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CRYSTAL STRUCTURES AND GENETICAL STUDIES
ON THE PALYGORSKITE-SEPIOLITE-SAPONITE
(MONTMORILLONITE) GROUP*

By

I. bedony and J. Kiss

MINERALOGICAL DEPARTMENT OF EOTVOS LORAND UNIVERSITY, BUDAPEST

The present work deals with the study of the clay minerals-bearing hydro-
thermal veins of the Par&dsasvar area (Matra Mountains, North of Hungary). Two
new crystal structures of clay mineral varieties have been revealed by X-ray powder
diffraction and the electron microscopic investigations in a close agreement with the
chemical analysis.

The two new clay mineral varieties have the following characteristics:

Type I. Mg2l_3xMiJ[Sil604(OH)t]2 » 12 (H )

c, = %
60 =

The symmetry of the (100) projection is p2gg possible space-groups:
- Pnma C3,— Pna2!

D3a— Pbam Cg,— Pba2

Type 1. Mgll_sXVi+[Si802(0H)3]t m4 (H ,0)
0 = 10.56 A
bo = 33.64 A

The symmetry of the (100) projection is p2mg

Type I. (represents a) 2 : 1 palygorskite-sepiolite superstructure, in which the
palygorskite-sepiolite and sepiolite-sepiolite chains show different geometry. The
structure of Type Il. consists of three-layer-chains of 16.82 A width.

The presence of the chain-structures of different width and bond-type was
confirmed by the infrared-absorption spectra.

As because of the lack of upper limit for the width of the three-layer chain,
ihe superstructures provide with increase in the width of chains a gradual structural
transition from palygorskite to saponite.

Thermal investigations have shown that in the course of crystallization of this
group of clay minerals, an inverse relation between the energy-level of the environ-
ment and the 60 values of the structure had existed. In this case the b0 value of the
saponite is considered to represent the largest width.

In hydrothermal veins and alteration zones, the sequence palygorskite — (paly-
gorskite-sepiolite) — sepiolite — transitional members — saponite can be traced accord-
ing the decreasing temperature gradient. In soils, the same sequence develops depth-
wards.

During ore-mineralogical studies in the Central-Matra Mts in Hungary
a white powder-like material was observed to fill the voids of ore-bearing veins

* A paper presented at a special meeting of the Mineralogy and Petrography Section
of the Hungarian Geological Society on 1st December 1975 and at the 7th Conf. on Clay
Min. and Petr., Karlovy Vary, 1976.
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2 DODONY, I.—J. KISS

and occur as soft fibrous incrustations too. This material is abundantly found
both in the fissures of the calcite-gangue of the veins and in the cavity
altered country-rocks. Investigation of this material by various methods has
given the following results.

1. Electron-microscopical Studies

The photomicrographs have been made on JEOL 100 U type electron-
microscope, 80 kV accelerating voltage. In transmitted light the fibrous
habit is recognizable. From the slightly curved outlines of the individual fibres,
a gliding plane parallel to the elongation can be inferred (Fig. 1). Single-
crystal electron-diffractograms were made from several crystals, leading to

Fig. 1. Transmission electron micrograph of the sample

Acta Geologica Academiae Scienliarum Hungaricae 20, 1976



CRYSTAL STRUCTURES MONTMORILLONITE CROUP 3

the recognition of two coexisting crystal phases:Type I. (Fig. 2) and Type II.
(Fig. 3). From the structural parameters, it was concluded that the micro-
graphs were made in the b* and c* planes.

The two-dimensional space groups of the Type |I. structure is p2gg,
which excludes the possibility of any relationship among the space-groups

Fig. 2. Selected area electron diffraction pattern of Type I.

mentioned in earlier literature [1, 3, 12, 15, 17]. This type belongs either to
Pnma-Pna2lor to Pbam-Pba2 space-groups. In these space groups, the mark-
ings of the axes are different or a better comparison, the traditional marking
for the palygorskite-group is used.

The ED data of the first type are shown in Table 1. The intensities have
been measured photometrically.

The two-dimensional space-group of Type Il. is P2mg, the ED data of
this variety are shown in Table 2.

The dhki values of the indexed reflections of Type I. and Type Il. has been
refined by a computer programme ODRA-1304 and so the following values
have been obtained:

Type I. ¢c)= 537 A Type Il. ¢c0= 10.56 A

b0 = 68.74 A b0 = 33.64 A

1» Acta Geologien Academiae Scientiarurn Hungaricae 20, 1976
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Table 1

dH (A

1.49
1.34
1.25
1.22
1.17
1.14
1.80
1.77
1.58
1.55
1.50
1.48
1.45
1.43
1.39
1.35
131
1.29
1.21
1.12
1.07
1.06
1.01
1.33
1.33
1.32
1.30
1.28
1.26
1.25
1.24
1.18
1.10
1.06
1.04
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ki dn (A)
38 2 3.62
44 2 2.7
48 2 2.24
50 2 1.83
52 2 153
54 2 1.34
8 3 1.18
0 3 1.06
2 3 0.95
24 3 0.86
2% 3 5.6
28 3 431
29 3 3.4
30 3 4.47
32 3 3.77
35 3 3.33
3% 3 251
38 3 221
42 3 1.93
48 3 3.54
51 3 3.43
52 3 2.77
56 3 2.63
2 4 2.44
6 4 2.25
8 4 21
12 4 2.01
15 4 2.64
17 4 255
18 4 2.33
20 4 2.23
27 4 2.03
3% 4 1.87
39 4 1.69
41 4 1.5
142
21
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CRYSTAL STRUCTURES MONTMORILLONITK GROUP 5

Fig. 3. Selected area electron diffraction pattern of Type II.

2. Chemical Analyses

The chemical compositions of the analyzed samples are shown in Table 3.
Comparing these data with the similar data of palygorskite, it is revealed that
in the octahedral cation content there is 0.14 and 0.05 excess in the number
of atoms as calculated for Mg.2+ Although a large error is presumably involved
in our measurements but this shows an excess of cations as compared to paly-
gorskite and a cation-deficiency as compared with sepiolite. The number of
cations in octahedral position (as calculated for 8 tetrahedral cations per cell
formula) is 0.33 and 1.0 more in the sepiolite and saponite respectively than
in palygorskite.

Acta Geologien Acalerniae Scientiarum Hungaricae 20, 1976



6 DODONY, I,—J. KISS

Table 3
a b

W% mol ratio w% mol ratio
Si02 60.90 7.9992 &re 7.993
Ti02 0.01 0.0008 0.07 0.007
A1 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
Ca0 0.71 0.1002 — —
Na20 0.04 0.0095 0.06 0.0155
K20 0.04 0.0063 0.06 0.0093
h,o- — — - —
H2 + 14.31 6.2685 12.12 5.22
PA 0.006 - 0.01 0.0008

99.986 99.88

3. Infra-red Absorption Studies

The maxima of infra-red absorption measured in the sample after drying
at 105 °C are summarized in Table 4. Following Wilkins [16] the presence of
oxonium-ion in the sample must he possessed:

(H,0)+ Vi (A) 3300 cm-1 3400 cm-1 Ne 28.29

Vo (A,)) 1190 cm -1 Ne 21
v3 (E) 3300 cm-1 3400 cm-1 Ne 28.29
vi (E) 1740 cm-1 Ne 26

These peaks are found in every measurement, although with different
intensities. The peaks No 29—32 indicate strong bonding forces between
the zeolitic-water and the surficial oxygen-atoms of the channels parallel to
the c-axis. These peaks indicate at least three different positions of water
characterized by different energy levels.

4. X-ray Diffraction Measurements

A Siemens Kristalloflex-4 type diffractometer has been used. Table 5.
shows the (hkl) values in Columns 3 and 4 which have been computed from
the refined parameters of the ED. The refinement of a0 = 12.75 A value

Acta Geologica Academiae Scientiarum Hungaricae 20, 1976



CRYSTAL STRUCTURES MONTMORILLONITE GROUP 7

Table 4

No cm-1 Transmittance No cm-> Transmitta
1 415 31 17. 1000 1

2. 447 11 18. 1050 1
3. 490 4.5 19. 1095 3
4. 520 3 20. 1125 4.5
5. 570 22 21. 1190 25
6. 580 225 22. 1440 49
7. 650 34 23. 1660 39

s 690 44 24. 1700 64
9. 705 46.5 25 1720 73
10. 712 47 26. 1740 75
11. 735 49 27. 2365 83
12. 770 49 28. 3300 35
13. 795 50.5 29. 3400 25
14. 877 49.5 30. 3550 10
15. 912 28 31. 3620 22
16. 945 35 32. 3750 85

has been done by using literature data (2. 11). Cell parameters from the gen-
erated (likl) and the relating d//f values are

I. type a() = 12.74(7) A Il. type a0- 12.75(2) A
b0 = 68.66(6) b0 = 33.60(4) ,,
c0= 5.36(9) , c0= 10.56(2) .
a—RB=1y— 90e 2=R=1y = 90°
Y = 4699.68 =+ 1.2 Ai V = 4526.02 = 1-3 Al

The set of dhki values corresponding to the generated (hkl) values cal-
culated from the literature data (2, 11.) concerning the structural parameters
of palygorskite is summarized in Columns 5. After the refinement of the data,
the following lattice constants have been obtained:

orthorhombic P cell a0= 12.74(4) A; B0 = 17.95(2) A;
c0= 5.22(4) A

The reflections which have given Column 5 are artificial, as different
reflections are indicated by similar indices. The indices in Column 3 and 4
are not suitable for defining the space group, because the input of a given
cell-type in the computer programme relates the measured d*ki values to the
nearest possible (hkl)-s. However, these calculations support the accuracy
of lattice constants calculated from ED measurements.

Acta Geologica Academiae Scienliarum Hungaricae 20, 1976
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5. Thermal Analysis

Untreated samples (Fig. 4) as well as HCI-treated samples (Fig. 5) were
investigated by thermal analyses. The data of these measurements are sum-
marized in Table 6.

Table 6
Transformation, T °C Nature of process Weight loss

No untreated HClI-treated untreated HCl-treated untreated HCl-treated
. 150 150 endotherm endotherm 10.60 10.82
2. 200 180 endotherm endotherm 10.60 10.82
3. 260 260 endotherm endotherm 2 2.57
4. 360 350 exotherm exotherm 9.7 6.3
5. 420 400 exotherm exotherm 9.7 6.3
6. 475 455 exotherm exotherm 1.43 1.14
7. 520 480 endotherm endotherm 0.86 0.86
8. 550 520 endotherm endotherm 2 0.86
9. 655 550 endotherm endotherm 2.57 1.14
10.
11. 655 960 570- 890 endotherm endotherm 1.72 2.85
12. — 920 — exotherm —

6. Discussion

Diffraction data exclude the relations of this material to palygorskite
or sepiolite structures. The theory of random interlayering [18] does not give
an adequate explanation (see Figs 2 and 3). Applying the results for Rotu-
REAU and Tchoubar [12] the following relationships can be drawn for the
three-layer-chains (Figs 6 and 7). Type | shows 1 :2 superstructure of paly-
gorskite and sepiolite in which the bonds within the palygorskite-sepiolite
and sepiolite-sepiolite chains are geometrically different. The application of
distribution between the (OH)® (OFI)2 and 4<O and 4Cc positions — is not
possible because of the symmetry. The formula of Type I. is Mg2l_3xM |[+[SiieO 4
(OH5)] «12(H.,0); M:+ = AI3+(Fei+), supported by chemical analyses. The
occupation of 4C2 positions [19] reduces the number of octahedral position
in the models of both Bradtley [1] and Brauner—Preisinger.

Type Il. cannot be related to pal-sep 2 : 1 superstructure, because of the
P2mg symmetry. The structure of Type Il. consists of three-layer-chains of
16.82 A width. The occupation of 4C2positions, which should make the number
of M2+ atoms equal to the ideal palygorskite, has not been considered.

Acta Geologica Academiae Scientiarum Hungaricae 20, 1976



12 DODONY, J. J. KISS

Fig. 4. DTG, DTA, TG, T, curves. Untreated sample. Sensibilities: DTA: 1/10; DTG: 1/15
TG: 100 mg. Quantity: 350 mg
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100 200 300 b00 500 600 700 800 900 °C

Fig. 5. )'TG, DTA, TG, T, curves. Samples treated by HC1. Sensibilities: see on Fig. 4.
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Fig. 6. Structure of Type |
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Fig. 7. Structure of Type Il

Acta Geologica Academiae Scientiarum Hungaricae 20, 1976

®(0H)2



CRYSTAL STRUCTURES MONTMOHILLONITE CROUP 15

The two varieties are apparently members of the genetical series of
palygorskite-sepiolite-saponite (montmorillonite), from both chemical and
structural aspects. There is no upper limit for the width of a three-layer-chain.
A possibility exists for gradual transition between the two final members.
The “interlayer” space is similar to that of saponite, but these minerals do not
exhibit any swelling because of chessboard pattern of chain linkage. The po-
tential swelling capacity in the zone of the “c”-axis produces a strain which
prevents crystal growth in a direction normal to the c-axis, and this produces
the fibre-like habit of the mineral.

The structural “channels” of the different structural types have con-
stant size-distribution and chemically active surfaces, therefore they can be
used as catalyzers or selective absorbents. Noe 4—5— 6 peaks in Table VI can
be interpreted by oxidation or by polymerisation. The small quantity of
(H30) + is the only oxidable component. Since the intensities of these peaks
have decreased after a treatment with diluted HC1, oxidation cannot be re-
sponsible for these peaks.

The three chain-bonds described in Type I. and Type Il. can bepolymerized
to produce a chain-structure of larger width by shifting with 1/2 “a” distance
after the interlayer water partially releases. Exotermal alteration shows
three maxima, which corresponds with the minimum number of the chain
types and the different H.,0 resonances processes (Table 6). Smaller inner
energies of saponites and related minerals compared to palygorskite are in-
dicated by Ne 4—5—6 peaks in Table 6.

Structures of smaller chain-width have crystallized in a higher energy-
level system, according to the descriptions of several mineral paragenesis
[1, 2, 6, 14]. In hydrothermal zones the crystallization sequence of palygors-
kite-saponite follows the decrease of temperatures. In soils the thermodynam -
ic energy level is a function of temperature and the change in the concentra-
tion of the solutions. In soil formation of desert zones such a development of
clay minerals can be widely observed [2, 14]. In soil-formation the sequence
downwards from the ground surface is palygorskite-saponite-(montmorillonite)
[14].
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KPUCTANNOCTPYKTYPHAA W TEHETUYECKAA CBA3b PAAA NMAJIUTOPCKWUT-
-CENMMONMNT-CAMOHNT (MOHTMOPUNNOHWNT)

. AOAOHb-A. knww

Pesome

Bbln nccnepoBaHbl MIMHUCTbIE MUHEPabl TMAPOTEPMabHBIX XU y noc. Mapagwatu-
Bap (ropbl Martpa).

PeHTreHOBCKMe U 3N1eKTPOHAN(NPaKLMOHHbIE aHWAN3bI A0 CUX NOP AaBann HEW3BECTHYHO
KpUCTananyecKyto CTPyKTypy. [lpu nomowy 3neKTpOHAM(EHPaKLMOHHOIO aHanm3a MOHO-
KpucTania MOXHO M3y4yaTb MPOeKLuto CTPYKTyp (100). MpuMeHsAs Takxke faHHbIE XUMUYECKNX
aHanu3oB, fiBa HOBbIX MUHEpPana MOXHO O0XapaKTepu3oBaTb CrefyHoLumMy ebopmynalvm M Kpuc-
TannorpamyeckKUMm KoHCTaHTaMu:

I. Mg2l 3xM|+(SileO40OH)5]2 + 12 (H,0)

c0 — 5.37 A
B0 = 68.74 A

cummeTpua npoekuun (100): p2gg
B03MOXHble NPOCTPAHCTBEHHbIE FPYMMbI:

D$[j — PnTa C§,— Pna2l
D|/i — PbaT C|,, — Pba2
Il. Mgn_3M8§+[SiB0 (O H)3]2 « 4(H D)

10.56 A
33.64 A

e0
B0

CUMMETPUA nfoeku,vm (100) = p2mg

Mponopuua 2 : 1 tuna |. npefcTaBnseT coboto CBEPXCTPYKTYPY NanuropckmuTa u cenu-
NnnTa, B KOTOPOW LIEMHble CBA3WN MaMropCKUT-CENUONUT U CEMNONNT-CENNONNT reOMETPUYECKM
pasHble. . . .

Il.  CTPYKTYPHBIA TN COCTOUT M3 CBA3EN «LLMPOKMX» TPOMHON CNONCTOCTYU NIEHT 16,82 A.
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[ns BblAeneHns pasfMyHON LUMPUHBI U CBA3El Leneil TakKe KaXeTcs NMPUrofHbIM WH-
(hpakpacHbIi abCOPOLMOHHBIA CEeKTP.

Mo reomeTpun KpUCTANMYECKUX PELUeTOK ANA OTAeNbHbIX TPOWHOW CNOMCTOCTM Lienei
BEPXHEro npefena He cyliecTByeT. Bo3pacTaHve WWPWHBI Lieneil 1 CBepXpeLleTKn obecrneunsatoT
HeMpepbIBHbIV Nepexof 0T NafuropckuTa o canoHuTa.

Ha ocHoBaHUW faHHbIX TEPMUYECKMX UCCNEJ0BaHUI TaKXKe MOXHO YCTaHOBUTb, YTO Npu
KpucTannnsaumm rANHUCTbIX MWUHEPanoB, OTHOCALLMXCA K 3TOMYy Psdy, SHepreTnyeckuii ypo-
BEHb OKpYXalollei cpefbl COCTOMT B 06paTHO NPONOPLMU C b, (<WUMPUHOIO Lieneii»). B atom
cnyyae B0canoHuTa Mbl paccmaTprBaeM HavibonbLLUel BEUUYMHOMN.

