижний и 
верхний палеозой представлен прибрежными и пелагическими мелководными биогенными 
известняками. Единственный, доказываемый период бокситообразования имел место в 
верхней перми, между казанским и татарским веками. В этот период имело место частич­
ное поднятие эпейрогенетичекого характера, сопровождавшееся колебательными движе­
ниями земной коры. Бокситы образовались частично в условиях суши, частично же в при­
брежной зоне, периодически затапливавшейся морем частично же в морских заливах, 
изолированных от открытого моря. В сторону пелагического моря в более открытых 
морских условиях накапливались одновременно с бокситовыми телами аргиллиты, затем 
аргиллиты, прерываемые пачками известняков. В прибрежной зоне бокситовые скопления 
чередуются угленосными отложениями. Дальше от суши в направлении более открытого 
моря образовались своеобразные бокситовые фации, характеризуемые чисто окислитель­
ными, окислительно-восстановительными и чисто восстановительными условиями, отража­
емыми соответствующими минеральными парагенезами. Бокситовые залежи перекрыты 
трансгрессивными отложениями татарского яруса верхней перми, сложенными угленосны­
ми мергелями и известняками. В более молодой части кровли встречаются алевролиты и 
кислые вулканиты в основном юрского возраста. Орогенез имел место в позднетриасовое 
время. Под влиянием интенсивного тектонизма более молодая и более древняя известняко­
вые толщи были сильно разрушены, в них возникли чешуеобразные надвиги (впослед­
ствии произошло закарстование), а триасовые алевролиты обнаруживают комбинирован­
ные складчато-разломные структуры.

С бокситовых тел, сохранившихся в относительно более спокойных, ненарушенных 
условиях, кровельные известняки были бесследно размыты. Вышедшая на дневную по­
верхность толща подвергалась местному выветриванию и аргиллизации. В зависимости от 
геоморфологических условий на участках с наибольшей отметкой земной поверхности 
толща подвергается постоянному размыву, на крутых склонах холмов она была переотло- 
жена, а в глубоких долинах произошло накопление переотложенных осадков. На таком 
основании .можно выделить три обломочных типа залежей: типы Лео-Као, Ма-Мео и 
Донг-Данг. Раздроблению, переотложению и накоплению переотложенных осадков со­
путствуют интенсивные процессы окисления, проявляющихся по-разному в отдельных 
типах залежей. В процессе окисления произошли глубокие изменения в минералогическом 
и химическом составах бокситов первичного склада, которые в начальном этапе привели 
к улучшению качества бокситового обломочного материала, а в позднем этапе к ухудшению 
качества руды.
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GEOMECHANICAL INVESTIGATION OF THE 
SOUTHEASTERN MARGIN OF THE RAKONY MOUNTAINS 

AND THE AGE OF THE LITÉR FAULT LINE
B y

J .  KÓKAY

M I N I S T R Y  O F  H E A V Y  I N D U S T R Y , B U D A P E S T

R elying on  new  geological d a ta ,  th e  au th o r refines his earlier o b se rv a tio n s con­
cerning th e  fa u lt system  of the  so u th e a s te rn  B ak o n y  M o u n ta in s precising  th e  d a te s  
o f th e  c ru sta l m o v em en ts  and  th e ir  m echanism  as an  ex ten sio n  of his fo rm er p ap ers  
dealing w ith  th e  geom echanics o f th is  area.

The re su lts  o f th is  p ap er can  be sum m arized  as follows: 
th e  m ain  fa u lt  line of th e  so u th e a s te rn  m argin  of th e  B ak o n y  M oun ta ins u n k n o w n  
to  deta il till now  is d e m o n s tra ted  b y  a ch arac te ris tic  geological profile , 
w ith in  each tec to n ic  com pression  zones, in each  lo n g itu d in a l and  tra n sv e rsa l fa u lt  
line zones fa u lts  o f d ifferen t ages jo in  one a n o th e r in  d iffe ren t co m b in a tio n  a n d  
v aria tions,

-  a reversed  (d ow nw ard  tu rn in g ) a sy m m etric  wedge s tru c tu re  is also d e m o n s tra te d , 
th e  ro ta tio n  ax is line of th e  b asin  p la tfo rm  w as u n d e r th ru s t  and  til te d  as a  re su lt 
of the  h o rizo n ta lly  acting  orogenic forces on th e  so u th e as te rn  m arg in  of th e  b asin : 
a  process w ith  w hich  th e  a u th o r  co n nects th e  u p w a rd  m ig ra tio n  of c a rb o n  d iox ide 
betw een Székesfehérvár and  th e  sh o re  of L ake B a la to n , 
th e  M oldavian orogenic phase con sis ts  of tw o phases,
the  age of fo rm atio n  of th e  L ité r  fa u lt  line is assigned to  th e  S ty rian  m o v em en ts , 
th e  asy m m etric  wedge s tru c tu re  is a com m on piled  geom echanical fo rm  a n d  it  is 
in  close re la tio n  w ith  p la te  tec to n ic s . C oncerning th e  B akony  M oun ta ins, th is  
phenom enon den o tes a secondary  d ispersion  of th e  collision caused b y  th e  m o v e ­
m en ts of large  p la tes ap p ro ach in g  to  one an o th e r.

In  1968 th e  tec to n ic  and geom echan ical o b se rv a tio n s  were p u b lish ed  
e n ti t le d  “ T ectonic th eo rie s  in ligh t o f B ak o n y  M oun ta ins ev idence” an  ex ten s io n  
o f  a p u b lica tio n  o f th e  a u th o r’s s im ila r o b se rv a tio n s  concern ing  th e  V á r­
p a lo ta reg io n  (1956).

In  bo th  p ap ers  m en tioned  ab o v e  th e  s tru c tu re  and th e  geom echan ica l 
e x p la n a tio n  of the  fo rm a tio n  of th e  so u th eas te rn  m arg inal m ain  fau lt line of 
th e  B ak o n y  M oun ta ins w as dea lt w ith  based  on th e  in fo rm a tio n  th en  av a ilab le .

Two even ts know n  since 1968 h av e  th ro w n  a new' lig h t upon  th is  in te r ­
e s tin g  and im p o rta n t tec to n ic  form  o f b o th  n a tio n a l and  p ro b ab ly  even  b ro a d e r 
sign ificance.

One of these ev en ts  has been th e  pub lic ity  g iven  to  th e  m ost im p o r ta n t  
re su lts  of recen t d ev e lo p m en t, i.e. to  th e  th e o ry  on g lobal tec to n ics  o r, in  
o th e r  w ords, p la te  tec to n ics . I t  seem s to  he e v id e n t to  s tu d y  th e  s tru c tu re  
m en tio n ed  above also from  th e  p o in t  of view  of th is  new  w o rld -co n q u erin g  
th e o ry .
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A nother s ig n if ic a n t ev en t proved to  be th e  d rilling  of n u m ero u s bores in  
th e  mobile strip  of th e  s tru c tu re  in th e  V á rp a lo ta  region w hich m ad e  essen tia lly  
c le a r  also in  deta il th e  c h a ra c te r  and  n a tu re  of th is  s tru c tu re  developed  during  
e a r th ’s h istory .

For a b e tte r  u n d e rs ta n d in g  of th e  geological profile  to  he d em o n stra ted  
b e low , the  fo rm er s ta te m e n ts  will be su m m arized  as follows:

The fo rm atio n  o f th e  s tru c tu re  can  be ex p la ined  b y  th e  fo rm atio n  of 
a n  oblique fau lt p lan e  cau sed  b y  the h o riz o n ta lly  ac ting  c ru s ta l m ovem ents, 
a lo n g  which the s o u th e rn  fo reground w as u n d e r th ru s t .  A t th a t  tim e  the  b ack ­
g ro u n d  was tilte d  b a c k w a rd s  to  a ce rta in  e x te n t (n o rth w estw ard s), it was 
u p lif te d  and in lack  o f su itab le  su p p o rt i t  fell along th e  a b ru p t  fau lt line. 
T h is  fau lt line is a s e c o n d a ry  one, th u s  y o u n g e r th a n  th e  u n d e r th ru s t  side. 
T h e  asym m etric w edge s tru c tu re  fo rm ed  in th is  m an n er becam e to  rise in 
o rd e r  to  ensure an is o s ta t ic  equilib rium  since u n d e r th ru s t causes a th ick en ­
in g  of the  crust (i.e. p ile  u p ). The up lift re su lte d  in increasing  erosion.

As a resu lt o f m o v em en ts  the  c ru s t w as solid ified  an d  becam e re s is tan t 
to  subsequen t m o v e m e n ts . T hus, a new  p h ase  of m o vem en ts occurred  n o t 
a lo n g  th e  ex isting  d isp la c e m e n t planes b u t  i t  w as d isp laced  to w ard s th e  less 
r e s is ta n t  fo reg round  (foredeep). C on seq u en tly , th e  com pression  planes of 
e a c h  crustal m o v e m e n t ph ase  move aw ay  from  th e  m o u n ta in s  an d  becom e 
g ra d u a lly  younger. I n  case of m ovem ents oi h igher in te n s ity  new  wedge 
s tru c tu re s  develop d u r in g  the  ou tw ard  m o v em en t. In  case o f m ovem ents 
o f  less in ten sity  th e  e x is tin g  wedge s tru c tu re  will be w idened  and  th is is 
cau sed  by  the  o ccu rren ce  o f new and new  u n d e r th ru s t  p lanes in  th e  su b seq u en t 
p h a se  m oving to w a rd s  th e  foredeep.

T he Wedge Structure o f  Ino ta

In  the u n d e r th ru s t  s trip  of In o ta  deep  bores w ere d rilled  in th e  p ast 
y e a r s  under the  g u id a n c e  o f the  N ationa l E n te rp r ise  for Geological E x p lo ra ­
t io n  and  D rilling (as k e y  bores). The six bo res w ere carried  o u t w ith in  an area 
o f  300 m etres. O u t o f th e m  th a t  of In o ta  N o. 138 p ro v ed  to  be m ost in te r ­
e s tin g  and m ost p ro f i ta b le  from  th e  p o in t o f v iew  of th e  p ro file  in  question . 
T h is  was 800 m deep  a n d  w as carried  o u t b y  period ical core sam p lin g  accom ­
p a n ie d  by de ta iled  geophysica l in v es tig a tio n s . The s t r a ta  sequence of th e  
b o re  shown in th e  p ro file  has been com piled  on the  basis o f core sam ples 
a n d  well-logging re su lts  in  co llaboration  w ith  Jó z se f  D orogi, sen ior geophysicist.

H aving p e n e tra te d  th e  Sarm ation  an d  th in  U pper B ad cn ian  s tra ta  th e  
b o re  traversed  a tr a n s v e rs a l  fau lt line of a b o u t 300 m  h e ig h t difference in te r ­
se c tin g  d iagonally  th e  geological p rofile. T h is w as follow ed b y  th e  low erm ost 
m a rin e  sedim ent se q u e n c e  of the  U p p e r H e lv e tian  (C a rp a th ian ). This is 
u n d e rla in  by th e  L o w er H e lv e tian  (O ttn a n g ia n ) sequence w ith  th e  fauna  well-
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know n from  th e  ty p ic a l facies sec tio n s  o f the  O ttn a n g ia n  s tra ta  of V á rp a lo ta  
(J . K ó kay , 1972, 1973). D o w n w ard s th e  bore tra v e rse d  th ree  u n d e r th ru s t  
zones in th e  m a n n e r d em o n stra ted  in  th e  profile  and  a t a d ep th  o f  741 m  
i t  reach ed  the  M iddle Triassic (L a d in ia n ) do lom ite  series.

The nex t k e y  bore show n on  th e  profile  is th e  core drill o f I n o ta  No. 
140 w hich was d rilled  a t a d istance  o f  180 m from  th e  o th e r and  n ea rly  n o r th  of 
it. T h is trav e rsed  th e  sequence d e m o n s tra te d , to o . I t  reached  th e  T riassic  
do lo m ite  a lread y  a t  53 m d e p th , o v e rla in  b y  th e  L ow er B ad en ian  m a rin e  
sequence.

B etw een th e  bores No. 138 a n d  140 th e re  is th e  bore No. 136 being , 
how ever, no t d e m o n s tra te d  an d  show ed  th e  sam e sequence, i.e. u n d e r  th e  
L ow er B aden ian  th e  U pper H e lv e tia n  w as found  in a norm al p o sitio n .

On th e  basis  o f d a ta  th e  p ro file  o f F ig . 1. w as co n stru c ted  and fro m  w hich  
th e  following s ta te m e n ts  can be concluded .

1. The o u tlin e d  asym m etric  w edge s tru c tu re  is crossed also b y  la rg e ­
sized tran sv e rsa l fau lts . The fa u lt  o f a b o u t N N W -S S E  strik e  an d  o f  a b o u t 
300 m  shown h ere  can n o t be fo u n d  in  th e  S á rré t B asin  and in th e  n o r th e rn  
sm alle r hasin , e ith e r . T hus, it  is re s tr ic te d  only  to  th e  wedge s tru c tu re . I ts  
fo rm a tio n  can be assigned to  an  in ten s iv e  M oldav ian  phase, b ecau se  th is  
a c ted  upon th e  U p p e r B aden ian  b u t  le ft th e  S a rm a tia n , a t  leas t its  lovver- 
m o st p a r t , u n to u ch ed .

2. I t  can  be s ta te d  th a t  th e  u n d e r th ru s t  p lanes becom e ev er y o u n g e r 
w hen  m oving a w a y  from  th e  m o u n ta in s .

3. In  th is  s tru c tu re  b e tw een  bores No. 138 an d  140 th e  m o v e m e n t 
p lan e  g enera ted  b y  th e  Main S ty r ia n  p h ase  (C a rp a th ia n  Low er B ad e n ia n  
b o u n d a ry ) can be d em o n stra ted . I n  acco rdance  w ith  th e  bo re  No. 136 ly ing  
be tw een  th e  tw o  o th e r  bores th e  tra v e rse d  U p p e r H elv e tian  seq u en ce  is 
n o t of litto ra l (schlier) facies, i.e. a t  th a t  tim e  th e  seashore was fo u n d  a b o u t 
200 to  300 m etres  n o r th  of here. T h e  litto ra l sed im en ts  were eroded  fro m  th e  
b asem en t ju s t a f te r  th e  m ain S ty r ia n  u p lift an d  w ere rep laced  b y  th e  sed i­
m en ts  of the  L ow er B adenian  sea .

4. M ovem ents re la tin g  to  s tro n g  com pression  effects took  p lace  a t  th e  
b o u n d a ry  of th e  U p p er B ad en ian  an d  S a rm a tia n , m oreover these  a ffec ted  
p ro b a b ly  also th e  low er p a r t o f th e  S a rm a tia n  sequence (M oldavian  p hase). 
All th e  th ree  p lan es trav ersed  b y  th e  bore N o. 138 developed th a t  tim e .

5. In  th is  p ro file  the  R h o d a n ia n  (and  su b seq u en t R oum an ian ) m o v em en ts  
s ta r te d  a t th e  en d  o f th e  P a n n o n ia n  could n o t he ex a c tly  d e te rm in ed  on ly  
a n o th e r  p lane accom pan ied  b y  sm a lle r  d isp lacem en ts is assum ed in  a s o u th ­
w ard  d irection . (O n th e  wall o f th e  fo rm er U p p er P an n o n ian  sa n d -p it sm all 
u n d e rth ru s ts  cou ld  be observed, 1968, Fig. 3.).

6. The m o v em en t of the  a b r u p t  fa u lt line ly ing  on th e  re a r  o f th e  w edge 
s tru c tu re  falls p a r t ly  to  the  S a rm a tia n  and  m o stly  to  th e  P a n n o n ia n  an d
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Fig. 1. Geological profile eas t of V árp a lo ta . 1. T riassic ; 2. E ocene; 3. Lower Miocene; 4. Low er H e lv e tian  (“ O ttn an g ia n ” ); 
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S a rm atian ; 9. P an n o n ian

K
Ó

K
A

Y
,



GEOMECHANICAL IN VESTIGA TIO N 24«)

NW
SE

Fig. 2. Geological profil w est of V árpalo ta . 1. P a n n o n ia n ; 2. S a rm a tian ; 3. U p p er B a d en ian ;
4. Lower B ad en ian ; 5. C a rp a th ian

F ig. 3. Geological p rofile  in  th e  so u th eas te rn  p a r t  o f th e  b row n  coal b asin  o f V á rp a lo ta ' 
1. P a n n o n ian ; 2. S a rm a tia n ; 3. U pper B a d en ian : B row n coal b ed ; 4. L ow er B a d en ian ; 

5. C arp a th ian ; 6. O ttn an g ian ; 7. L ow er T riassic; 8. Perm ian

is ch a rac te rized  b y  synepiorogenic fe a tu re s  o th e r  th a n  b y  ep isodically  o ccu rrin g  
orogenic  ones (1968).

7. A n E a rly  S ty r ia n  phase m u st a lso  have  occurred  (the n o r th e rm o s t 
u n d e r th ru s t  planes show n in the  p ro file  o n ly  as references), since a f te r  th e  
d ep o sitio n  of th e  L ow er H elvetian  sed im en ts  a s tro n g  so u th w ard  t r a n s ­
gression  can he o bserved  in the  U pper H e lv e tia n  th ro u g h o u t th e  P a ra te th y s .  
T h is allow s to  conclude in  favour of o rogen ic  m ovem ents ta k e n  place a t  th e  
O ttn a n g ia n  — C a rp a th ia n  bou n d ary . C oncern ing  these  m o vem en ts o n ly  a 
few  d a ta  are availab le  accord ing  to  w h ich  in  th e  area  of B á n ta p u sz ta  sm alle r 
erosion  or ab rasion  u n co n fo rm ity  is fo u n d  a t  th e  Low er U pper H e lv e tia n  
b o u n d a ry  w hich in d ic a te s  up lift (J . K ó k a y , 1967; T ab le  1., F ig. 1).
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8. As a re su lt o f th e  series of S ty r ia n  an d  R h o d an ian  m o v em en ts , th e  
geosyncline  of S á r ré t  of ro u g h ly  N E -S W  s tr ik e  becam e n a rro w er b y  a b o u t 
one km .

F ault L ine  C om binations

T he m ost im p o r ta n t  fau lts  o f the  V á rp a lo ta  geosyncline were id e n tif ie d  
o n  th e  enclosed m a p . In  general, it  can  be  sa id  th a t  th e  o ldest lo n g itu d in a l 
fa u lts  lie in  th e  n o r th  w hile th e  yo u n g er in  th e  sou th  m ak ing  ev id en t th e  
th e o ry  of th e  m o v em en ts  o f com pression zones (F ig. 4).

W ith in  each compression zone (J . K Ó k a y , 1956) in each long itud ina l 
fa u l t  line zone fa u lts  o f  different ages, i.e. d ifferen t erogenic phases, jo in  one 
another in  d ifferen t com binations and varia tions depending on the energy con­
tents o f  each com pression zone. Consequently, w ith in  the neighbouring com pression  
zone the orogenic phases o f  the same age do not occur fro n ta lly , but show a m osaic- 
like  displacem ent and  are grouped in d ifferen t com binations.

W hen an a ly z in g  th is  cond ition  in  d e ta il, th e  follow ing p ic tu re  can  b e  
o b ta in e d :

T he m ain  com pression  zone of V á rp a lo ta  is de lim ited  b y  tra n sv e rsa l 
fa u lts  betw een  tb e  lio rs t-lik e  T riassic d o lo m ite  range  of In o ta  an d  th e  T riassie  
a re a  o f P é t. I ts  n o r th e rn  m arg in  is b o rd ered  b y  th e  H igher B ak o n y , th is  b e in g  
also th e  lim it o f th e  one-tim e ran g er o f th e  E ocene and  M iddle M iocene. O n 
th e  basis  of d a ta  a n d  geological co n sid era tio n s th e  fo rm atio n  of th e  m a rg in a l 
fa u l t  line system  ly ing  a t  th a t  place (u n d e r th ru s t  zone) is due to  th e  P y r-  
en eean  E a rly  S ty r ia n  M ain S ty rian  p h ases , b u t  th e  la te s t S ty ria n  p h a se  
(i.e. th e  M oldavian) d id  n o t occur here.

S ou th  of he re , also in  th is  com pression  zone, th e  m ain  fau lt line o f  
V á rp a lo ta  (th e  so-called Loncsos F a u lt)  is know n since earlie r tim e s  
( K .  T e l e g d i - R o t h , 1924; J .  KÓ k a y , 1956) an d  th is  of “ no rm al fa u l t”  c h a ra c te r . 
I ts  fo rm atio n  is co n n ec ted  to  th e  R h o d a n ia n  p h ase  s ta r te d  in th e  L a te  P a n ­
n o n ia n  and  is acco m p an ied  by  a th row  o f a b o u t 300 to  400 m etres. F a r th e r  
n o s th , by  ab o u t 300 to  500 m etres and  ro u g h ly  p ara lle l w ith  i t  a n o th e r fa u l t  
line is found  covered  b y  S a rm a tia n  and  P a n n o n ia n  s tra ta  as has been  d e m o n ­
s tr a te d  in  th e  geological p ro file  w est o f V á rp a lo ta  (Fig. 2). S o u th e a s t o f th is  
p ro b ab le  u n d e r th ru s t  line th e  S a rm a tia n  sequence su d d en ly  th ick en s  a n d  
in  th e  borehole d rilled  in th e  assum ed zone (V. N o. 156) th e  U pper B a d e n ia n  
d ia to m aceo u s e a r th  show s a steep dip (70 to  80°). T hus, th e  tim e  of its  fo rm a ­
tio n  can  be assigned  to  th e  B aden ian  S a rm a tia n  b o u n d a ry , i.e. i t  is c o n ­
n e c te d  w ith  th e  M oldav ian  orogenic p h ase . I t  can  be e x a c tly  seen on th e  
p ro file  th a t  th is  is also an  asym m etric  w edge s tru c tu re , b u t  un like  th a t  o f  
In o ta  i t  is o v e rtu rn e d  dow nw ards. A cco rd ing ly , in th e  asy m m etric  w edge 
s tru c tu re  of In o ta  th e  com pressive u n d e r th ru s t  lim b lies in th e  so u th  an d  th e
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y o u n g e r  “ norm al f a u l t”  in  th e  n o rth , w hile w e s t o f the tow n th is  is e x a c tly  
re v e rse d . The fo rm er s ta te m e n t, how ever, is t r u e  in  any  case (1968) t h a t  the  
“ n o rm a l fa u lt” lim b is a lw ays younger th a n  th e  u n d e rth ru s t one.

I n  th e  In o ta  s tr ip  ly in g  east of th e  V á rp a lo ta  m ain com pression  zone 
d if fe re n t  erogenic p h ase  co m bina tions can be  show n w ith in  each lo n g itu d in a l 
fa u l t  lin e  system s. T h e  n o rth e rn  m arg in  w as p roduced  b y  th e  P y re n e a n  
m o v e m e n ts  (1956). Y o u n g e r m ovem ents o c c u rr in g  in  the w estern  m a in  com ­
p re ss io n  zone can n o t be id en tif ied  here. On th e  basis of the geological section  
a n a ly z e d  in  deta il, th e  n o r th e rn  m argin  o f th e  so u th -ly in g  ho rst-lik e  do lom ite  
ra n g e  o f  In o ta  is of R h o d a n ia n , while th e  s o u th e rn  p a r t is of E a rly  S ty r ia n  
M ain  S ty r ia n  M o ld av ian  R h o d an ian  p h ase .

T h e  previous s ta te m e n t  is valid also to  th e  transversa l fa u lts . In  the 
in d iv id u a l  fau lt line zones e v e n t of d iffe ren t ages jo in  each o th e r (fa u lt steps) 
in r a th e r  d ifferen t g ro u p s an d  v aria tions. T h ese  tran sv ersa l fa u lts  lie on the  
b o rd e rs  o f d ifferen t com pression  zones, i.e. th e se  are the slip p lanes o f orogenic 
m o v e m e n ts  acting  h o riz o n ta lly  from  th e  so u th e a s t.