B 30Hax v xunax, NpetepnesLInX ruapotepmanbHoe npeobpasosaHue, B COOTBETCTBUM C
rpafiMeHTOM CHWKEHWs Temnepatyp Apyr Apyra CMEHST Nauropckut — (NMaauropckut-
CernuonnT) — CenMoONuT — NepexofHble YfieHbl —CcarnoHUT. B noysax filaHHble MUHepasbl Nposs-
NAOTCA B 3TOW 04epPefHOCTH, cUMTas OT NOBEPXHOCTW.

[oknag 6bin 3aunTaH Ha 3acefaHnyn MwuHepanoro-reoXMMMYeckoro oTaeneHuns Bedrep-
CKOro reonormyeckoro obulectsa 1aekabps 1975 r. u B Kapnosbix Bapax B 1976 . Ha KoHde-
peHummn «7th Conf. on Clay Min. and Petr.».
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CONVERSION OF ILMENITE IN TO PEROVSKITE
By

J. M. Abdel Rehim

ALEXANDRIA UNIVERSITY, EGYPT

This research represents a study of the conditions of perovskite formation from
ilmenite using a derivatograph. The experimental work was carried out with Abu
Ghalga ilmenite. The resulting phases of the reaction of ilmenite with calcite were
studied by means of microscope and a Siemens Crystalloflex diffractometer. Complete
conversion of ilmenite to perovskite was found to take place at 950 °C.

Introduction

In Egypt ilmenite is mainly found in two different modes of occurrences,
one is the placer deposits along the Mediterranean coast, particularly between
Rosetta and Damietta and the other is the magmatic ore body at Abu Ghalga,
Eastern Desert [2, 10, 11, 15]. The Abu Ghalga ilmenite occurs in form of large
lenticular bands and layers cutting the titaniferous gahhro.

The technological methods of processing ofilmenite include acid digestion,
chlorination in the presence of coal, selective reduction with coal or hydrogen,
smelting, fusion with sodium sulphate or caustic soda and alkaline hydro-
metallurgical digestion [5, 6, 17, 22].

Perovskite is one of the components of titanium slags, obtained from
the smelting of ilmenite. Smelting is used for the enrichment of titanium in
low grade titaniferous iron ores. Smelting of ilmenite with coke is carried out
at 1100— 1150 °C in the presence of fluxes. Fluxes used are lime or limestone,
magnesium oxide or magnesite and soda. Smelting results in the production
of cast iron and titanium rich slags (containing 70—80% Ti02). At such smelt-
ing temperature, titanium dioxide within the ilmenite structure is not reduced.
The addition of fluxes, e.g. limestone (in amount of 4—5%), facilitates the
reduction of iron oxides by breakdown of the iron titanate molecule of ilmenite
and its reaction with titanium dioxide and the perovskite formation [6, 17, 22].

Perovskite occurs as on accessory mineral in basic and alkaline igneous
rocks. It also occurs in some contact-metamorphosed impure limestone [9].

It was previously reported that perovskite is formed at 970 °C from
sintering of rutile with calcite [1]. The standard free energy (/1F°) and the
equilibrium constant of the reaction of perovskite formation (K) were esti-
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mated to be — 19.606 kcal/mol and 2.35 X 1014. The equilibrium constant is very
high and the reaction of perovskite formation may thus lie practically con-
sidered to be irreversible. At 200—900 °C, perovskite lattice remains ortho-
rhombic, but it will be of higher symmetry. It fuses congruently at 1915 °C
[8, 14, 21].

Ilmenite melts at 1365 °C. Rich in ferric oxide, ilmenite containing
products of decomposition of solid solution, becomes homogeneous by heating
in vacuum up to 1200 °C. Ilmenite breaks down by heating in air to pseudo-
brookite and rutile or to hematite, rutile, pseudobrookite etc. [7, 12, 13, 18].

Less is known on the perovskite formation from ilmenite in titanium
slags, obtained from smelting of ilmenite and also on its occurrence in contact—
metamorphosed limestone. This work follows the conditions of perovskite
formation from Abu Ghalga ilmenite using a derivatograph. The resulting
phases of sintering of ilmenite with calcite were identified both hy microscope
and by X-ray diffraction analysis.

Experimental Work

Investigations were carried out with Abu Ghalga ilmenite, Eastern
Desert.

Mineralogy of llmenite

The microscopic study of polished sections of Abu Ghalga ilmenite
shows that the ore is composed mostly of granular mosaic-like ilmenite grains,
constituting 75% of the ore with silicate minerals. The gangue is composed
of plagioclase feldspar, mostly labradorite, hornblende hypersthene together
with their alteration products.

The ilmenite crystals often enclose minute exsolved bodies of hematite.
Magnetite may also be present but in smaller amount than hematite. The
hem atite exsolution bodies are of different shapes, the most common of which
are lamellae, blebs or irregular bodies. The hematite lamellae are of serial
arrangement parallel to the (0001) direction of ilmenite.

Although ilmenite can take up about 6% Fe20 3 (Abu Ghalga ilmenite
contains 5.55% Fe20 3) into solid solution, exsolution lamellae of hematite
or of titano-hematite may also be present [3, 4, 9].

These ilmenite-hematite exsolution intergrowths may represent the
progressive unmixing of mutual solid solutions, namely ferriferous ilmenite
and titaniferous hematite [3, 4, 5].
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Chemical Composition and X-ray Diffraction Data of IImenite

The ilmenite in question was concentrated by gravity separation and
by using isodynamic magnetic separator. The obtained ilmenite concentrate
was chemically analyzed for major constituents and some trace elements
and their data are given in Tables 1 and 2, respectively. The ferric oxide con-
tent shown by this analysis is probably in form of hematite.

The X-ray diffraction data of ilmenite given in Table 3 which are con-
sistent with the ASTM standards. None of the contaminants was detected
by X-ray analysis, therefore, no individual mineral may be present as major
constituent.

Table 1 Table 2

Chemical composition of ilmenite Trace elements in ilmenite
Chemical component Content, % Element Content, ppm

Sio, traces Nb <: 30

Ti02 50.66 Ta <100

ai2o 3 traces Sn 350

Fe20 1 5.55 Mo < 4

FeO 37.86 w 100

MnO 2.04 Ni 400

MgO 0.41 Co 200

CaO traces Cr 500

Na,0 0.17 \% 1500

K20 0.16

+H20 2.28

-H.,0 0.10

Table 3

X-ray diffraction data of Abu Ghalga ilmenite

Ads(m Ogse(ﬁ/)ed AS!I'M Obse!rved h K 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 of Work

Starting material consisted of ilmenite mixtures. Reagents used in mixtures are calcite
and graphite in particular amounts. Mixtures were processed by repeated grinding in an
automated agate mortar and sieving till all the powder passed through 200 mesh sieve and
pestle for one hour in order to reach homogeneous material.

Apparatus

Sintering of ilmenite mixtures was carried out in ceramic pots heated in an electric
furnace and removed the evolved gases. The character of the reaction of sintering of ilmenite
with calcite was studied by thermal analysis by means of the derivatograph designed by
Paulik, F., Paulik, J. and Erdey, L. [19]. The apparatus records simultaneously four
thermal curves: (T) the change of temperature of the sample (DTA), differential thermal
analysis (TG), thermogravimetric (quantitatively in mg) and (DTG) derivative thermogravi-
metric, on a single sample under controlled conditions. DTA and temperature measuring
thermocouples are Pt/Pt—Rh wires. Ceramic pots and a ceramic sample holder were used.
Aluminium oxide, calcinated at 1000 °C was used as reference material. The parameters
during tests were as follows: sample weight 1 g, T — 1200 °C, DTA — 1/10, DTG — 1/10.
TG — 500 mg, and heating rate 10 °C per minute. All runs were carried out in air atmosphere
and removing the evolved gases.

Phase Identification

The products of sintering of ilmenite with calcite were identified both by microscope
and by X-ray diffraction analysis.
X-ray Procedure

A Siemens Crystalloflex diffractometer was used with nickel filtered copper radiation.
Exposure was one hour and scanning speed was 1° 20 per minute, at 1 cm per minute chart
speed. Intensities were collected to maximum 20 = 65°. The sensitivity of experiment was
1X 104 impl/min, and the statistical error proved to be 1.5%.

Results and Discussion

The derivatogram of ilmenite mixed with calcite in 1 :1 ratio is shown
in Fig. 1. The DTA curve is characterized by a sharp and large endothermal
peak at 890 °C, representing the intensive dissociation of calcite and the re-
action between ilmenite and the resulted calcium oxide. This process is con-
nected with a remarkable decrease of weight (TG) due to the release of carbon
dioxide.

The X-ray diffraction pattern of the end product of sintering (Fig. 2)
shows the formation of perovskite and calcium ferrite.

The derivatogram of ilmenite mixed with calcite and graphitein 1 :1:0.1
ratio is shown in Fig. 3. The DTA curve was evaluated on the basis of literature
data [1, 7, 12—14, 16, 21], trying to explain the reactions connected with
certain peaks of DTA, and comparing them with that of calcite and other
components in the mixture. The small endothermal peak at 100 °C represents
the dehydration of the mixture. The exothermal peak at 560 °C may be due
to the burning of graphite and the combustion of volatiles. This is accompanied
by little decrease in weight (TG). The large endothermal peak at 860 °C re-
presents the intense dissociation of calcite and probably the reaction between
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the resulted calcium oxide and ilmenite. This is connected with a sharp de-
crease in weight (TG) due to the release of carbon dioxide. The presence of
graphite leads to the decrease of the temperature of calcite decomposition.
The beginning of dissociation of calcite follows directly the end of exothermal
reaction. The sharp exothermal peak at 950 °C may be due to the intense

1200

WOO

800

600
100

200

mg

100

200

300

kOO

500
mg

Fig. 1. Derivatogram of ilmenite sintering with calcite in 1 : 1 ratio. Weight of sample 1000
mg. Heating rate 10 °C/min

Fig. 2. X-ray diffraction pattern of product of ilmenite sintering with calcite. P: Perovskite;
F: Calcium ferrite
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Fig. 3. Derivatogram of ilmenite sintering with calcite in presence of graphite 1:1:0.1
ratio. Weight of sample 1000 mg. Heating rate 10°/min

Fig. 4. X-ray diffraction pattern of the product of ilmenite sintering with calcite in presence
of graphite at 950 °C. P: Perovskite; F: Calcium ferrite
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Table 4

X-ray diffraction data of perovskite

i A d (A I I

ASTM Observed ASTM Observed hox |
3.824 3.833 14 12 10 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 10
2.428 2.434 1 2 2 0 1
2413 2.409 2 5 10 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 20
2.201 2.207 4 5 0 2 2
2121 2.125 2 4 13 1
2.050 2.061 2 4 2 2 1
2.040 2.042 1 2 12 2
1.911 1.913 50 38 0 4 0
1.860 1.864 2 4 2 3 o
1.856 1.858 3 4 2 1 2
1.757 1.758 1 1 2 3 1
1.752 1.753 1 1 13 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 10 3
1.676 1.677 3 4 3 11
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

reaction between ilmenite and the dissociated calcite and also some oxidation
of ferrous to ferric state. The reaction of perovskite formation follows immedi-
ately the endothermal reaction of calcite dissociation.

Microscopic investigation of the product of sintering shows that most
ilmenite is converted in to perovskite with a few relict ilmenite grains. The
X -ray diffraction pattern of the end product of sintering (Fig. 4) shows the
perovskite formation and calcium ferrite formation of Ca2Fe20 5 composition.
The ilmenite peaks completely disappear, indicating its complete conversion
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Table 5

X-ray diffraction data of calcium ferrite

d (A) d (A I I

ASTM Observed ASTM Observed N K 1

33.89 3.885 10 17 10 1

3.76 3.752 5 3 I 1 1

3.69 3.693 20 15 I3 0, 0 4 0
3.45 3.452 5 3 121

3.06 3.047 20 15 13 1

2.803 2.794 70 71 2 00

2.717 2.736 70 80 0 0 2

2.685 2.688 100 100 1 4 1

2.613 2.618 20 14 150 2 20
2.543 2.522 5 7 0 2 2

2.488 2.489 10 2 0 1

2.453 2.454 5 7 2 1 1

2.352 2.355 20 15 2 21 1 5 1
2.226 2.225 10 10 2 4 0

2.186 2.190 20 12 13 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
1.846 1.848 40 30 2 6 00 0 8 0
1.821 1.819 10 10 0 6 2

1.743 1.747 20 14 3 30

1.665 1.672 10 8 18 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 perovskite. The X-ray diffraction data of the resulted perovskite and
calcium ferrite are given in Tables 4 and 5 respectively.

In thin section the obtained perovskiteisbrown, shows a very high relief,
weak pleochroism and birefringence.

In favour to study the effect of temperature on the efficiency of perov-
skitc formation from ilmenite, some runs were carried out using ilmenite mix-
tures with calcite and graphite in 1:1:0.1 ratio at different temperatures,
ranging from 700 up to 950 °C during 1.5 hours. As it is evident from the oh-
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Table 6

Effect of temperature on perovskite formation

Temperature, °C Efficiency of sintering, %
700 21.4
800 65.8
860 87.5
900 98.4
950 98.7

tained results (Table 6) the efficiency of perovskite formation sharply increases
with temperature. The products of sintering of these runs were identified
by microscope and by X-ray diffractometer.

Under microscope, the products of sintering at 700 and 800 °C contain
considerable amount of unreacted ilmenite together with perovskite and
calcium ferrite. The amount of perovskite and calcium ferrite increases parallel
with increasing sintering temperature. At 900 and 950 °C, the reaction of
sintering of ilmenite with calcite takes place completely. At these temperatures
a few relict ilmenite grains were observed in a matrix of perovskite and cal-
cium ferrite.

The X-ray diffraction pattern of the end product of sintering at 950 °C
is shown in Fig. 4. No ilmenite peaks are observed in this product, indicating
the complete sintering and the formation of perovskite.

To study the effect of graphite on the sintering of ilmenite with calcite,
some runs were carried out using ilmenite mixtures of the following compo-
sition: ilmenite : calcite : graphite in 1:1:0.05 1:1:01 and 1:1:0.2
ratios at 900 °C and during 1.5 hours.

The products of sintering of these runs were identified under microscope
and by X-ray diffraction analysis. Under microscope in all sections a few
relict ilmenite grains were detected in a matrix of perovskite and calcium
ferrite. This indicates the complete sintering of ilmenite with calcite. The
obtained products differ only in the crystallization degree. The coarser grains
of perovskite are obtained using graphite in amount of 10% of ilmenite
quantity.

The X-ray diffraction pattern of the sintering products of these runs
are shown in Fig. 5. It can be observed that the ilmenite peaks completely
disappear in all runs. This suggests the complete sintering reaction between
ilmenite and calcite with the formation of perovskite and calcium ferrite.
The peaks of perovskite and calcium ferrite are less intense in the products
of runs A and C, while they are of high intensity in the product of run B,
using graphite in 10% amount of the ilmenite. It is observed that the intensity
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2S°(CuKa)e====-- —_—

Fp

Fig. 5. X-ray diffraction pattern of the end product of ilmenite sintering with calcite in

presence of different amounts of graphite at 900 °C. A: Using graphite in a quantity of 5%

of that of ilmenite; B: Using graphite in a quantity of 10% of that of ilmenite; C: Using
graphite in a quantity of 20% of that of ilmenite

of X -ray peaks of perovskitc decreases when the amount of graphite becomes
less or above 10% of ilmenite quantity and there is no change in the phases.
The X-ray peaks of the obtained perovskite are narrow, sharp and intense,
indicating well-crystallized products.

The microscopic study of the product phases of ilmenite sintering with
calcite is consistent with the X-ray diffraction pattern.

From this study, it may be concluded that complete conversion of ilme-
nite in to perovskite takes place by its sintering with calcite at temperatures
of 900— 950 °C, depending on the time of sintering. Calcium ferrite is obtained
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a second phase with the orthorhombic perovskite. The obtained results

are consistent with the previously reported data [1] of perovskite formation
at 970 °C from the reaction of rutile with calcite.

Conclusions

Perovskite can be formed from ilmenite by its solid phase reaction with

calcite. Complete conversion of ilmenite in to perovskite takes place at 950 °C.
Calcium ferrite is resulted together with orthorhombic perovskite. The X-ray
diffraction data of the obtained perovskite are in good agreement with the
ASTM data of the natural mineral.
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K BOIMPOCY MPEBPALWEHWA WIBMEHWNTA B NMEPOBCKUT
A. M. ABAEN PEXUM

Pestome

MepoBCKWT nNpescTaBnseT co60/ KOMMOHEHT TUTAHOCOAEPXKALLMX LUIAKOB, MONYyYaeMbIX
B MPOLECCe pacriaBneHns UabMeHUTa C KOKCOM B MPUCYTCTBUM U3BECTHAKa-(ntoca. OH BCTpe-
4aeTCA KaK aKLecCOpPHbI MUHepan B OCHOBHbIX M LLENOYHbIX MO COCTaBy MarmarmTax. Kpowme
TOro, OH NPOAB/AETCA B HEKOTOPbLIX KOHTAKTOBO-METaMOP(MN30BaHHbIX, HEUNCTLIX U3BECTHSAKAX.

PaccmaTpviBaemMble MCCNeA0BaHWsA KacatloTcs YCM0BWIA (HOPMUMPOBaHWS MepoBCKMTa M3
UNbMeHnTa NyTeM NPUMeHeHUs fepusatorpada. 3Ta IKCnepuMeHTanbHasa pabdoTa 6blia Npose-
[ieHa Hag unbMeHnToM ABY I'xanxa. Bbi3BaHHbIE NMPY 3TOM (Da3bl PeaKL M UIbMEHUTA C KanbLUTOM
M3yyanncb MUKPOCKOMUYECKM M NYTEM NPUMeHeHna anddpakTomeTpa CumeHc KpucTtannodnekc.
[Mpu aTOM MonHoe npespaLleHne NabMeHTa B MEPOBCKAT MMeNio MecTo npu Temnepatype 950 °C.