T h e  w estern  b o rd e r  o f  the m ain c o m p ress io n  zone of V á rp a lo ta  is the  
la rg e  tra n sv e rsa l fa u lt  o f P é t-K ik e ritó  w h ich  developed d u rin g  th e  E a rly  
S ty r ia n  M ain S ty r ia n  M oldavian R h o d a n ia n  orogenic p h ases  (the  
l a t t e r  one  only in  th e  b e lt  o f P é t). The fa u lt lin e  n e a r In o ta  and  Osi in d ica tin g  
th e  e a s te rn  b o rd er of th e  b e lt and  c h a ra c te riz e d  b y  a throw  of 200 to  400 m 
fo rm in g  th e  E a rly  S ty r ia n  Main S ty r ia n  a n d  M oldavian a step -se rie s  of 
s o u th e a s te r ly  d irec tio n  a t  th e  surface of th e  basem en t.

W ith in  the m a in  com pression  zone o f  V á rp a lo ta  (in th e  “ Cseri Mine 
F ie ld ” ) tran sv e rsa l fa u lts  g enera ted  by  th e  M oldav ian  m o v em en ts  can  be 
id e n tif ie d  (1956). T he so -called  “ Ú jferenc T ra n sv e rsa l F a u lt” know n  in  d e ta il 
fro m  e x p lo ra to ry  bores an d  m ining o p e ra tio n s  is of R hodan ian  orig in . This 
fa u l t  fo rm s the e a s te rn  b o rd e r  of the sm alle r com pression zone of P é t. I t  is 
c h a ra c te r is tic  of th is  fa u lt  line  of also R h o d a n ia n  origin, th e y  m u tu a lly  d e te r ­
m in e  each  o ther (J . K ó k a y , 1968).

Rotation A x is  and Carbon D ioxide  L ine

O n th e  hasis o f th e  d a ta  of th e  so u th e a s te rn  p a rt of th e  b ro w n  coal 
b a s in  o f  V árp a lo ta  a s tro n g  flexu re  is show n in  th e  profile recorded  n e a r the  
r a i lw a y  s ta tio n  of C só r-N ádasladány . T h is w as trav e rsed  b y  th e  boreho le  
I n o ta  N o. 128/a in  th e  h e a v ily  th in n in g  M iocene s tra ta  ch a rac te ris tic  o f th e  
s o u th e rn  m arg in . I t  is also obvious th a t th e  su rface  of the  P e rm ian -L o w er 
T ria ss ic  b asem en t reach ed  in  several bores r a th e r  slight dips from  th e  bore 
I n o ta  N o . 100 to w ard s  th e  bore N á d a s la d á n y  N o. 2 while i t  d ip s s teep e r 
to w a rd s  th e  bore In o ta  N o. 88. A t the sam e tim e  in  the zone of th e  b o re  In o ta
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N o. 100 the  M iocene sequence underly ing  th e  S a rm a tia n  is ra th e r  in co m p le te  
an d  th in n in g . [M ore co n cre te ly : d irec tly  u n d e r  th e  S arm atian  seq u en ce  th e  
low erm ost p a r t  o f  th e  U p p e r B aden ian  d ia to m aceo u s  clay  m arl was tra v e rs e d  
b u t  th e  coal bed  w as lack in g  and did n o t fo rm , e ith e r ; th is  d irec tly  overlies 
th e  th in  re m n a n ts  o f th e  U pper H elv e tian  (C a rp a th ia n )  m arine s e d im e n ta ry  
sequence. T he L ow er B ad en ian  and  the  L o w er H e lv e tian  (O ttn a n g ia n ) are 
lack ing .]

W hen e v a lu a tin g  th e  profile and th e  su rro u n d in g  bores to g e th e r , th e  
follow ing s ta te m e n ts  can  be concluded:

The zone o f th e  bores In o ta  No. 100 a n d  128/A proved  to  be a b e lt of 
a ridge up lifted  like an  an tic lin e  during  th e  M iocene on the so u th e a s te rn  m a r­
gin of th e  b asin . O n ly  a d iscon tinuous s e d im e n ta tio n  took place on tliis  ridge , 
resp. d en u d a tio n  w as fre q u e n t during  th e  su b se q u e n t periods. T he ex is ten ce  
of th e  ridge can be u n am b ig u o u sly  exp la ined  fro m  th e  geom echanical p o in t  of 
view . T his belt is the rotation axis line o f  the underthrust and tilted basin plate  
on the southeastern m argin  o f  the basin and was generated by horizontally acting  
erogenic forces.

In  the  m arg in a l reg ion  of the  so u th e a s te rn  B a k o n y  M ountains th e  M olda­
v ian  phase p ro v ed  to  be th e  strongest o rogenic  period  (1956, 1968). T h u s , it 
is obvious th a t  on th e  m arg in  along th e  b as in  th e  flexure  was g e n e ra te d  by  
th e  s tro n g  h o rizo n ta l orogenic  im pulse (d e m o n s tra te d  in th e  profile) an d  a c tu a lly  
rep laces an u n d e r th ru s t  an d  is also acco m p an ied  b y  tensional d e fo rm a tio n s . 
This flexure  deve loped  rea lly  in th e  second p a r t  o f the  M oldavian p h a se . In 
the firs t p a r t  of th is  phase on ly  d en u d a tio n  o f  lim ited  ex ten t to o k  p lace  as 
a re su lt of th e  u p lif t . T he  second stronger p e rio d  ac ted  only on th e  d e n u d a te d  
fo rm ations.

In  th e  s tr ip  o f th e  ro ta tio n  axis line ( th e  ridge) C 0 2 gas ex p losion  was 
g en era ted  by  severa l ex p lo ra to ry  bores. T h e  geom echanical e x p la n a tio n  of 
th is  is as follow s: th e  zone o f the  ro ta tio n  ax is  line  is a zone h eav ily  a ffec ted  
b y  tensile  and  flex in g  forces accom panied w ith  far-reach in g  lithoclase  sy s tem  
w hich m ade possib le  th e  upw ard  m ig ra tio n  o f  C 0 2 generated  p ro b a b ly  by  
th e rm a l d issocia tion .

This ca rb o n  d iox ide  m ig ra tion  is n o t a loca l phenom enon b u t  i t  is a p a r t  
of th e  carbon  d iox ide  line lying betw een  S zékesfehérvár and th e  sh o re  of 
L ake B a la to n . T h e  orig in  of carbon  d ioxide e x p la in e d  by th is geom echan ica l 
th e o ry  is m uch m ore obvious th a n  accord ing  to  an  even tual b a sa ltic  post- 
volcanic phen o m en o n .

In  th e  w alls o f lithoclases found in  th e  b row n  coal bed o f  th e  U p p e r 
B aden ian  of V á rp a lo ta  b lu ish  w hite h y d ro q u a r tz ite  (chalcedony) c o a t p re ­
c ip ita tin g  from  th e  th e rm a l w aters can be o b se rv ed  (1956, p. 26). T hese p h e n o m ­
ena re la tin g  to  ho t sp ring  a c tiv ity  in d ica te  a s tro n g  tecton ic  effect a n d  the 
fo rm ation  of fa u lts  reach in g  g rea te r d e p th s .

2 5 3
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A ccord ing  to  th e  d e c re p ita tio n  in v e s tig a tio n s  of I . Csillag th e  p re c ip i­
t a t io n  o f  chalcedony to o k  p lace a t  re la tiv e ly  h igh  tem p era tu res  (p ro b a b ly  
o v e r 200 °C). The fac t w h e th e r  the  h y d ro th e rm a l fo rm ation  is a ss ig n ab le  to  
th e  M o ld av ian  or to  th e  R h o d an ian  p h ase , is n o t  decided y e t.

T ype and  Age o f  the L ite r  F au lt

W h e n  study ing  th e  geological m aps o f  th e  V árp a lo ta  B asin  an d  o f th e  
B a la to n  H ighland  i t  can  be  easily  recogn ized  th a t  the  tec ton ic  s t ru c tu re  of 
In o ta -V á rp a lo ta  can be  t ra c e d  w estw ards, as well.

T h e  V árp a lo ta  m a in  fa u lt  line of 200 to  400 m etres h e ig h t o f  th ro w  
c o n n e c te d  w ith  the  R h o d a n ia n  phase and  d iv id in g  in to  two p a rts  th e  V á rp a lo ta  
B a s in  is th e  “ norm al f a u l t”  lim b of the  y o u n g  asym m etric  w edge s tru c tu re  
c ro ss in g  th e  g reat tra n s v e rs a l fa u lt of P é t-K ik e r itó  and e x te n d in g  fa r th e r  
a lo n g  th e  sou thern  m arg in  o f the  B á n ta p u s z ta  B asin and th e n  c o n tin u in g  
on th e  so u th e rn  side o f th e  v illages Ö skü a n d  H a jm ásk ér up to  th e  K á d á r ta -  
V eszp rém  region on th e  so u th e rn  m arg in  o f  th e  H ajm áskér—G y u la f irá tó t  
B a s in . T h e  G y u la firá tó t B asin  and  th e  s o u th e rn  p a rt of th e  B á n ta p u s z ta  
B a s in  c o n ta in  a te rre s tr ia l sed im en ta ry  seq u en ce  w ith  in te rb ed d ed  S a rm a tia n  
b e n to n i te  layers. As co m m u n ica ted  o ra lly  b y  A. J á m b o r , th is  s ta te m e n t  is 
s u p p o r te d  also by  th e  d a ta  o f  a new su rv ey  d rill. T he fa id t line jo in s  th e  S a r­
m a tia n  tec to n ica lly . T his fa c t  re la tes to  th e  R h o d a n ia n  origin of th e  m o v e m e n t.

T ra c in g  fu rth e r  th e  “ u n d e r th ru s t”  lim b , one  can see th a t  w es t o f th e  
t r a n s v e r s a l  fau lt of P é t  th e  L ité r F a u lt  line reach es  the  area of th e  T riassic  
b lo c k s  o f  P é t. In  th e  r e la tiv e ly  w ell-exposed T riassic  area th is  can  be  tra c e d , 
e v e n  a t  th e  surface, so u th -w estw ard s  to w a rd s  L ité r  village.

T h e  com pression line is n ea rly  of so u th w e s t d irection  while th e  H a jm á s ­
k é r  l im b  (“ norm al fa u lt” ) o f  th e  a sy m m etric  side is of nearly  w e s te rly  s trik e , 
th u s  th e  s tru c tu re  grow s g ra d u a lly  w ider. B e tw een  H a jm ásk ér a n d  L ité r 
th e  w ed g e  s tru c tu re  is a b o u t 4 km  wide, w hile  in  the  region of In o ta  only 
a b o u t 1 k m . In  th e  w edge s tru c tu re  of In o ta , d ra g s  tak en  place a long  co m p res­
sion  p la n e s  are less s ig n if ic a n t, while along th e  L ité r  F au lt Line re g u la r  th ru s t-  
sh e e ts , d rag s, steep or o v e r tu rn e d  dips can  be  observed. C o n seq u en tly , th e  
a sy m m e tr ic  wedge s tru c tu re s  of b o th  In o ta —V á rp a lo ta  and H a jm á sk é r—L ité r 
a re  geom echan ica lly  id e n tic a l, th e  only  d iffe rence  being  the  fac t th a t  th e  te c to ­
n ic  com pression  zone o f th e  B ala to n  H ig h la n d  endured  h o rizo n ta lly  ac tin g  
c ru s ta l  m ovem ents of g re a te r  in te n s ity  th a n  th a t  of In o ta  and  espec ia lly  
th a n  t h a t  o f V árpa lo ta . T he d iv id in g  line b e tw een  th e  tecton ic  com pression  zones 
o f V á rp a lo ta  (so u th easte rn  B ak o n y  M o un ta ins) an d  of the  B a la to n  H ig h la n d  
is th e  tran sv e rsa l fa u lt  of P é t-K ik e ritó .

In  accordance w ith  th e  fac ts  quo ted  ab o v e  i t  is obvious th a t  th e  H a jm á s ­
k é t—L ite r  s tru c tu re  is th e  c o n tin u a tio n  of t h a t  o f  In o ta -V á rp a lo ta , in  fac t,
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th e  “ no rm al fa u lt”  lim b is also R h o d an ian  as te s tif ie d  to  b y  d irec t ev id en ce . 
C onsequen tly , th e  tim e  of fo rm a tio n  of th e  u n d e r th ru s t  line of L ite r  sh o u ld  
be assigned also th e  S ty rian  phases  inc lud ing  th e  “ la te s t  S ty r ia n ”  (M oldav ian ) 
ph ase . I t  is n o t un im ag inab le  t h a t  th e  fa u lt s ta r te d  as ea rly  as th e  P y re n e a n  
phase (w hen e x tra p o la te d  from  th e  V árp a lo ta  B asin ), b u t  a C retaceous s ta r t  
looks im possib le ow ing to  th e  o u tw a rd  m o v em en t o f th e  com pression  zones 
(1968). T hus, th e  o lder com pression  zones lie to  th e  n o rth .

O n th e  so u th eas te rn  m arg in  o f th e  V á rp a lo ta  B asin  w hen e x tra p o la tin g  
b o th  th e  ro ta tio n  axis d e m o n s tra te d  in th e  foregoing p a r t  and  th e  f le x u re  
rep lac in g  th e  u n d e r th ru s t, to  th e  te c to n ic  p ressu re  zone of the  B a la to n  H ig h ­
lan d  g en era ted  b y  s tro n g er effec ts , i t  seem s to  be p ro b ab le  th a t  th e  fa u lt  
line o f th e  L ake B a la to n  shore fo rm ed  in th e  f irs t phase  also d u ring  th e  M o ld a­
v ian . H ere , how ever, a real u n d e r th ru s t  developed  in s tead  of flex u re  o f  50 m . 
T his assu m p tio n  is su p p o rted  b y  th e  fac t th a t  in th e  B a la to n  region (T ih an y , 
U d v ari, R évfülöp) th e  S a rm a tia n  sea tran sg ressed  o n to  o lder fo rm a tio n s , 
as a re su lt of th e  epeirogenic m o v em en ts  th a t  follow ed th e  orogeny .

O n the  basis o f oral co m m u n ica tio n  by  I. S z a b ó  and  of o th e r  d a ta  it  
is also p ro b ab le  th a t  on th e  reg io n  L ake B a la to n  shore also R h o d a n ia n  co m ­
pression  m ovem ents took  p lace, because locally  (i.e. a t  Alsóörs) som e fo ld ing  
o f th e  U p p er P an n o n ian  s t r a ta  can  be observed .

T ak in g  in to  co n sid e ra tio n  th e  fac ts  m en tio n ed  above, th e  te c to n ic  
p ic tu re  o f th e  B a la to n  H ig h lan d  can  be solved in  a m uch  easier m a n n e r  th a n  
b y  th e  so p h is tica ted  “ a ir-sa d d le d ”  tec to n ics  f re q u e n tly  referred  to  b y  e a r ­
lier w orkers.

General F rontal P ilin g  U p

T he te rm  “ u n d e r th ru s t”  is used (1968) in s te a d  o f the o v e r th ru s t  or 
rev ersed  fa u lt te rm s th u s  fa r  in  general use, since th is  is th e  ex ac t d e fin itio n  
o f th e  h o rizo n ta lly  ac tin g  m o v em en t from  the  p o in t o f view  of its  d ire c tio n . 
T he ac tiv e  orogenic force ac ted  u n d o u b te d ly  from  SE  since th e  so u th e rn  side 
of th e  B akony  M ounta ins o f co u n te r-lim b  s tru c tu re  (B ala to n  H ig h la n d ) is 
m ore up lifted , and  en d u red  s tro n g e r  tec ton ics, w hile th e  reac tiv e  side ( th e  
B ak o n y  of P áp a) is less d is tu rb e d . ( I t  follows from  th e  fac ts  above th a t  in 
th e  la t te r  case rea lly  an “ o v e r th ru s t”  has to  be done w ith , in re a li ty  !)

T he te rm  u n d e r th ru s t is used  here essen tia lly  in  th e  sense o f “ su b ­
d u c tio n ”  used in p la te  te c to n ics . T hus, in  connection  w ith  th e  geom ech an ica l 
m echan ism  of th e  genesis o f th e  B ak o n y  M oun ta ins an  ac tive  su b d u c tio n  
lim b (e.g. th e  V árpalo ta-side) a n d  reac tiv e  su b d u c tio n  (th u s, as th e  m arg in  
a t  P áp a ) can be spoken of.

A ccord ingly , th e  te rm  “ su b d u c tio n ”  is used here  to  deno te  a g eo m ech an ­
ical s tru c tu re  form . In  th e  case o f th e  fo rm a tio n  o f th e  B ak o n y  M o u n ta in s
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n o t  a typ ica l ocean ic  u n d e r th ru s t shou ld  be im agined  along th e  sou thern  
m a rg in , b u t th is  is th e  secondary  d ispersion  o f th e  collision g en era ted  by  th e  
ap p ro a c h in g  m o v e m e n t o f th e  E u rasian  an d  A frican  p la tes of th e  lithosphere  
(S t e g e n a , 1972) w h ich  occurs along th e  fa r th e r- ly in g  m ohile s tr ip s . In d e p e n d ­
e n tly  w h e th e r th is  be  a real “ su b d u c tio n ”  or n o t or a “ d isperse  su b d u c tio n ” 
s im ila r  to  th a t  d iscussed  above, these p ro d u c e  geom echanical s tru c tu re  form s 
o f  close a ffin ity . C o n seq u en tly , th e  re su ltin g  s tru c tu re s  gene tica lly  sim ilar 
to  one  an o th e r b u t  d iffe re n t in th e ir  d y n a m ism  w hich can be traced  back  
to  h o rizo n ta l effects p ro d u c in g  the  u n d e r th ru s t .

T his th ird - or fo u rth -o rd e r  su b d u c tio n  (restra in ed  system ) m ay  be 
re g a rd e d  to  be one s te p  o f the  Ig a l-B ü k k  su b d u c tio n  zone (E . S z a d e c z k y - 
K a r d o s s , 1971).
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ГЕОМЕХАНИЧЕСКИЕ ИССЛЕДОВАНИЯ ЮГО-ВОСТОЧНОЙ ОКРАИНЫ ГОР 
БАКОНЬ И ВОЗРАСТ ЛИТЕРСКОЙ ЛИНИИ РАЗЛОМОВ

й. к о к а й

Р е з ю м е

Продолжая свои, ранее опубликованные работы по геомеханике рассматриваемого 
района, автор статьи на основании новых геологических данных уточняет свои наблюдения 
за системой линий разломов на юго-восточной окраине гор Баконь, а также возраст и 
механизм движений земной коры.

Результаты исследований сводятся к следующему:
-  На характерном геологическом разрезе показывается подробно еще не изученная, 

юго-восточная, главная краевая линия разломов гор Баконь.
Внутри отдельных за тектонических усилий сжатия, в отдельных зонах продольных 
и поперечных разломов сопряжены между собой разновозрастные разломы в виде 
различных сочетаний и вариаций.
Кроме того, показывается также и обратная (перевернутая вниз), ассимметричная, 
клинообразная структура.

-  Деятся характеристика той осевой линии вращения бассейновой плиты, поддвинутой 
под чехлом и опрокинутой в результате горизонтальных орогенпческих усилий на 
юго-восточной окрание бассейна, которой автор статьи приписывает и восходящий 
поток углекислоты на участке между г. Секешфехервар и побережьем оз. Балатон. 
Молдавская тектоническая фаза делится на две части.
Время формирования известной Литерской линии разломов автор относит в основ­
ном ко штирийским движениям складчатости.
Описывается ассиметричная, клинообразная структура, являющаяся фронтальным 
геомеханическим сооружением, обусловленным усилиями типа сжатия и тесно свя­
занным с тектоникой плит. В случае гор Баконь речь идет о вторичной дисперсии 
процессов столкновения, обусловленных сближением крупных плит.
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OUTLINE OF THE GEOLOGY OF THE 
GRAND-DUCHÉ DE LUXEMBOURG

R a o u l  C. M i t c i i e l l - T h o m é

M A M E R ,  L U X E M B U R G

Tw o d is tin c t geologic-geom orphologic regions are  found  in L u x em b o u rg . T o  
th e  N  is th e  O esling, a region of h igh ly  d is tu rb ed  Palaeozoics, ex tensive p la te a u x  a n d  
deep, n arrow , w inding  va lleys, rep re sen tin g  a p o s t-IIe rc y n ian  peneplain  u p lif te d  in  
th e  te rm in a l Neogene. To th e  S lies th e  G u tlan d , w here Mesozoics ou tcrop , to p o g ra p h y  
is m ore  v a ried , valleys m ore op en  and  y ounger, fau ltin g  m ore significant. T h e  O esling  
depression , m ark in g  th e  b o u n d a ry  of th ese  tw o areas, collects th e  d ra in ag e  w hich  
e x its  e as tw ard .

E o d ev o n ian , T riassic  and  L.-M. Ju ra ss ic  o u tcro p  ex tensively , b u t th e  T e r t ia ry  
h as on ly  sm all re p re sen ta tio n . T h e  s tra tig ra p h ic  co lum n incorporates som e 4300 m 
of o u tcro p p in g  sedim ents.

T ecton ic  fea tu res  all follow th e  V ariscan  (N E -SW ) or R henic (N N E -S S W ) 
tre n d , being  influenced  by C aledon ian  a n d  H ercy n ian  even ts. Large folds are  b u t  p a r ts  
o f s tru c tu re s  w hich co n tin u e  in to  B elgium  an d /o r G erm any. As th e  M oselle T ro u g h  
is a p p ro ach ed , fau ltin g  of the  M esozoics is m ark ed , frac tu r in g  ex tending  in to  Q u a te r ­
n a ry  tim es.

T he iron  deposits in th e  SW  gave rise  to  th e  iron-steel in d u stry . T o d a y  on ly  
th e  A alen ian  m in e tte  deposits are w orked , th o u g h  th e  in d u s try  began  w ith  e x p lo ita tio n  
of T e r t ia ry  deposits . A t p re sen t, som e 80%  of iron  used m u st be im ported .

General

T he sm all c o u n try  of th e  G ran d -D u ch é  de L u x em bourg  occupies a geo­
g raph ica l positio n  of h isto rica l im p o rtan ce . G eologically  no less, th e  lo ca tio n  
is s ig n ifican t, w ith  th e  A rdenne m assif to  th e  N , th e  Eifel — L orraine d ep ressio n  
s trik in g  N N E -S S W  th ro u g h  th e  c o u n try , th e  L u x em b o u rg  G ulf of M esozoics 
tre n d in g  N E  across th e  so u th e rn  p a r t ,  h ig h ly  d is tu rb e d  Palaeozoics in  th e  
N u n co n fo rm ab ly  overlain  b y  m ore g en tly  deform ed Mesozoics in  th e  S, th u s  
g iv ing rise to  th e  tw o m ajo r geom orphologic-geologic divisions of th e  c o u n try . 
O esling in  th e  N and G u tlan d  in the  S. L u x em b o u rg  th u s  lies at the tr a n s i t io n  
of th e  M esozoic p lains of L o rra in e  and  th e  P alaeozo ic  p la te a u x  o f W e s te rn  
G erm any , be tw een  th e  A rdenne  P alaeozoic  m assif to  th e  N an d  th e  S a a r  
B asin  P alaeozoics and  L orra ine  M esozoics to  th e  S (Fig. 1).

T h e  f irs t im p o r ta n t c o n tr ib u tio n  to  th e  geology o f L u xem bourg  is t h a t  
of S t e i n i n g e r  (1828). The b ib lio g ra p h y  show s th e  earlier stud ies, b o th  c lassi­
cal and  im p o r ta n t, as a m a tte r  o f general in te re s t. H ow ever it  is on ly  re la tiv e ly  
recen tly  th a t  sy s tem a tic , d e ta iled  m ap p in g  w as u n d e rta k e n , re su ltin g  in  e ig h t
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F ig . 1. S tra tig rap h ic  E n v iro n m e n t of th e  G-D. de  L u x em b o u rg . 1. Q u a te rn a ry ; 2. T e rtia ry ; 
3. C retaceous; 4. Ju ra s s ic ;  5. T riassic ; 6. P e rm ian ; 7. C arboniferous; 8. D evon ian ; 9. C am bro- 

Silurian; 10. T e r t ia ry  volcanics; 11. O lder p lu to n ic s  and crista llines

geological sheets, scales 1 : 25.000 and 1 : 50 .000 , and  six tom es, ap p earin g  
d u r in g  1937 1950. T h is m ost w orth y  c o n tr ib u tio n  was th e  w ork  o f th e  la te
M i c h e l  L u c i u s , w ho o rgan ized  th e  Service G éologique de L u x em b o u rg  in 1936.