Acta Geologica Academiae Scientiarum Hungaricae 20, 1976



Acta Geologien Academiae Scientiarum Hungaricae, Tomus 20 (12), pp. 31—38 (1976)

THERMAL TRANSFORMATION OF MONTMORILLONITE
UNDER SIMULTANEOUS LOAD
AND VOLATILE PRESSURE

By

L. Pesty and O. Tomschey

LABORATORY FOR GEOCHEMICAL RESEARCH, BUDAPEST

The transformation of the bentonite from Istenmezeje (Heves County) of about
90 per cent montmorillonite content was investigated as a function of temperature,
load and volatile pressure. As contrasted to kaolinite, in case of montmorillonite the
opposite effect of load and volatile pressures is of much smaller extent. At 550 °C
and under 5.0 kilobar load pressure montmorillonite remains stable in closed system
also during long experimental times. At 700 °C only the high temperature phases
known also from literature can be demonstrated and out of them the identification
of indialite bears great importance. In geological aspects the stability of montmorillonite
in high p-t range indicates that if clayey sediments of montmorillonite content get
greater depths, large quantity of water may get the same depth.

Introduction

As it has been stated (E. Szadeczky-Kardoss et al., 1971, 1972;
L. Pesty—O. Tomschey, 1976) the load and volatile pressures distinguished
in the earth’s crust in first approximation are of opposite effect. Among others
and in addition to kaolinite the thermal decomposition of montmorillonite
as a function of temperature, simultaneous load and volatile pressures was
investigated. The results of the preliminary experiments resp. their data
were reported earlier. In this paper the results unpublished till now and
those obtained in a higher p-t range will be discussed. The applied experi-
mental methods and tools were also demonstrated in foregoing papers (B.
Kliburszky et al.,, 1969; E. Szadeczky-Kardoss et al. 1969).

Experimental results and their discussion

Experiments carried out with montmorillonite starting sample are
comprehended in Table 1, and the results of these experiments will be dis-
cussed as follows.

In case of experiments of lower temperature (200 and 400 °C) mont-
morillonite remains essentially unchanged. In opened system without pressure
the change was indicated only by the appearance ofdehydrated montmorillon-
ite in small quantity. On the basis of the diffractograms of the samples
treated with glycerine and endured 400 °C the swelling capacity of mont-
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Comprehensive table of the experiments carried out with montmorillonite
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morillonite remained unchanged. As a result of the treatment with glycerine
the base reflexion of the sample rose over 18 A, independently of the load
pressure applied in the course of the experiment. Transformation begins at
480 °C when as a result of load pressure small amount of bad-crystallized
zoisite develops. On the effect of simultaneous volatile pressure improves
the crystallinity of zoisite.

At 550 °C montmorillonite can be detected though subordinate in
quantity and in bad crystalline state. At the same time, in addition to the
independent chlorite phase a montmorillonite-chlorite mixed structure has
also developed and this could he satisfactorily identified in the diffractograms.
The change of the base reflexion of the mixed structure always produced
the change of chlorite reflexion of this structure, but their ratio remained
unchanged.

In the same temperature range, independently of the duration spent
at 450 resp. at 550 °C, the same mineral assemblage developed regarding its
composition, i.e. in addition to the afore-mentioned montmorillonite-chlorite
mixed structure, chlorite and bad-crystallized montmorillonite small quanti-
ties of hematite, kaolinite, quartz, mullite, zoisite and quasi-amorphous phase
of about 20 per cent consisting probably of Si02 appeared. As against this
assemblage, during the experiments carried out with kaolinite (L. Pesty—
O. Tomschey, 1976) at higher temperatures (550—650 °C) cristobalite, keatite
and finally quartz developed from the amorphous phase. In the experimental
samples in question the amorphous SiO., released during the high p-t decom-
position of montmorillonite developed as final product always in form of
a-quartz (at 700 °C) and this phenomenon is proved also by the absence of
keatite at 550 °C. In contrast to the thermal decomposition of kaolinite, in
this case the order of crystallization is amorphous — cristobalite — quartz
(without keatite). The scheme of the reaction is the same but the final product
is dissimilar, i.e. during the thermal decomposition of kaolinite a Si02
modification develops which regarding its X-ray diffractometric parameters
is intermediate between the a and B modifications, while in case of montmoril-
lonite unambiguously a-quartz was determined.

Under 5.0 kilobar load pressure no change follows in the phase compo-
sition of the sample even after the duration of more than one month (see
Table 1, runs No. 3682, 3681 and 3949).

The most considerable transformation was observed at 700 °C. At this
temperature the montmorillonite and montmorillonite-chlorite mixed struc-
ture are absolutely lacking, moreover, the phases being considered to be
transitional (zoisite, chlorite, hematite) are essentially also absent. The dif-
ference between the experiments of different duration is manifested only
by the fact that in some traces relating to mica in the shorter one will be
absent in the longer one.
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At 700 °C, in accordance with the composition of the starting sample
small quantity of anorthite develops. As against the heating experiments
performed under 1 atmosphere the occurrence of indialite is worthy of mention.
The formation of indialite was earlier reported (O. Tomschey, 1974) as a result
of the decomposition of montmorillonite under pressure. These data, however,
were obtained in the experiments carried out at 550 °C and under only volatile
pressure (i.e. in loose, closed system). In the experiments in question under

2.066Zoisite (?)

2.KD Indialite

2.1 Cristobalite* Quartz+
2.166 indialite P/agloc/ase
2.197 Chlorite

2.237 indialite

2.28/ Indialite

2.33b Indialite +Zoisite (?)
2.35b P/agioc/ase

2.379 Chlorite

2.962 Cristobalifet Quartz
2.1*86 Cristobaiite

2- 6bb Indialite
2.691 zois/te (?)

2.785 Zoisite (?)
2.8b! Cristobalite t Zoisite(l)

2.9b0 Ptagiodase
3.028 Indialite

-3.ibo Indialitet Cristobalite
3.roo P/agioc/ase

3.376 Indialite Quartz™*
3.530 Chlorite MuHite *Indialite
3-625P/agioc/ase +Zoisite (?)

3.759 P/agioc/ase

. b.062
9.258 Quartz Cristobal/ifet
bA20 Montmo- INdialite
rillonite
b.666 Indialite
b 898 Indialite

5376 MuHite

Fig. 1

simultaneous load and volatile pressure indialite could he determined neither
in traces and appeared only in the experiments carried out at 700 °C and this
proved to be well-crystallized. Its X-ray diffractometric data show good
agreement with those known from literature (A. Miyashiro, 1957; Selected
power diffraction data for minerals, ed. L. G. Berry, 1974). Data are shown
in Tables 2 and 3. The agreement of the data of three authors is obvious. The
data of indialite obtained in our experiments (X-ray diffractogram in Fig. 1)
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Tabic 2

X-ray diffractometric data of indiaiké (all the evaluable peaks with the relative intensities and
height intensity values) on the basis of literature data and of the samples obtained at 700 °C

Literature data Experimental samples
hkl (1974) No 4081 No. 4006

d (A 1, d (A el h d (A he! h
100 8.48 100 8.506 100 100 8.489 100 100
no 4.89 30 4.901 18 16 4.901 17 17
002 4.679 16 4.668 10 9 4671 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 I
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 agreement with those obtained by Miyashiro from the devitrifica-
tion of glass at 1200 °C and this is in accordance with our former statement.

The fact that as against the experiments performed under volatile
pressure, when applying load pressure indialite occurs only at much higher
temperatures supports our former statement (E. SzAdeczky-Kardoss et al.,
1971), i.e. load pressure restrains the dehydration decomposition of clay
minerals and increases the temperature of occurrence of the transitional and
equilibrium phases, respectively.
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Table 3

Indialite peaks of more than 10 relative intensity
on the basis of literature data and of the experimental samples

Experimental sample
Literature data

No. 4081 No. 4006

d(A) ili. d(A) ili. d(A) ifi.
8.48 100 8.506 100 8.489 100
4.89 30 4.901 18 4.901 17
4.679 16 4.668 10 4671 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

When summing up it can be stated that in case of simultaneous appli-
cation of the load and volatile pressures montmorillonitc is stable at lower
temperatures, i.e. up to about 400 °C no difference can be observed between
the starting and final samples. At 480 °C only the trace appearance of bad-
crystallized zoisite indicates the start of reaction. In case of higher load
pressure and relatively shorter duration (four days) significant change does
not occur even when the water pressure caused by the water released by
montmorillonite amounts to about the half of the applied load pressure.

In the experiments carried out at 550 °C and without load pressure
the final crystalline phase assemblage is already developed but only the phases
developed under 2.0 kilobar can be regarded to be of well-crystallized state.
At the same time, applying simultaneous load pressure the measure resp.
rate of montmorillonite decomposition decreases as a function of the load
pressure itself and in case of 5.0 kilobar load pressure the montmorillonite-
chlorite mixed structure can be considered to be stable even at 550 °C, further
the amorphous phase is of the greatest quantity under this load pressure.

When applying simultaneous load and volatile pressures, an abrupt
change follows above 550 °C, i.e. the quantity of the amorphous phase suddenly
decreases (at 600 °C only the half of that of 550 °C can be observed), and all
the other crystalline phases show good crystallinity, as well. The equilibrium
phase system of indialite A anorthite A quartz obtained at 700 °C is accom-
panied by mullite of small quantity. The effect of duration is significant from
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the point of view of reaching the equilibrium state and this is indicated by
the gradual disappearance of mica traces and other accessory components
as a function of time.

On the basis of these and from the geological point of view it is obvious
in high p-t depths (i.e. 550 °C, 2—3—5 kilobar load and volatile pressures)
the montmorillonite-chlorite crystal structure is viable. This bears great
importance especially in the subduction zones: great quantities of crystalline
water may get much greater depths than ever assumed. Being released in
these depths this water highly lowers viscosity itself promoting in this way
the subduction processes of great depths.
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TEPMWYECKOE TPEOBPA3OBAHWE MOHTMOPWI/IOHUTA B CJ/IYYAE
OAHOBPEMEHHOWN HATPY3KW W OABNEHWA NETYUYNX KOMIMOHEHTOB

n. NEWTN-O. TOMWEN

Pestome

Bbino uccnefoBaHO npeobpasoBaHMe wLLTeHMe3elckux (ob6nacTb Xeseww) GEHTOHWUTOB,
cofepxalymx Ao 90% MOHTMOPUIINIOHUTA, B 3aBUCUMOCTY OT TemMnepatypbl, Harpy3ku v AaBeHus
NeTyymx KOMMOHEHTOB. B OTAMYME OT KaONMHWUTA B Clly4yae MOHTMOPUINOHUTA NPOTUBOMNONOX-
HOe B/IMSIHWE Harpy3ku v AaBneHnst NeTyynx KOMMOHEHTOB 3Ha4MTE/IbHO 60/1ee MEHbLUEro pasmve-
pa. B cnyvae 3aKpbITOA CMCTEMbl MOHTMOPUAIOHWAT Mpu TemnepaType 550°C. M Harpyske B
5,0 Knunobap B TeueHvie 4/IMTENLHOMO NMPOMEeXYTKa BPeMEHW TakxKe cTabuneH. Mpu TemnepaType
700 °C MOryT NposABNATLCA YXKe TO/IbKO U3BECTHbIE U MO IMTEPATYPHbLIM JaHHbIM BbICOKOTEMMEPa-
TYpHble (ha3bl, Cpeay KOTOpbIX Hanbonee BaKHOe 3HaYeHNe UMeeT MHANaNMT. CTabuibHOCTb MOHT-
MOPWUNNOHUTA, NPOSABAAIOLWEAACA B 6ONbLIOM AnanasoHe [aBneHUA-TeMMepaTypbl, B reonoru-
YECKOM OTHOLLEHUM 03HA4aeT TO, YTO BO BPeMs NOMafaHus FAVHWUCTBbIX OT/IOXKEHWIA, coaepxa-
LLMX MOHTMOPWI/INIOHUT, Ha 60/bLUYIO TNyOUHY, TyAa TaKXe MPOHUKAeT B 6ONLLUOM KOMIMYECTBe
1 BOAa.
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UNTERSUCHUNGEN UBER DIE TERRESTRISCHE
KOMPONENTE NATURLICHER STRAHLUNG IN EINER
ZONE RUMANIENS

Von

E. Botezatu, H. Weissbuch, M. Gradinaru und A. Saraiman

INSTITUT FUR HYGIENE UND VOLKSGESUNDHEIT, IASI

Ungefédhr 1000 Bodenproben aus einer Zone in Ruménien wurden hinsichtlich
des Gehaltes an natiurlichen Radioelementen: U, Th, 26Ra und 4,K untersucht. Man
stellte eine Ubereinstimmung zwischen den Konzentrationen dieser Radioelemente im
Boden mit der petrografischen Herkunft des Bodens fest. Im gréfRten Teil des unter-
suchten Gebietes lberschreiten die Gammadosen in der Atmosphédre, 1 m Uber dem
Boden, den Wert von 50 mrad/Jahr, sie liegen aber innerhalb der in der Fachliteratur
angegebenen Grenzen, so dal das untersuchte Gebiet nicht zu denen mit erhdhter
natirlicher Radioaktivitdt gehdrt.

1. Einleitung;

Die allerorts in der Welt unternommenen, umfassenden Studien zur
Abschdtzung der Intensitdt der natirlichen ionisierenden Strahlung verfolgen
vor allem zwei Zwecke:

— Aufdeckung somatischer und genetischer Auswirkungen der natir-
lichen Strahlungskomponenten zwecks Festsetzung des Verhdltnisses Dosis-
Effekt iin Bereiche kleiner Dosen von Kernstrahlungen und

Auffinden von Beziehungswerten fir ein bestimmtes Territorium
welche spater die Abschdtzung der von der Verwendung von Kernstrahlungen
herrihrenden radioaktiven Verseuchung ermdglichen sollen.

Die natirliche externe Gamma-Strahlung terrestrischer Herkunft
stammt von den natirlichen radioaktiven Elementenfamilien und vom
Kalium-40, Badionukliden die in der ganzen Erdrinde verbreitet sind. Der
Gehalt an radioaktiven Elementen in Bdden héngt in erster Reihe von den
chemisch-mineralogischen Zusammensetzung der Gesteine ab, auf denen sie
sich bilden, wie auch von den physiko-chemischen Umwandlungen, die in
den Gesteinen wé&hrend der Bodenbildung stattfinden. So ist der Gehalt an
radioaktiven Elementen in Boden, die sich auf sauren Gesteinen der Granit-
reihe bildeten, hdher als in Bdden, die sich auf Grund einer Umwandlung
von basischen Gesteinen (Basalt) bildeten.
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2. Materialen und Methode

Die Untersuchungen erstreckten sich auf ein Gebiet im Osten des Landes,
welches eine bunte Vielfdltigkeit der mineralogischen Zusammensetzung des
Bodens aufweist und wo im Zeitabschnitt 1973— 1974 1000 Bodenproben
eingebracht wurden. Gleichartige Proben von 350—500 g wurden aus dem
Gesichtspunkte ihres Gehaltes an naturlichem Uranium, Thorium, 2 Ra und
40K an einem einkanaligen Spektrometer VA-M-120 analysiert, wobei eine
konstante Geometrie eingehalten wurde. Der Apparat wurde energetisch mit
AMERSHAM-Quellen von 2Na, 26Ra, 13/Cs und mit labormdRig hergestellten
Standardprdparaten von U, Th, Ra, K geeicht, um die Formeln zur Berech-
nung der Konzentrationen aufzustellen:

mgU/kg L&s. = 157 N,j/M (1)
mgTh/kg L6s. = 171 NTh/M )
mg26Ral/kg Los. = 3,7 «1 0 4NRa/M (3)
mg4"'K/kg Lés. = 187 NK/M (4)

wobei N,j, NK, NTh und NRa den Fldcheninhalt der Kurvenspitze nach der
Korrektur fir den Nulleffekt und der Interferenz der entsprechenden Nukliden,
M aber die Masse der Bodenprobe (Gramme) darstellen.

Die geringste nachweisbare Menge fiir die 4 Elemente betrdgt: 0,62 mg
4,K/kg Boden, 1,08 mg nat. Th/kg Boden, 1,17 mg nat. U/kg Boden, 0,0014 /ug
20Ral/kg Boden.

Dem Gehalte an natirlichen Radioelementen des Bodens entsprechend
wurde die Dosis externer Gamma-Strahlung im Luft Im Uber dem Boden
errechnet, wobei die von Ph. Gustafson und Sarmukh S. Brar vorgeschla-
genen Formeln (3) verwendet wurden.

3. Ergebnisse und Diskussion

Die Analysenresultate (Tabelle 1) gestatteten die Einteilung des unter-
suchten Gebietes in sechs Zonen im Hinblick auf die Dosen der externen
Gammastrahlung (Abb. 1).

Im allgemeinen stellte man eine innige Wechselbeziehung zwischen
der mineralogischen Zusammensetzung des Bodens und der Konzentration
der natiirlichen Radioelemente fest.

So fand man die héchsten Konzentrationen an natlrlichen Radioele-
menten bzw. Gannna-Dosen zwischen 80— 180 mrad Jahr im westlichen Teil
der Zone A, wo sich an natirlichen Radioelementen reiche Formationen vom
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Typus des Sandsteinkonglomeraten, Mergel-Sandstein-, Mergel-Ton-Flysches
finden, die uUber kristalline Schiefer, metamorphes Gestein aufgelagert sind,
welche gleichfalls einen erhdhten Gehalt an natirlichen radioaktiven Elemen-
ten aufweisen. Diese Gesteine zeigen ihrerseits Intrusionen magmatischen
Gesteins, bei welchen der Urangehalt von den primdren gegen die finalen
Bildungsstadien hinansteigt. Im Osten der Zone A (A3—A,,) sind die terrestren
Gamina-Dosen geringer (50—75 mrad/Jahr); dies ist von der Anwesenheit
von sandsteinigen, bitumindsen und kohlenhaltigen sedimentiren Gesteinen
bedingt.

Die Unterzone A3—A , bildet den Ubergang zum Osten des untersuchten
Gebietes (Zone C), wo sedimentdre Gesteine vorherrschen, die im allgemeinen

einen geringem Gehalt an natiirlichen Radioelementen als die Granitgesteine
aufweisen.
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Table 1

Die Konzentratione der natirlichen radioaktiven Stoffe

Zone
A, Formationen vom Typus des Sandsteinkonglomerates, Mergel-Sandstein,
A2 Mergel-Ton-Flysches, die Uber kristalline Schiefer aufgelagert sind
A
A, A4l sandsteinige bitumindse und kohlehaltige Sedimentgesteine
Bi. B,
B B3 B, Formationen vom Typus des Flysches, Tone
B5. B,
Q. C2 Ton und Tonschiefer
(o} c4 Ton, Sand, Sandstein und Kalkstein
C- Anschwemmablagerungen und LOR
d2 d3 Mergel-Sandstein
D
Alluvium, L6R wund Sumpfablagerungen die tber Mergel und Sand
<> aufgelagert sind
En E3 Magmatische Gesteine, Granite und metamorphe Gesteine
E
En E5 Kalkstein und Mergel

Die radioaktivsten sedimentdre Gesteine sind die Tone und die Ton-
mergel, die in der Unterzone C4—C2 verbreitet sind, wo die Gamma-Strah-
lungsdosis zwischen 71 bis 94 mrad/Jahr schwankt. Armer an natlrlichen
Radioelementen sind Steinsalz, Gips, Kalkstein, Dolomit (rein chemische und
organogene Gesteine), die man im Rest der Zone C begegnet (Bild 1), wo die
Gamma-Strahlungsdosis zwischen 50—60 mrad/Jahr schwankt (C4). Gerin-
gere Strahlungspegel (42—46 mrad/Jahr) fand man in Ortschaften mit An-
schwemm- und L6Rablagerungen (C5—C6).

Im Siden des Gebietes (Zone D) mit Ausnahme einiger Ortschaften
(D2), ist der Gehalt an natirlichen Radioelementen der kleinste des ganzen
studierten Territoriums; dies erkldrt sich durch die Gegenwait quaternérer
Sedimente, die aus Alluvien, Léssen und Sumpfablagerungen bestehen. Die
Gammadosis in dieser Zone schwankt zwischen 30 und 48 mrad/Jahr.

Im Sudwesten des untersuchten Gebietes (Zone E) findet man Dosen
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und die entsprechende Dosisleistungen

Dosisleistungen

mgU/kg Loss mgTh/kg Loss mg40K/kg Loss Itg2eeRalkg Loss mrad/Jahr
6,43 16,4 1,88 0,0095 121*
(4,35- 11,5)** (13,88-21,3) (1,37 2,65) (0,007 0,012) (81 180)**
2,28 10,4 1,3 0,009 66
(1,45- 3,18) (9,6 16,7) (1-1,7) (50-75)
2.42 8,85 1,34 0.001 62
(0-9) (4-13,3) 1 -3,42) (0,0007-0,009) (30-70)
4,66 11,6 1,2 0,0085 85
(3,93-5,91) (10,05 15,96) (1,1-2,56) (0,005 0,011) (71-94)
15 9,1 1,11 0,005 53
(1,2—1,9) (6 16) (1-2,56) (0,002 -0,009) (50-60)
1 7,9 V] 0,002 45
(0-1,9) (7-10,8) (1-1,4) (0,001-0,0025) (42 46)
3,82 11,5 1,25 0,01 79
(3,2-5,8) (10,8 15,7) (1,1-1,67) (0,002-0,066) (61 85)
1,4 7,05 1,25 0,0009 47
(0-2,0) (4-12) (1-2,8) (0,0004-0,00438) (30-48)
9 11,8 1,9 0,0073 123
(2,9-17,8) (9 15) (1,5-2,5) (0,006-0,0088) (66-161)
1,82 12,6 1,75 0,002 55
(1,37-2,4) (7,8-16,3) 1-2,8) (0,001-0,003) (40-65)

43

* — Mittelwerte
i Grenzwerte

von 40—65 mrad/Jahr; dies entspricht dem Typus von Kalkstein- und Mergel-
Schichtgesteinen. Die Dosen von 65—161 mrad/Jahr entsprechen magmati-
schen Gesteinen und im besondern den Graniten, mit metamorphen Gesteinen
verbunden.

Eine besondere Lage bietet die Zone B (Bild 1), wo man die griBte
Verédnderlichkeit des Gehaltes an natirlichen Badioelementen aus dem Boden
wegen der sehr verschiedenen Gesteinsarten, aus welchen sich der Boden
in dieser Zone gebildet hat, feststellte. So schwanken die Dosen im Bereiche
von 30 bis 70 mrad/Jahr.

Aus unseren Resultaten ist zu ersehen (Tab. 1), daR das Verhdltnis der
Mittelwerte Th/U 1—5 betrdgt; diese Angaben entsprechen den Werten aus
der Fachliteratur. Was 11la und U betrifft, schwankt ihr Verhaltnis im Bereiche
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von(l—10)Ra/3 X 10®gU. Diese Verlagerung des radioaktiven Gleichgewichtes
erkléart sich durch die verschiedene Affinitat dieser Radioelemente fur das fein
verteilte Material der Béden. Thorium und Radium werden von diesen ver-
teilten Bodenteilchen besser fixiert, wéhrend das Uran mit Leichtigkeit ver-
schldmmt und von den Huminsduren fortgefihrt wird.

4. SchluBRfolgerungen

1. Der Gehalt an Uran. Thorium, Radium und Kalium im Boden
schwankt in Abhé&ngigkeit von der chemisch-mineralogischen Zusammen-
setzung der Gesteine, auf denen sich der Boden gebildet hat.

2. Die Gamma-Dosis in Luft, 1 m Uber dem Boden gemessen, die dem
Gehalt an naturlichen Radioelementen entspricht, schwankt zwischen 38
und 177 mrad/Jahr.

3. Im groRten Teil des untersuchten Territoriums wird der Wert von
50 mrad/Jahr Uberschritten; dieser Wert wird als typische Dosis fir die tellu-
rische Komponente des natirlichen Untergrunds betrachtet.

4. Die berechneten Hdéchstwerte der Gammadosen in der Luft liegen
im Bereiche der Variationen der in der Fachliteratur zitierten Regeln natlr-
licher Strahlung, so dalR das untersuchte Gebiet nicht an den Zonen eines
erhdhten natirlichen radioaktiven Untergrunds gehort.
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VNCCNIEAOBAHVA TEPPECTPUYECKUX KOMIOHEHTOB ECTECTBEHHOIO
PAOVNOAKTUBHOIO WM3NTYYEHUA B OAHOW W3 30H PYMbIHUU

3. BOTE3ATY-X. BEWNCCBYX-M. TP3AVHAPY-A. CAPAIMAH

Pestome

Wccnegosanock okono 1000 06pa3uoB MoyB, 0TO6paHHbIX B OAHON 13 30H PymbIHWMK, Ans
onpefeneHns cogepxaHnus B HUX eCTeCTBEHHbIX paanoanemeHToB U, Th, 2dRa v 40K. pu atom
HabNIAaN0Ch, YTO KOHLEHTPALIMM 3TUX 3/IEMEHTOB B MOYBe 00YCNOB/MIEHLI COOTBETCTBYIOLLMM reo-
NOTUYECKUM CTPOEHMEM OKpYXKalollero paivioHa. Ha 60nblueli 4acT MCCNef0BaHHOrO paiioHa
raMmmagosbl B aTMocepe Ha BbicOTe 1M Haj MO4YBOM NPEBOCXOAAT 3HayeHWe 50 mpag B rog, Ho
OHW BCe-)Xe HaX0oAATCA B Npefiefiax yKa3aHHbIX B UTepaType BeNNYMH. TakuM 06pa3om paccmar-

pI/IBaeMbII7I pa|7|0H HE OTHOCUTCA K 4ucny paVIOHOB C MOBbILIEHHOI eCTeCTBEHHOW pagnoakTmnBe-
HOCTbIO.
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BARROW TYPE METAMORPHISM
IN THE CRYSTALLINE BASEMENT
OF SOUTHEAST TRANSDANUBIA

By
T. Szederkényi

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

Below the Pannonian resp. Miocene strata mostly mesozonal crystalline schists
were hit by a part of exploratory bores drilled in the area of South-Baranya. Accord-
ing to Slavonian evidences of similar features these are in direct connection with the
metamorphic mass of the Papuk and Krndija Mountains. The crystalline schists covered
by younger sequences and extending from the river Drava to the Mecsek Mountains,
the so-called Barrow-type Crystalline Schist Formation of Gdrcsény is a progressive
serie of NW —SE strike and can be characterized by isogrades. The grades are increas-
ing from southwest to northeast and are completed by granitization. The metamorphic
character of the progressive serie can be well correlated with the classical Dalradian
sequence and it was produced by one significant deformation phase, except the base-
ment of the southern foredeep of the Mecsek Mountains. The age of deformation is
dated to be pre-Silurian, and is believed to be Upper Baikalian by B. Jantsky. The
basement of the southern foredeep 1.5 to 2 km wide mylonitized zone of the Mecsek
Mountains is built-up by the OIld-Paleozoic limestone-phyllite-greenschist series.
The wedging of this sequence into the old inetamorphite-granite mass was produced
by Early Yariscan transcurrent tectonics. The tectonic zone is bordered from the south
by the retrogressively metamorphized margin of the Barrow type metamorphic
sequence.

Introduction

In the area between the Western Mecsek Mountains and the Drava
river fourteen water- and hydrocarbon prospecting resp. geophysical check
bores explored crystalline schist formations of different metamorphic grade
under Pannonian or Miocene strata (between 1960 and 1975). The major part
of these bores supplied continuous core sampling and penetrated a considerable
part of the metamorphic formations. The flat ridge is covered by the network
of numerous geoelectric (resistance and telluric), seismic refraction profiles
and large-scale, up-to-date aeromagnetic and aerogamma records provide
considerable aid to evaluate the basement complex.

By means of an instrument designed by Egyed and Szemerédy (1962)
the orientation of the metamorphic mass has been determined from the aero-
magnetic records of large scale (1 :25 000), and this resulted in a definite
WNW -ESE direction. From the point of view of regional classification this
proved to be an important recognition (T. Szederkényi, 1974), since this
direction deviates from the general tectonic direction of the Pannonian massif
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by right angle and seems to be identical with the orientation of island hills
and buried basement in Slavonia.

The metam orphie zonal structure of the investigated area is demonstrated
in Figs la, b.

Fig. la. The investigated area

The rock material most suitable to investigation derives from the low'
emergence lying between the Western Mecsek and the Villany Mountains.
This is characteristic of the whole area. These metamorphic rocks are called
the Barrow' Type Crystalline Schist Formation of Gdrcsény. Their structure
can be seen along a geological profile in Fig. 2.

I. Petrological Classification

On the basis of the metamorphic grades the formation can be divided
into five groups. The boundaries between the members are primarily isogrades,
secondarily faults. Their exact location cannot be determined because of their
covered position. The boreholes mark their location by a precision correspond-
ing to about 1:200,000 scale.
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1. The Okorag-Sellye Epimetamorphic Member

The hydrocarbon prospecting bore Okordg No. 2. reached the crystalline
basement at a depth of 1357.0 m under Pannonian sediments and was drilled
down to 1398.0 m. According to the core samples deriving from the top of the
basement complex and from the bore’s bottom dark-grey chlorite schist was
found. Based on the microscopic investigations this rock is not diaphtorite
but a primary chlorite schist and contains acid plagioclase (albite) in addition
to quartz and chlorite, as well as rather large quantity of tourmaline as ac-
cessory mineral.

South of the borehole Okorag No. 2. at a distance of about 3 km the oil
prospecting bore Sellye No. 1. was drilled which explored the basement com-
plex between 1932.0 and 1954.0 m. The core samples deriving from the depth
intervals of 1932.0—1934.0 resp. 1953.0 and 1954.0 metres are slightly musco-
vitic, slightly chloritic metamorphic quartz sandstones. Their metamorphic
grade is rather low.

2. The Fels6szentmarton Gneiss Member

The oil prospecting borehole Felsészentmarton No. 1. was drilled in the
deepest known part of the Drava Basin and explored the basement between
3919.5 and 3993.0 metres. The rock material is here a nearly vertically foliated,
silicified light-grey gneiss. W hite quartzite veins of 2 to 3 mm thickness are
imbedded into the planes of schistosity. This rock (investigated under micro-
scope) might he a biotite gneiss chloritized and silicified during diaphtoresis.
It contains relatively small quantity of feldspars which are oligoclase type,
fresh twin-lamellated plagioclases. Potash feldspars are rarely found. Because
of silification the rock seems to be fresh and the individual components are
also fresh except biotite which has been transformed either to muscovite or to
chlorite. Regarding the metamorphic grade the rock can be considered of
similar facies as the Kisdér mica schists.

3. The Kisdér-Téseny Garnetiferous Mica Schist — Mica Gneiss Member

On the basis of thin section studies this Member can be divided into two
Beds:

a) Muscovite-biotite Schist Bed. Its most peculiar occurrence was ex-
plored by the geophysical check well of Kisdér No. 1. between 128.7 and
136.3 metres under Upper Pannonian sandy sediments. Nearly the same rock
was hit also by the water prospecting wells of Radfapuszta No. 1 and Baksa
No. 1. The crystalline schist is a uniformly muscovite-biotite schist charac-
terized by the predominance of muscovite. It is medium-grey, white-stripped
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strongly folded rock, usually in vertical position. The white strips and lenses
consist of laminated quartz, their thickness varies between 0.5 and 2 cm. In
pockets and especially in the strongly folded parts biotite nodules can also
be found. The rock locally contains rost-brown, fractured almandine crystals
of 0.7 cm size which seem to be of rotation structure. Along schistosity a
characteristic ptygma-like quartz vein of 5 cm thickness is also included.
In thin section the following two mineral associations of lepidoblastic-
granoblastic texture can be observed:
quartz-oligoclase-muscovite-biotite-almandine;
quartz-oligoclase(orthoclase)-biotite-muscovite-almandine.
Tourmaline, apatite, magnetite and chlorite occur as accessory minerals.
On the basis of thin section measurements (6 pieces) the average mineral
composition is as follows:

quartz 34.5% muscovite 25.5%
plagioclase 7-4% biotite 7.9%
orthoclase 18.0% chlorite 3.5%

almandine 5.3%

The garnets are strongly fractured, occasionally of rotatory structure
and in the fractures chlorite precipitation is found.

The quartz grains are of undulatory extinction and of laminated, lense-
like form sometimes with micromosaic texture. Subordinately recrystallized
and rounded grains are also found, these, however, do not contain inclusions
and are of slightly undulatory extinction.

Plagioclases are rarely twin-lamellated, they rather form large-sized
(sometimes of 3 mm) rounded grains v'hich are fresh in general, and can be
separated from the quartz grains on the basis of their cleavage. The separation
of the cleavage-free grains could be performed only in convergent light. The
twin-lamellated forms are of oligoclase composition.

The orthoclase is represented by strongly rounded, often fractured lami-
nated crystals of 2to 3 mm size. The surfaces are strongly resorbed along the
cleavage, suggesting former sericitization. Sericite, however, cannot be rec-
ognized, the lamellae along fractures are muscovite.

The presence of orthoclase in this rock type and also in the subsequent
ones to be discussed, resp. its large quantity cannot be explained unambigu-
ously. On the basis of the microscopic picture of the muscovite-biotite schists
it can be stated that these feldspars formed not during metamorphism but
these are the relics of the feldspars of the original rock. This rock did not reach
the metamorphic grade so that granitization could develop.

Both muscovite and biotite form large-sized, often of 2 cm, bended
plates. It is characteristic of biotite that it occurs in the surface schistose bends
of the folded rock, i.e. where pressure maxima existed, following usually the
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surface of some of the large-sized (quartz or orthoclase) grain. It is found
always together often intergrown with muscovite. Muscovite lies between
the quartz and feldspar “strips” forming practically strata among them
(Fig. 3).

Chlorite is a rather frequent component. Sometimes it forms faces of
about 100 micron, but more often occurs as pseudomorph after biotite. This
two kinds of occurrence can be regarded primary and secondary chlorite.

Fig. 3. Muscovite-biotite schist; borehole of Kisder-l. from 131.6 m; +N, M = 150X

Tourmaline is an other frequent accessory mineral. Its columns of some-
times 1 mm size are pleochroic, often of zonal structure and occasionally these
are surrounded by a pleochroic aureole.

The less frequently occurring epidote forms small grains which are arrang-
ed in elongated heaps along schistosity.

h) Biotite-schist, Mica-Gneiss, Biotite-Amphibole Gneiss Bed

This Bed was separated practically only on the basis of one exploratory
bore, i.e. Téseny No. 1. Its characteristic feature is that mica, non-mica ratio
is decreased as compared to the foregoing Bed, and the rock becomes gneiss-
like. In the gneiss both kinds of mica are found with the strong predominance
of biotite on the account of muscovite. The dark-greyish-brown biotite schist
strips of sharp boundaries and of 20 to 30 cm thickness are characteristic
and these divide both types of gneiss into banks of 1.5 to 1.8 metres. Alman-
dine is frequent both in the biotite schist and in the gneiss but the biotite
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schist contains more almandine though its grain size is much smaller. When
investigating the mica-gneiss rock perpendicularly of schistosity the alteration
of the thin mica-rich and 2—3 mm thick quartz-feldspar strips can be well
observed. The latter ones are of bluish shade caused hy the kyanite columns
occurring in large quantity and reaching occasionally the size of 2 cm. Less
frequently, staurolite is also found.