U pon th e  a p p e a ra n c e  of new er, m ore  p rec ise  topograph ic  sheets o f th e  
c o u n try  in  1954, i t  w as decided in  1964 to  beg in  a revision  o f th e  L u c iu s  
m a p s . The m an y  new  b u ild in g  and  c o n s tru c tio n a l p ro jec ts , eng ineering  and 
w a te r  borings, q u a r ry  developm ents, e tc . no  less p resen ted  an  o p p o r tu n ity  
fo r  fu r th e r  su b su rface  in v estig a tio n s. I t  is in te n d e d  to  pub lish  six teen  new  
geological sheets on a scale of 1 : 20.000, o f  w hich th ree  are a t  p resen t 
co m p le te .

A da  Geologica Acaderniae Scientiarum Hungaricae 20, 1976
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Tn 1966 th e  Service G éologique published  a geological m ap of L u x em b o u rg  
on th e  scale 1 : 100.000.

L u x em b o u rg  occupies 2587 k in2, 82 km  in le n g th , 54 km  in b re a d th . 
The p o p u la tio n  is ap p ro x . 357.000 o f  w hich som e 2 4 %  are foreigners.

Geomorphology

E le v a tio n s  v a iy  f i <m 130 m  a t  War serh illig , w h ere  th e  Sûre r iv e r  jo in s  
th e  M oselle, to  559 m  a t B u u rg p la a tz  in th e  N v e ry  close to  th e  B elgian b o rd e r .

T he G u tla n d  or so u th e rn  p a r t  of the  c o u n try , w here  ag ricu ltu re , co m ­
m u n ica tio n s, h a b ita tio n s  arc m ore ex tensive ly  d eve loped , has an  av e rag e  
e lev a tio n  of 300 m . In  th e  N lies th e  Oesling, p a r t  o f th e  A rdenne, av e rag e  
e lev a tio n  450 in , w ith  w ide, open  p la te a u x  tra n se c te d  by  deep, narrow , w in d ­
ing valleys.

The O esling rep re sen ts  a penep la in  w hich has b e e n  up ra ised  and  d is tu rb e d  
by  epeirogenic m o v em en ts  in  recen t geological tim es . F irs t C aledonian th e n  
H ercy n ian  o rogeny  c rea ted  th e  A rdenne, an d  as riv e rs  set to  w ork he re , 
e levations w ere low ered , slopes reduced , dep o sits  sp read  fo rth  and filled -in  
surface irreg u la ritie s , so c rea tin g  th e  p o st-H ercy n ian  or pre-T riassic p en ep la in , 
form ed a t  th e  base of th e  P e rm ian  and T riassic. B eg in n in g  in  the  T riassic  an d  
ex ten d in g  th ro u g h o u t th e  Ju ra ss ic , tran sg ressiv e  seas in v ad ed  th is  E ife l — 
L orra ine  depression , fo rm ing  sed im en ts on the  earlie r-fo rm ed  penep la in  su rface . 
R egression, follow ed b y  co n tin en ta l cond itions, p a r t ia l ly  exhum ed  th e  o ld  
p enep la in , fo rm in g  now  th e  p re -S en o n ian  p en ep la in . In  th e  U. C re taceous 
th is p en ep la in  too  w as im m ersed , again  in  th e  E o cen e  erosion set to  w ork , 
fo rm ing  th e  E ocene p en ep la in , follow ed b y  an  O ligocène tran sg ression , th e  
la s t to  affect th e  A rdenne . W e th u s  have p re -T riassic , L . C retaceous, E o cen e  
and post-O ligocene pen ep la in s  p roduced , h u t th e  T e r t ia ry  co n tin en ta l erosion  
periods scarce effected  th e  earlies t pre-T riassic p en ep la in . H ow ever, since th e  
te rm in a l T e r t ia ry  th is  e a rly  penep la in  u n d e rw e n t changes in a lt i tu d e  an d  
d e fo rm ation  m ore ex ten siv e  th a n  an y  p rev io u sly  experienced . D iffe ren tia l 
m ovem ents ex h u m ed  th e  f irs t  penep lain , c re a tin g  “ w aves”  of g rea t ra d iu s  
of c u rv a tu re , c learly  o u tlin in g  th e  penep lain  an d  i ts  aureo le  of Mesozoic sed i­
m en ts, an d  causing  p ro fo u n d  h y d ro g rap h ic  changes. T h u s th e  essen tia l geo- 
m orphological fe a tu re  of th e  O esling is th e  old, ex p o sed  pre-T riassic p e n e p la in , 
w hich in m ore re c e n t tim es w as up lifted  and  defo rm ed .

E o d cv o n ian  is exposed  in th e  Oesling, occurs a t  d e p th  in th e  G u tla n d . 
Mesozoics once covered  th e  O esling h u t  were s tr ip p e d  aw ay  d u ring  th e  U . P lio ­
cene P le istocene , an d  hence before th is  ev en t th e re  w as little  geological-geo- 
m orpho log ica l d iffe re n tia tio n  betw een  th e  tw o reg io n s. T ow ards the  end o f th e  
P liocene, d iffe ren tia l b lock m ovem ents took  p lace , in  th e  N th e  M esozoics 
were eroded  aw ay , ex posing  th e  pre-T riassic p en ep la in , for here u p lif t w as

Ada Geologica Academiae Scientiarum Hungaricae 20, 1976
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m o re  pronounced  th a n  in  th e  S. T h is p en ep la in  surface p lu n g es a b ru p tly  
(av e rag e  slopes of 5 9 % ) un d er th e  so u th e rn  Mesozoics, th e  b u rie d  peneplain
lev e llin g  off to  slopes o f 1 — 2%  so u th w a rd s . F rom  the  la te  P liocene , erosion 
p la n e d  off a surface a t  ca. 500 m e lev a tio n  in th e  Oesling, co incid ing  m ore 
o r  less w ith  th e  p re -T riassic  penep la in . In  th e  G u tlan d , an  erosion  surface of 
som e 400 m a ltitu d e  can  be  estab lished , fo rm ed  du ring  th e  sam e tim e  in te rv a l.

C o n tra ry  to  g eo g rap h ica l op in ions, in  L u xem bourg  we do n o t  have  tw o 
p la n a tio n  levels; th e  h ig h e r and  low er levels u n ite  in th e  p e rip h e ra l depression 
b y  m ean s of a w arp  or flex u re , of te c to n ic  orig in , caused th ro u g h  d ifferen tia l 
b lo c k  m ovem ent a t  th e  so u th e rn  edge o f th e  Oesling. There is th u s  c o n tin u ity  
in  tim e  and  space o f th is  erosion surface th ro u g h o u t th e  c o u n try , th e  n o rth e rn  
b lo c k  hav ing  u n d erg o n e  g re a te r  u p lif t th a n  th e  sou thern  one. T h is penep la in  
su rface  is exce llen tly  a n d  ex ten siv e ly  d isp lay ed  in  the  Oesling, b u t  th e  sam e 
su rfa c e  a t  low er e lev a tio n s  in  th e  G u tla n d  is m uch  m ore sporad ic  in  occurrence, 
less c learly  defined.

In  pre-N eogene tim e s , th e  general slope o f th e  te rra in  w as to w ard s  the 
N , hence  m ajo r s tre a m s flow ed in th e  sam e d irec tio n . O ver a low  p la in , w ith  
la k e s  an d  s ta g n a n t s tre tc h e s  of w a te r, M iocene rivers developed  fu r th e r  the  
p r im it iv e  a n teced en t d ra in a g e  n e tw o rk  o v er w h a t is now L u x em b o u rg . D u r­
in g  a period  little  sh o rt o f  som e 30 m illion  y ears , th e  n e tw o rk  ev o lv ed , rivers 
e n tre n c h in g  th em selves, a n d  in  essence, th is  n e tw o rk  is w h a t w e see to d ay , 
o r ig in a lly  e s tab lished  o v er th e  p la n a te d  A rdenne  m assif an d  p e rip h e ra l area 
to  th e  S, wrhere M esozoics and  T e rtia r ie s  cover a D evonian  b a se m e n t. B u t 
th e n  a t  the  end o f th e  P liocene th e re  b eg an  en bloc up lift of b o th  m assif and 
fo re la n d  to  d iffe ren t degree  so th a t  w a rp in g  occurred  b e tw een  th e  higher 
O esling  and low er G u tla n d . Such tec to n ism  h a d  a p ro found  e ffec t upon  the 
d ra in a g e  netw ork . Som e stream s, such  as th e  O u rth e  and  its  t i ib u ta r ie s  the  
S a lm , A m idévé an d  W arch e  in B elgium  w ere “ d e c a p ita ted ”  a n d  th e ir  u p p er 
co u rses  forced to  rev e rse  d irec tion . G re a te r  u p lif t  of th e  m assif th u s  in itia ted  
re v e rse d  stream s over th e  O esling w hich now  flow ed so u thw ards. Som e stream s, 
e .g . th e  A lzette , w hich in itia lly  co n tin u ed  n o rth w a rd  across th e  O esling , were 
n o w  forced  to  tu rn  e a s tw a rd s  a t th e  p e rip h e ra l depression, an d  so to  th e  lower 
S û re  (F ig . 2). F ig . 3 c le a rly  shows th is  g a th e rin g  to g e th e r of s tre a m s in  the  
1 0 — 12 km  wide p e rip h e ra l depression, an d  ex itin g  eastw ard s. L a rg e r, m ore 
p o w erfu l rivers such as th e  Meuse a n d  R h ine  m anaged  to  m a in ta in  th e ir  
n o r th w a rd  flow d irec tio n s  d u ring  u p lif t o f th e  H ercyn ian  m assifs, hence are 
a n te c e d e n t rivers, b u t  ev en  the  Moselle w as forced to  change course  and  tu rn  
n o rth e a s tw a rd s .

In  th e  G u tlan d , th e  p ost-P alaeozo ics all dip to  th e  SW , a consequence 
o f  la te  Pliocene epeirogen ic  m ovem en ts. H ere , how ever, s tream s wrere able to  
e n tre c h  them selves in  th is  lesser up lifted  reg io n , so th a t  no rev e rsa l of d ra inage  
o c c u rre d . H ence we h av e  w h a t L u c iu s  te rm e d  “ un réseau  h y d ro g ra p h iq u e
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Fig. 2. Generalized Geologic Map of th e  G-I). de L u xem bourg .  (Modified after c a r te  géol.  gén. 
de G-l) .  de Lux. sérv. Géol. de Lux .  Échelle 1 : 100 000, 1966.) 1. Holocene (A lluv ium );
2. T er t ia ry .  Ju ra ss ic :  3. B a joc ian ;  4. Aalenian; 5. T o arc ian ;  6. P l iensbachian; 7. S in em u rian ;  
8. H e t ta n g ian .  T riassic: 9. K eu p er ;  10. Muschelkalk; 11. L. Muschelkalk; 12. B u n t s a n d ­
stein. Lower Devonian: 13. U p p e r  E m sian ;  14. Bérié q u a r tz i t e ;  15. Middle Ernsian; 16. Lower 
E m s ian ;  17. S to lzem bourg beds; 18. S c hu t thourg  beds;  19. U p p e r  Siegenian; 20. S ands tone  
facies; 21. Slate  facies; 22. Middle Siegenian; 23. Lower Siegenian. 24. Paleozoic mesozoic 
b o u n d a ry ;  25. L an d  frontie r;  26. R iver  frontier; A. D iffe rdange  iron basin; B. E sch  iron  basin
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F ig. 3. T ec to n ic  map of L u x em b o u rg .  (L u c iu s  1948, 1955, Ser. Géol. L u x e m b o u rg  1966). 
1. A n t ic l in e s ;  2. Synclines; 3. G r a v i ty  faults- t icks on  d o w n th ro w  side; 4. T h r u s t  faults- t icks 
on  d i r e c t io n  of thrusting; 5. M ajo r  f lexure; 6. L im it  of  wiltz  syncline and  g ivonne  anticline;

7. Rivers



P
al

ae
oz

oi
c 

M
es

oz
oi

c 
K

ai
n

oz
oi

c

Table

ERA

S tra tigraphic C olum n, Luxem bourg

Period Epoch AGE Formations
Thick

(m)

Q uaternary
H olocene A lluvium , calcareous sinter, rock falls, etc. 8

P leistocene Loam , sand, gravel, talus, terrace d ep osits , etc. 8

Tertiary

Pliocene M io­
cene

P lateaux  loam s w ith  pebbles, etc ., Fe-ore concretions, 
silts w ith  quartzitic  concretions (Pierre de Stonne). c layey  
sands, c lays, silts.

10

E ocene P iso litic  Fe-ores 30

Coral L im estone 30

H au t-P o in t L im estone 40

L>

Bajoci
O ttange Lst. 4

b£ an Soiverbv S o n n in ia  c  T ,,  , 0  , borm in ta  Lst. B eds B eds 14

S o n n in ia  Cgl. 30

M icaceous Marls 12

C oncavum  B eds 

M urch isonae  B eds

1

17

A alenian
Iron O p a lin u m  B eds  
Ores

20

(M inette) Pseudoradiosa
B eds

D um orlieria  Beds

15

Levesquei Beds 18

F allaciosum  Beds 30

’33(Л
S ir ia lu lu m  B eds 20

L.
Urn

Toarcian
Voltzia  Marls 10

C rassum  Marls 0.15

*cn(Л
B ifro n s  Marls

Posidonom  y  a
20

3 F a lc iferu m  B it. Marls 25

=

D om erian
S p in a tu s  B eds (D ipp ach  Sandstone) 30

tn
M argarita tus  Beds 80

z
Carixian D avoei L im estones and Marls 5

R aricosta tus  B eds 3

h
U pper of  
L otharingian D udressieri B eds 6

1 Fossil-poor Marls (Fossilarm e T one) 25

Lower Strassen Marls and L im estones 10

L uxem bourg Sandstone 135

n e tta n g ia n
Psiloceras B eds 30

Red Clays 8

n n a e u c
F oliated  Shales and Sandstones 15

u M arly K euper (Grès à m arnolites, Steinm ergelkeuper) 60

V
US

N orian R ed G ypsiferous Marls 10

Carnia n
R eed Sandstones (Grès à roseaux) 40

Marls w ith  salt pseudom orphs (K auper salifère) 185

M yophoria  Beds 26

Cft
U pper Ceratites B eds 30

H auptm uschelkalk
Crinoidal D olom ite 30

L in g u la  D olom ite
A nhydrite

8

iviiaaie
G roup M ottled G yp. Marls 60

Lower
O rbicularis Dol. 5

M uschelsandstein
Sh elly  L im estone 45

U pper
Vollzia  Sandstone 20

B un tsan d ste in T ransition B eds 85

Lower
V osges Sandstone 152

Perm ian Z ech st-R oth lieg . Shales, San dstones, D olom ites 7.6

Upper
W iltz  Shales/Sch ists 250

Bérié Q uartzite 15

in
si

ai

M iddle Clervaux M ottled Shales/Sch ists 300

« L>
Lower

S chu ttbou rg  Q uartz-P hyllites
800

!> - Stolzem bourg P h yllites

й Upper R am brouch. U lflin gen , B as-B ella in , K autenbach  
Sh ales/S ch ists, M artelange S lates 700

<vbfi M iddle M artelange and N iederw am pach-H achiville  B eds 600

Lower P h y llites, Q uartz-P hyllites, Sandstones 150





GEOLOGY OF LUXEM BOURG 2 6 5

q u i est un  p a rad o x e  g éo graph ique” , for O esling an d  G u tla n d  are d ra ined  b y  
one and  th e  sam e ty p e  of superim posed  s tream s, one se t flow ing n o rth w ard s , 
th e  o th e r  so u th w ard s , b o th  u n a d a p te d  to  th e  p re se n t s tru c tu re  o f e ith e r  
region. T his h y d ro g rap h ic  ne tw o rk  is a heritag e  left b y  a rock  covering w hich  
has d isap p eared  as also a consequence of d iffe ren tia l te c to n ic  m ovem en ts. 
In  th e  G u tlan d , erosion has m ade com pensa tion , w h ils t in  th e  Oesling d ra in ­
age reversa l has re su lted , and  in  b o th  regions th e  n e tw o rk  tak es  a d v a n ta g e  
of th e  p e rip h era l depression  to  seek an  ex it.

S tream  c h a rac te ris tic s  in  th e  tw o regions d iffer. In  th e  Oesling, s tream s 
have  a y ounger, re ju v e n a te d  ch a ra c te r , steep  lo n g itu d in a l and tran sv e rse  
profiles, flow  is fa s te r , th e y  are deep ly  en tren ch ed , m ean d e rin g  is very  com m on, 
w h ilst above s tre tc h e s  th e  level p la te a u  surface. In  th e  G u tlan d , s tream s are  
m ore evolved , th a lw eg s are red u ced , valleys m ore b ro a d , re ju v en a tio n  n o t 
a p p a re n t, th e  flow  is gen tler. L u c iu s  was inclined  to  believe th a t  rock  co n ­
sistency  had  li ttle  if  an y  con tro l on s tream  d ev e lo p m en t in L uxem bourg , 
h u t  we are  inc lined  to  agree w ith  H e u e r t z  (1949) t h a t  in th e  Oesling th e  
rocks p re sen t a h a rd e r , m ore co m p ac t ap p earan ce  th a n  in  th e  G u tlan d , th a t  
rock  ch a ra c te r  an d  litho logy  is in flu en tia l in v a lley  d ev e lo p m en t.

T he s tud ies of H e u e r t z  (op. cit.) and  S t e f f e n  (1951) regard ing  r iv e r  
profiles an d  te rraces  re spec tive ly , d em o n stra te  th e  effects o f  d ifferen tia l u p lift. 
T he fo rm er s tu d y  exem plifies th e  steep  thalw egs o f O esling  stream s in c o n tra s t 
to  m uch g en tle r ones of th e  G u tlan d . E x ce llen t p rese rv ed  r iv e r  te rraces occur 
in th e  W ark  and  Sûre valleys, less so in  th e  O ur v a lley . T h ree  te rraces can be 
defined , v a ry in g  in  e levations above m ean s tream  level from  1 to  16 m , 16 to  
62 m , 64 to  118 m , w ith  up lifts o f th e  o rder o f 11 70 m , low erings of ca. 10 m .
In  general the r iv e r  te rraces  rise in e leva tion  from  S S E  to  N N W . As even  
th e  low er te rraces  show  appreciab le  e leva tion , we can  p resu m e  th a t  slow u p lif t 
has con tin u ed  in to  v e ry  recen t tim es, possib ly  s till o p e ra tiv e .

S tra tig raphy

The s tra tig ra p h ic  record  inc ludes E o d ev o n ian , T riassic  — Ju rra s ic , sm all 
d ev e lo p m en t of P alaeogene and  N eogene (F ig. 2, T ab le  I) . In  th e  Oesling, o n ly  
Palaeozoics o u tc ro p , in  th e  G u tlan d , younger beds. T h e  L. D evon ian  descends 
in d ep th  so u th w ard , so th a t  a t  M ondorf-les B a in s  on th e  F rench  b o rd e r, i t  
lies 713 m below  th e  surface, y e t su rp rising ly  en o u g h , fa u ltin g  brings a t in y  
D evon ian  o u tc ro p  to  th e  surface in  th e  Moselle v a lley  a t  Schengen.
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Palaeozoic

O n ly  L. D evonian  o u tc ro p s . In  essence, th is  is a n e r itic  facies, only 
e x c e p tio n a lly  b a th y a l. L ith o lo g ica lly  th e  rocks are e ith e r o f a ren aceo u s types 

sa n d s to n e s , q u a rtz ite s , p sa m m ite s  — o r th e n  argillaceous ty p e s  — shales, 
sc h is ts , ph y llites , q u a rtz -p h y llite s , s la tes.

G ed in ian  ou tcrops to  th e  W  in th e  G edinne S t. H u b e r t  -L ib rem en t 
re g io n  o f  B elgium , form ing  p a r t  o f  th e  E ife l — N eu fch a teau  sy n c lin o riu m  w hich 
p lu n g e s  eas tw ard s  so th a t  in  L u x em b o u rg  and  W estern  G erm a n y  younger 
D e v o n ia n  ou tcrops. W ith in  L u x em b o u rg  only  Siegenian a n d  E m sian  are 
e x p o sed .

T h e  L. Siegenian has sm all re p re se n ta tio n  a t S ch im pach , in  th e  up p er 
W iltz  v a lley , and  ex ten d in g  across in to  B elgium . Rocks in  q u e s tio n  com prise 
p h y lli te s , q u a rtz -p h y llite s  and  q u a rtz o se  sandstones, fo rm in g  a sh a rp  a n t i ­
c lina l fo ld  s trik in g  N E , som e 150 m  of ro ck  being  exposed. M. S iegen ian  occurs 
close to  th e  Belgian b o rd e r, o ccu rrin g  in  tw o areas know n  as th e  B astogne 
a n d  G ivonne  “ sadd les”  se p a ra te d  b y  an  E m sian  syncline. T h e  so u th e rn  ex p o ­
su re s , in  th e  v ic in ity  of M artc lan g e , show  sligh tly  fo lia ted  s a n d y  shales- 
sc h is ts , s an d y  or c layey  q u a r tz p h y lli te s , sla tes, p sam m ites  an d  quartzose  
sa n d s to n e s . N o rth e rn  occurrences show  a g rea te r p rep o n d e ran ce  of a rg illa ­
ceous ro ck s, u sua lly  ten d in g  to  h av e  a red d ish  or th en  d a rk  b lue tin g e . No p a r tic ­
u la r  fo rm a tio n a l nam es are g iven  th e  M. Siegenian, b u t we m ig h t refe r to  th e  
s o u th e rn  occurrences as th e  M arte lan g e  beds, the  n o rth e rn  ones, th e  N ieder- 
w a m p a c h  H achiv ille  beds. T h icknesses are not easy  to  ju d g e  b u t  m ay  be 
in  th e  n e ighbourhood  of 600 m.

T h e  U. Siegenian has th e  g re a te s t e x te n t  of o u tc rops o f a n y  D evon ian  
s t r a ta ,  in  areas to  th e  N an d  S o f th e  W iltz  B asin . In  th e  n o r th e rn  a rea , san d ­
s to n e s  are  com m on, lesser so, s a n d y  shales-sch ists and  p h y llite s , fo rm ing  a 
s a n d s to n e  facies (B as-B ella in  sha les-sch ists) and a m ore arg illaceous facies 
(U lflin g en  or Troisvierges shales). S of th e  W iltz  B asin th e re  is a la rg e r ex ten t 
o f  U . S iegenian . B asal beds inc lude  fin e-g ra ined , co m p act p h y llite s  of high 
f is s ility , w hich a t M artelange an d  Perlé  h av e  been exp lo ited  fo r ro o fing  slates. 
A b o v e  occur a lm ost e n tire ly  d a rk -co lo u red , sligh tly  fissile  s a n d y  shales- 
sc h is ts , know n as th e  “ S ch iste  g rossie r”  or “ G robschiefer”  facies. In  the 
re g io n  o f M artelange, th e  U . S iegen ian  is som e 500 m th ick , th ic k e n in g  n o r th ­
w a rd  to  1500 m a t  B astogne , B elg ium .