In a depth of 155.0 m, at the boundary of the mica-gneiss and biotite
schist a yellowish-white vein of unsettled run and 0.5 cm thickness can he
found. The contacting mica-gneiss became also of lighter colour in a thickness
of about 5 cm and contains fresh, unfractured, transparent bluish kyanite
crystals of max. 4 cm size and 0.4 cm thickness crossing one another. Among
the kyanite crystals also fresh, unfractured dark-brown idiomorphic staurolite
crystals of max. 1 cm size can be observed, accompanied by a few garnet
grains. These crystals are imbedded into the muscovite tissue, thus the whole
rock strip is of light shade. In the side of biotite schist the contact strip is less
expressed. This is accompanied only by a light (muscovitic) border of 2 mm
thickness. The surface of the vein, however, towards the biotite schist is much
more complicated (jagged). The embayments of several millimetres along
schistosity relate to the fact that this vein intruded between the surfaces
of the two rocks on the account of biotite schist. According to the investigations
under microscope the yellowish-white vein consists of sillimanite, quartz and
plagioclase.

A 36 metres interval of the crystalline basement was explored under
the 154.0 m thick Upper Pannonian sediments. The upper part of 11 m of the
explored basement consists of the above-mentioned biotite schist — mica
gneiss of 25 to 30° schistosity dip.

The lower 25 m thick crystalline schist underlies the Gneiss Bed with
an average dip of 60° and with sharp petrological discordance without any frac-
tured boundary. Its rock is biotite-amphibole gneiss with 0.3 to 0.8 m thick
biotite schist intercalations. In addition to the garnet kyanite are not found
in this section. Its mica content decreases to minimum, except the biotite
schist. As contrasted to the gneiss, the micro-folded quartz veins of unsettled
run become frequent, moreover, feldspar-bearing veins also occur. Its folded
structure and ptygmas reflect obvious migmatic effects.

The sillimanite of large quantity can be recognized also macroscopically.
The mineral assemblages of the three rock types are as follows:

Mica gneiss:

quartz — potash-feldspar — oligoclase — biotite — muscovite —
garnet;

quartz — potash-feldspar — oligoclase — biotite — (muscovite)
sillimanite -— kyanite — garnet;
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quartz — potash-feldspar — oHgoclase — (biotite) — muscovite — stau-
rolite — kyanite — garnet;
quartz — orthoclase — (oligoclase) — sillimanite.

Biotite-schist:

quartz — oligoclase — biotite — garnet;
quartz — oligoclase — biotite — sillimanite;
quartz — oligoclase — (potash-feldspar) — biotite — sillimanite.

Biotite-amphibole gneiss:

quartz — plagioclase — biotite — muscovite — garnet;
quartz — plagioclase — orthoclase — biotite — sillimanite — garnet;
quartz — plagioclase — hornblende — garnet — (epidote).

The minerai composition of the rocks based on thin section measure-
ments are summarized in Table 1.

Table 1
Mineral Mica gneiss Sillivme?;nitic lec%tllstf AE]i;?IE;tt:)c;le
gneiss
Quartz 38.3 35.0 12.7 325
Oligoclase 15.2 — R
Plagioclase (andesine?) - 28.0 13.9 7.2
Orthoclase 19.0 — - 8.1
Biotite 137 — 59.6 5.0
Muscovite 5.8 — 11 0.5
Almandine 17 — 5.4 3.6
Kyanite 53 — 0.6 R
Staurolite 0.5 — 0.5 -
Epidote - — - 1.2
Sillimanite 2.3 37.0 115 2.3
Hornblende ? 43.9
Number of investigations 10 1 7 8

The quartz grains are laminated, frequently spindle-shaped and of un-
dulatory extinction. The grains are of jagged position according to the plane
of schistosity and form strata. In the same plane secondary, mosaic-like
quartz of slightly undulatory extinction, fractured potash feldspar and limpid
plagioclase being discernable from quartz only in optical way, as well as a few
twin-lamellated plagioclase can be found. The infrequent ptygma-like veins
of unsettled run consist mostly of mosaic-like quartz.
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In the biotite-amphibole gneiss veins of quartz -)- potash feldspar com"
position produced definitely by granitization are also found.

In the rocks of this type orthoclase is found in three modifications.
In the mica-gneiss it occurs in form of fractured porphyroblasts together with
quartz as primary mineral; in the quartz -j- potash feldspar veins intruded
into the biotite-amphibole gneiss along the plane of schistosity. In the biotite-
amphibole gneiss it occurs together with hornblende and quartz and consists
oft ine, unfractured grains and the fact cannot be decided whether these grains
are primary or secondary ones, or secondarily regenerated original grains.

Out of the plagioclases some twin-lamellated grains of oligoclase com-
position and of 2 mm largest size can be recognized. Plagioclases occurring
together with secondary quartz are found in large quantities and can be sep-
arated from quartz only by cleavage or on the basis of axial picture. In the
biotite schist banks of several decimetres thickness and in the biotite-amphi-
bole gneiss more basic and often twin-lamellated plagioclase of oligoclase-
andesine composition is found. The feldspars of the sillimanite-rich vein are
non-twin-lamellated plagioclases.

The quantity of muscovite becomes subordinate, moreover it is nearly
absent in the biotite schist and biotite-amphibole gneiss, but it is the sole
mica mineral in the contact of the sillimanite-rich vein.

In the biotite schist biotite becomes locally quantitatively determinant.
The mica gneiss consists of two micas but biotite is predominant. Its oriented
arrangement produces the lepidoblastic schistosity of the rock as contrasted
to the mica gneiss of granoblastic texture. The formation of sillimanite from
biotite can be well followed especially in the biotite schists.

Almandine occurs apparently in the same form in all the crystalline
schists of the Gdrcsdny Ridge. The garnets of the biotite schist and biotite-
amphibole gneiss, however, are of darker colour, their grain size is smaller
but total quantity greater than those of the mica schist and mica gneiss.
From the chemical composition of some prepared garnet grains it turned out
that the darker varieties contain more iron.

In the crystalline schists of borehole Téseny No. 1. staurolite, kyanite,
sillimanite and hornblende occur as new minerals.

Staurolite is irregularly fractured, strongly pleochroic (bright-yellow
and colourless), and often of hexagonal cross-section (perpendicular of the
¢ axis). In general, it is of columnar, prismatic appearance and the crystals
of sometimes 0.5 cm lie in the plane of schistosity. Its fractures contain usually
muscovite or grain is imbedded into muscovite. It occurs always with kyanite.

Kyanite is found in two kinds of occurrence, mostly in the mica gneiss.
One form of occurrence is the columnar kyanite at distances of 15 to 25 cm
above each other. These lie in nests resp. strips and the grains are fractured.
The thickness of the strips does not exceed 3—4 cm and they do not occur
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with sharp boundaries. In the planes of schistosity the light-blue kyanite
columns are of desoriented position and often cross one another. The idio-
inorphic crystals amount to 3 mm in thickness and occasionally to 2 cm in
length. The other form of occurrence is the kyanite in the contact of the silli-
manite-rich vein in the mica gneiss similarly to that described above. The
two kinds of kyanite of different origin, together with the columnar sillimanite
and staurolite are definitely metamorphic facies indicators.

Fig. 4. Kyanite columns and staurolite from the mica gneiss of the borhole Téseny-1, from
156.2 m

Fig. 5. Sillimanite-rich rock vein from the material of the borehole Téseny-1
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Under microscope the sillimanite shows two kinds of appearance: in form
of fine radiated fihrolites formed from hiotite in the biotitic-muscovitic sub-
stance surrounding the kyanite-staurolite crystals, and in non-fibrous pris-
matic form in the yellowish-white vein of the mica gneiss.

Hornblende is the most frequent mineral of the biotite-amphibole gneiss.
Its grass-green, fresh crystals elongated in the direction of a-axis anil often
of 1—2 mm size are oriented according to schistosity. Its characteristic
cleavage and pleochroism can be well observed. In its greenish-blue — oil-
green and light greenish-yellow pleochroism the blue shade as well as the axial
angle somewhat less than the regular one (60°) suggest the somewhat higher
alkali content of the mineral.

Epidote can he observed as small grains’ heaps in certain phases of bio-
tite-amphibole gneiss. It accompanies mainly the plagioclases and lies on their
surface.

The wedge-shaped crystals of titanic growing sometimes up to 1 mm are
the accessory components mostly of the biotite-amphibole gneiss. Magnetite
and ilmenite are idiomorphic, their total quantity may occasionally amount
to one per cent. Tourmaline occurs rarely in the mica gneiss, in form of oil-
green columnar crystals. The rarely occurring chlorite is produced by hiotite
decomposition.

4. The Gydd Biotite-Amphibole Gneiss Member

This series was explored by the geophysical check boreholes of Gyéd-3
and Gydd-4. The two boreholes were drilled in the northern and southern
side of the serpentinized ultrabasite body explored by borehole Gyod-2.
South of about 80 metres of the contact with the metamorphic rocks borehole
Gyod-4 explored by continuous core sampling the progressively migmatitized,
strongly hiotite-rich rock containing large quantity of red feldspar (between
77.8 and 120.5 m). Borehole Gydd-3 located about 150 metres from the northern
contact and also under Upper Pannonian strata explored the crystalline base-
ment by continuous sampling and between 108.0 and 147.0 metres. This con-
sists of less migmatitized biotite-amphibole gneiss, similarly to the rock
material of borehole Gydd-4. The metamorphic orientation of the rock is
practically vertical in both bores, and smaller schistose dip caused by folding
can be observed only in a smaller section.

W ithin the metamorfite zone of the Gdrcsdny Ridge the migmatization
is most considerable in this area. The rock attains the grade of “stratified
migmatite” and locally conceals the original features. The original rock proved
to be two-mica gneiss and hiotite schist in case of borehole Gyod-4 and garneti-
ferous biotite-amphibole gneiss and hiotite schist in that of borehole Gyo6d-3.
The material of borehole Gydd-4 is of more progressed stage. This migmatiza-

Ada Geologica Academiae Scientiarum Hungaricae 20, 1976



58 SZEDERKENYI, T.

tion is correlated both in space and time by B. Jantsky (1974) with the
phenomena of the migmatite zone of the Mdéragy block.

The thin section study of the metamorphites of Gyod similar to those
described in detail of the Téseny borehole hut being of somewhat more “enig-
matic” character threw light upon two kinds of differences, i.e. the absence
of sillimanite and kyanite, and the frequency of epidote and chlorite due to
strongly regressive metamorphism. In several sections chlorite pseudomorphs
after staurolite can also be found. In certain phases, hiotite is considerably
chloritized, especially where the rock is dissected by a young lithoclase system.
Garnets, however, remained unchanged and have not been decomposed in
the parts dissected by lithoclases, either.

5. The Pellérd-Keszli Actinolite Schist—Amphibolite Member

In the northern foreground of the Gdrcsény Ridge, east of the village
Pellérd the basement sinks into great depths. The basement of the southern
contacting strip ofthe narrow ENE —W SW -striking fordeep of Upper Pannonian
age consists practically of actinolite schist and amphibolite. This member was
explored only by one borehole, i.e. the water prospecting well drilled between
Pellérd and Keszii in 1958. Under the Pannonian and Sarmatian strata of
408.8 m thickness 13 metres of the basement was explored. The primary de-
scription lists the alternation of gneiss and amphibole schist but the core
samples are lacking. A. Barabas (1959) studied some thin sections and de-
scribed the rock as an actinolite schist.

It is assumed that this actinolite schist is the northward prolongation
of the garnetiferous hiotite-amphibole gneiss of migmatic character crossed
by borehole Gyo6d-3. On the basis of thin section investigations the amphibole
content of the garnetiferous biotite-amphibole gneisses of Téseny is of higher
alkali-content than hornblende itself, in general. This higher alkali content
of amphiboles was not observed in the borehole Gy6d-3 and Gydd-4, probablv
due to the strong migmatic effect. Farther from the migmatic zone this
higher alkali content becomes more and more evident and leads probably to
the formation of actinolite schist.

W ith progressive metamorphism the migmatic phenomena are gradually
increasing. In spite of the absolutely uncertain actinolite schist of Gyéd, in
the southern foreground of Pécs strongly granitized rocks are found (boreholes
Szigeti-legelo-1, Ujmecsekalja-1, etc.).

In the Barrow type Crystalline Schist Formation of Gdércsény a syngenetic
eclogite (L. Baranyai-Ravasz, 1969) is intercalated probably similarly to
that known from Pohorie (A. Hinterlechner-Ravnik, 1972). On the basis
of analogies the slightly serpentinized pyroxenite neck explored by borehole
Gyo6d-2 can he considered to he of Silurian age. These, however, do not dis-
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turb to a considerable extent the zonal structure and progressive character of
the Formation.

Il. Pre-metamorphic Rock-type

The zones of the Dalradian series were produced hy the metamorphism
of pelitic sediments. The resistant fragments, especially in the lower-grade
zones may be preserved where the original sediment had been psammitic.

The mineral association possibilities of the Barrow type metamorphism
(Table 2) relate to the fact that the mineral associations ofthe Gdrcsény Ridge,
i.e. from the almandine zone to the sillimanite zone are the same than those
of the Barrow type series of pelitic origin, except the orthoclase and quartz
relics. The biotite-muscovite schists, biotite schist and mica gneisses of Kisdér
are of psammitic, while the amphibole gneisses of Téseny and Gyo6d are of
igneous (basic) origin.

Table 2
Rock composition
Zonal index
pelitic carbonaceous basic (basaltic)
Chlorite muscovite-chlorite-quartz calcite-mica chlorite-albite-
epidote-titanite
(calcite)
Biotite biotite-muscovite-chlorite- quartz
quartz
Almandine biotite-muscovite-almandine- garnet-epidote-
quartz hornblende
Staurolite biotite-muscovite-staurolite- hornblende plagio-
almandine-quartz garnet-anorthite- clase (with epi-
hornblende
Kyanite biotite-muscovite-ahnandine- biotite)
kyanite-quartz
Sillimanite biotite-muscovite-almandine- garnet-anorthite-

sillimanite-quartz-(orthoclase) diopside

IIl. Comparison with the Metaniorphites of Papuk-Krndija

The crystalline basement of the Drava Basin is directly continued in the
surficial higher-grade crystalline schists of the Papuk Mountains and Krndija.
The comparison of SE-Transdanubia and of the Papuk-Krndija series is an
evidence of the nearly identical paleohistory of the two areas as well as of the
Barrow type metamorphism of them.
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According to the Table 3 the regional metamorphic series ofthe Gdrcsdny
Ridge— Drava Basin is similar to the Scotch Highland type, rather than the
Papuk-Krndija series. In the former one all the index minerals occur (and
major part of them can be arranged in zones) while in the latter the kyanite is
lacking and sillimanite occurs not due to the high p-t values but just because
of granitization. Thus it is problematic whether it is justifiable to extend the
zones of biotite-muscovite gneisses and biotite gneisses up to the sillimanite
zone. In the classical succession namely the sillimanite isograde follows that
of kyanite and is not influenced by granitization. Nevertheless, in the Gor-
csony Ridge granitization had been also active hut sillimanite can be deter-
mined independently of this, thus the sillimanite zone exists independently
of granitization.

Table 3
Dalradian series Papuk-Krndija series 0‘]‘(Esaél_)frrzrallsedoaznoljg‘i’a
Chlorite zone Silurian quartz-schist Silurian quartz-schist (Szalatnak)
muscovite-chlorite schist muscovite-chlorite schist
(Okorég-2; Sellye-1)
Biotite zone muscovite-biotite schist muscovite-biotite gneiss
biotite-amphibole gneiss (Okorag-I)
Almandine zone biotite-muscovite gneiss muscovite-biotite schist (Kisder-1)
Staurolite zone mica-gneiss biotite-amphibole
(Teseny-I) gneiss (Téseny —
Kyanite zone Gyaod)
biotite-gneiss biotite-schists

Sillimanite zone

The rocks of the same name do not occur in the same zone in the Papuk
and SE-Transdanubian series, since the Yugoslavian series consists of meta-
morphites originated only from politic source rock. In this case gneiss denotes
a rock the feldspar of which developed during metamorphism while in the
Hungarian series, just become of the pelitic-psammitic source rock the ortho-
clase of the gneisses is relict except the sillimanite zone, hut it is classified as
gneiss owing to the occurrence of orthoclase in large quantities (epigneiss
problem).

Another difference is the fact that in the Papuk Mountains the musco-
vite-biotite schists form only a transitional zone highly above the almandine
isograde, while in the Gorcsény Ridge the rocks are assigned to the almandine
zone. The different metamorphic character of the amphihole-bearing rocks
can be explained by the different ages of formation of the igneous source rock.
These were in different levels in the original “rock column”.
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P. Raffaelli (1965) has drawn also the map of the metamorphic zones
of Ravna Gora. In this map the isogrades are of E-W direction and the meta-
morphic grade increases from the south northwards. The kyanite isograde,
however, is lacking here. The occurrence of sillimanite can be attributed also
to granitization since without granitization the metamorphism of the Papuk
Mountains would he completed by the staurolite zone.

The Gdrcsény Ridge and its southwestern environs resp. their crystalline
basement form a more complete Barrow type series. In the picture compiled
on the basis of individual bores none of the Barrow zone are lacking although
it is difficult to draw the boundaries exactly due to the lack of boreholes
of required number.
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METAMOP®U3M TUIMA «BAPPOY» KPUCTAJIMMYECKOIO ®YHOAMEHTA T[OP
IOrO-BOCTOKA 3AAYHAUWCKOIO KPAA

T. CEAEPKEHbBMU

Pesome

YacTb pa3BefiouHbIX CKBaXWH, MPOBGYPEHHbIX B KXKHOA YacTn obnacTv BapaHbs, mog
NaHHOHCKO-MMOLLEHOBBLIMI CNOAMW BCKPbINa B0MbLUE YacTbl0 Me3030HabHO KpUcTanamyeckme
CnaHupl, KOTOpble COrNacHO AaHHbIX NOA06HLIX CNAaBOHCKMX 06pa3oBaHWii HemocpeicTBEHHO
CBsi3aHbl C MeTamopduyeckoin Maccoli rop Manyk-KpHausa. OT peku [paBa Ao rop Meuek Macca
KPUCTaNIMYeCKNX CNaHLeB, nepekpbiTas 601ee MonogbIMy 06pa3oBaHNAMY, T. €. TaK HasblBaemas
I8puéHbcKas dopmaums KpUCTaIMYeCKMX CnaHueB Tuna «bappoy» Hro-BOCTOMHOIO NPOCTU-
paHua, o6pa3yeT MPOrpeccMBHYIO CEPUIO, XapaKTepusyemyto M30rpafaMu, CO CTEMeHbio MeTa-
Mophu3Ma, YBENNYMBAIOLLEACS C t0ro-3anaja Ha CeBepo-BOCTOK, M 3aKaHUMBAIOLLYHOCA TPaHUTK-
3aumeit. MeTamopdnyecknini XapaKTep MPOrpeccUBHON CepUM XOPOLLO COMOCTaB/SETCA C Krac-
cuyeckol cepveid JanpagvnaH 1, NOMMMO OCHOBaHWS KOXKHOTO MepefoBOro Nporunba, ABnseTCs
pe3ynbTaToM eAMHCTBEHHOTO 3HAUMTEeNbHOro npouecca Aeqopmauyui. BospacT aeopmaumn
NpeLnonoXUTENbHO JOCUNYPCKUIA, N0 B. Anukm nosgHe6ankanbckunii. OCHOBAHWE HOXHOrO
nepegosoro nporuba rop Meuek 06pasyeT MOSC MHIOHWUTU3MPOBAHHbIX APeBHENane030MCcKnx
N3BECTAKOBO-(IUNNNTOBBIX 3€/IeHbIX CMAHLEB LUMPUHONA 1,5—2 KM, KOTOpbINA BC/eLCTBUE paHHe-
BapPUCLMIACKNX TPAHCKYPPEHTHbIX PaspbiBHbIX HapYLUEHWA BKIMHWICA B APEBHIOKD MeTaMmopdu-
TO-rPaHNTHYI0 Maccy. TEeKTOHWYECKUIA NOSC C HOXHOI CTOPOHbI CONPUKacaeTcsa ¢ NpeTepnesLUMM
peTporpagHo Npeo6pasoBaHMe KpaeM MeTamopu30BaHHON cepun Tuna «6appoy».
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Eight samples were investigated, ranging from ferromagnesian rich granite,
quartz diorite to a more basic dioritic composition. The most basic dioritic samples
are believed to have suffered early gravitative magmatic differentiation. These are
enriched in some trace elements like V, Cr, Co and Ni. The most acidic ones show the
progressive formation of porphyroblasts of feldspars that may grow up to one centi-
metre long. These rocks contain high values for Ba, Sr, Y, La and Sm except for the
more basic samples where Ba, Rb, U and Th contents are even lower than that of the
average basaltic rocks. However, all the analyzed samples are depleted in Zr.

From petrographic, petrochemical and geochemical points of view, it could be
noted that the dark hornblendic rocks of the basement in the vicinity of Aswan derive
initially from old géosynclinal igneous basaltic (doleritic and gabbroic) instrusions and
not from impure calc-magnesium sediments, as believed former.

Introduction

Several authors worked on the geology of the basement rocks of Aswan,
among others Ball (1907), Rittmann (1953), Gindy (1952, 1954, 1956 and
1957), and Higazy and W asfy (1956).

Dark hornblendic rocks are very frequent both in the country rocks and
as inclusions in the granite of Aswan. They particularly increase in the eastern
borders of the map-area of the environs of Aswan town (Fig. 1).

Gindy (1952, 1954 and 1956) considered them to be originally of simatic
igneous intrusions in the country rocks (of the eugeocyclinal stage). Higazy
and Wasfy (1956) considered them as metamorphosed and metasomatized
marly and impure calcareous pelitic sediments. Gindy (1957) has disputed
this last suggestion.

Despite the wide variety of rock types displayed by these dark horn-
blendic rocks and their migmatitic and feldspathized derivatives, only eight
samples were selected for the present study and their locations are illustrated
in Fig. 1. These are as follows:

Samples No. NA-197 and NA-198: from the dark grey porphyroblastic
large migmatitic granodioritic patches apparently enclosed in the coarse
Aswan Granite.
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Samples No. NA-518 and NA-519: These are diorite—like rocks enclosed
in the coarse Aswan-Granite which is cut hy the new granite on Sehel Island.
Close to them the so-called Cephren-Diorite occur which is of more feldspathic
and more gneissic character than the samples selected for the present analyses,

Samples No. NA-300: Is dark diorite-like relatively less migmatized
part in a large granodioritic patch similar to sample NA-197.

Samples No. NA-90, NA-91 and NA-92: These derive from the dark
layer apparently differentiated from a large original gabbroid intrusion in
the eastern part of the map-area.

Fig. 1. 1. Semi-pelitic and pelitic biotite schist and fine grained biotite gneiss; 2. Metado-
lerites; 3. Granodiorite-like rock with large feldspar porphyroblasts; 4. Coarse Aswan Granite;
5. New Aswan Granite; 6. Nubian Sandstone; 7. Alluvial deposits
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Gindy (1957) believed that some of the original gabbroic intrusions
were rhythmically differentiated into lighter-coloured anorthositic and dark-
coloured hornblendic layers.

Petrography

The studied samples are quite different in their petrographic charac-
teristics and show some gradations in their mineralogical composition.

Sample No. NA-197 and NA-198 are medium to coarse grained dark
mesocratic granodiorite-like rocks with different stages of formation of poikilo-
blasts of potash and plagioclase feldspars enclosing relics of the biotite of the
matrix. These large feldspar poikiloblasts may grow up to two or three centi-
meters long. These are usually light-coloured and are surrounded by outer
reddish zone. Sometimes these are less uniform and show irregular outlines.
Under microscope these rocks are composed of zonal oligoclase, microcline,
biotite and hornblende. Myrmekite is present as outer replacement of potash
feldspar. It is worthy to mention that the hornblende in the granodiorites
and diorites (No. NA-197, NA-518 and NA-300) seems to be of the same type
and has the following pleochroic formula: a -brownish green, ® -yellowish
brown to brownish green, and y-dark green. Opaques, apatite, sphene and zircon
are the common accessories. Apatite occurs mainly as inclusions in feldspar
and biotite. The modal analysis of these samples are given in Table 1, while
the plot of their modal composition is shown in Fig. 2. According to Streck-
eisen’s nomenclature and classification (1967), based on their light-coloured
constituents, these samples plot in the field of granites.

Tabic 1

Modal composition of the studied samples

Constituent minerals  NA-197 NA-198 NA-518 NA-519 NA-300 NA-90 NA-91 NA-92
Quartz 195 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
Biotite 17.4 16.1 12.5 111 19.8 — — —
Hornblende 3.9 2.5 17.6 18.4 8.7 41.2 42.1 42.9
Opaques 1.2 1.2 25 2.7 2.6 0.2 0.3 0.4
Apatite 1.0 11 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
Allanite — — — — — —

X — Indicating that the mineral is present but not counted
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Samples No. NA-518 and NA-519 are diorite rocks occurring as inclusions
in the old coarse grained granite which is cut by the new granite on the north-
ern part of Sehel Island. Close to them the so-called Cephren Diorite occurs
which has a maximum feldspathic and definitely more gneissic character than
the samples selected for analysis. In thin section, these are composed of plagio-

QUARTZ

Symbols . for NA~197, 198; ° for NA-518, 519

x for NA- 300 A for NA- 90, 91, 92
Fig. 2

clase (andesine), quartz, hornblende and biotite. Apatite, opaques, zircon
and sphene are found as accessory minerals. The plagioclase is zoned with
saussuritized cores of more anorthitic composition. Quartz shows undulatory
extinction suggesting post-crystallization stresses. According to Streck-
eisen’s classification and nomenclature (1967), they plot in the field of quartz-
diorites.

Sample No. NA-300 of Aswan diorite is a medium grained melanocratic
quartz diorite. It contains more quartz than the preceeding ones hut is of
darker colour suggesting higher content of ferro-magnesian minerals. In this
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section, this rock is composed of plagioclase (zoned acid andesine), quartz
showing undulatory extinction, biotite and hornblende. No good foliation
is apparent in the studied sample, but incipient stages of formation of potash
feldspar is revealed by the appearance and growth of minor, small interstitial
anhedral microcline crystals. Both biotite and hornblende seem to be adjacent
to each other as if in perfect equilibrium state. Apatite is a common accessory
mineral and is present as inclusions in biotite and plagioclase and as inter-
granular crystals. Opaques, sphene and zircon are other accessories.

Samples No. NA-90, NA-91 and NA-92 are medium to fine grained
melanocratic diorites composed of plagioclase and dark ferromagnesian min-
erals. In thin section these show more or less equal amounts of andesine
and hornblende which tend to be segregated into different bands. The horn-
blende crystals are subparallel forming a crude gneissic structure. The horn-
blendic bands could form after original pyroxene crystals which were dif-
ferentiated gravitatively in the initial simatic eugeosynclinal intrusion. Horn-
blende is moderately pleochroic in the following manner, a-light-green, [-
green and y-pale bluish-green. Small anhedral crystals of sphene, apatite and
minor opaques are accessories.

The plot of ternary diagram in Streckeisen’s classification and nomen-
clature (1967) falls in the field of diorite and gabbro (based only on the light-
coloured constituents). The mode of the lighter “anorthositic” band opposite
to this dark band was given by Gundy (1957, Table 1, p. 681) consisting of
acid andesine 85.36 and hornblende 14.64 per cent, witli minor amounts of
sphene and opaques. When compared to each other, the quantity of horn-
blende in the dark band is about three times higher than in the adjacent light
band. It is worthy of note that the accessory opaques are sparse and too
small in size as co mpared to those of the other studied dioritic varieties.

Petrochemistry

Complete chemical analyses of eight hornblendic rocks are given in
Table 2. Rock powders were chemically analyzed using the method described
by Ritey (1958) for the determination of Si, Ti, Fe (as total iron), Na, K and P.
Aluminium and ferrous iron were determined following the method described
by Shapiro and Brannock (1962). Mn, Mg and Ca were determined separately
by a spectrochemical method. Rock analyses were carried out in duplicate
with good agreement.

The samples range in composition from the “ferromagnesian-rich gra-
nite”, quartz-diorite to diorite. Beside the eight analyses of this paper, three
previously analyzed samples (G, H and I) are also presented in Table 2. These
three analyses are quoted from Higazy and W asfy (1956) and are incorpor-
ated in some of the respective diagrams. Analyses of the coarse-grained por-
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SiOo 60.80 59.21 54.95 54.40 58.84 52.49 53.82 51.95 54.19 60.56 46.04
TiO, 2.00 241 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
Fe,03 1.10 111 1.66 1.86 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
MnO 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
Na20 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
1L0- 0.10 0.38 0.14 0.12 0.45 0.28 0.22 0.32 0.12 0.09 0.13
Co02 - - - - - - - — 0.29 0.27
Total 100.01 100.49 100.97 100.76 100.84 98.74 99.57 99.52 99.91 100.06 99.99

G — Coarse-grained porphyritic granodiorite of Gabal Tegog (Higazy and W asfy, 1956).

H — Coarse-grained porphyritic granodiorite, north of the English cemetery, western side of the road to Aswan dam (Higazy and

| — Hiorite from the eastern portion of the district (Higazy and Wasfy, 1956).

NA-197

Wasfy, 1956).

NA-198

Table 2

Complete chemical analysis (Wt% ) for the studied metabasites

NA-518

NA-519

NA-300

NA-90

NA-91

NA-92

g0
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Norm

Niggli

NA-197

18.82
20.41
20.28
12.54

2.16

18.10
1.60
3.80
1.65

NA-197

29.46
42.11
12.75
15.67

+ 48.06
5.19
1.01
0.48
0.40

C.I.LP.W.

NA-198

17.81
21.52
16.53
17.90

251

15.52
1.61

4.61
1.70
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NA-518

10.24
20.02
23.68
13.54

2.40

18.62
241

5.14
4.50

Table 3

NA-519

11.51
18.90
20.41
16.72

221

18.11
2.70
5.62
411

Table 4

NA-300

18.82
20.41
17.34
15.46

3.73

15.56
1.79
4.94
1.88

norms of the analyzed metabasites

NA-90

9.98
2.95
25.36
26.69
3.29

22.70
0.44
0.67
4.36

Niggli values of the analyzed metabasites

NA-198

31.70
38.01
16.32
14.01

+ 41.00
6.02
1.02
0.63
0.54

+

NA-518

27.73
40.79
16.79
14.68
6.82
6.10
2.42
0.44
0.36

NA-519

27.90
40.82
18.21
13.11

+ 10.32
6.60
221
0.53
0.31

NA-300

32.45
38.65
14.87
14.03

+ 40.20
6.50
1.12
0.53
0.41

NA-90

31.40
35.29
24.04
9.27

+ 14.78
0.75
221
0.10
0.45

NA-91

10.21
2.50
23.51
30.32
2.70

24.73
0.41

0.55
3.73

NA-91

30.71
36.90
24.22
8.21
16.21
0.60
1.81
0.11
0.52

NA-92

9.50
211
2411
26.32
3.21

25.80
0.51

0.52
4.80

NA-92

29.42
38.51
33.80
8.31

+ 11.50
0.61
2.42
0.12
0.50

69

phyritic granodiorite of Higazy and Wasfy (samples No. G and H) are very
similar to the present analysis of the “ferromagnesian-rich granite” (samples
No. NA-197 and NA-198).

It had been stated that samples No. NA-90, NA-91 and NA-92 have

some peculiar features, i.e. to be the basic component of a differentiated layer
in an old initial gabbroic intrusion. Inspite of their more basic composition
among the granodiorites and quartz diorites, they have lower Ti and Mn
contents than the other hornblendic rocks. Other values such as those of Ca

and Mg are in accordance with their more basic composition.

The analyzed hornblendic rocks are generally comparable with Dali’s
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Table 5

Trace element contents (ppm) in the analyzed metabasites

Element NA-197 NA-198 NA-518 NA-519 1 NA-300 NA-90 NA-91 NA-92
B 7 5 4 3 7 >15 >15 >15
Ba 1665 1372 640 550 1169 45 32 23
Be >10 7 8 5 4 <1 <1 cl
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
La 135 79 134 162 42 20 17 29
Ni 17 12 1 14 8 39 51 32
Sc 24 2 30 27 19 16 12 8
Sr 606 430 585 470 372 184 141 160
Yy 57 72 106 118 86 230 190 175
Y 67 51 80 92 62 34 47 28
Yb 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 11 1 1.3
Hf* 11.8 9 9.7 7.4 7.6 1.0 <1 <1
Rb* 65 61 47 37 54 N.D. N.D. N.D.
Sm* 16.9 12 14 1 8 1.2 2 16
Ta* 35 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

*Values determined by neutron activation technique.
N.D. = not detected.

average of diorites (Daly, 1933). These are relatively enriched in Ti02 total
Fe20 3, K20 and have lower Na20 than Dali’s average of diorites especially
for samples No. NA-518, NA-519 and NA-300.

The C.I.P.W. norms of the migmatitic hornblendic rocks are charac-
terized by the appearance of quartz (Table 3). Actually, these all have quartz
in their mode except Nos. NA-90, NA-91 and NA-92. This is best explained
by the presence of some later diffuse migmatizing quartzo-feldspathic per-
meations in the chemically analyzed portion of these samples. These are rel-
atively more enriched in anorthite, hypersthene, ilmenite and apatite than
the other granitic samples. It must be remarked, however, that these always
contain orthoclase in their norm inspite of the scanty of potash feldspar in
their modal composition, except Nos. NA-197 and NA-198.
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Nigglti values given in Table 4 apparently reflect some of the observed
mineralogical variations in these hornblendic rocks. Fig. 3-A clearly shows
that the samples are of Pacific character according to Rittmann (1957).
W ith respectto Wright’s alkalinity ratio (1969), the Aswan hornblendic rocks
fall in the calc-alkaline field as seen from Fig. 3-B. Regarding their mafic

Fe2 03 + FeO +MgO +Ca0

Fig. 4

and felsic “Simpson (1954)™ indices they fall in the region of intermediate
differentiate, Fig. 3-C with a trend of differentiation towards the most acidic,
migmatizod samples (NA-197 and NA-198).

As for the ternary (Fe,03-f FeO Mg f* CaO); Alo03; total alkalies
diagram (Fig. 4), it is to he noted that the most basic samples in the horn-
blendic rocks (NA-90, NA-91 and NA-92) are comparable with the analyses
of Higazy and Wasfy for Aswan diorites (sample No. | in this diagram),
while the rest of the hornblendic samples are shifted towards the coarse-
grained porphyritic granodiorites (samples No. G and H) of the same authors.

Trace elements:

Trace elements were determined quantitatively by two different methods:

1. Spectrochemical method for determining B. Ba, Be, Co, Cr, Cu,
La, Ni, Sc, Sr, V, Y, Yb and Zr.
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2. Neutron activation technique for determining Cs, Hf, Rb, Sm, Ta,
Th and U.

In case of the first method a Q-24 Carl Zeiss medium quartz spectrograph sup-
plied with an intermittent D.C. source was used. The generating power was a Carl Zeiss
ABR3 source with a maximum voltage of 28 kV at 220 V. Operating conditions for arc and
technique of work were usual as described elsewhere (e.g. Anwar et ah, 1971).

For the second method, the neutron activation scheme used in this work is
based on the different irradiation (A.C.) carried out at al thermal neutron flux of
15 XI013 h/cm2 msec involving the independent 0.1 g portions of the sample, as
described by Anders, 1969 and Brunfelt et al.,, 1969 and 1974.