B efore th e  can a liza tio n  of th e  M oselle, small o u tc ro p s w ere to  be seen 
in  th e  b ed  of th e  riv er and  also b y  th e  m inera l well a t  S chengen , n e a r  the  
F re n c h  G erm an borders, o f  fin e -g ra in ed , redd ish , m icaceous, c lay ey  san d ­
s to n es  w ith  red clay  inc lusions, all h av in g  a siliceous c e m e n ta tio n . These beds 
a re  c o rre la ted  w ith  th e  “ T a u n u ss tu fe ”  o f S ierck , across th e  M oselle in  G erm any , 
a n d  a re  know n  in L u x em b o u rg  as th e  S ierck  Q uartz ites. A th in  basa l conglom e­
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r a te  m arks th e  p assage  up in to  th e  V oltzia S an d s to n e . T he top  of th e  E ode- 
von ian  lies a t som e 700 m  d ep th  a M ondorf-les-B ains; ca. 10 km  d is ta n t, fau il-  
ing  hav ing  b ro u g h t these  P alaeozoics to  th e  su rface . T he T au n u s Q u a rtz ite  
o f G erm any  is considered  of M .-U . S iegenian  age.

In  L u x em b o u rg  th e  S iegenian and  E m sian  s tr ik e  N E  across th e  c o u n try , 
exposures in d ip  d irec tio n s covering  some 35 k in . V ery  often  it  is h azard o u s 
to  estim a te  th ick n esses  of the  E o d ev o n ian , as th e  general litho logy  is m o n o ­
to n o u s, m aking  th e  d e te rm in a tio n  o f lim its u n c e r ta in , and  th en  th e  s tra ta  are 
h igh ly  d is tu rb ed . F o u r m a r i e r  (1934) e s tim a ted  th a t  th e  E odevon ian  in  th e  
E ifel basin  was som e 9000 m th ic k  a t  the  G erm an  b o rd e r, w hilst A s s e l b e r g h s  

(1946) gave a fig u re  h a lf  th is  a m o u n t, and K n e t s c h  (1963) m en tioned  5 8000
m in th e  S iegerland  an d  S o u th e rn  A rdenne. In  L u x em b o u rg  E o d ev o n ian  has 
a th ickness v a ry in g  from  ca. 2150 m  to  2850 m .

N ow here in  th e  c o u n try  are  younger P a laeozo ics ou tcropp ing , no r w ere 
th e y  know n a t  d e p th . T hen  d u rin g  1946 47 a b o rin g  w as pu t dow n a t Mon-
dorf-les-B ains to  a to ta l  d ep th  of 730 m. B etw een  d e p th s  of 692 m and  699.60 in 
occurred  an g u la r déb ris  of shales an d  quartzose  sa n d s to n e s , w ith  large q u a r tz ite  
pebbles a t th e  b a se , dom inance o f  sandstones h ig h er up , cellu lar do lom ite  
and  red  b recc ia ted  sand sto n e  a t  th e  top . T hese p o o rly  s tra tif ie d  sed im en ts 
re s t w ith  m ark ed  an g u la r unconform able  re la tio n s  on an  E odevon ian  ab rasio n  
surface. L u c iu s  has classified th e  beds as R o th lieg en d es and Z echstein . 
(A 771 m deep b o rin g  a t L ongw y, som e 40 km  W  o f M ondorf-les-B ains, show ed 
231 m of P e rm ian , beg inn ing  a t  a d e p th  of 540 m .)

Mesozoic

S of the  O esling  depression , Mesozoics e x te n d  th ro u g h o u t th e  G u tlan d  
T riassic and  L.-M . Ju ra ss ic .

The B u n tsa n d s te in  or G rès b igarré  is d iv id e d  in to  lower and  u p p e r 
u n its . The fo rm er, Vosges S an d sto n e , in a s tr ic t  sense th e  low er p a r t  o f th e  
basa l Triassic san d sto n es, has no ou tc rops in th e  c o u n try , b u t  a t M ondorf-les- 
B ains the ab o v e-m en tio n ed  b o rin g  en co u n te red  th e  S andstone  a t a d e p th  of 
589 m, w here i t  m easu red  152 m th ic k . I t  is a b ric k -re d  rock, of an g u la r q u a rtz  
cem ented  by  iron  ox ide, w ith  sm all, f la t peb b les  o f  q u a rtz  and  q u a rtz ite , b u t  
th is  basal co ng lom era te  is on ly  s lig h tly  d ev e lo p ed . A bove occur th e  T ran sitio n  
Beds (Z w ischensch ich ten), o f red d ish  and b ro w n  co lour, coarse-grained  sa n d ­
stones w ith in te rc a la tio n s  of q u artzo se  g rave ls  an d  dolom ite  nodu les, in te r- 
bedded  w ith  p u rp lish  d o lom itic  m arls. A t th e  to p  occurs th e  V oltzia S a n d ­
stone, of red d ish  h u e , w ith  th in  in te rlay e rin g  o f  m icaceous grey  c lays. T he 
ch ief exposures a re  in  th e  A tte rt- lo w er Sûre v a lley s .

The B u n tsa n d s te in  m easures som e 260 in in  th ick n ess .
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T h e  M uschelkalk has fo u r  g roup ings. L ow est is th e  M usche lsan d ste in  
w h ic h  com prises, a t th e  h ase , shelly , c lay ey  dolom itic  san dstones a n d  m o ttled  
m a rls . A bove comes a 5 m th ic k  hed  o f d o lom ite , con ta in ing  M yophoria  orbi­
c u la r is , elsew here ra re  in  L u x em b o u rg .

T h e  second group fo rm s th e  A n h y d rite  G roup. Below are  m o ttle d  m arls 
w ith  th in  in te rca la tio n s o f d o lo m ite  an d  h a rd  m arls. F re q u e n t len tils  o f  ex p lo it­
ab le  g y p su m  occur in  th e  m o ttle d  m arls . To d a te  no fossils h a v e  b een  found. 
A b o v e  a re  th in  beds of d o lo m ite  co n ta in in g  fish  scales and L ingu la  tenuissim a.

T h e re  follows th e  H a u p tm u sc h e lk a lk , 60 m of dolom ites an d  lim estones. 
T h e  lo w er p a rt, C rinoidal D o lo m ite , in  p laces inco rpo ra tes m uch  crinoidal 
d e b ris  a n d  has a c ry s ta llin e  or pseudo-oo litic  te x tu re . H igher u p  crinoids 
d is a p p e a r , th e  rocks becom e m ore  san d y  an d  ta b u la r , con ta in in g  th e  v e ry  rare  
fossil (fo r L uxem bourg), Ceratites nodusus. G laucon ite  grains are  irreg u la rly  
d is se m in a te d  th ro u g h o u t th e  sec tion , especia lly  th e  u p p er p a r t ,  w h ils t th in  
la y e rs  o f  c layey  m arls are  com m on in  th e  low er p a r t.

Y o u n g est M uschelkalk  are  th e  M yophoria  goldfussi beds, w ith  th ick  
d o lo m ite s  a t the base o v erla in  b y  an  a lte rn a tio n  of greyish m arls an d  do lom ites, 
th e n  m o tt le d  m arls w ith  ir re g u la r  in te rc a la tio n s  of sand sto n e  an d  dolom ite , 
a n d  a t  th e  to p , yellow ish do lo m ites  o f v a riab le  th ickness c o n ta in in g  th e  above 
B iv a lv ia  species.

T h e  M uschelkalk to ta ls  som e 200 m in  th ickness.
T h e  m ain  un it of th e  K eu p e r is th e  G ypsiferous or “ H a u p tk e u p e r” , 

c o m p ris in g  four divisions. A t th e  base are  m o ttled  m arls in te rc a la te d  w ith  
th in  d o lo m ite s  and  lam ellae  o f q u a rtz ife ro u s  sandstone  on w hose surfaces 
are p seu d o m o rp h e  of ro ck  s a lt  (“ K eu p er à p seudom orphoses” ). F re q u e n tly  
th in  in te rc a la tio n s  of g y p su m  are p re se n t, som e o f w hich are  ex p lo itab le . 
T h is l i t to r a l  facies has y ie ld ed  no fossils b u t  has th e  m ost ex ten s iv e  develop­
m e n t o f  all the  Triassic and  is sub -d iv id ed  in to  five d iv isions, from  base to 
to p :  re d d is h  sandstones an d  m o ttle d  m arls , 6 m th ick ; low er co ng lom era te  
o f s a n d y  dolom ite w ith  q u a rtz o se  pebb les, 8 m th ic k ; v e ry  h a rd  q u artzo se  
s a n d s to n e  a lte rn a tin g  w ith  m o ttle d  m arls , 8 m th ic k ; u p p e r co n g lo m era te  of 
h a rd  p u re  dolom ite and  q u a r tz i te  pebbles, 6 m th ick , and  f in a lly  redd ish  
m arls  w ith  sandstones to w a rd s  th e  to p , 7 m  th ick . A bove th ese  b ed s come 
c la y e y  san d sto n es  of c o n tin e n ta l o rig in , know n  as th e  Grès ro se a u x , w ith  
f r e q u e n t  sh a lt-c lay  in te rc a la tio n s . P la n t  im pressions, u su a lly  o f E quisetum  
arenaceum , are quite com m on. T hen  com e red  gypsiferous m arls, o f te n  show ­
ing in te rc a la tio n s  of gypsum  an d  ce llu lar d o lom ite  th e  “ B o ten  G ipsm erge l” 
of G e rm a n  geologists. A bove th ese  beds are  h a rd  m o ttled  m arls  — “ Stein- 
m e rg e lk e u p e r” w ith  len tils  o f im p o r ta n t gypsiferous deposits.

T h e  s tra tig rap h ic  p o sitio n  of th e  R h a e tic  is open to  d e b a te , w h e th e r 
to  be  c lassed  as to p m o st T ria ssic  or b a sa l L iassic. In  th e  L ex ique  s tra tig ra -  
p liiq u e  in te rn a tio n a l vo lum e on  th e  L ias, th e  R h a e tic  of F ran ce  is d iscussed ,
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w hilst th e  R h a e tic  o f L u x em b o u rg  is tre a te d  in th e  T rias  volum e. In  L u x em ­
bourg  it  is the  cu sto m  to  consider th e  R h ae tic  as T riassic . T he R h a e tic  th e n  
begins w ith  b lack  fo lia ted  shales 5 m th ick , w ith  siliceous san d sto n es and  
conglom erates in te rb e d d e d , th e  whole to ta llin g  som e 15 m th ick , b u t  th is  
can  decrease to  a few  cen tim e tres , rep resen ted  o n ly  by  pebbles. A bove occur 
red  clays, up  to  8 m th ic k , b u t m ay  th in  aw ay  to  zero. Good o u tc ro p s o f  the  
R hae tic  are ra re  in  th e  c o u n try .

P lacing  th e  R h a e tic  in th e  T riassic , th e  K e u p e r  th e n  to ta ls  som e 320 m .
Ju rassic  in  L u x em b o u rg  begins w ith  th e  H e tta n g ia n . P la s tic  o r san d y  

m arls, becom ing sh a ley  to w ard s th e  base, a n d  a lte rn a tin g  w ith  lim estones 
co n ta in in g  ech inoid  débris and  ty p if ied  b y  Psiloceras p lanorbis  fo rm  th e  
low erm ost d iv ision . T here  follows th e  b est-k n o w n  an d  exp lo ited  s tra tig ra p h ic  
u n it in th e  c o u n try , th e  L u x em b o u rg  S an d sto n e . T h is  san d sto n e  facies is 
in te rc a la ted  w ith  m arly  and  calcareous facies o f th e  L. L iassic, so th a t  its 
s tra tig ra p h ic  p o sitio n  rises in going from  SE  to  N W  across th e  G u tla n d , 
ac tu a lly  fo rm ing  a la rge  arenaceous len til w ith in  th e  no rm al L iassic facies 
w hich tren d s  o b liq u e ly  across s tra tig ra p h ic  and  pa laeon to log ic  u n its  a n d  zones. 
Schlotheim ia angulata  is th e  d iagnostic  fossil, h u t  A rietites bucklandi and  
P entacrinus cf. angulatus  are ch a ra c te ris tic  in  p laces. This co m p a c t, grey , 
b u ff  or beige san d s to n e , ex ten siv e ly  q u a rried  fo r its  sand  and  b u ild in g  stone , 
is th e  p rincipal aq u ife r  of th e  c o u n try , y ie ld ing  som e 27 m illion m 3 w a te r 
an n u a lly , 65 m illion  m 3 w a te r  p e rco la tin g  dow n to  th e  w a te r ta b le  an n u a lly  
over an area  o f ex p o su re  of 300 k m 2, or a to ta l  a rea  o f 493 km 2 if  we include 
areas covered b y  th e  im perm eab le  m arls ly in g  above. The age o f th e  su b ­
surface w aters v a rie s  betw een  six and  tw elve m o n th s , hence c o n s ta n t renew al 
so th a t  the  g ro u n d w a te r  is well o x y g en a ted , th e  p h y sica l, chem ical and  organic 
n a tu re  is such as to  re n d e r w aters h igh ly  fav o u ra b le  fo r dom estic co n su m p tio n  
( B a r t h e l , 1969; B i n t z , 1969).

The S in em u rian  begins w ith  th e  S trassen  M arls an d  L im estones, d a rk , 
shaley  m arls w ith  in te rc a la tio n s  o f b lu ish  lim estones, h av in g  a g rea t a b u n d an ce  
o f Gryphaea arcuata. Tw o zones are recognized , tho se  of B elem nites brevis 
( acutus)  and  A rie tites bucklandi. In  general th e se  beds form  a very  th in  co v er­
ing  over the  L u x em b o u rg  S andstone , are u su a lly  m issing  in  q uarries an d  road 
d itches. The U . S in em u rian  (L o th arin g ian ) is re p re se n te d  f irs t by  b lack , h igh ly  
shaley  m arls, g rad in g  upw ards in to  yellow ish m arls  w ith  calcareous concre­
tio n s, poor th ro u g h o u t in  fossils. T here follow s a lte rn a tio n s  o f m arls  and 
lim estones, w ith  th e  zonal am m onites Aegoceras dudressieri below  an d  Ophio- 
ceras raricostatum ( A rie tite s)  above. S inem urian  to ta ls  som e 45 m in th ick n ess .

The ap p ea ran ce  o f th e  P lien sb ach ian  is m a rk e d  b y  greenish s a n d y  m arls 
co n ta in in g  W aldheim ia  nurnism alis, followed b y  lim estones w ith  Deroceras 
davoei (D avoeikalke). W  of Cessange th e re  occu r on ly  tw o th in  co n c re tio n a ry  
lim estone zones A rietites raricostatum  an d  Deroceras davoei — w h ils t a t
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K le in b e ttin g e n  these zones are  rep resen ted  b y  san d y  lim estones a n d  sandy- 
s h a le y  m arls, m ark ing  th e  b eg in n in g  of th e  m arly -san d y  facies fu r th e r  W  in 
B e lg iu m . U. P lien sb ach ian  (D om erian) is re p re se n te d  b y  fo lia ted , c o n c re tio n ­
a ry  a n d  sep ta rian  m arls , k n o w n  as th e  A  m altheus m argaritatus beds, u p  to  
80 m  th ic k , b u t only th e  s e p ta r ia n  m arls (ca lca ire  lum achelle) show  good o u t­
c ro p s . A bove lie g rey  m a rls  passing  w estw ard s  in to  ca lcareous san d sto n es 
(D ip p a c h  S andstone), w ith  p h o sp h a tic  nodu les  com m on to w a rd s  th e  top . 
T h e  se p ta r ia n  m arls id e n tify  th e  lower lim it in  th e  area  of th e  m a rly  facies. 
A m a lth e u s  spinatus (co sta tu s)  is th e  c h a ra c te ris tic  fossil. P lie n sb a c h ia n  to ta ls  
so m e 115 m in th ickness.

T h e  Toarcian  beg ins w ith  th e  P osidonom ya bronni beds. T he low er p a r t  
co m p rise s  ex trem ely  fissile  b itu m in o u s  shales, th e  Harpoceras fa lc ife ru m  beds, 
fo llo w ed  by  I ess fissile m a rls  w ith  large ca lcareous concre tions, c o n s titu tin g  
th e  Hildoceras bifrons b ed s , th is  fossil occu rrin g  on ly  in  th e  co n cre tio n s. The 
n e x t  u n i t  com prises a v e ry  th in  (m ax. 15 cm ) d a rk , san d y  m arl co n ta in in g  
p h o s p h a te  nodules, th e  Coeloceras crassum  ho rizon , rich  in general in  am m o n ites . 
A b o v e  come dark  m arls , s tr ip e d  w ith  th in  s a n d y  lam inae  w ith  a b u n d a n t 
H arpoceras striatulum . T h o u g h  th e  am m onite  A starte  voltzi is a b se n t, these  
beds a re  nam ed th e  A starte  voltzi m arls as th is  species is a b u n d a n t in  n e igh ­
b o u r in g  L orraine. T hese m arls  pass u p w ard  th ro u g h  friab le  san d sto n es  to  
sa n d s  w ith  large ca lcareo u s concretions an d  a th in  lim estone  la y e r  a t  the  
s u m m it. T his is the H arpoceras stria tu lum  S an d s to n e , w hich form s th e  b o u n d a ry  
co rre sp o n d in g  in p a r t  to  th e  “ G rès su p ra lia ss iq u e” . T hen  com e sh a ley  b lack  
m a rls , in  p a r t  sim ilar to  th e  Posidonom ya  b itu m in o u s  shales. In  th e  iro n  basins 
o f th e  SW , the m arls b ecom e m ore sandy , d ifficu lt to  d is tin g u ish  from  the  
u n d e r ly in g  m arls. T hese b la c k  shales are  te rm e d  th e  H arpoceras fa llacio- 
su m  beds.

As w ith  the B liae tic , so too  w ith  th e  A a len ian  its s tra tig ra p h ic  position  
is o p e n  to  debate . B y  som e i t  is considered  as to p m o st L iassic , b y  o thers, 
b a s a l D ogger, i.e. the  b o u n d a ry  betw een  L ow er an d  M iddle Ju ra ss ic  is sp ecu la ­
t iv e . I n  L uxem bourg  th e  D urnortieria  beds w ere considered  as D ogger A alen ian  
b y  L u c iu s  (1948), as L iassic  A alen ian  b y  L u c iu s  in  th e  L ex ique s tra tig ra p h i-  
g iq u e  in te rn a tio n a l vo lu m e (1956) and  L iassic T o arc ian  by  th e  S erv ice G éolo­
g ique  de L uxem bourg  (1966) (T able  I I ) . T he ab o v e  beds com prise a low er u n it 
o f s a n d y  m arls and  sa n d s to n e s  con ta in in g  D urnortieria levesquei am o n g st 
o th e r  fossils, and  an  u p p e r  u n i t  com prising  san d sto n es w ith  shale  in te rc a la ­
tio n s  to w ard s  the  to p , c o n ta in in g , am ongst o th e r  fossils, D urnortieria pseudo- 
radiosa . Above th e re  o ccu r redd ish -yellow ish  lim estones w ith  Harpoceras 
p lica te llu m  and Harpoceras o p a lin u m , follow ed b y  redd ish  lim estones, conglo­
m e ra te s  and sandstones c o n ta in in g  Harpoceras m urchisonae. F in a lly  th e re  
o ccu rs  above a th in  la y e r  o f  m arly  sands w ith  Harpoceras concavum . All th e  
a b o v e  A alen ian  s tra ta  are  re p re se n te d  in b o th  th e  E sch  and D iffe rd an g e  iron
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ore b asin s , w ith  th e  ex cep tion  o f th e  Harpoceras murchisonae beds w h ich  are 
lack in g  in  the  la t te r  basin .

T h e  A alcn ian  o f L u x em b o u rg  has a th ick n ess  of som e 40 m  or 70 m, 
d ep en d in g  upon w h e th e r or n o t th e  D um ortieria  beds are  classed as A alen ian  
o r T o arc ian . All these  beds fo rm  w h a t are know n as th e  O olitic Iro n  O res, 
M in e tte  or O olitisches E isenerz (Table II) .

Table II

A a le n ia n  S tra tig raphy  o f  Luxem bourg

Lucius 1948 Lex. stratig. intern. 1956 Serv . Géol. Lux. 1966

C oncavum  Beds D itto D itto

M u rch isonae  Beds D itto

D
og

ge
r

A
al

e n
i a

D itto

UbßbL
.2
JS O p a lin u m  Beds

L
ia
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T h e B ajocian  is rep re sen ted  by  th ree  p rincipal u n its . L o w erm o st are 
th e  S ow erby  beds, beg inn ing  w ith  m icaceous m arls w ith  n u m ero u s sm all 
p h o sp h a te  concre tions an d  a san d y  lim estone co ng lom era te  w ith  ro u n d  and  
f la t  lim estone  pebb les. R are  specim ens of Sonninia sorverbyi are p re se n t. O ver 
th is  lim estone  occur sim ilar rocks a lte rn a tin g  w ith  friab le  m arls, th e  la t te r  
d isap p ea rin g  to w ard s  th e  su m m it. These c o n s titu te  th e  Sonninia  L im estone  
and  th e  O tta n ié  L im estone . T he n ex t u n it is a 40 m th ick  b lu ish  s a n d y  lim estone  
w ith  a th in  clay  bed a t  th e  to p , know n as th e  H a u t-P o n t L im estone , re p re se n t­
ing  th e  zone Sphaeroceras sauzei an d  Sphaeroceras polyschides. T he  y o u n g est 
M. B a jo c ian  s tra ta  are m assive, w h ite , d e tr ita l co ralliferous lim estones in c lu d ­
ing th e  zones Cadomites hum phriesie below  and  Cadomites blagdeni above .

W ith in  L u x em b o u rg  th e  Mesozoics have  a th ick n ess  of som e 1400 in, 
o u tc ro p p in g  over ca. 65%  o f th e  co u n try .

Kainozoic

O f Palaeogene age are th e  p isolitie  iron  ores (B ohnerz) asso c ia ted  w ith  
the  m in e tte  basins in  th e  SW . T hese were form ed u n d e r d ry , w arm  co n d itio n s 
o f E ocene tim es, g iv ing  rise to  a la te ritic - ty p e  fo rm a tio n  up to  30 m  th ick .
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F ig . 4. T e rtia ry  iron ores o f L u x em b o u rg . 1. R e-w orked  lim on itic  ores (lake- bog-iron  ores, 
P o s t  Miocene; 2. P r im a ry  lim o n itic  ores. M iocene; 3. P iso litic  iro n  ores. M .-U. E ocene
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L im onitic  iron  ores, q u a rtz ite s , lign itic  q u a rtz ite s , of N eogene age, occur 
sp o rad ica lly  th ro u g h o u t th e  G u tla n d  (F ig . 4), o n ly  a few m etres or so th ick . 
T hese  arc considered of Miocene age m ostly .

O utw ash p ro d u c ts  of th e  P le is to cen e  g lac ia tio n  include lo am s, p eb b ly  
lo am s, sands, g ravels, peb b ly  co n g lo m era tes , slum p deposits, ta lu s  a c c u m u la ­
tio n s  e tc . A lluv ium  is re s tric ted  to  valleys w here it m ay  a t ta in  th ick n esses  
o f  7 8 m.

The K ainozoic p ro b ab ly  to ta ls  som e 55 60 m in th ickness.

Tectonics and  G eological E volu tion

T hree m a jo r tec to n ic  fea tu re s  occur in th e  Oesling, all s tr ik in g  N E-SW - 
F a r th e s t  N is th e  B asto g n e  a n tic lin e . K now n as th e  R ocroi a n tic lin e  fu r th e r  
W  in  Belgium , a t  S e rp o n t it has a C am b rian  core b u t  as th e  fe a tu re  con tin u es 
N E  i t  plunges an d  successive E o d ev o n ian  com e to  form  the  core. J u s t  W  of 
L ux em b o u rg , L. S iegenian  form s th e  core, b u t th is  plunges ra p id ly  n ea r th e  
f ro n tie r  and on ly  re la tiv e ly  sm all o u tc ro p s occur a t S chim pach . N o less th e  
M. S iegenian p lunges rap id ly , hence also sm all o u tc rops in th e  c o u n try , w hilst 
th e  U . S iegenian has th e  m ost e x ten s iv e  o u tc ro p s. In  w estern  L u x em b o u rg ,
M. Siegenian d ig ita tio n s  form  sy m m e tric  fo lds, becom ing m onoclinal to th e
N . E  of the  C lerf v a lley  tin; a n tic lin a l s tru c tu re  dies o u t. T he level or s lig h tly  
ro lling  p la teau x  h av e  few o u tc ro p s, slum p d eposits  occur in v a lley s , so th a t  
d e ta iled  deciphering  of s tru c tu re s  is d ifficu lt.

To th e  S o f th e  above is th e  Eifel syncline , know n in L u x e m b o u rg  as 
th e  W iltz B asin, th e  N eu fch a teau  B asin in B elg ium . B eg inn ing  a t  N ouzon 
on th e  Meuse, th e  s tru c tu re  en te rs  L u x em b o u rg  a t H arlange , c o n tin u es  on 
th ro u g h  D asbourg  to  P ru m  in G erm an y . In  th e  w estern  B elgian  e x tre m ity , 
th e  s tru c tu re  is very  p inched and  h ig h ly  d isloca ted , b u t b ro ad en s e a s tw ard s , 
fo ld ing , though  tig h t is m ore reg u la r. In  B elgium  an d  L u x em bourg  o n ly  E o d e ­
v o n ia n  ou tcrops, b u t  as th e  syncline  p lunges E . M. and  U. D ev o n ian  occur 
in  th e  Eife!. In  L uxem bourg , E m sian  form s th e  syncline, the  U p p e r  h av in g  
w id es t ex ten t. W  o f th e  Clerf v a lley  th e  axis rises, w ith  severa l seco n d a ry  
fo lds form ing m inor basins. T his p ro n o u n ced  ax ia l rise co rresp o n d s to  an 
acce lera tio n  in p lunge  resu lting  in  th e  seco n d ary  foldings. H ig h ly  irreg u la r  
d ig ita tio n s  of th e  borders of th e  m a in  B asin  are  especially  e v id e n t in  the  
co n fig u ra tio n s o f th e  th in  Bérié Q u a rtz ite  o u tc ro p s, p ro m in en t on b o th  sides 
o f  th e  s tru c tu re , an d  in  th e  w estern  secto r in L u x em b o u rg  we also  fin d  long, 
th in ,  secondary , t ig h t  sym m etrica l folds p lung ing  to  SW and  N E , d is tu rb e d  
b y  fa u ltin g . T he v a ria tio n  in c h a ra c te r , ty p e  an d  degree of fo ld ings w ith in  
th e  W iltz  Basin re flec t v ariab le  reac tio n s  a t  d e p th  of o lder s t r a ta  fo rm ing  
th e  v icinal an tic lin a l s tru c tu re s .
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S of the E ifel s t ru c tu re  lies th e  G ivonne an tic lin e , whose SE  fla n k  is 
p a r t ia l ly  covered b y  M esozoics. This m ajo r s tru c tu re  is m arked  b y  C am brian  
o u tc ro p p in g  a t G ivonne in  F ran ce , g rad u a lly  p lu n g in g  eastw ard  an d  in the 
n e ig h b o u rh o o d  of P ru m , in  th e  Eifel, th e  a n tic lin e  is com pletely  covered  by  
M esozoics, b u t rises a g a in  eastw ards, w ith  D ev o n ian  ou tc ro p p in g  in  th e  
“ E ife l H a u p ts a t te l” . A t th e  B elgian — L u x em b o u rg  b o rder, th e  core is form ed 
o f M. S iegenian, p lu n g in g  ra p id ly  so th a t  th e  e x te n t  of ou tcrops is sm all. 
I n  w e s te rn  L u xem bourg  th e  s tru c tu re  is s tro n g ly  fa u lte d . P roceeding  N E , th e  
U . S iegenian  ou tcrops across the  co u n try . T he an tic lin a l axis is b e lieved  to  
lie on  th e  sou thern  h a lf, re la tiv e ly  close to  o u tc ro p p in g  M esozoics, so th a t  
th e  n o r th e rn  flanks are  m o re  ex tensive. In  th e  W , th e  b o u n d a ry  of th e  U. Siege­
n i a n — L. E m sian  is ta k e n  to  m ark  the  lim its  o f th e  W iltz  and G ivonne s tru c ­
tu re s ,  w hilst in the  E , b e tw e e n  th e  Sûre an d  B lees v a lleys, th e  a lte rn a tin g  o u t­
c ro p s  o f these s tra tig ra p h ic  u n its  are considered  as belonging to  the  G ivonne 
a n tic lin e , and  th e  m ore e x te n s iv e  d eve lopm en t o f  L. E m sian  in th e  n o rth e rn  
p a r t  be tw een  th e  a b o v e  tw o  valleys belongs to  th e  B asin . In  th e  O ur valley , 
th e  L . E m sian  a lm o st a lo n e  rep resen ts th e  G ivonne s tru c tu re . F ro m  W to  
E , exposu res of L. E m sia n  increase in the  G ivonne an tic line , fo rm ing  re la tiv e ly  
lo ng , narro w  ou tcrops len s in g  ou t w estw ards. C om m on th ro u g h o u t th e  s tru c ­
tu r e  are  tig h t isoclinal fo ld ings, sym m etrica l fo ld ings. In  th e  w este rn  sector 
S -d ip p in g  s tra ta  arc m o re  com m on; in th e  e a s te rn  sector, N -d ipp ing  beds a t 
h ig h  angles are m ore ty p ic a l ,  w hilst in th e  O u r v a lley  dips are m ore gentle 
a n d  sy m m etrica lly  d isp o sed . F au ltin g  occurs in  all th ree  m a jo r s tru c tu re s . 
C om m onest are sm alle r tra n sv e rse  g ra v ity  fa u lts  c u ttin g  across the “ noses”  
o f  seco n d ary  folds, w ith  g en era l N W -SE s tr ik e s , dow n th ro w  to  e ith e r  th e  N E 
o r SW . Such fa u ltin g  a c c e n tu a te s  the irre g u la r , d ig ita ted  o u tline  of these 
fo ld s. On the S f la n k  o f  th e  G ivonne an tic lin e , in  th e  easte rn  sec to r w here 
M esozoics are in v o lv ed , g ra v ity  fau ltin g , w ith  s trik es  m ore p ara lle l to  th e  
m a jo r  s tru c tu re  are  co m m o n , w ith  dow nth row  to  th e  S usually . In  th e  w estern  
se c to r  of th is s tru c tu re  tw o  im p o rta n t fa u lts , A ig lem ont and  H erb eu m o n t, 
e n te r  from  Belgium . T h e  l a t t e r  ex tends for som e 75 km  w estw ards in to  F rance , 
a n d  in  L uxem bourg  th r u s t  fau ltin g  b rings M. Siegenian in  c o n ta c t w ith  
U . S iegenian  and th e  l a t t e r  in  co n tac t w ith  L. E m sia n , fau ltin g  occu rring  on 
th e  N  flan k  of th e  G iv o n n e  an tic line , p a r tly  on th e  S flan k  of the  W iltz  B asin. 
B e tw e e n  Perlé and M arte lan g e , several sp lays o f th e  th ru s t  occur, re su ltin g  
in  h ig h ly  in trica te  s tru c tu re s . A no ther s ig n ifican t th ru s t  occurs in  th e  W iltz 
B a s in . B etw een G ru m elsch e id  and D rau ffe lt th e  N  flan k  shows th e  W iltz 
S ch is t th ru s t  n o rth w a rd s  ag a in s t the  Bérié Q u a rtz ite , so th a t  th e  fo rm er is 
p a r t ia l ly  in abnorm al c o n ta c t  w ith  the  L. E m sian .

T he tecton ic  e le m e n ts  o f the H ercy n ian  fo ld ings, form ing “ p o s th u m o u s”  
fe a tu re s  re la ted  to  C a led o n ian  defo rm ations, h a v e  h ad  considerable in fluence 
on  sed im en ta tio n  in  th e  O esling. The Eifel d ep ression , ru n n in g  ap p ro x . N-S
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th ro u g h  the  reg ion , b e tw een  the A rd en n c  an d  E ifel of p rim e sign ificance in 
th e  general sed im en ta tio n  of L u x em b o u rg , m ade itse lf  m an ifest a t  th e  b e g in ­
n ing  o f  th e  D evon ian , w hen and w here  m ax im u m  sed im en ta tio n  to o k  p lace on 
a su n k en  region a lre a d y  outlined in  C am bro -S ilu rian  tim es . T he G ivonne a n t i ­
cline in  the  L. E m s ia n  period a c te d  as a shallow  se p a ra tin g  tw o d iffe re n t 
facies. To the N , in  th e  Oesling, th e  L . E m sian  com prises q u a rtz -p h  y llites a n d  
q u a rtzo se  san d sto n es; to  the  S, in th e  H u n sru c k , are shales, schists an d  s la te s , 
th e  la s t-m en tio n ed  o f M.-U. S iegcnian age. In  tu rn , th e  U. E m sian  show s tw o 
facies, to  N and S o f  th is  shoal a rea , w hich  also form s th e  so u th e rn  lim it o f  
the  red  shale facies o f the  M. E m sia n . T he B astogne an tic line  in d ica tes  th e  
b o u n d a ry  of the  U . S iegcnian facies, fo r N of th is s tru c tu re  th e  san d y  facies 
o f B as-B ellain  c o n tra s ts  w ith  the sh a le y  facies of th e  re s t o f th e  O esling. T h e  
E o d ev o n ian  of th e  O esling is c h a rac te rized  th ro u g h o u t b y  ex tensive  sch isto - 
s ity , here alm ost e n tire ly  of m echanical and  n o t m e tam o rp h ic  origin. I t  re p re ­
sen ts  an  advanced  consequence of th e  fo ld ing , th e  com pression  of rock  m a te r ia l 
in th e  d irection  o f ax ia l planes due to  ta n g e n tia l p ressu res, cleavage p lan es 
co incid ing  w ith  ax ia l fold trends. T h e  in c lin a tio n  o f fo lia tion  p lanes v a rie s  
b u t  is m ost com m on betw een  60° a n d  80°, in d irec tion  u su a lly  para lle l to  th e  
b ed d in g . F u rth e r , th e se  L. D evonian L u x em b o u rg  s t r a ta  have been su b je c te d  
to  ex tensive  jo in tin g , generally  d isposed  in N-S and  E -W  d irections. In c lin a ­
tio n s v a ry  from  quasi-ho rizon ta l to  v e rtica l. In  hom ogeneous rocks, jo in t  
p lan es are sm ooth  b u t  very  rough in  he te rogeneous ones. A ce rta in  degree o f  
m o v em en t along jo in ts  is ind ica ted  b y  s tr ia e  in vario u s d irec tions. All l i th o ­
logic ty p es show jo in tin g  b u t the n e tw o rk  is m ore dense as th e  rocks becom e 
m ore g ran u la r, hence  m ore developed in  arenaceous rocks. Jo in tin g  deve loped  
su b seq u en t to  fo ld ing .

H ercyn ian  d ia s tro p h ism  re su lte d  in  only  a m o d era te  relief, in te n se  
m etam orph ism  a n d  crysta lline  m assifs are  lack ing  as exposures, ex cep t in  
th e  h ig h es t u p lifted  p a r ts  of the  A rd en n e  w here p lu to n ic  dykes and  ap o p h y ses  
occur, though  c ry s ta llin e s  p re su m ab ly  occur a t  g rea t d ep th . C o n tin e n ta l 
co n d itio n s th e re a f te r  con tinued  till th e  beg inn ing  of th e  Mesozoic. P a r i  p a ssu  
w ith  th e  low ering o f  th e  m oun ta in s , d e tr i ta ls  fo rm ed , riv ers  b ro u g h t d éb ris  
to  fill-u p  irreg u la ritie s  of the surface, c a rv ed  aw ay slopes and  sm o o th ed  th e m , 
so p roducing  th e  p o st-H ercy n ian  o r pre-T riassic  p enep la in  p rev io u sly  m e n ­
tio n ed , a d isagg rega tion  surface w here  o n ly  v e ry  ra re ly  fresh  b asem en t ro ck s 
w ere exposed. U n d e r arid , warm  co n d itio n s , th e  red  an d  brow n beds o f th e  
P e rm ia n  R otliegendes were form ed, to  be succeeded b y  th e  Z echstein  t r a n s ­
gressive sea w ith  its  do lom itic  lim estones. As n o ted  above, th is P e rm ian  h as  
a th in  d ev e lopm en t a t  some 700 m d e p th  in th e  fa r  S o f L uxem bourg . T h e  
Z echste in  m arine in v as io n  continued  on th ro u g h  th e  M esozoic, w here in  L u x e m ­
b o u rg  th e  Triassic a n d  Ju rassic  sed im en ts  were form ed in  th e  G ulf of L u x e m ­
b o urg , p e n e tra tin g  N E  across th e  c o u n try  betw een  th e  A rdenne an d  th e
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H u n sru ck . On the  so u th e rn  edge o f th e  O esling L. T riassic deposition  in  this 
m arin e  e n v iro n m e n t occurred , in an g u la r d isco rd an t re la tio n s to  the h igh ly  
d is tu rb e d  E o d e v o n ia n  below . D uring  T riassic  sed im en ta tio n , transg ressions 
as w ell as su b sid en ce  of th e  G ulf area  a so u th e rn  ex ten sio n  of th e  N-S 
o rien ted  E ife lian  dep ression  w ere ch a ra c te riz e d  by  a b ru p t  m ovem en ts 
a lte rn a tin g  w ith  u p rise  of th e  base, so th a t  the th ree  T riassic  series d isp lay  
cyclical se d im e n ta tio n  in  d irect re la tio n  to  epeirogen ic  m ovem ents experienced . 
T hese  scries are to  be in te rp re ted  as ev idences of physico-palaeogeograph ic  
changes ra th e r  th a n  b io s tra tig rap h ic  or b iochronologic u n its . L iassic and  
D ogger seas la te r  p e n e tra te d  in to  th e  G ulf, a N W -SE  section  across th e  G ulf 
show ing d ispo sitio n  o f  Mesozoics co m p arab le  to  th a t  in a SW  p lung ing  sy n ­
cline, though  in r e a l i ty  th e  G ulf deepened  in  th a t  d irec tion . Facies d is tin c tio n s 
in th e  Ju rassic  are  d u e  to  changes in th e  d irec tio n s  followed b y  tran sg ressio n s, 
m an ifest by  m o d ifica tio n s  in the  tre n d s  o f li t to ra l  cu rren ts , as well as by  th e  
degrees of epcirogenesis.

A t th e  end  o f th e  Ju rassic  th e  seas reg ressed , and d u rin g  th e  L. C re ta ­
ceous co n tin en ta l con d itio n s prevailed . B u t in th e  S enonian  a tran sg ressiv e  
sea once again  p e n e tra te d  eastw ard s from  th e  P aris  B asin , to  in fringe up o n  
th e  A rdenne an d  o v e r  p a r t  of L u x em b o u rg , m ark in g  the  la s t phase of m arine  
sed im en ta tio n , since w hen  c o n tin e n ta lity  h as  prevailed .

C om pared to  th e  in tense  d e fo rm a tio n s  associated  w ith  th e  H ercy n ian  
o rogeny  w hich a ffe c ted  th e  Oesling a n d  o f course th e  P alaeozoic s u b s tra ­
tu m  a t d ep th  in  th e  G u tlan d  th e  M esozoics experienced  only  d is ta n t echoes 
o f th e  Alpine o ro g en y , form ing  folds of la rg e  rad iu s  of c u rv a tu re  and  fa id tin g . 
A gain  s tru c tu re s  a d o p t th e  Y ariscan  tr e n d , superim posed  up o n  H ercy n ian  
fo ld ings a t d e p th , w hich  in tu rn  were in flu en ced  by  C aledonian  s tru c tu re s , 
w ith  th e  re su lt t h a t  th e  Palaeozoic and M esozoic s tru c tu ra l p ic tu res  are d u p li­
c a te d , i.e. th e  M esozoic foldings re flec t th e  Palaeozoic fo ld ings. D up lica tio n  
o f  course is n o t e x a c t , for a p ronounced  u n co n fo rm ity  sep a ra te s  th e  covering  
sed im en ts from  th e  b asem en t, nor can we say  th a t  the  d irec tio n a l tre n d s  of 
th e  sets of folds ag ree  ex ac tly , b u t th e re  is overall s im ila rity .

E x ten d in g  S W -N E  th ro u g h  th e  c e n tre  o f th e  G u tlan d  is th e  W eilerbach  
syncline. This s t ru c tu re  is more c learly  developed  E of th e  A lze tte  va lley , 
w h ils t W  hereo f its  c h a ra c te r  is less well d e fin ed , b u t th e  occurrence of som e 
100 m of L u x e m b o u rg  Sandstone  in b o rin g s a t  D ifferdange and  L ongw y 
in d ica te  its  p resen ce  ex ten d in g  bey o n d  th e  fro n tie rs  to w ard s  th e  SW . T h is 
s tru c tu re  is su p e rp o sed  on a H e rcy n ian  basin  w hich o u tc ro p s in  th e  E ifel, 
w ith  E odevon ian  b e tw een  D auu an d  G ero lste in .

Likewise th e  B o rn  an tic line is su p erim p o sed  upon  a H e rcy n ian  a n t i ­
cline, w here in  th e  E ife l U . Siegenian fo rm s th e  core. In  L u x em b o u rg  th e  B orn  
an tic line  has a core  of B u n tsan d ste in  in  th e  v ic in ity  of B orn  on the low er 
S ûre. T ow ards th e  SW , i t  appears th a t  th is  s tru c tu re  d iv ides in to  several

Acta Geologica Academiae Scientiarum Hungaricae 20, 1976



GEOLOGY O F LU X EM BOU RG 2 7 7

an tic lin es , all of w h ich  ex ten d  W o f th e  A lze tte  — th e  B lascheid an tic lin e  to  
th e  N , th e  E rn s te r  an tic line  in th e  m id d le , th e  re la tiv e ly  long S an d w eile r 
an tic lin e  in  the  S, w ith  th e  L uxem bourg  an d  J u n g lin s te r  synclines in b e tw een . 
A n o th e r m ajo r fo ld  is th e  Middle M oselle an tic lin e  w hich  curves th ro u g h  th e  
SE p a i t  o f th e  c o u n try , convex to w ard s th e  N W . A t N ach tu m  on th e  M oselle,
L. M uschelkalk  fo rm s th e  core; SW  o f here  th e  H au p tm u sch e lk a lk  crops o u t 
in th e  cen tre  of th e  s tru c tu re , w hilst th e  high s tru c tu ra l  position  of th e  R h a e tic  
and H e tta n g ia n  above  th e  T rin tange v a lley  m ark s  th e  location  of th is  an tic lin e .

F a u ltin g  of s ig n if ican t d im ensions is m uch  m ore ev id en t in th e  G u tla n d . 
T he genesis of th is  fa u lt  netw ork is in te r -d e p e n d e n t w ith  the  M esozoic fo ld ­
ings, so th a t  fau lts  a n d  folds m u tu a lly  rep lace  one an o th e r. Mesozoic d e fo rm a ­
tio n s, b o th  folds a n d  fau lts  b u t especia lly  th e  la t te r ,  increase in n u m b e r an d  
degree from  NW  to  S E  across the G u tla n d , th e  degree o f frac tu rin g  in c reas in g  
as th e  Moselle T ro u g h  is approached . F a u ltin g  rep re sen ts  a d a p ta tio n  to  fo ld ­
ing b ro u g h t ab o u t b y  th e  com pression o f rocks o f l i ttle  e la s tic ity  an d  lack in g  
th ick  sed im en ta ry  coverings. In itia l te c to n ism  c rea ted  u n d u la tio n s o f  g re a t 
rad ius o f cu rv a tu re , b u t  rep ea ted  m o v em en ts , especia lly  if  o f shock ty p e , d is to r ­
ted  these rocks show ing  little  e la s tic ity  o r p la s tic ity  b y  m eans of f ra c tu r in g .

L ike th e  fo lds, th e  faults in th e  M esozoics have  a V ariscan t r e n d  in  
re la tio n  to  th e  m a jo r folds or then  a R h en ic  t re n d  (N N E -SSW ) in re la tio n  to  
th e  tran sv e rse  E ife l depression. T his la t te r  t re n d  charac terizes th e  fa u ltin g  
in th e  Moselle reg io n , changing  to  N E -S W  fu r th e r  w estw ards. No th ru s t in g  
occurs in th e  M esozoics. T he larger f a u lts  all show  a ten d en cy  to  b e  d o w n ­
th ro w  on th e  SE side, b u t  in the Sûre M oselle co rn e r especially , m an y  sm alle r 
fau lts  c rea te  g rab en  a n d  bursts. This M oselle fa u ltin g  m arks th e  a p p ro x im a te  
b o u n d a ry  of th e  H u n sru c k  m assif a n d  th e  tra n sv e rse  Eifel depression , in  
genetic  re la tio n  w ith  th e  progressive s in k in g  o f th is  depression. C onsiderab le  
fau ltin g , affecting  b o th  th e  L. E m sian  an d  th e  B u n tsa n d s te in  is fo u n d  N  o f 
D iek irch  betw een  th e  Sûre and Our v a lley s . I t  is to  be n o ted  th a t  m a n y  fa u lts  
in th e  G u tlan d  also a ffec t the  th in  T e r t ia ry  occurrences, even P liocene, te s t i ­
fy ing  to  th e  re la tiv e ly  y o ung  age fo r th e  fa u lt n e tw o rk .

As a lread y  co m m en ted , b eg inn ing  in th e  la te  Pliocene, up lift o f th e  
en tire  L u x em bourg  reg ion  occurred, m ore  p ro n o u n ced  in th e  O esling th a n  
th e  G u tlan d . T here th u s  developed a p ro n o u n ced  w arp  or flexu re  th e  O eslin- 
ger R an d v erb ieg u n g  m arked  b y  th e  o v erlap p in g  o f th e  B u n tsa n d s te in  on 
to  th e  E odevon ian .

Econom ic Geology

U n q u estio n ab ly  th e  m ost re n u m e ra tiv e  n a tu ra l m ineral resources o f 
L u x em bourg  have b een  th e  iron d ep o sits . A considerab le  lite ra tu re  has d e v e l­
oped on th is su b jec t, o f w hich the m o re  recen t ones of L u c iu s  (1945, 1952) 
are of prim e im p o rtan ce .
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T he iron ox ide  ores occur as A alen ian  oo liths and T e r tia ry  concre tio n s. 
T h e  fo rm er are com prised  essen tia lly  o f m ore  or less h y d ra te d  ferric  oxide 
w ith  w hich are a sso c ia ted  ch lorites, s id e rite , m ore  ra re ly  m ag n e tite  an d  h e m a ­
t i t e .  C oncretions com prise  only  h y d ra te d  ferric  oxide. G oeth ite  th e  p rin c ip a l 
fe rr ic  m ineral o f th e  L o rra in e  —L u x em b o u rg  iro n  deposits.

Tenors in F e  in  th e  various s tra tig ra p h ic  u n its  v a ry  from  2.6 3 .6%
L . D evon ian ; 1.5 — 2 .8 % , T riassic; 1 - 2 5 % , Ju ra ss ic . The U. D o m erian  (A rna l- 
theus sp inatus  heds) h av e  th e  h ighest te n o rs , th e  U . S inem urian  (L o th a rin g ian ) 
th e  low est ten o rs , w h ils t th e  M. and  U. K e u p e r  have  th e  w idest e x te n ts  624 
k m 2 - as also th e  g re a te s t th icknesses - 150 m . The average  F e te n o r for 
a ll rocks excep t th e  A alen ian  is 2 .8%  th ro u g h o u t an area of 2484 k m 2. D ow n 
to  a d e p th  of 20 m  over th is  area th e re  is a to ta l  o f 2800 m illion m etric  to n s 
iro n . T he iron b as in s  o f th e  SW had an  in itia l e x te n t of som e 82 k m 2, b u t  
th is  has been red u ced  to  a b o u t ha lf to d a y .

T he ores w h ich  h av e  b ro u g h t h e a v y  in d u s try  to  th e  c o u n try  a re  loca ted  
in  th e  Esch an d  D iffe rdange  basins, w ith  th icknesses of up to  50 m  in th e  
fo rm e r , up to  30 m  in th e  la tte r , th e  b a s in s  being  sep ara ted  b y  a fau lt. T he 
o res occur in tw o  s tra tig ra p h ic  horizons, th e  L. A alenian  siliceous horizon 
a n d  th e  U. A alen ian  calcareous horizon (T ab le  111).