Trace element contents in the hornblendic rocks of Aswan, Table 5
cannot be compared with any proposed average for normal igneous rocks,
since these have suffered a series of complex geological processes including
possible simatic intrusion, differentiation, deformation metamorphism, meta-
somatism and migmatization.

Geochemical evidence completely agrees with the petrographic evidence
which indicates the increase of the microcline content in passing from samples
Nos. NA-90, NA-91 and NA-92 (the least migmatized samples) containing
no modal potash feldspar and successively to the samplesNos. NA-518, NA-519
and NA-300 where incipient stages of microcline formation are observed;
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and finally to samples Nos. NA-197, NA-198 characterized by the highest
microcline and Sr contents. Sr decreases with the increase of Ca, reflecting
the increase of Sr/Ca ratio as migmatization and feldspathization proceeds.
Thus it can be seen that the progressive migmatization and feldspathization
hears similar effects as magmatic differentiation because the Sr/Ca ratio
increases as differentiation proceeds in many calc-alkali igneous rock series
(Nockolds and Atten, 1953). Both Ba and Sr showr a sympathetic increase
with each other as well as with progressive migmatization and feldspathization
of the hornblendic rocks (Fig. 5).

V, Cr, Co and Ni are enriched in the most basic samples Nos. NA-90,
NA-91 and NA-92. It may be noticed that Cr content in migmatized samples
is less than that of the Aswan Granite, while Co and Ni values are higher than
any of the fresh Aswan basement rocks.

Y, La and Sm values increase with the increasing trend of feldspathization
in the samples. However, the basic samples are much depleted in La and Sm
together with Ta, Th, U, IIf and Rb.

In general, the rock varieties mentioned above agree roughly with those
encountered in the usual differentiation of igneous rocks except for the lower
Cr content in the feldspathized ferromagnesian-rich granite and quartz-
diorite.

Speculations on the Origin of Metabasites

Gindy (1954) considered the country rocks of Aswan to have initially
consisted of a géosynclinal pile made up chiefly of two kinds of rocks, semi-
pelites (greywackes) and (subgreywackes), doleritic and gabbroic igneous
intrusions. These were later metamorphized, metasomatized and migmatized
to take the different varieties forming the country rocks, the migmatized
aureole around the coarse granite and of its inclusions. The semipelitic and
metasedimentary members were much more altered and granitized than the
metagahbros and metadolerites.

Higazy and Wasfy (1956) considered all the hornblendic rocks of Aswan
and their derivatives to have been initially of sedimentary origin (impure
calcareous sediments). Gindy (1957), has disputed the sedimentary origin
of the hornblendic rocks and showed that some of them are actually branching
discordant intrusions into the meta-semipelites and the core of the largest,
least migmatized hornblendic bodies retains a typical doleritic to gabbroic
fabric.

Recently Misra (1971) has reviewed the different geochemical param -
eters suggested earlier to prove the origin of the metabasites whether they
were of sedimentary or igneous origin. Misra suggested the geochemical
relations between TiO., and OsBORN’factor-F (1959, 1962), and between
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Ti02 and MnO as forming the best available geochemical tools to prove the
igneous or sedimentary origin of the metabasites.

The eight analyzed samples are shown according to Misra’s diagram.
The three analyses given by Higazy and Wasfy, Nos. G, H and | are also
plotted. In Fig. 6-A the data fall in the field of ortho-metahasites except for
the differentiated dark hornblendite samples and the coarse-grained migma-

ir

......... »- F= Osborn
Fig. 6

titic porphyritic granodiorite No. H. In Fig. 6-B all samples except Nos.
NA-90, NA-91 and NA-92, fall in the ortho-metabasite field. Actually, these
samples were supposed by Gindy to represent one of the dark differentiated
layers of old rhythmically handed structures in the initial gabhroic intrusion.

Taylor (1965) quoted the distinction of Faust et al. (1956), that ser-
pentines of ultrabasic igneous rocks contain more than 100 ppm Cr, while
serpentine derived from the metamorphism of calcareous and dolomitic sedi-
ments “had little or no detectable Cr”. Taylor (1965) has also quoted Evans
and Leake (1960) findings that in stripped amphibolites of basic igneous per-
centage, the Ni (and Cr) content exceeded by a factor of two its maximum
content in the amphibolites derived from shales or dolerites. The Ni as well
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as Cr contents of samples Nos NA-90, NA-91 and NA-92 are more than double
of the other hornblendic samples. On the other hand, the enrichment of such
samples in B could be due to their high plagioclase content which is much
higher than those of the remaining samples.

According to Rankama and Sahama (1952), Ti belongs to the Fe family
and shows a distinct tendency to become separated from the crystallizing
magma at an earlier stage, whereby Ti becomes enriched in the early crystal-
lates of ilmenite and titano-magnetite. Inspection of thin sections of the basic
hornblendic samples shows that opaques are very rare relative to the other
hornblendic rocks. The only Ti-mineral observed was very rare and tiny
sphene. The absence of these two opaque minerals from the analyzed dark
hand would suggest that within the magma chamber ilmenite and titaniferrous
magnetite might have originally gravitatively differentiated and sunk in an
earlier stage at the bottom of the magma chamber just before the rhythmic
handed structure occurred.

It follows that somewhere in the Aswan basement one would except
to discover in the future, some dark melanocratic metabasites (hornblendites)
abnormally rich in ilmenite and titano-magnetite or their other metamorphic
derivatives.

Conclusions

The metabasites in the vicinity of Aswan range from ferro-magnesian
rich granite, quartz diorite to a more basic dioritic composition. The most
basic dioritic samples are believed to have suffered early gravitative igneous
differentiation. They are enriched in some trace elements like V, Cr, Co and Ni.
The most acidic rocks contain high values for Ba, Sr, Y, La and Sin.

From petrographic, petrochemical and geochemical discussions it could
he noted that the dark hornblendic rocks derived initially from old géosynclinal
igneous basaltic (doleritic and gabbroic) intrusions and not of impure calc-
magnesium sediments. Some of these initial intrusions were even differentiated
and subsequently rhythmically layered as suggested by the impoverishment
in Cr and Ti in only certain dark bands of these rhythmically banded differ-
entiates.
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K METPOrPA®UNIN, METPOXVMWN N METPOFEHE3NCY METABA3UTOB PAMOHA
ACYAHA B EIMMNTE

C. 0. KXANWNN-A. P. TUHAN-A. N. APC/TAH

Pestome

M3yyeHo 6bIo BoceMb 06pa3sLL0B, M3MEHABLLUXCA MO COCTaBy OT rpaHWUTOB, GoraTbixX ep-
poMarHuemM, Yepes KBapLieBble AVOPUTbI BMNIOTb 40 MOPOA AVOPUTOBOr0, 60/1ee OCHOBHOIO COCTaBa.
Camble OCHOBHbIE N0 COCTaBy 06paslibl AMOpMTA GbUIM_NOABEPXKEHbI, MO MHEHWIO aBTOPOB, rpa-
BUTATUBHOW Marmatuyeckon avddepeHunaumn paHHed ¢asbl. 3Ty 06pasubl oboralleHbl HEKO-
TOpPbIMW paccesHHbIMKW 3iemMeHTaMK, a uMeHHo —V, Cr, Co 1 Ni. Camble no cocTtaBy o06pasubl
CBWAETENbCTBYHOT O MOCTENEHHOM (DOPMUPOBAHMM MOPPUPO6IACTOB MONEBLIX LUNATOB, KOTOpPbIE
MOTYT AOCTUIHYTb 1CM B A/IMHe. 3TW NOPOLbI COAePXaT 60/bLUMe KOHLeHTpauun Ba, Sr, Y, Lan
Sm, 3a UCK/YeHNEM 60/ee OCHOBHBIX MO cocTaBy 06pasuoB, rae cogepxarnue Ba, Rb, U n Th
eLle HVDKE YeM CpefHue cofepxXaHus ux B 6asanbTongHbix nopogax. OfgHako, BCe aHan30BaH-
Hble 06pa3Lbl NOCTY WA NOHOCTLIO NINLLEHBI ZF,

C neTtporpadmueckoi, NeTPOXMMUYECKON W FTEOXMMUYECKOW TOYEK 3pEHNS MOXHO Oblno
OTMETUTb, YTO TeMHble am(nbonoBble NOPoAbl PyHAaMeHTa B paiioHe r. AcyaH MPOMCXOAAT OT
[ PEeBHUX FEOCUHKNNHAMBHBIX, MarMaTUYeCcCKNX 0a3anbToBbIX (J0NepuUTbl U rabbpo) UHTPY3NBOB,
a He OT HeYUCTBIX KaslbLMeBo-MarH1eBbIX 0CafKoB, KaK 3T0 Mpeanofiaranoch paHbLLe.
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CHEMICAL COMPOSITION
AND GEOCHEMICAL EVALUATION
OF THE NUBIAN SANDSTONES
OF KALABSHA AREA, EGYPT

By
H. S. Abdel W aiiab™

DEPARTMENT OF MINERALOGY, EOTVOS LOr AND UNIVERSITY, BUDAPEST

Ten representative samples covering all the possible varieties of Nubian Sand-
stones in Kalabsha area (Egypt) were chemically analyzed by author. The chemical
analyses as well as the petrographic modal analyses allowed the classification of these
sandstones as protoquartzites (sublithic arenites). Also, it was revealed that these
sandstones derived most probably from preexisting underlying basement rocks.

Introduction

Nubian sandstone is a term given to the brownish, buff-brown and grey-
brown beds of sandstones widely occurring in Sinai, Upper Egypt and Nubia.
The “Nubian Sandstone Formation”, “Nubian Sandstone Group”, “Nubia
Sandstone” and “Nubia Formation” are frequent technical nomenclatures for
similar sandstone in North Africa and in the Middle East.

Pomeyrol (1968), gave a short review of the geology of the Nubian
sandstones in which he summarized the views of some previous works con-
cerning the stratigraphical and age relationships of these sandstones. He
came to the conclusion that the term “Nubian Sandstone” must be abandoned,
since it has lost its original meaning and has been used very loosely in the
stratigraphy of North Africa. The work of Pomeyrol (1968), was subjected
to several criticism and discussions, e.g. Hassan (1971); Issawi (1971);
Pomeyrol (1971); Prasad (1971); Rigassi (1969 and 1970); Siiawa (1969,
1970 and 1971); W eissbrod (1970 and 1971) and W hiteman (1960 and 1971).
The main subject of these discussions aimed either to retain or abandon the
term “Nubian Sandstone”. Pomeyrol (1968), and Weissbrod (1970), suggest
that the term should be abandoned, while Shawa (1969 and 1970), Rigassi
(1969) and Hassan (1971) call for retaining the term. Abdel Waiiab (1972)
and Er-Hinnawi (1973) think, however, that the present knowledge of the
geology, mineralogy, geochemistry, ... etc. of the “Nubian Sandstones” is
still in its infancy, and such a discussion of nomenclature and classification
can only be made if we have adequate and sufficient data.

* Permanent address: Department of Geology, Faculty of Science, Ain Shams Univer-
sity, Cairo, Egypt.
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Although the Nubian Sandstones cover about 25% of the surface area
of Egypt, it is surprising that very few works have been published on the
mineralogy and chemistry of these sandstones. A few grain size analyses were
carried out by some authors on some surface and subsurface samples from
different parts of Egypt. Of these works, those of Shukri and Said (1944 and
1945), shukri (1945 and 1953), Shukri and Er-Ayouti (1953), E1-Shaziy
and Shata (1960), Zanhran (1970) and Ahdel W anab (1972) are to he mentioned.

Fig. 1. Location map of the investigated area

As far as the writer is aware, the first chemical analyses of Nubian Sand-
stones in Egypt, have been introduced by zanran (1970), who gave 10 anal-
yses of Nubian Sandstones from Barramiya area, central Eastern Desert
of Egypt. Zanran (1970) discussed the relationship between the chemistry
of the Nubian Sandstones and their distance from the basement complex.
Abdel w anab (1972), gave 14 complete analyses of Nubian Sandstones from
the area, east to Korn Ombo (Wadi Kharit, Wadi Natash and Homr Akarim
areas; south Eastern Desert of Egypt, Fig. 1), and he came to the conclusion
that these sandstones are to be classified as “Quartzite clan”.
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Sampling and Methods of Analyses

The present work deals with the study of the chemistry and geochemical
evaluation of the Nubian Sandstones in Kalabsha area, Southwest of Aswan,
Upper Egypt, approximate lattitude 23°33” N and longitude 32°52 E. (Fig. 1).
According to Said (1962), the Nubian Sandstones of Kalabsha area are of
Upper Cretaceous age. This area was chosen because no mineralogical or geo-
chemical studies have been carried out on the Nubian Sandstones in this re-
gion. Another reason for this choice is the occurrence of Nubian Sandstones
with all the possible varieties in this area.

Ten samples representing all the different varieties of Nubian Sandstones
were chemically analyzed by author, using a modified rapid method for silicate
analyses (E1-Hinnawi, 1970). In this method, silica, alumina, iron, titanium,
phosphorous and manganese were determined colorimetrically. Sodium and
potassium were determined by flame photometry, while calcium and magne-
sium were determined complexometrically.

The results of these analyses are given in Table (1), together with the
average analyses of Nubian Sandstone samples from the area east of Kom
Oinho (Wadi Kharit, Wadi Natash and Homr Akarim areas) as given by
Abdel Wahab (1972). The average analyses of orthoquartzite, lithic arenite,
protoquartzite (sublithic arenite) and average “sandstone” as given by Petti-
john (1963) are also tabulated.

Classification and Terminology

The classification and terminology used in this paper follow that of
Pettijohn (1963) and Pettijoiin et al. (1972).

Geochemical Evaluation of Nubian Sandstones of Kalabsha Area

Before discussing the chemistry and the geochemical evaluation of the
Nubian Sandstones of Kalabsha area, it must be mentioned that a number
of problems best any geochemical study of sandstones, as the chemical
characteristics of sandstones depend upon the geological processes acting
after the deposition of the sand (including compaction, cementation and re-
moval of minerals by interstratal solution). The diagenetic factors are subject
to erratic variation, so that it is generally agreed that sandstones should be
primarily classified on the basis of characteristics which reveal the provenance
or transportational and depositional history of the rock.

In the present work, discussion is made with reference to the “present-
day” sandstone, i.e. the sandstones which had been diagenetically changed.
No attempt has been made to re-calculate the chemical composition, so as
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Table 1

Chemical analyses of Nubian

K, K, K, K4 K5 K7 K,

Si02 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
Fe.,03** 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
Ca0 3.01 2.87 2.04 3.15 2.14 1.53 1.10 2.14
Na20 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
H20 + 0.68 0.40 1.20 0.94 1.02 0.36 1.27 0.53
To2 0.53 0.91 0.84 0.27 0.14 0.36 0.51 0.36
p2o5 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
co2 2.98 3.01 2.16 1.99 3.18 2.93 2.40 4.96
Total 100.41 100.67 100.16 99.45 100.86 100.44 99.44 100.75

1

* Analyst: Hafez S. Abdel Wahab.

** Fe,03 represents total iron.

Kj—K,0 Are representative samples from Kalabsha area.

Av. K Represents the average chemical analyses of the Nubian Sandstones of
Kalabsha area.

Av. Kh Represents the average chemical analyses of Nubian Sandstones of Wadi
Kharit (Abdel Wahab, 1972).

Av. N Represents the average chemical analyses of Nubian Sandstones of Wadi
Natash (Abdel Wahab, 1972).

to represent the “originar’rock, since such calculations are subject to a great
number of factors, and would never give the exact picture (Middleton,
1960).

From the analyses given in Table 1, the bulk chemical composition
of the Nubian Sandstones of Kalabsha area may reflect their modal compo-
sition and the following observations can be outlined:

1. The percentage of silica (Si02 ranges from 82.20 to 87.16 percent
with an average of 84.27 percent. It is agreed that the chemical composition
of the different varieties of sandstones are highly modified by the introduction
of various void-filling cements, as the silica content may be augmented by
the introduction of silica. Hence, the abundance of silica is practically valueless
for any indication of the prediagenetic history of the rock.

2. Alumina (Al120 3) ranges from 2.21 to 4.66 percent with an average
of 3.55 percent. According to Middleton (1960) all sandstones with less than
5 percent alumina are considered to be “Quartzite clan”. This is the case in
the Nubian Sandstone samples of Kalabsha area.
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Sandstones of Kalabsha Area*

K, K10 AV.K Av.Kh AV.N AV.H n B C ]
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 11 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 13 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 11 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. Il Represents the average chemical analyses of Nubian Sandstones of Homr
Akarim area (Abdel Wahab, 1972).
A Represents the average chemical analyses of orthoquartzite (Pettijohn,
R Rlegpsri)senté the average chemical analyses of lithic arenite (Pettijohn,
C éz?)?lsents the average chemical analyses of protoquartzite “sublithic are-
nite” (Pettijohn, 1963).
D Represents the average chemical analyses of “sandstone” (Pettijohn,
1963).
3. It is shown in Table 1 that Na20 considerably exceeds K 20, this is5

however, a singular chemical attribute of graywacke (Pettijohn et al., 1972),
but the present author explains the high Na.,0/K.,0 ratio in the samples under
investigation (which are evidently not graywacke; see the average chemical
analyses and the modal analyses data) by the following:

a) The source rocks of these Nubian Sandstones must be soda-rich.
The mostabundant possible source rocks for these sandstones are the under-
lying basement rocks (granites, granodiorites and gneisses). Modal analyses
showed that the Nubian Sandstones of Kalabsha area contain appreciable
amount of rock fragments (7.8%), which are composed mainly of the following
types of fragments arranged in order of decreasing abundance: granites, grano-
diorites, gneisses and chert. The presence of these types of fragments within
the Nubian Sandstones of Kalabsha area may be a fair indication of their
origin from the preexisting underlying basement rocks.

b) Thehigh Na20/K 2 ratio may have been produced by the albitization
of the feldspars in the Nubian Sandstones under consideration during dia-

6: Ada Geologica Acadvmiae Scientiarum Hungaricae 20, 1976



84 ABDEL WAHAB, H. S.

genesis. Petrographic investigation revealed that the major part of the plagio-
clase is highly albitized. The distribution diagram for Na20 and K.,0 is graph-
ically represented in Fig. 2.