T he iron ore dep o sits  are classified as a lluv ial ores an d  m in e tte , th e  
l a t t e r  w ord s ign ify ing  “ li ttle  m ine”  as in  e a r ly  days it  was th o u g h t th a t  th e  
o o litic  iron  ores w ere in fe rio r to  th e  T e r t ia ry  ones. The fo rm er com prise  T e r­
t i a r y  concretions a n d  a c tu a lly  form ed th e  basis  of th e  iron  in d u s try  of th e  
c o u n try  before 1860. T he m in e tte  form s th e  basis  of p resen t in d u s try  th o u g h  
th is  is now la rg e ly  supp lied  by im p o rte d  ore. The m in e tte  is classified  on 
th e  basis of its  accessories in to  siliceous a n d  calcareous, a d is tin c tio n  o f m e ta l­
lu rg ic a l im p o rtan ce . P hosphorous is a lw ays ty p ic a l in  the  m in e tte , th e  lim o- 
n i t ic  m eadow  o r lak e -b o g  iron ores (“ m in e ra i de fer des p rés” , “ R asen e isen ­
e rz ” ) being a p h o sp h a tic  deposit w here P  , 0 5 varies betw een  0.5 an d  3 .5% . 
O n  a p rac tica l b a s is , th e  deposits are c lassified  in to  pisolitic d eposits  (“  Bohn- 
e rz ” ; “ m inerai en fo rm e de fèves” ), h igh  te n o r  ores occurring  as co n cre tions 
o r  c ru sts , fo rm ed o f F e in  argillaceous re sid u es o f the  D ogger-L ias lim estones 
in  a d ry  E ocene c lim a tic  en v iro n m en t. T h e  o th e r group com prises th e  
“ W asch erz” , “ m in e ra i la v é ” , “ m inerai de fe r des p rés”  or low  te n o r  ores, 
c o n c e n tra ted  as nodu les an d  co n cre tio n ary  c ru s ts  of Fe co n ta in ed  in  san d y  
c la y  deposits o f th e  M iocene, p rec ip ita tio n  o ccu rrin g  in a w arm , h u m id  c lim ate . 
T h e  th ird  group is th e  A alen ian  oolitic d ep o sits  o r m in e tte , com prising  siliceous 
a n d  calcareous v a rie tie s .

The oolitic m in e tte  resu lts  from  th e  a g g r e g a tio n  a n d c e m e n ta tio n  of 
oo lites  and  c lastic  m a te r ia l. On a genetic  b a s is , four ty p es can  be recogn ized , 
w h ich  resu lt fro m : (a) chem ical ac tion  w h e reb y  oolites and  cem en t or th e n  
o n ly  cem ent is fo rm ed  in  s itu  w hilst th e  oo lites arc  form ed elsew here an d  h av e
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Table III

A alen ian  Stratigraphy in  the Iron B a sin s o f  Luxembourg
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been tra n sp o r te d  th ith e r ;  (b) m echan ical a c tio n , w h e re b y  the  o o lite s  an d  
clastic  m a te ria l h av e  been tra n s p o r te d  and  c o n c e n tra te d . Of th e  fo u r ty p e s , 
those in  w hich th e  oolites are alien  to  th e  m ilieu  w here  now occu rring  are 
d o m in an t. T hese oolites, along w ith  clastic  m a te r ia l, were tra n sp o r te d  v ia  
cu rren ts  and  conso lid a ted  hy  cem en ta tio n , e ith e r  o f ferrug inous or ca lcareo u s 
n a tu re . In  beds I ,  I I  and I I I ,  an d  as traces in  bed s 1 an d  2 (v ide Table) c h lo rite s  
an d  siderite  a re  p resen t in the fe rrug inous cem en t. O olites are m ore s tro n g ly  
hem atized  th a n  th e  cem ent, h av in g  undergone o x id a tio n  d u ring  tr a n s p o r ta tio n . 
The calcareous ty p e s  are lack ing  in  ch lo rites a n d  s id e rite , typ ica l o f b ed s  3. 
In  rising s tra tig ra p h ic a lly , h e m a tiz a tio n  in c reases , due  to  longer p e rio d  of 
exposure to  e x te r io r  agents fav o u rin g  o x id a tio n . T h e  oolites form  th ro u g h  
chem ical p re c ip ita tio n  in a l i t to ra l  m ilieu, b e ing  ox id ized  in the  process of 
c u rren t t ra n s p o r ta t io n , the c lastic  debris o f oo lites  and  q u a rtz  also show ing  
adv an ced  o x id a tio n , c em en ta tio n  ta k in g  place in  s itu .

T he E sch -D ifferdange iron  b asin s are  se p a ra te d  b y  th e  A udun-le-T iche 
fa u lt, w ith  a d o w n th ro w  to  th e  SE  o f 125 m . O ne o r tw o sm aller fau lts  as well
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as fo ld s  h av e  th e  sam e N E -S W  o rie n ta tio n  (F igs 2, 3). The siliceous horizon 
is w ell developed  th ro u g h o u t the  D iffe rdange  hasin  and in th e  w este rn  p a r t  
o f  th e  E sch  basin , th e  ca lcareous horizon  elsew here in  the la t te r .

D u rin g  th e  L. A alen ian , tec to n ic  co n d itio n s  were the  sam e in  b o th  basins, 
h u t  in  th e  U pper period , a d is tin c t change occurred , w ith th e  fo rm a tio n  of 
th e  ca lcareo u s horizon, the  A udim  fa u lt  o u tlin in g  th is d is tin c tio n . T ecton ism  
re s u lte d  in  th e  m arine  c u rre n ts  n o t on ly  ch an g in g  directions b u t  also  energy  
c h a n g e s  took  place so th a t  th e  siliceous h o rizo n  form ed in a u n ifo rm , qu ie t 
e n v iro n m e n t, w hereas in th e  calcareous ho rizo n , th e  oolites w ere e n tire ly  or 
th e n  s tro n g ly  h em atized , are  associated  w ith  m uch  d e tr itu s  and  th e  in fluence  
o f  th e  subm arine  re lie f an d  c u rren t v e lo c ity  v a ria tio n s becam e m arked . 
U p lif t  o f  th e  tw o b asin s caused  a change in  co n figu ra tion , d e p th , se d im e n ta ­
tio n  a n d  m in era liza tio n : in  th e  Esch b as in  th e  calcareous horizons ex p an d ed  
w h i 1st in  the  D ilferdange basin  se d im e n ta tio n  ceased.

T h e  m in e tte  rep re sen ts  a se d im e n ta ry  cycle, w ea thering  ta k in g  place 
u n d e r  p a r tic u la r  c lim atic , tec to n ic  and to p o g ra p h ic  conditions on la n d  a d ja ­
c e n t  to  th e  U orraine A a len ian  sea. In  a w arm  clim ate , the  a b u n d a n t ra ins 
acco m p lish ed  m uch erosion , iron  w as d isso lved  b y  surface w a te rs  a n d  a rrived  
in  th e  shallow  v icinal sea w here i t  was p re c ip ita te d  in litto ra l or su h litto ra l 
reg io n s  as oolites. In  th e  deeper iron  h o rizo n s, chlorites and s id e rite  alw ays 
a rc  p re se n t along w ith  h e m a tite , th e  fo rm e r p rec ip ita tin g  s im u ltan eo u sly  
w i th o u t  f iltra tio n , th e  la t te r  resu lting  from  th e  o x id a tio n  of ch lo rites or siderite  
as w ell as b y  d irec t p re c ip ita tio n , fo r in  th e  u p p e r  calcareous ho rizons, no trace  
o f ch lo rite s-s id e rite  is seen in  the  oo lites, a n d  fu r th e r , su b s titu tio n  o f  a fe rru ­
g in o u s  oo lite  b y  a ca lcareous one has n e v e r been  observed. T he o x id a tio n  of 
th e  iro n  sa lts resu lts  from  ex te rio r causes, th e  degree of o x id a tio n  d epend ing  
u p o n  th e  d u ra tio n  of such  an d  its in te n s ity . In  th e  siliceous horizons, chlorites- 
s id e r ite  decrease u p w ard s, w ith  only  tra c e s  in  th e  calcareous ho rizons. O x id a­
t io n  is d irec tly  re la te d  to  te c to n ism  an d  th e  en e rg y  of cu rren ts  w h ich  increase 
th e  deg ree  of ae ra tio n . T he low er siliceous horizons were fo rm ed  in  a q u ie te r 
e n v iro n m e n t th a n  th e  u p p e r  calcareous ho rizons, these tw o h o rizo n  typ es 
re p re se n tin g  ex trem es of en v iro n m en ta l d ep o sitio n , w ith  cem en ta tio n  occurring  
a f te r  p re c ip ita tio n  of th e  iro n  so lu tions in  th e  basins.

T h e  nuclei of th e  oolites in the  ca lcareo u s horizons are fo rm ed  o f q u a rtz , 
o rg an ic  débris, frag m en ts  o f envelopes o f b ro k en  oolites an d  p ieces of p re ­
e x is tin g  m inerals, w h ils t in  th e  siliceous horizons, the  c o n s titu tio n  of the  
m in e t te  is m ore com plex  (T able  IV, V).

T h e  L orraine L u x em b o u rg  iron  d ep o sits  are h u t a special case of the 
iro n  o o lite  facies so ex ten s iv e ly  developed  in  th e  L. D ogger (or U . Liassic) 
o f  C e n tra l and  W estern  E u ro p e , associa ted  w ith  p a rticu la r  tec to n ic  co n d itions 
a n d  palaeo g eo g rap h y . T h u s the  facies is fo u n d  in the v ic in ity  o f  em erged 
m assifs  in  shallow  seas, e.g. Sw abia, F ra n c o n ia , B ohem ia, M assif C entral,
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T ab le  IV

Chemical A nalyses o f  Thirteen Samples o f  P isolitic Iron Ores. 
(A dap ted  from  L  и c i и s, 1948)

Total SiOo 14.00 63.12%

A120 3 0.00 -22.00%

CaO Tr 2.04%

MgO Tr 1.17%

P / L T r -  0.57%

Fe 9 .7 7 -5 6 .5 0 %

Mu Tr 0.24%

s Tr 0.04%

H eat loss 4.58 12.25%

Insol. resid. 14.72 -  66.85%

T ab le  V

Chemical A nalyses o f  Thirty-two Samples o f  L im on itic  Bog-iron Ores. 
( A dapted fro m  L u c i u s , 1948)

T otal S i0 2 3.20 43.87%

ALO., 0.70 13.96%

CaO 0.00 4.90

MgO 0 .0 0 -  0.45%

P J L 0 .5 5 -  2.60%

Fe 2 9 .2 0 -5 6 .0 0 %

Mn 0.00 0.45%

S 0.00 0.17%

H eat loss 7.70 12.12%

Insol. resid. 3 .4 8 -4 4 .9 8 %

A rdenne. D eposition  o f th is  Ju ra ss ic  oolitic iro n  is re la te d  to  th e  general 
geology and  local te c to n ic  s ta te s  of th e  regions in  q u es tio n , so th a t  necessary  
con cen tra tio n s to o k  place on ly  u n d er p rescribed  c ircum stances. Y et th e  
v astness of such se d im e n ta ry  ores even in th e  L o rra in e  region e s tim a te d  
a t  over 5000 m illion m etric  to n s  surely  im plies th a t  p u re ly  local co n d itions 
were n o t the  sole causa l reasons. T hese iron deposits  occur a t  th e  passage from  
Liassic to  D ogger, in  ep ic o n tin e n ta l seas close to  em erg ed  m assifs w hich w ere 
undergo ing  w ea th e rin g  b y  copious ra ins in w arm  c lim a tic  en v iro n m en ts . 
C oncen tra tion  an d  d is tr ib u tio n  of the  fe rrug inous oo lites were con tro lled  
p ro b a b ly  chiefly  by  local tec to n ic  a c tiv ity , to p o g ra p h y  o f th e  shallow  sea 
floor, d irection  an d  force of m arin e  cu rren ts .
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T he d is tr ib u tio n  of th e  T e r tia ry  iron  ores, no longer of in d u s tr ia l im p o rt 
b u t  geologically in te re s tin g , are  show n in F ig . 4.

E x tra c tio n  of iron  deposits  from  th e  m ining basins d u rin g  th e  years 
show s th e  in fluence of w ars, o ccu p a tio n s , econom ic depressions, e tc . F rom  
1868 to  1975 th is  has v a ried  from  720.000 m etric  tons in  1868 to  7.76 m illion 
to n s  in  1937 to  10.3 m illion to n s in  1975. O n th e  o th e r h an d  th e  p ro d u c tio n  of 
c ru d e  p ig-cast iron  an d  steel am o u n ted  to  4.8  m ill, tons, 1974, an d  3.5 mill, 
to n s  iron  in  1975 an d  4.2 m ill, ton s  stee l in  th e  la s t year. T he L u x em b o u rg  
iro n -s tee l in d u s try  depends to  th e  e x te n t o f som e 73%  of its iron  from  L orra ine , 
ca . 4 %  from  Sw eden an d  B razil. All b u t  a m icroscopic a m o u n t o f fin ished  
iro n -s te e l is ex p o rted .

In  the  Oesling (L u c iu s , 1948, 1950) copper ore occurs a t  S to lzem bourg  
in  th e  shales and q u a rtz -sa n d s to n e s  of th e  L. E m sian , c o n ta in in g  u p  to  18%  Cu. 
T h ese  deposits b eg an  to  be exp lo ited  in 1755 and  con tin u ed  u p  u n ti l  W orld 
W a r  I I  w hen all w as d estro y ed  d u rin g  th e  A rdenne offensive o f 1944 45.
A n tim o n ite  occurs in  co m p ac t U. S iegen ian  shales at G oesdorf, w o rk ed  from  
1745 to  1938. G alena w as ex p lo ited  a t  O berw am pach  betw een  1826 an d  1939, 
f ro m  S. S iegenian san d sto n es and  sa n d y  shales. A n aero m ag n e tic  su rv ey  of 
th e  c o u n try  recen tly  show ed s tro n g  anom alies in this reg ion  an d  across in to  
B elg iu m  w here ga lena  is p re se n tly  ex p lo ited . So fa r field checks in  th e  L u x em ­
b o u rg  area have n o t been  m ade.

Iro n  excep ted , e x p lo ita tio n  o f th e  above m etallics w as n e v e r of g reat 
econom ic  sign ificance, b u t  th e  geological in te re s t of such rem ain s. O f th e  non- 
m e ta llic s , gypsum  h a s  been  of g rea te s t econom ic im p o rtan ce .

O f various m in e ra l- th e rm al sp rin g s, those  of tw o lo ca lities on ly  are 
w o r th y  of m en tion . A t M ondorf-les-B ains, du ring  1841 1846 a 730 m deep
b o r in g  was p u t dow n to  th e  E o d ev o n ian , and  for a q u a r te r  o f  a cen tu ry , 
w as  th e  deepest bo re-ho le  in  th e  w orld . In  th e  U. B u n tsa n d s te in  a t dep ths 
o f  460 m and  502 m  w ate rs  w ere en co u n te red  flow ing a t  th e  r a te  o f 872 m 3 
p e r  24 hours. In  1913 a n o th e r  b o rin g  (A delheidquelle), som e 100 m  N of the 
f i r s t ,  was p u t dow n to  589 m in to  th e  V osges S andstone , m inera l w a te rs  being 
en co u n te red  b e tw een  464 m  and  580 m . These w ate rs h av e  te m p e ra tu re s  
v a ry in g  betw een 19° an d  25 °C, and c o n ta in  app rox . 15 gr sa lts  p er kgm  w ate r 
o f  w hich  9 gr p er kgm  w a te r  are sod ium  chloride (Table V I). In  neighb o u rin g  
L o rra in e  several th e rm a l-m in e ra l sp rings occur in  the  B u n tsa n d s te in , some 
w ith  te m p e ra tu res  as h igh  as 39 °C. T he springs a t  M ondorf-les-B ains have 
b e e n  com m ercially  developed  as a h e a lth  re so rt, p a rk s , h o te ls , casino, etc. 
as w ell as th e  b o ttl in g  an d  d is tr ib u tin g  o f  th e  m ineral w a te rs .

T hen  in 1959 th e  c a rb o n a te d  m in e ra l w a te r springs a t  R o sp o rt were 
p u t  in to  com m ercial p ro d u c tio n , th e  o n ly  gaseous spring  in  L uxem b o u rg . 
A 67 m  deep b o rin g  in to  th e  V oltz ia  S an d sto n e  en co u n te red  ca rb o n  dioxide 
e m a n a tin g  a t 20 m , w ith  1300 cm 3 gas p e r  litre  w ater, 1520 cm 3 gas a t 36 m.
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T ab le  VI

Chemical A n a lysis ( in  g r .)  o f  M ineral Waters, M ondorf-les-Bains

Sodium chloride 9.41S

Potassium  chloride .202

Calcium chloride 3.426

Lithium  chloride .008

Sodium bromide .167
Sodium iodide .001

Calcium sulphate 1.501

Magnesium sulphate .134

Calcium carbonate .001

Strontium  carbonate .090

Magnesium carbonate .454

Ferrous carbonate .033

M anganous carbonate Tr

Ferrous phosphate Ti

Calcium arsenate .001

M etasilicic acid .015

Silicon dioxide Tr

Total 15.448

T h e gas exerts a p ressu re  o f 1.3 a tm ospheres, 4.2 m 3 w a te r  delivered  p e r h o u r, 
w ith  2650 cm 3 gas p er litre  w a te r below  36 m  d e p th . Sam plings show  2.99 gr. 
C 0 2 p er kg w a te r, an d  is to  be classed as d u ll-a lk a lin e  c a rb o n a te d  w a te r , like 
th o se  of G ero lste in , D au n , A p o lin arisb ru n n en , e tc . S ince th e  above d a te , 
th e  “ Source de R o sp o r t”  has been developed , a b o ttl in g  p la n t b u ilt . T here  
are  num erous c a rb o n a te d  springs in  th e  E ifel, th e  gas o rig in a tin g  in  deep 
b a sa ltic  m agm a ch am b ers  w hich gave rise to  b a sa ltic  lav as , w ith  ex ten siv e  
fa u ltin g  in the  R o sp o rt reg ion , so p ro v id in g  channe lw ays from  d ep th  to  su rface .

Conclusion

W ith  its sm all a rea , th e  geology of L u x em bourg  rep re sen ts  b u t  a reg io n a l 
p a r t  of A rdenne, L o rra in e  an d  E ifel geology, th e  geological fea tu re s  of th ese  
th re e  areas occu rring  w ith in  th e  co u n try .

F o r tu n a te ly  in  geology it  is n o t size of a region or c o u n try  th a t  s tim u la te s  
sc ien tific  in te re s t. T he som ew hat jin g o is tic  co n ten tio n  th a t  on a p er c a p ita  
b a s is , L uxem bourg  is th e  g re a te s t steel p ro d u cer in  th e  w orld  m ig h t im press 
C ham bers of C om m erce, b u t m akes little  im p ac t on th e  geological f ra te rn ity . 
T h e  sober re p o rtin g  o f th e  e ssen tia l geological fea tu re s  w hich can he in te g ra te d  
w ith  ne ighbouring  co u n trie s  is th e  sole aim  in ten d ed  here.
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ОБЗОР ГЕОГОЛИИ ТЕРРИТОРИИ ВЕЛИКОГО ГЕРЦОГСТВА ЛЮКСЕМБУРГ

Р А У Л  С. М И Т Ч Е Л -Т О М Э

Р е з ю м е

Территория Люксембурга состоит из двух районов, отличающихся по геолого-гео­
морфологическому строению. На севере находится район Эслинг, сложенный сильно склад­
чатыми палеозойскими отложениями с обширными плато и глубокими, узкими, извилистыми 
долинами; эти формы рельефа обусловлены формированием в нослеварисское время пе­
неплена, приподнятого в поздненеогеновое время. На юге расположен район Гутланда, где 
широко распространенные мезоЙские образования повлияли на формирование разнообраз­
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ной топографии — открытых и более молодых долин; здесь разрывные нарушения явля­
ются более выраженными на морфологии рельефа. Впадина Эслинг образует границу меж­
ду обеими единицами, в неё направлены все водотоки обоих районов, причем сток осу­
ществляется в восточном направлении.

Додевонские, триасовые, лейасовые и доггерские отложения широко развиты в 
коренном залегании; третичные отложения, однако, представлены в весьма ограниченной 
мере. Толща упомянутых отложений достигает мощности около 4300 м.

Тектонические структуры приурочены в общей сложности к варисским (СВ —ЮЗ) 
или рейнским направлениям простирания (ССВ—ЮЮЗ), обусловленным каледонскими 
и варисскими движениями, соответственно. Крупные складки являются лишь частями 
структур, прослеживающихся в направлении Белгии или Германии, соответственно. 
Приближаясь к депрессии Мозел, мезозойские отложения в значительной мере нарушены, 
причем разрывные движения остаются активными даже в четвертичное время.

На базе месторождений железной руды на юго-западе развивалась черная метал­
лургия. В настоящее время осуществляется разработка только лишь руд типа «минетт» 
(ааленский ярус), хотя разработка этих трутичных рудных тел скоро приведет к истоще­
нию промышленных запасов сырья. Примерно 80% потребностей страны в железе должны 
быть обеспечены импортом железной руды.

A cta  Geolo^ica Academiae Scientiariim Hungaricae 20, 19/6
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OUTLINES OF THE HYDRODYNAMICS AND 
HYDROCHEMISTRY OF THE PANNONIAN BASIN

By

M. E r d é l y i

R E S E A R C H  I N S T I T U T E  F O R  W A T E R  R E S O U R C E S  M A N A G E M E N T .  B U D A P E S T

The reg io n a l flow -region of th e  basin  is rech a rg ed  by th e  g ro u n d w a te r o f the  
m o u n ta in s a ro u n d  a n d  inside th e  basin (Figs 1 a n d  3). T he in te rm ed ia te  flow -regions 
of th e  su b -b asin s a re  recharged  from  th e  m o u n ta in s  as well as from  to p o graph ic  highs 
inside the  b a s in  (F ig s 1, 3, 6  and  7).

The p o te n tia l  d is tr ib u tio n  shows th e  h y d ro d y n a m ic  ch aracteris tics . A reas of 
stro n g  positive  v e rtica l g rad ien ts  coincide w ith  th e  po rtio n s of cross-sections w h ere  
th e  e q u ip o te n tia l lines a re  p a ralle l to  m ajo r geologic fea tu res . T his is an  in d ic a tio n  of 
s ta g n an t deep g ro u n d w a ter. O th er proofs of s ta g n a n t  deep g ro u n d w ater a re  th e  85 m 
island-like  co n to u rlin e  and v ery  low h o rizo n ta l g ra d ie n ts  in  th e  deep d epressions 
(F ig. 2). T he d eep-ly ing  u n d ra in ed  fla ts are  th e  m a in  n a tu ra l discharges of th e  p la in s
(Fig- 2).

H ighly p e rm eab le  fo rm ations serve as deep rech a rg e  be lts  in d ica ted  by  b u lg in g  
eq u ip o ten tia l lines (F ig. 7) or by vertical e q u ip o te n tia l lines show ing the h y d ro s ta tic  
conditions (F ig . 5).

The h y d ro d y n a m ics  of flow -regions is in h a rm o n y  w ith  h y d ro ch em is try  and  
geotherm ics. A flow -region rep resen ts a th e rm a l c ircu la tio n  system  being in e q u i­
lib rium  u n d e r n a tu ra l  conditions. The eq u ilib riu m  is p ro d u ced  by th e  descending  cold 
b ica rb o n a te  w a te r  o f th e  recharge  area  and by  th e  ascending w arm er sa lty  w a te r . 
In  th e  sam e d e p th  in th e  flow -region th e  descending  lim b  show s lower w a ter te m p e ra tu re , 
lower sa lin ity  a n d  h igher to ta l  hardness, w hereas th e  ascending lim b is o f op p o site  
ch ara c te ris tic s  a n d  o ften  co n ta in s gaseous w a ter.

E xistence  o f large an d  deep g ro u n d w a te r  flow -regions req u ires  co n ­
siderab le  energy  p o te n tia l , p rec ip ita tio n , an d  ex ten s iv e  deep -reach ing  p e r ­
m eable fo rm atio n s o u tc ro p p in g  over large areas.

The surface co n fig u ra tio n  of the  P a n n o n ia n  Basin prov ides fo r th e  
req u ired  d ifferences in  e levation  necessary  to  en e rg y  p o ten tia ls  to  m a in ta in  
deep flow -system s.

P re c ip ita tio n s  over 500 m illim etres/year an d  ou tcrops of th ick  and  
h igh ly  perv ious fo rm a tio n s  are  ren d erin g  possib le th e  co n tin u ity  of th e  flow - 
system .*

T he deep g ro u n d w a te r  flow -system  of th e  P a n n o n ia n  Basin is a co n se­
quence of e lev a tio n  d ifferences in the surface co n fig u ra tio n  as well as th e  
lith o lo g y  of th e  rocks th e re .

* T he basic w o rk  on th e  th eo re tica l princip les o f a g ro u n d w a te r flow -system  w as 
w ritten  by H ű b b é r t  in  1940.

A m ajo r ad v an c e  s ta r te d  w hen T ó th  p resen ted  h is com puter-developed  m odels. 
S tud ies on g ro u n d w a te r  flow carried  ou t in th e  la s t fif te en  years cleared th e  e ssen tia ls  

of th e  h y d ro d y n am ics of regional flow -system s (B ro w n , Farvolden, F reeze an d  
W itherspoon , Le B reton a n d  J ones , Maxey . Meyboom , W inograd, etc.).
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T h e  ch arac te r o f a flow -reg ion  is show n  b y  (a) the  pressure co n d itio n s, 
(b) chem ica l com position  o f  g ro u n d w a te r , (c) geotherm ic an o m alies , and  
(d) n a tu r a l  isotopes.

In  a m u lti-layer a r te s ia n  flow -system  th e re  are tw o k inds o f v ertica l 
p re s s u re  p a tte rn s :

1. P ressure due to  d ifferences in  en e rg y  p o te n tia l w ith in  th e  sam e fo rm a ­
tio n  show s a m ore or less u n ifo rm  increase w ith  dep th .

A  uniform  increase is n o t alw ays fo u n d  w hen pressures are m easu red  in 
d if fe re n t aquifers. W here th e  energy  p o te n tia l  increases w ith  d e p th  th e re  is 
an u p w a rd  m ovem ent of w a te r  th ro u g h  p o o rly  perm eable  con fin ing  s tr a ta .

2. T here are ex ten siv e  areas w here p re ssu re  in  th e  sam e b o reh o le  is less 
in  a d e e p e r th a n  in a sh a llow er aqu ifer. T h e  dow nw ard  increase of p ressu re  is 
less t h a n  h y d ro s ta tic .

T h e  decline in  p ressu re  w ith  d e p th  show s th a t  an aqu ifer is recharged  
b y  a dow nw ard  seepage o f w a te r  th ro u g h  th e  overly ing  poorly  p e rm eab le  con­
f in in g  b ed . Since energy  is used  in th is  m o v e m e n t, energy p o te n tia l decreases 
w ith  d e p th . The resis tan ce  to  flow  of the  ro ck s should  be du ly  co n sid ered  w ith  
r e g a rd  to  d ep th  and  e x ten s io n  of the  flo w -sy stem s.

A  dow nw ard  decline in  pressure occurs w hen  the  d eep e r-s itu a ted  aq u ife r 
is m u c h  m ore perm eab le  th a n  th e  h ig h e r-s itu a te d  one.

A  fu r th e r  e x p la n a tio n  m ay  be t h a t  a low er w a te r-b earin g  s t r a tu m  is 
sea led  o ff by  an u n co n fo rm ab le  fo rm a tio n . I t  is a possib ility  to o , th a t  the  
re c h a rg e  area  of th e  d ee p e r-s itu a ted  a q u ife r  is less e levated  th a n  t h a t  of the  
sh a llo w e r one.

Short Description o f the Lithology 
and Geometry of the Pannonian Basin

T h e P an n o n ian  B asin  is a large an d  non-u n ifo rm  flow -system  an d  s tru c ­
tu r a l ly  a deep depression fo rm ed  m ain ly  d u r in g  th e  la te  T e rtia ry  an d  Q u a te rn a ry  

(F ig- !)•
a) The Paleozoic b a se m e n t consists o f c rysta lline  rocks.
b ) K arstic  M ezozoic lim estones a n d  dolom ites occupv large areas 

a ro u n d  an d  inside th e  b a s in  and  c o n s titu te  an  im p o rta n t fac to r  o f th e  h y d ro ­
g eo lo g y  of the  en tire  reg ion .

c) B o th  b asem en t com plexes, th e  Paleozoic and  th e  e a r ly  Mezozoic 
(T ria ss ic  - E a rly  Ju ra ss ic )  are ov erla in  b y  diverse overburden form ations:

1. D eposits o f ex ce llen t p e rm e a b ility : post-L iassie  h a rd  f ra c tu re d  M ezo­
zo ic  lim estones, E ocene n u m m u litic  lim esto n es and  M iocene lim estones.

2. M edium  to  p o o rly  perm eab le  d e p o s its : th ick  sandy  m arin e  sequences 
o f  th e  U p p e r O ligocène, a n d  Low er an d  M iddle  M iocene (Schlier); L ow er E ocene
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and  M iddle M iocene c o n tin e n ta l an d  litto ra l d ep o sits , and  coal m easu res. 
S an d sto n es an d  flysch  deposits  o f g rea t v a r ie ty  exposed only  in th e  m o u n ­
ta in s  ou tside th e  cen tra l h a s in ; co n tin e n ta l, d e lta ic  and  litto ra l bed s o f  th e  
P liocene o u ts id e  th e  cen tra l depression  in th e  sm alle r in te rm o n ta n e  b as in s .

3. The T e r t ia ry  vo lcanics m o stly  M iddle an d  U pper M iocene o f  age 
are  of d iffe ren t p e rm e a b ility  ow ing to  v e rtic a lly  a lte rn a tin g  lav a  flow s and  
tu ffaceous beds as well as te c to n ic  d islocations.

4. Im p erm eab le  fo rm a tio n s: a th ick  sequence of post-M iddle L iassic 
M ezozoic, m arine  fo rm atio n s U p p e r C retaceous c o n tin e n ta l clays, th ic k  U p p e r 
E ocene and  M iddle O ligocène m arin e  clays.

T he hydrogeologic  b o u n d a ry  of th e  P a n n o n ia n  B asin  ru n s  a lo n g  th e  
su rface  d ivide connec ting  riv er gaps c u t in to  im perm eab le  bed ro ck  (F ig . 1) 
w here th ere  is no  underflow , co n seq u en tly  th e  to ta l  a m o u n t of w a te r  e n te r in g  
an d  leav ing  th e  ce n tra l b asin  th ro u g h  th e  gaps is su rface  w a te r and  can  th e re ­
fore be assessed th e re  b y  r iv e r  d ischarge  m easu rem en ts  th a t  are n ecessa ry  for 
e s tim a tin g  th e  to ta l  w a te r b a lan ce  of th e  basin .

T he b o u n d a ry  of th e  cen tra l basin  runs a long  th e  surfic ia l c o n ta c t b e ­
tw een  th e  P liocene deposits  an d  o lder fo rm atio n s (F ig . 1). This is a n a tu ra l  
b o u n d a ry  show ing  m ark ed  differences in  h y d rau lic  cond itions, in to p o g ra p h y  
an d  in  pa leogeography . The ce n tra l depression  was fo rm ed  by  rap id  subsid en ces 
d u rin g  the  P liocene and Q u a te rn a ry . This b o u n d a ry , a lm ost ev e ry w h ere , is 
also a zone o f  deep m arg ina l fa u lts . The basin  fill th ickens co n sid e rab ly , 
som etim es w ith in  v e ry  sh o rt d is tan ces , aw ay  from  th e  bound in g  fa u lt  zones. 
T h e  y o u n g  geologic age is v e ry  well show n bv  th e  fac t th a t  th e  c ry s ta llin e  
b a sem en t well in side  th e  basin  is covered over la rg e r areas b y  d ep o sits  n o t 
o lder th a n  th e  U p p e r P a n n o n ia n  (P liocene).

T he cen tra l b asin  can be d iv id ed  in to  tw o s tru c tu ra l  sto reys. T he u p p e r  
one consists o f su rfic ia l P liocene d eposits  w ith  or w ith o u t a th in  Q u a te rn a ry  
cover. T he low er s to rey  is th e  a rea  o f Q u a te rn a ry  subsidence  (Fig. 1).

Hydrodynamics o f the Pannonian Basin

R esearch  on the  h y d ro d y n am ic  cond itions of th e  H u n g arian  B asin  has 
b een  s ta r te d  c o m p a ra tiv e ly  early . R esu lts  of th e  in v estig a tio n s c a rr ie d  out 
in  th e  1950’s w ere p u b lished  in  1962 (A lm ássy in  S ch m id t: H ydrogeo log ical 
A tlas o f  H u n g ary ).

T he p iezom etric  co n to u r m ap  (F ig . 2) show s th e  original u n d is tu rb e d  
p ressu res (p ressu res u n affec ted  b y  w ith d raw al).

P lo ttin g  th e  p iezom etric  c o n to u r m ap and  th e  ev a lu a tio n  of h ead  m e a s­
u rem en ts  for th e  ca lcu la tio n  of v e rtic a l h y d ro d y n am ic  g rad ien ts  h av e  b een  
p e rm itte d  by  fav o u rab le  c ircu m stan ces :

9 Acta Geologica Academiae Scientiarum Hungaricae 20, 1976



A
cta 

G
eologien 

A
cadem

iae 
Scicntiarum

 
H

ungaricae 
20, 

1976

Fig. 1. H y d ro d y n am ic  and  hydrogeological m ap  of th e  P an n o n ian  B asin  ( E r d é l y i , 1973 ) .  R echarge areas: 1. C rysta lline  rocks; 2. K arstic  
rocks; 3. Volcanics (N eogene); 4. R echarge area. S ed im en tary  deposits: E ocene, Oligocène and M iocene; 5. R echarge area . S ed im en tary  
deposits: Pliocene and  Q u a te rn a ry ; 6 .D ischarge area : 7. Large k a rstic  springs; 8 . Zero hy d rau lic  g rad ien t a t  4 0 0 - 6 0 0  m d e p th  below g round ; 
9. A rea of gaseous wells p rio r to  hy d ro carb o n  prospecting  (d e p th  of wells less th a n  100 m ); 10. The sam e b u t d ep th  be tw een  100  and  4 0 0  m etres;

290 
E

R
D

É
L

Y
I, 5



A
da 

G
eologien 

A
cadem

iae 
Scientiarum

 
H

ungaricae 
20, 

1976

<o#

Fig. 2. P iezom etric  co n tours a t d e p th  of 150  to  4 0 0  m etres below ground ( E r d é l y i , 1972).  1 — 4. P iezom etric  con tours: 
5. B oundaries of th e  hills; 6 . H ighly perm eable soils (dune sand , loessy sand  and san d y  loess over 85 per cen t o f th e  area  show n;

7. U n dra ined  and poorly d ra ined  land
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1. The num ber of d r ille d  wells of know n  a q u ife r  d e p th  w ith  e levations 
o b ta in e d  b y  geodetic su rv e y  w a s  ab o u t 8200 a t  th e  end  of 1970.

2. P acker-tests  w ere p e rfo rm e d  in h u n d red s  o f  boreholes tra v e rs in g  tw o 
or m o re  aquifers.

3. A great n u m b er o f  b o red  wells close to  each  o th e r ta p  d iffe ren t 
a q u ife rs .

T h e  vertical h y d ro d y n a m ic  g rad ien ts w ere ca lcu la ted  from  pressure  
h e a d s  o f  consecutive d eep er aq u ife rs  not se p a ra te d  b y  im perm eab le  or poorly  
p e rm e a b le  s tra ta .

F ig s  1 and 6 show  th e  in ta k e  and d isch arg e  areas of th e  in te rm e d ia te  
an d  reg io n a l flow -system s. F ig . 3 shows th e  flo w -sy stem  d iag ram  of th e  G rea t 
H u n g a r ia n  Plain.

F ig . 3. D iag ram m atic  f lo w -p a tte rn  o f  th e  G reat H u n g a rian  P la in  ( E r d é l y i , 1972). 1. C ry sta l­
lin e  b a se m e n t; 2. Mezozoic lim e s to n e ; 3. Miocene vo lcan ics; 4. M iocene deposits; 5. Lower 
P a n n o n ia n  (Pliocene); im p e rm ea b le , poorly p e rm eab le ; 6 . U p p e r P a n n o n ian  (Pliocene), 
p e rm e a b le , poorly perm eable; 7. U p p e r  Pliocene, poo rly  p e rm eab le ; 8 . U p p e r Pliocene, h igh ly  
p e rm e a b le ; 9. Q u a ternary  in  g e n e ra l;  10. Dune sand , loessy  san d ; 11. S ilt, c lay , soda soils; 
12. L oess, sandy  loess; 13. F re sh -w a te r  and brine in te rfac e ; 14. R echarge; 13. D ischarge area

1. U ncon fined  Water o f M o u n ta in s  and H ills

T h e m ountains a n d  h ills  around and in sid e  th e  basin  are ch a rac te rized  
b y  an  unconfined w a te r  ta b le .  The w ater ta b le  o f th e  c rysta lline  b asem en t 
fo llow s th e  to p o g rap h y . T h e  k a rs tic  w a te r ta b le  o f th e  ca rb o n a te  b asem en t 
is a d eep -situ a ted  reg io n a l w a te r  table w hich  becom es confined  on ly  w hen 
c a r ry in g  a considerable o v e rb u rd e n .
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T he d o w nw ard -decreasing  pressure p a t te rn  in  th e  m o u n ta in s  d ep en d s  
on th e  p rim a ry  an d  secondary  po ro sity  o f th e  rocks. B ordering  low lands an d  
riv e r va lleys are th e  n a tu ra l d ischarge areas of th e  m o u n ta in s .

2. A reas w ith a Decreasing Energy P o ten tia l In sid e  the B a sin

T h ere  are  to p o g rap h ica lly  d is tin c t places o f th e  cen tra l basin  w here th e  
d o w n w ard  increase pressure  is less th a n  h y d ro s ta tic  to  g rea t d ep th s , m o s tly  
dow n to  th e  n e u tra l  p ressu re  zone se p a ra tin g  th e  in te rm ed ia te  flow -reg ions 
from  th e  reg ional one.

a) A co m p ara tiv e ly  n arrow  b e lt, m ore or less p ara lle l to  th e  fo o t o f 
th e  m o u n ta in s  (F ig . 1). In  th is  zone th e  shallow er a rte s ia n  aquifers are exposed  
to  th e  surface and  recharged  by  th e  unconfined  g ro u n d w a te r  of the  o u tc ro p  a rea .

D eeper confined  beds, how ever, are n o t rech a rg ed  d irec tly , b u t  p a r t ly  
th ro u g h  th e  fra c tu re d  k a rs tic  an d  volcanic  rocks o f  th e  m o un ta in s b o rd e rin g  
th e  b asin  (Figs 1 an d  3). T his is i n  exam ple o f a h y d ro d y n am ic  sh o rt-c ircu it.

b) Low u n d u la tin g  te rra in s  and h igher hills m ad e  up  of P liocene d ep o sits  
of c o n tin e n ta l, d e lta ic , l i t to ra l  and  lagoon origin. T h e y  are exposed over la rge  
areas and  in sm all o u tc ro p s in  T ra n sd a n u b ia  an d  a long  th e  b o u n d a ry  o f th e  
G rea t P la in  or capped  on ly  b y  th in  Q u a te rn a ry  san d s, sanddunes, loess an d  
san d y  loess of v a rious th ickness (5 — 55 m).

c) A reas o f  low u n d u la tin g  to p o g rap h y  in  th e  so u th e rn  p a î t  o f T ra n s ­
d an u b ia  betw een  L ake B a la to n  an d  th e  riv e r D rav e  u n d e rla in  b y  a Q u a te rn a ry  
a lluv ia l sequence o f a th ickness be tw een  20 an d  160 in.

d) In  th e  H u n g a ria n  B asin th e  m ost im p o r ta n t  areas w here th e  en erg y  
p o te n tia l is declin ing  w ith  d ep th  are th e  to p o g rap h ic  highs inside th e  c e n tra l  
b asin . T hese areas are u n d e rla in  b y  th ick  P le istocene  alluv ial deposits an d  
covered  in  m ore th a n  80 p er cen t b y  d une  san d , th in  loessy sand  an d  sa n d y  
loess, all h ig h ly  perm eab le .

P a c k e r-te s ts  carried  o u t in  p ilo t boreholes in  areas w ith  declin ing  
p o te n tia l show ed th a t  a d eep er-s itu a ted  coarse-g rained  or cavernous c a rb o n a te  
aq u ife r has a m uch  low er head  th a n  expected .

T he u n fav o u rab le  d ra inage  cond itions m ay  p a r t ly  be due to  a te c to n ic  
process (subsidence) also affecting  o th e r areas w ith  h igh  sand  p e rcen tag e . 
P ossib ly  th e  m a jo r fac to r  acco u n tin g  for th e  u n fa v o u ra b le  d rainage co n d itio n s  
has been  th e  h ig h ly  d iffe ren t ra te  of co m p ac tio n  b e tw een  th e  areas o f low  
and  h igh sand  percen tag e  w ith  th e  sam e a m o u n t o f subsidence.

T he sand  p e rcen tag e  w as ca lcu la ted  from  th e  to ta l  th ickness o f th e  
clean sand  and  g rave l beds of an  in d iv id u a l th ick n ess  over 1,5 m.

T he ac tu a l san d  p ercen tage  is h igher th a n  th a t  show n on th e  p ro files 
because n o t on ly  th e  sand -layers less th a n  1,5 m o f th ick n ess  b u t also s ilty  a n d  
c layey  sand  (“ d ir ty  san d s” ), are n o t inc luded .
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3. Areas w ith  an Energy P oten tia l Increasing with D epth

T h e  deepest p a r ts  o f th e  P a n n o n ia n  B asin  are  typ ica l a reas o f a rte s ian  
flo w  (F ig . 1), w here th e  dow n w ard  increase o f  p ressu re  is m ore th a n  h y d ro s ta tic .

Vertical d istribu tion  o f  the potentia l

T h e  vertica l g ra d ie n ts  were ca lcu la ted  from  heads m easu red  before 
in te n s iv e  w ith d raw al h a d  begun.

F ig . 4 shows th e  a p p ro x im a te  v e r tic a l change of p ressu re  be tw een  100 
a n d  400 m d ep th  below  g round .

T h e  400 m  d e p th  is a p rac tica l l im it, because:
1. Down to a b o u t 400 m  d e p th  th e  ch an g e  in w ate r d e n s ity  is negligible.
2. D epth  of th e  in te rm e d ia te  flow -reg ions exceeds on ly  ex cep tio n a lly  

400  m  below ground .
3. S carcity  and  a re a lly  uneven  d is tr ib u tio n  of a rte s ian  h ead  m easu re­

m e n ts  in  wells deeper th a n  400 m etres.
T h e  calcu lation  o f v e rtic a l g rad ien ts  o u t o f head m easu rem en ts  in  wells 

o v e r  400 m of aq u ife r d e p th  w ould h av e  d is to r te d  th e  p ic tu re  ow ing to  the  
fo llow ing  geophysical co n d itio n s of th e  b a s in :

1. The average  geo th e rm al g rad ien t o f th e  P an n o n ian  B asin  is 0.055° 
c e n tig ra d e , tw o an d  a h a lf  tim es h igher th a n  th a t  of areas a ro u n d  it .

2. The g eo th e rm al g rad ien t varies  g re a tly  w ith in  sho rt d is tan ces .
3. O ccurrences o f  gaseous a rte s ian  w a te r  over large areas o f th e  G reat 

P la in  (F ig. 1).
4. A b ru p t changes in  th e  gas c o n te n t o f th e  w a te r w ith in  sh o rt d istances.

Conclusions Drawn from Potential Distribution

1. The area l d is tr ib u tio n  of s tro n g  p ositive  h y d ro d y n am ic  g rad ien ts  
(F ig . 4) coincides b ro a d ly  w ith  tho se  p o rtio n s  o f th e  cross-sections w here th e  
e q u ip o te n tia l lines a re  p ara lle l to  m a jo r geologic fea tu res. T h e  m o st s trik ing  
o n e  o f  th is  k ind  is th e  base  of th e  Q u a te rn a ry  fo rm ation . W h ere  th e  ground- 
w a te r  is s tag n an t th e  u p w ard -m o v in g  a m o u n t o f w a te r is eq u a l to  th e  am o u n t 
o f  w a te r  pressed o u t  due  to  th e  co m p ac tio n . W ater pressed  o u t is m oving 
u p w a rd  e ither loca lly  a long  tec to n ic  d is tu rh a n c ie s  or reg ionally  b y  v e ry  low- 
v e lo c ity  seepage th ro u g h  th e  confin ing  s t r a ta .  I t  m ay  be o b jec ted  here th a t  
th e  seepage v e lo c ity  p a ra lle l to  th e  b e d d in g  is m an y  tim es h ig h er th a n  th a t  
p e rp e n d ic u la r  to  th e  la y e r. I t  is tru e  b u t  large am o u n ts  of w a te r  m u st have  
m o v e d  upw ard  co n sid e rin g  th e  long tim e  th a t  has elapsed since surface and  
su b su rface  g eo m etry  a n d  litho logy  of th e  P a n n o n ia n  B asin h av e  becom e v e ry  
s im ila r  to  the  p re se n t-d a y  p a tte rn .
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Fig. 4. M ap of th e  v e rtic a l h y d rau lic  g rad ien ts , G rea t H u n g a rian  P la in , re fe rrin g  to  aquifer 
d e p th s  b e tw een  100 a n d  400 m etres  below  land-su rface  (E r d é l y i , 1973). 1. B o u n d a ry  of th e  
hills; 2. B o u n d a ry  of th e  G rea t P la in ; 3. N egative  v e r tic a l g rad ien ts ; 4. A rea of low n ear­

su rface  v e rtica l g ra d ie n ts ; 5. P ositive  v e rtica l g ra d ie n ts ; 6 . N e u tra l p ressu re  g rad ien t

T he ex istence o f s ta g n a n t deep g ro u n d w a te r  is also in d ica ted  b y  p o rtio n s  
o f th e  p iezom etric  co n to u r m ap  (F ig . 2). The “ is la n d ”  o f th e  85 m  c o n to u r line 
eas t o f th e  Tisza riv e r is an  ev idence in  itself. A n o th e r p ro o f is th e  10 m difference 
in  p o te n tia l betw een  th e  co n to u rs  o f 95 and  95 in over a d is tan ce  o f 150 kin  
along th e  m iddle s tre tc h  of th e  riv e r T isza. T his d ro p  in  p o te n tia l is e q u iv a len t 
to  a 0.0007 h o rizo n ta l h y d ro d y n am ic  g rad ien t.

2. Low v ertic a l g rad ien ts  in d ica te  a h igh  seepage velocity . A n ex trem e  
case is th e  alm ost h y d ro s ta tic  p ressu re  d is tr ib u tio n  w ith in  th e  th ic k  gravel 
o f th e  D an u b e  riv er in  th e  L ittle  P la in  (Fig. 5).

3. E q u ip o te n tia l  lines in d ica te  th e  sm all ro le o f th e  riv ers  in  th e  n a tu ra l 
d ischarge o f th e  b a s in . T he m ain  n a tu ra l d ischarge of th e  p lains are  n o t m ade
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F ig . 5. H y d ro d y n am ic  c ro ss-sec tion  a long  th e  D an u b e, L it t le  H u n g a rian  P la in . 1. Q u a te rn a ry  
gravel; 2. P liocene; 3. K x p lo ra to ry  borehole  an d  eq u ip o ten tia l co n to u r

b y  th e  riv e rs , th ey  are th e  la rg e  deep-ly ing  u n d ra in e d  or poorly  d ra in e d  fla ts , 
(F ig . 2) covered by  f in e -g ra in e d  deposits.

4 . A cross-section show s how  th e  recharge  p a r t  o f an in te rm e d ia te  flotv- 
re g io n  is “ flo a tin g ”  on th e  th e rm a l w a te r-b earin g  regional flow -reg ion  (Fig. 
3 a n d  6).

5. A b e lt of n ea r-su rface  n eg a tiv e  v e rtic a l p ressu re  g rad ien ts  inside a 
re g io n  o f  positive g rad ien ts  co incide alw ays w ith  an  area w here:

a) T he shallow  g ro u n d w a te r-b ea rin g  sand  is cropp ing  ou t in  long strip s 
a n d  in  p a tch es from  u n d e r th e  poorly  perm eab le  or im perm eab le  soils. The 
p h r e a t ic  w a te r in filtra te s  th ro u g h  th e  san d  o u tc ro p s in to  th e  aq u ife r and 
d ilu te s  th e  upw ard-m oving  w a te r . The consequence  is a dynam ic  equ ilib rium  
b e tw e e n  upw ard- and  do w n w ard -m o v in g  p a r ts  o f the  flow -region causing  a 
w e a k e n in g  of the  a rte s ia n -b o u n d  tren d , e v e n tu a lly  chang ing  th e  p ositive  
g ra d ie n t  in to  a w eak n e g a tiv e  one in  the  u p p e r p o rtio n  of th e  sec tion  (F ig . 7).

b ) T he river bed has c u t  th ro u g h  th e  im p erm eab le  surface la y e r  and  is 
d ra in in g  and recharg ing  th e  subsu rface  w a te r-b e a rin g  beds u n d e rly in g  the  
im p e rm e a b le  cover. T he r iv e r  d ra in  in te rc e p ts  th e  u p w ard -m o v in g  highly  
sa lin e  w a te r.

Chem ical A spects o f G roundw ater F low -regions 
a n d  T racing  the P a th  o f th e  Subsurface W a te r  by M eans o f C hem istry

S zádeczky-K ardoss s ta r te d  in v estig a tio n s in to  th e  origin an d  n a tu re  of 
d eep  b rin e s  in the  P a n n o n ia n  B asin .

T h e  fo rm ation  w a te r  o f  m ost sed im en ta ry  areas increases in  m ineral 
c o n c e n tra tio n  w ith  d e p th  e x c e p tin g  the shallow  g ro u n d w ate r.

An im p o rtan t source o f  sa lin ity  m ay  he deep b rines ascend ing  along 
fa id ts  o r o ther “ w eak”  zones or th ro u g h  an  u p w ard  seepage of low velocity  
in  th e  deep  depressions.

Acta Geologica Academiae Scientiarum Hungaricae 20, 1976



A
cta 

G
eologica 

A
cadem

iae 
Scientiarum

 
H

ungaricae 
20, 

1976

sw NE
Hajdúszoboszló Debrecen Nyírbátor M átészalka Tarpa

t gasfield < TISZA R.
m

♦  100 
±0 

-100 

-200 
-300 

-Д 0 0  

-500 

-600 

-700

©  —
©  —

©
0 10 20 25 km
1 ____________1____________I___ I

Fig. 6. Cross-sections in  N E  H u n g ary : eq u ip o ten tia l (A) and  hydrochem ica l (B). A: 1. D rilled well; 2. E q u ip o te n tia l lines; 
3. N e u tra l zone be tw een  regional and  in te rm ed ia te  flow -regions; 4. Sand p ercen tage; 5. Q u a te rn a ry  and  U pper P liocene in terface; 
6 . Top of th e  U pper P a n n o n ian  (P liocene) fo rm atio n ; 7. C ross-section of th e  recharge  zone. B: T o ta l hardness: 1. m ore th a n  10; 
2. be tw een  10 and  5; 3. less th a n  5 G erm an h ardness g rade; 4. Im p erm eab le  deposits ; 5. fresh -w ate r and  b rin e  in terface; 

6 . 10 mg/1 chloride c o n ten t of th e  g ro u n d w ater 7. ch loride co n te n t (mg/1) in  th e  in d ica ted  d ep th

Ebes
24

Ф

' 100.0 
- 95.0 
" 925 ®< II

I  0-10 %
W 10-25%  

25-50 % 

[) 50-75 % 

В 75- %

8

H
Y

D
R

O
D

Y
N

A
M

IC
S O

F T
H

E
 P

A
N

N
O

N
IA

N
 H

A
SIN



F ig . 6b.



HYDRODYNAM ICS OF T H E  PA N N ON IA N  BASIN 299

T he high p ercen tag e  o f fine-grained  dep o sits , th e  general low -angle d ip  
or h o rizo n ta l b ed d in g  of th e  s tr a ta ,  co n seq u en tly , low  seepage v e lo c ity  and  
tim e  for a high ra te  o f d isso lu tion , fu rth e rm o re  th e  low to p o g ra p h y , th e  
co m p ara tiv e ly  large a rea  covered  b y  im p erm eab le  soils, and  the  c o n tin u o u s  
u p w a rd  m ovem en t of deep g ro u n d w ate r, are fa c to rs  th a t  m ay  ac c o u n t fo r 
th e  h igh  sa lin ity  o f th e  w a te r  of all horizons in m o st o f th e  sub-basins.

H y d ro d y n am ic  co n d itio n s of th e  g ro u n d w a te r  flow -regions are in  com ­
p le te  accord  w ith  th e  hyd rochem ical concept. P re c ip ita tio n  w ater e n te rs  th e  
soil of th e  to p o g rap h ic  h ighs, recharge  areas of th e  g ro u n d w ate r flow -regions^ 
T he b ica rb o n a te  ty p e  w a te r m oves dow n and  aw ay  from  the recharge  a reas  
(F igs 6 an d  7). A zone of d y n am ic  chem ical e q u ilib riu m  has been fo rm ed  b e ­
tw een  th e  dow nw ard -m ov ing  colder b ica rb o n a te  w a te r  an d  the  w arm er s a lt 
w a te r ascending  from  g re a te r  d ep th s  (Figs 6, 7 an d  8). The re su lt o f  th e  
m ix ing  of the  tw o  k in d s  o f w a te r is an  in te rm e d ia te  so rt of w a te r  in  th e  
tra n s itio n  zone w ith  low er h a rd n ess  and higher s a lin ity  (Fig. 7). T he d e p th , 
shape an d  thickness o f th e  tra n s it io n  zone is a re su lt  o f m any  fa c to rs : geo­
m e try  of th e  layers, litho logy  of deposits, to p o g ra p h y  and  th e  in f i l t ra t io n  
c a p a c ity  of soils, an d  c lim atic  conditions.

F resh -w a te r is u n d e rs to o d  here to he a w a te r c o n ta in in g  a to ta l of d isso lved  
solids n o t exceeding 1000 1100 mg/1, chloride 100 mg/1 an d  su lphate  100 mg/1.
F igs 7 an d  8 are also a p ro o f o f fre sh w ate r m o v em en t to  g rea t d ep ths.

T he cen tra l su b -b asin  is also ch a rac terized  b y  a v e ry  th ick  an d  h ig h ly  
p erm eab le  Q u a te rn a ry  and  U p p er P liocene (Figs 7 and  8) fluv ia tile  sequence  
dep o sited  b y  a big riv e r, th e  an c ien t D anube, in  an  a rea  o f rap id  su b sid en ce . 
T he low  sa lin ity  of th e  th e rm a l w a te r of th e  a rea  te s tif ie s  to  the  ex istence  o f 
a h igh -velocity  deep g ro u n d w a te r  flow  (Figs 8 an d  9).

T he sub-basins o f th e  G rea t P la in  lie b e tw een  th e  recharge areas o u ts id e  
and  inside th e  m ain  b asin  (F ig . 1). The h y d ro d y n am ic  cen tre  of each one  is 
th e  a rea  w here all th e  a d ja c e n t flow -regions m eet th e  u p w ard -m o v in g  w a te r  
o f each  c ircu la tion  system  (F ig . 7).

C h arac te ris tics  o f  th e  cen tres  are:
1. L ack of d ra in ag e  show n b y  island-like or v e ry  w ide-spaced  p iezom etric  

co n to u rs .
2. E q u ip o te n tia l lines ru n n in g  para lle l to  th e  h o rizon ta l or low -ang le  

d ip p in g  beds.
3. H igh  values o f v e rtic a l h y d rau lic  g rad ien ts .
4. A th in  fre sh w ate r-h ea rin g  fo rm atio n  (F ig . 9).
5. H igh  sa lin ity  o f th e  a rte s ian  w ater.
T hickness of th e  fre sh -w a te r-b ea rin g  fo rm a tio n  is exclusively  a co n se­

quence o f th e  h y d ro d y n am ics  o f th e  basin . A n a rea  o f poor po ro sity  m a y  
coincide w ith  a th ic k  fre sh w ate r-b ea rin g  fo rm a tio n  an d  conversely, a th in  
fre sh w a te r  fo rm a tio n  m ay  be one o f high p o rosity .
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F ig .  7. Cross-sections in  S H u n g a ry : e q u ip o te n tia l (A ), to ta l  h a rd n ess o f th e  w a te r  (В) in 
G e rm a n  hardness g rad e  a n d  ch lo rid e  c o n ten t of th e  w a te r  (C) in  mg/1. 1. D rilled  well; 2. E q u i­
p o te n t ia l  lines; 3. S an d  p e rcen tag e ; 4. R echarge  zone; 5. F resh -w ater an d  b r in e  in te rface

T he area of th e  gaseous wells (d e p th  o f  aquifers b e tw een  100 and  400 m 
b e lo w  ground) ro u g h ly  coincides, as e x p e c te d , w ith  th e  a rea  o f  dow nw ard- 
in c re a s in g  p o te n tia l. T h e re  are no gaseous w ells where th e  p e rm eab le  surface 
d e p o s its  are u n d e rla in  b y  h ig h -p o ro sity  f lu v ia tile  deposits because  here the  
g as  is pushed  aside b y  th e  dow nw ard  m o v in g  w ater.

L ack of r iv e r  d ra in  or th a t  of o u tc ro p p in g  flu v ia tile  sand  m a y  lead to  
s a l t  accum ulation  in  th e  topsoil (soda soils) of the  sub -basin s ch a rac terized  
b y  h ig h  v ertica l g ra d ie n ts . W henever th e  p ressu re  head o f th e  g ro u n d w ater 
lie s  in  th e  cap illa ry  fringe  of th e  poorly  p e rm eab le  surface d ep o sit d u rin g  the 
h o t  an d  d ry  m o n th s , i.e. th e  cap illa ry  frin g e  is th icker th a n  th e  d e p th  of the 
g ro u n d -w a te r  ta b le , sa lts  are accu m u la tin g  in  the  topsoil and  on th e  ground.
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Fig. 8. S k e tch  m aps of th e  M iddle T isza  region: (A) san d  percen tage , (B) d e p th  o f g ro u n d - 
w a te r  over 10 G erm an h a rd n ess  g rade, (C) d e p th  of g ro u n d w a te r over 10 mg/1 ch loride  c o n te n t, 
(D ) rec ip ro ca l geo therm al g rad ien ts . 1. R echarge  area ; 2. N e u tra l pressure a t 150-200 m  d e p th  

below  g ro u n d ; 3. Sam e a t 400-600 m d e p th ; 4. B o u n d a ry  of th e  uniform  deep flow -reg ion

T he u p w ard -m ov ing  w a te r  o f th e  d ischarge a reas  is of dual o rig in , p a r t ly  
m oving  up in  th e  flow -regions an d  p a r tly  being  squeezed  ou t of th e  com pressed  
deposits . B o th  p a rts  increase th e  sa lt c o n te n t o f th e  near-surface w a te r  in  an  
u n in d irec tio n a l tra ffic  o f sa lt tra n sp o r ta tio n .
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F ig . 9. Thickness of th e  f re s h  w a ter-b earin g  dep o sits  in  H u n g a ry  (E r d é l y i , 1972). 1. B o u n d ­
ary  of th e  m o u n ta in s ;  2. W este rn  b o rd e r  o f  th e  G reat P la in

D eep G roundw ater Flow  a n d  G eotherm y

A flow -region re p re se n ts  a th e rm a l c irc u la tio n  in  equ ilib riu m  u n d er 
n a tu ra l  conditions. T h e  equ ilib rium  has com e in to  being betw een  th e  descend­
in g  cold b ica rb o n a te  w a te r  of the recharge  a re a  and  the  ascending s a lty  w a te r 
o f  th e  flow -region (F igs 7 an d  8).

The descending  lim b  of the th e rm a l c irc u la tio n  system  in th e  M iddle- 
T isz a  region lies on th e  D an u b e  Tisza w a te rsh e d  w hich is th e  o u tc ro p  area  
o f  a th ick  and h ig h ly  p e rm eab le  aquifer fo rm a tio n  (F ig. 8). The large  q u a n ti ty  
o f  cold w ater seeps to  g re a t dep ths and  p u sh e s  th e  w arm er w a te r to w a rd  th e  
e a s te rn  half of th e  re g io n .

The d ischarge b e l t  o f  the  upper fewr h u n d re d  m etres of th e  flow -reg ion  
is  m an ifested  b y  a zo n e  o f high v e rtica l h y d ra u lic  g rad ien ts para lle l to  th e  
T isza  river (Fig. 4). T h e  w a te r in the  deep  low er p a r t  of th e  flow -reg ion  is 
b e in g  forced to  a sc e n d  ow ing to  b o th  th e  e a s tw a rd ly  decreasing grain-size 
show n  in lower san d  p e rc e n ta g es  (Fig. 8A) a n d  th e  s tru c tu ra l e lev a tio n  of th e  
d eep  underground  w h ic h  separates th is  su b -b a s in  from  the E a s te rn  one (F ig . 
11 A). The easte rn  b e l t  o f  th e  Middle T isza  flow -reg ion  is also th e  a rea  of an 
ascend ing  deep-flow  co m in g  from  th e  T ra n sy lv a n ia n  m argin  o f th e  G reat 
P la in  (Fig. 11D). T h e  m erg in g  of b o th  a scen d in g  lim bs is m an ifested  in h igh 
sa lin ity  (Figs 7, 8 В C a n d  9), in n a tu ra l gas occurrences (Figs 1 an d  11) and  
h ig h er tem p era tu res  o f  th e  deep g ro u n d w a te r  (F ig . 8D). The p o sitiv e  th e rm a l 
(F ig . 8D) and ch em ica l an o m aly  (Figs 9 an d  11) is here locally  h ig h er along
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• thermal well and exploratory borehole

F ig. 10. C ross-sections o f  th e  s tro n g  p o sitive  g eo therm al a n o m a ly  in  th e  M iddle T isza  region 
(T iszakécske). A: P o te n tia l  d is tr ib u tio n ; B; T o ta l h a rd n ess  in  G erm an  h a rd n ess  g rade; 

C: C hloride c o n te n t o f th e  w a te r (mg/1); D; T e m p e ra tu re  d is tr ib u tio n

th e  N N E  m arg in  o f  th e  flow -region w here th e rm a l w a te r  is forced up  b y  th e  
s tro n g  a rte s ian  p re ssu re  from  u n d e r th e  con fin in g  reg ional U p per-P liocene  
fo rm a tio n  (F ig. 4). A n e x c e p tio n a lly  s tro n g  th e rm a l c ircu la tion  a ro u n d  th e  
v illage of T iszakécske , w ell know n since th e  1920’s (S ü m e g h y ), is show n in 
Fig. 10.

Deep Groundwater Flow and Locating Hydrocarbon Occurrences

H y d ro d y n am ics  is becom ing  m ore an d  m ore an  im p o r ta n t too l fo r lo c a t­
ing  n o t only g ro u n d -w a te r  b u t  also h y d ro ca rb o n  resources.

S tu d y  of reg io n a l g ro u n d -w a te r h yd ro logy  p r io r  to  drilling m a y  g re a tly  
reduce  th e  cost o f h y d ro c a rb o n  ex p lo ra tions. N o ta b ly , th e  ex isting  d is tr ib u tio n  
of h y d ro carb o n  accu m u la tio n s  is re la ted  to  th e  p re se n t p a tte rn  of g ro u n d w a te r  
flow , w hich, in  tu r n ,  can  be rea lis tica lly  a p p ro x im a te d  b y  re ly in g  on th e  
co n fig u ra tio n  o f th e  w a te r  ta b le  an d  on th e  p rin c ip le  o f regional h y d rau lic  
c o n tin u ity .

R esu lts  o f s tu d ies  in d ica te  th a t  the  re la tiv e  p ro b ab ilitie s  of h y d ro c a rb o n s  
being  associated  w ith  th e  m ost im p o r ta n t id e n tif ia b le  flo w -p a tte rn  fe a tu re s  
are as follows: ascen d in g  lim bs an d  s ta g n a n t zones (T ó t h , 1970).

H y d ro carb o n  d eposits  in  th e  G reat P la in  a re  associa ted  w ith  a scend ing  
lim bs of th e  flow -sy stem s (F igs 6, 8 and  11).

R ely ing  on p ra c tic a l re su lts  of th e  h y d ro d y n am ic  ap p ro ach  in h y d ro c a rb o n  
p rospec ting , we m a y  fo rm u la te  som e conclusions as to  th e  P an n o n ian  B asin , too .

T here are  g re a t v e rtic a l differences, even  w ith in  sh o rt d istances, in  th e  
con figu ra tion  of th e  b a sem en t com plex in  th e  P a n n o n ia n  B asin  b o th  in  o u t-
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A. Geology

SZEGED Békéscsaba

В. Total hardness (Germon hardness grade) 
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F ig . 11. D ia g ram m a tic  cross-sections sum m ariz in g  s tru c tu ra l  featu res , w a te r  ch em istry  and 
d eep  g ro u n d w a te r flow  of th e  G re a t H u n g a rian  P la in . 1. S trong  c o n ce n tra tio n  of n a tu ra l 
g as in  d rilled  wells; 2. K now n h y d ro c arb o n  occu rren ces; 3. Crossing of th e  h y d ro d y n a m ic  
a x is  o f th e  reg ional flow -system ; 4. R echarge  zone; 5. F resh -w ater an d  b rin e  in te rface ; 6. 
Q u a te rn a ry ;  7. U pper P liocene; 8. U p p er P a n n o n ia n ; 9. Low er P liocene, p ra c tic a lly  im p e r­

m eable; 10. B asem en t com plex
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crop areas and basins to  d e p th s  a b o u t 1000 m e tre s  ev idenced  b y  coal, ore and  
h y d ro carb o n  p ro sp ec tin g . I t  is h igh ly  probab le  t h a t  th e  sam e g eo m etry  of the  
b a sem en t prevails in  th e  d eep est p a rts  of th e  su b -b as in s  w here th e  basin  fill 
has n o t y e t been p e n e tra te d  b y  ex p lo ra to ry  bo reho les. W e m ay  suppose th a t  
th e  cover fo rm atio n s, f ir s t  o f all th e  th ick  P liocene  deposits , are  m ore or less 
in d is tin c tly  para lle l to  th e  to p o g ra p h y  of th e  v e ry  deep-ly ing  b asem en t because 
of th e  d ifferen tia l co m p ac tio n  due to  d ifferences in  th ickness an d  litho logy . 
C om paction  an tic lines an d  synclines are c h a ra c te ris tic  fea tu res  in  th e  P an n o n ian  
B asin  ( K ő r ö s s y ).  T h ere  a re  m an y  know n ex am p les  o f th is  phenom enon  from  
shallow er d ep th s  o f th e  P a n n o n ia n  B asin. W e m a y  see th is  w hen we look at 
th e  g rea t v ertica l d ifferences in  th e  to p  of th e  L ow er P an n o n ian  u n it  in  places 
w here m an y  deep boreho les w ere p u t  down fo r th e rm a l w a te r u tiliz a tio n , e.g. 
a t  Szeged (F ig. 11). T here  m a y  be m any  d e e p e r-s itu a ted  s tru c tu ra l fea tu re s  
sim ilar to  those o f Szeged in  b o th  sub-basins p a r t ly  ev idenced  b y  a m ajo r 
h y d ro ca rb o n  d eposit a t th e  w este rn  bo rder of th e  deepest p a r t o f th e  M iddle- 
T isza reg ion . H ere  th e  to p o g ra p h y  of each s tra tig ra p h ic  horizon is a subdued  
rep lica  o f th e  b a se m e n t here  know n from  d rillin g  (F ig . 11). B o th  deep sub ­
basins are located  in a reas o f  th e  ascending lim bs in  th e  reg ional flow -system  
of th e  G reat P la in  (F ig . 11).

S ta g n a n t zones (“ dead  cells”  or “ saddles”  lo c a te d  betw een  flow -regions) 
m ay  ex is t in a flow -system  com plex  w here velocities ap p ro ach  to  zero (F ig . 12).

10* Ada Geologien Academiae Scientiarum Hungaricae 20, 1976
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S ta g n a n t  zones for h y d ro c a rb o n  accu m u la tio n  m ay  have lesser im p o rtan ce  
in  th e  P a n n o n ia n  B asin , h o w ev e r, the  p ro b a b ility  o f th e ir  ex is ten ce  in  the 
deep  so u th -w este rn  T ra n s d a n u b ia n  basin  deserves a new  carefu l ap p ra isa l of 
th e  h y d ro d y n a m ic  d a ta  o f th e  a re a  concerned.

E m p lacem en t in s ta g n a n t  zones m igh t well m ean p e rm a n e n t disposal 
o f so m e rad io ac tiv e  and  to x ic  in d u s tr ia l  w astes as well as saline w a te r .

In te rd isc ip lin a ry  a p p ro a c h e s  in  the  e v a lu a tio n  of litho log ic , s tru c tu ra l, 
p re s su re , hydrochem ical a n d  g eo th e rm al d a ta  are ind ispensab le  fo r th e  u n d e r­
s ta n d in g  o f ground-w ater flo w  u n d e r deep an d  large sed im en ta ry  b asin s . The 
a u th o r  hopes to have g iven  ev id en ce  of th is  co n cep t in th is  p a p e r  ab ridged  
fro m  a m onograph  m ade re a d y  fo r pub lica tio n  in  1973.
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ОЧЕРК ГИДРОДИНАМИКИ И ГИДРОХИМИИ ПАННОНСКОГО БАССЕЙНА

М. Э Р Д Е Л И

Р е з ю м е

Региональная гидродинамическая система бассейна питается подземными водами 
окружающих и внутрибассейновых горных массивов. Восполение водой промежуточных 
гидродинамических регионов частичных бассейнов (рис. 1 и 3) осуществляется за счет 
ресурсов прилегающих горных областей и приподнятых участков в пределах бассейна 
(рис. 1,3,7).

Гидродинамические особенности рассматриваемых площадей отражаются распреде­
лением их потенциалов. Сильной положительные вертикальные градиенты соответствуют 
тем участкам разрезов, где кривые эквипотенциалов параллельны главным геологическим 
пограничным горизонтам. Это один из признаков наличия застойных подземных вод. Дру­
гие доказательства: 1. островоподобное положение 85-метровой линии и 2. весьма зани­
женные горизонтальные градиенты глубоких депрессий (рис. 2). Эти глубоколежащие 
депрессии являются естественными главными факторами разряда гидродинамических сис­
тем низменностей (рис. 2).

Высокопроницаемые формации представляют собою зоны глубинного восполнения 
подземных вод. Об этом свидетельствуют выпуклости эквипотенциальных крывых (рис. 7) 
или вертикальные эквипотенциальные линии (рис. 7), отражающие гидростатическое 
состояние режима подземных вод.

Гидродинамика систем водотоков находится в полном единогласции с гидрохи­
мией и геотермией. Гидродинамическая система это — циркуляция тепла, находящаяся, в 
природных условиях, в состоянии равновесия. Равновесие установилось между гидро­
карбонатными прохладными водами, движущимися сверху вниз и более сильно минерали­
зованными теплыми, восходящими водами. На той же глубине в нисходящей ветви систем 
стока вода сравнительно более холодная, твёрдая и содержит меньше солей, чем в восходя­
щей ветви, где она содержит также и газы.
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