As alumina (A120 3) and alkalies (Na20 and K.,0) occur essentially in
sandstones in two main mineral groups: (i) clay minerals, micas and chlorites
and (ii) feldspars, therefore, alumina and alkalies may show good positive
correlation (Fig. 3).

5
4
3
2
1
0 1 2 3 it 5
Percent K:O+NCl: O
Fig. 2. K20/N a2 ratio in Nubian Sandstones Fig. 3. Content of alkalies versus Al120 3
of Kalabsha area. M = Represents the average in Nubian Sandstones of Kalabsha area
0.01 0.1 10 100
Percentape
Fig. 4. Major oxide composition of Nubian Sandstones. K = Represents the average of

Kalabsha Nubian Sandstones: Kh, N and H = Represents the average Nubian Sandstones
of Wadi Kharit and Hamr Akarim, resp. (Abdel wanab, 1972); a — Represents average
sandstones (Pettijohn, 1963)
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4. The Fe20 3 content (total iron) ranges from 1.98 to 3.95 percent with
an average content of 2.78 percent. Here, the iron content seems to be in
significant since its presence is not only controlled by its provenance, but also
by the chemical conditions which prevailed in the basin of deposition and in
the sediments during diagenesis. A further factor is the intensity and duration
of weathering of the source materials prior to deposition. Middieton (1960),
pointed out that “the more intense and prolonged the weathering, the more
iron will pass into solution and therefore will not be deposited in a sand-
stone”.

5. The calcite cement present in these sandstones led to a comparatively
high CaO and CO02content in some samples. Further the high MgO obtained
in some of these samples is attributed to the presence of dolomitic carbonate
in the cement (Petrographic studies confirm these explanations).

6. Titanium (TiO 3 is found with an average content of 0.14 percent,
this percentage is mostly found in clays and in some heavy minerals recorded,
such as anatase, rutile and ilmenite.

Figure 4. illustrates the major oxide composition of the Nubian Sandstone
samples of Kalabsha area, together with those of the area east of Korn Ombo
(Abdel Wahdb, 1972). The average “sandstone” given by Pettijonn (1963)
is also illustrated.

Chemical Composition as a Function of Sandstone Type

Middieton (1960) made the first important attempt in evaluating geo-
chemically different groups or “clans” of sandstones. He pointed out that,
if a chemical investigation of sandstones is to be independent of diagenetic
factors, it may be based upon the ratio between Al12 3and alkalies or between
some other individual pairs of oxides. Diagenetic processes during compaction
and in the later hystory of a sandstone, play an important role in its chemical
characteristics.

Pettijohn et al. (1972) pointed out that the differentiation between
mature and immature sandstone is possible by using the ratio of SI02AI120 3,
rather than by using either of them. The mature quartz rich sandstones are
of high Si02AI120 3 ratio because of the absence of aluminosilicates, clays
(a textural attribute) or primary silicates (a mineralogical attribute). Pecti-
jonn et al. (1972) also mentioned that differences between alkali metal-rich
and alkali metal-poor sandstones can almost equally be taken as corresponding
to a maturity index defined in chemical composition terms. This was expressed
by the ratio of Na20/K 20 and the ratio of Si02AI120 3 (Fig. 5). Applying the
chemical analysis data of the Nubian Sandstones of Kalabsha area to the
diagrammatic maturity index given by Pettijonhn et al. (1972), the sandstone
of Kalabsha area are accordingly classified as protoquartzite *“sublithic
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Fig. 5. Si0O2ZAI203vs. Na20/K 20 ratios of sandstones. Stipple outlines area of most analyses.
Contours (heavy) lines show values of log VB —KD Pettijohn, 1963: A =Represents

average of Kalabsha Nubian Sandstones

arenites’4. This is in close agreement with the petrographic modal analyses
of these sandstones (Table 2).

As shown from Table 2, the Nubian Sandstones of Kalabsha area are
characterized, by the dominance of quartz, abundance of rock fragments
(granite, granodiorite, gneiss and chert), subordinate content of feldspars
(mostly plagioclase which is highly albitized, but K-felspars are found to a
smaller extent). The dominant cement is silica, while carbonate cement is
second in abundance and is composed mainly of calcite and dolomite. Clayey
matrix is present as patches and is represented by kaolinite and illite (as re-
vealed from the X-ray diffraction study).

Petrographically, these sandstones are generally moderately sorted and
medium in size (i.e. they are of 0.25 to 0.50 mm size). Microscopic investigations

Table 2

Modal analysis of Nubian Sandstones of Kalabsha Area

Constituent peAr\éZﬁgZe
Quartz 75.2
Feldspars 2.5
Mica 0.3
Rock fragments 7.8
Clay or matrix 3.6
Silica cement 7.6
Carbonate cement “calcite and dolomite” 3.0
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Fig. 6. A photomicrograph showing a medium grained, moderately sorted and subgrounded
Nubian Sandstone. Single quartz grains, some of which exhibit undulatory extinction.
Crossed nigois, X 64

Fig. 7. A photomicrograph showing moderately sorted Nubian Sandstone composed of quartz
and rock particles, the latter being in part granits and gneiss. Quartz grains are generally
suhrounded. Crossed nigois, X 64
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Fig. 8. A photomicrograph showing a considerable secondary overgrowth of silica. The
original quartz grain boundaries are well shown. Crossed nigois, X 64

Fig. 9. A photomicrograph showing undulatory composite quartz grains with an overgrowth
attaining crystal form in a void space. The detrital grains are mottled with iron oxides (hema-
tite and magnetite) and the grains margins are delineated by iron oxides. Crossed nigois, X 64
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revealed that these sandstones are composed essentially of quartz grains;
these are mostly monocrystalline (single grains) and polycrystalline to a smaller
extent (composite). The quartz grains are highly subrounded and subangular,
usually of homogeneous extinction and to a smaller extent of undulatory ex-
tinction. Silica is the most common cementing agent, it is almost quartz de-
posited in optical and crystallographic continuity with the rounded detrital
quartz, thus forming the silica overgrowths (Figs 6, 7, 8 and 9).

Summary and Conclusion

The chemical and modal analyses of the Nubian Sandstones of Kalabsha
area led the author to designate these sandstones as protoquartzites “sub-
lithic arenites”. These sandstones of Kalabsha area were found to be similar
in chemical composition to those sandstones of Salt Wash Member of Morrision
Formation which were considered to be protoquartzites “sublithic arenites”
(Pettijohn et al., 1972)

The Nubian Sandstones of Kalabsha area (Western Desert of Egypt)
were found to be similar to the Nubian Sandstones of Wadi Natash and Wadi
Kharit (Eastern Desert of Egypt). The slight variations — if any — in chemical
and/or mineralogical composition are mainly attributed to the diagenetic
factors acting on these sandstones after deposition.

Nubian Sandstones recorded from the Barramiya area (hundred Kilo-
meters north of Wadi Kharit, Eastern Desert) were designated as quartz are-
nites “orthoquartzites” (zanran, 1970). It is to be noted that these Nubian
Sandstones of Barramiya Area are far from the basement rocks as compared
with those of Wadi Kharit and Wadi Natash. Therefore, the consistency in
nomenclature of the Nubian Sandstones as attained by most methods of classi-
fication leaves no room for doubt in designating the sandstones, those which
are far from the basement rocks are “quartz arenites” or “orthoquartzites”,
and those near the basement rocks are “sublithic arenites”.

The presence of a considerable proportion of rock fragments (granites,
granodiorites and gneisses) as well as the field observation, i.e. the Nubian
Sandstones cap the basement rocks in Kalabsha area, are indications of the
origin of the Nubian Sandstones of Kalabsha area from the preexisting under-
lying basement rocks.*

* Detailed discussions regarding the source and mode of formation of the Nubian
Sandstones in Egypt are now in preparation for publication by the author (see references).
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XUMUYECKU COCTAB U FEOXVUMUYECKAA OLIEHKA HYBUWNCKNX
MECYHAHNKOB PAVMOHA KAJNTABLWW B EFMNMATE

T. C. A. BAXAGB

Pesome

ABTOp CTaTbi BbIMO/HWA XUMWYECKUIA aHaNU3 AEcsATU MoKasaTeNbHbIX 06pasLoB, Mpef-
CTaBASOLLMX COBOK BCE BOMOXHbIE PAa3HOBUAHOCTY HYBUIACKMX NecyaHUKoB paiioHa Kanaoliu
(Ervnet). Pe3y/bTaTbl XWMUYECKMX U MOAATbHBIX METPOrpaMueckuX aHaan3oB MO3BOMUAN
OTHECTU 3TV MecyYaHUKN K MpPOTOKBapuMTaM (Cy6nmTUueckum apeHuTam). Kpome Toro, 6biio

BbISIB/IEHO, UTO 3TU MECYaHUKU MPOWCXOASAT, MO-BUAMMOMY, OT paHee CyLeCTBOBABLUMX MOfA-
CTUNAIOLMX MOPOg, PyHAAMEHTA.
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STRATIGRAPHIC AND EVOLUTIONARY ANALOGIES
OF THE EOCENE OF THE PARISIAN BASIN
AND OF NE-TRANSDANUBIA

By
L. Gidai

HUNGARIAN GEOLOGICAL INSTITUTE, BUDAPEST

On the basis of personal experiences and literature data the author gives a
review on the analogies of the Eocene stratigraphy and evolution of the Parisian
Basin and of the NE region of the Transdanubian Central Mountains.

The formations corresponding to the Danian-Montian, Thanetian of the Parisian
Basin are unknown in NE Transdanubia.

The Lower Eocene browncoal sequence of NE-Transdanubia as well as its
marine cover can and should be correlated with the Sparnacian and with the Cuisian
or Ypresian stratotype of the Parisian Basin, respectively.

During the Sparnacian the formation and evolution of the two areas proved
to be similar.

Further significant mutual characteristics of the geological evolution are reflected
by the events at the Cuisian-Lutetian boundary: local uplift and erosion took place
in both areas.

In the Lower Lutetian the transgressive marine formations (with Nummulites
perforatus) are of general extension also in the area of the Transdanubian Central
Mountains showing relatively uniform facies. As contrasted to the Parisian Basin
showing more uniform facies pattern in the Middle Lutetian, in NE-Transdanubia
the facies fluctuations are frequent (marshy, freshwater, brackish water and marine
facies).

Parallelly with the enclosing of the Upper Lutetian in the Parisian Basin, in
the Dorog Basin the so-called Tokod sandstone was deposited indicating separation
from the sea. The lack of the fauna characterized by Nummulites perforatus in the
Parisian Basin is significant.

In the Upper Eocene analogies are hardly found, in the Parisian Basin the effect
of the North Sea predominates with English (Bartonian) and Belgian relations.

In France the Paleogene is tripartite. The Paleocene includes the com-
bined Danian-Montian and Thanetian stages. To classify the Eocene formations
the Ypresian (Lower), the Lutetian (Middle) and the Bartonian (Upper)
stages are used, in case of the Ypresian two, in that of the Lutetian and Bar-
tonian three substages are distinguished.

Just like in the Transdanubian Central Mountains, before the Paleogene
sedimentation the Mesozoic formations were considerably evolved. Considerable
difference exists, however, in the make up of the basement: in the Parisian
Basin the basement of the Paleogene is built up by Cretaceous formations.
The youngest Cretaceous formation can he assigned to the Campanian (chalk
with Belemnitella mucronata). In the area of the Transdanubian Central
Mountains the Paleogene formations are for the most part underlain by
Triassic dolomite and Dachstein limestone, to some extent by Cretaceous and
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subordinately by Jurassic formations testifying to the more considerable
denudation of the Transdanubian Central Mountains at the end of the Mesozoic.

During the Daman and Montian the sea returned from the West through
the Channel into the Parisian Basin, the sediments of which, i.e. the marl of
Meudon (southwest of Paris), and the “pisolitic limestone” up to Melun
(southeast of Paris along the banks of the Seine) are known in the depression
preformed structurally in NW-SE direction following the Seine-line, and fur-
ther in SW-NE direction.

The formations marked formerly as “pisolitic” limestone are really
coarse limestones or biocalcarenites which were developed from calcareous
algae fields. E. Szadeczky-Kardoss (1925) described similar pseudo-oolitic
freshwater algal limestone from the Transylvanian Paleocene. On the age
ofthe formation series in question discussions were carried out during more than
fifty years in the French literature. E.g. the fauna, and particularly the corals
include several Mesozoic elements. By means of ostracod and foraminiferal
studies has been unambiguously evidenced that their age is undoubtedly
Paleogene, i.e. Danian-Montian.

When summing up the results of the investigations carried out till now,
according to Ch. Pomerol (1973) this gulf drawing from the West, i.e. from

PARISIAN BASIN (after Ch.Pomero!) NE- TRANSDfiNUBIA
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Fig. 1. Stratigraphic comparison of the Paleocene and Eocene of the Parisian Basin (after
Ch. Pomerol, L. Feugueur, 1968) and of NE Transdanubia
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the Atlantic through the Channel had no connection with the Montian Basin
of Belgium.

Except the opinion of F. Horusitzky (1964) and according to the recent
Hungarian stratigraphic views the area of the Transdanubian Central
Mountains was emerged land at that time. With regard to the opinion of
F. Horusitzky and taking into account the variegated clay sequence which
amounts locally to more than 120 metres thickness and which lies between
the Sparnacian lacustrine-lagoonal facies and the Mesozoic basement, the
stratigraphic investigation of the variegated clays at the bottom of the Eocene
rises as a stressed stratigraphic problem. After the regression of the Danian-
Montian sea and the erosion of the Danian-Montian formations the new trans-
gression arrived from the North during the Thanetian and only its completing
phase reached the Parisian Basin. The most widespread formation of the
Thanetian is the Bracheux sand (up to 30 metres thick) which contains nu-
merous molluscs in addition to Cyprina scutellaria. At Coye (NE of Paris)
the littoral facies of the Thanetian sands is represented by a chert-conglomerate
which is equivalent with the Bracheux sands. The Bracheux sands are overlain
by lacustrine limestones in the eastern part of the Parisian Basin. These are
of less extent than the Bracheux sands.

As to our recent knowledge in the Transdanubian Central Mountains
no formations being analogous both in age and facies with the Thanetian
of the Parisian Basin, are known. The problem of the Lower Eocene terrestrial
discussed above in connection with the Danian-Montian concerns also the
problem of the Thanetian (Fig. 1).

In the Parisian Basin the Thanetian-Sparnacian boundary is well marked
(Fig. 2). East of Reims, on Mont Berru in the Cernay conglomerate a rich ver-
tebrate fauna of Thanetian age was found which has been studied by R ussel
(1964). The fauna consisting of crocodiles, large turtles, of a gigantic bird
(Gastornis) as well as of mammals of Mesozoic affinity has been correlated
with the Upper Paleocene fauna of North America. Nevertheless, this fauna
indicates the end of evolution of the Mesozoic mammals and differs from the
Sparnacian mammals initiating the Tertiary (Coryphodon). According to
Ch. Pomerol this fact is an important argument in favour of the assignment
of the Sparnacian to the Y presian cycle, and of the drawing of the Paleocene-
Eocene boundary between the Thanetian and Sparnacian.

As to the connection of the Sparnacian Ypresian, similar conditions are
known in the northeastern part of the Transdanubian Central Mountains:
the transition is continuous from the Sparnacian lower brown coal sequence
through brackish water formations towards its higher-seated cover being as-
signed to the Cuisian, i.e. the neritic Operculina-bearing clay-marl. An un-
settled question of the Hungarian Eocene stratigraphy is connected to this,
i.e. the more precise correlation with the stratotypes.
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The experiences obtained in France support the authors former opinion
that the Lower Eocene brown coal sequence of NE-Transdanubia and its marine
cover can and should be correlated with the Sparnacian resp. with the Cuisian
or Ypresian stratotypes of the Parisian Basin. The thick, (locally 10 metres)
Sparnacian of ours is correlable in duration with the Sparnacian clayey brown
coal sequence and plastic clay (several metres thick) of the Parisian Basin.

Fig. 2. Extension and main facies of the Sparnacianin the Parisian Basin (after Ch. Pomeborl,
1973)

Before the general Cuisian transgression the area of the Parisian Basin
was covered by lagoons. The area of there was separated from the Belgian
Y presian sea by the Artois barrier (anticline). The lagoonal Sparnacian and the
marine Cuisian are equivalent to the completely marine Belgian Y presian.
The Sparnacian has several lateral facies. The most complete outcrop of the
Sparnacian is found in the Guitrancourt quarry (west of Paris, in the right
bank of the Seine), where its total thickness amounts to 10.85 metres.

In spite of the fact that the Hungarian Eocene belonged to the Medi-
terranean and that of the Parisian Basin to the Northern facies zone, it can be
established that the facies and evolution of the two areas were similar during
the Sparnacian.

In the Cuisian substage the Artois harrier (anticline) disappeared. Its area
was inundated by the sea together with that of Belgium and the northern and
north-western parts ofthe Parisian Basin (Fig. 3). The area ofthe Parisian Basin
became opened north- and westwards, i.e. towards the Atlantic. Nummulites
planulatus, the highly abundant index fossil of the Cuisian sand got into the
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Fig. 3. Extension of the Middle and Upper Lutetian separated by the Artois anticline in

the Parisian and Belgian basins (after Ch. Pomero1, 1973). 1. Marine limestones and sand-

stones of lagoonal-marine facies (caillases); 2. Lacustrine limestone; 3. Calcareous sandstones
of Lede and Wemrnel

Fig. 4. Ludian in the Parisian Basin (after Ch. Pomero1, 1973). 1. Extension of the marls

with Pholadomya ludensis; 2. Extension of the gypsum lense; 3. Lacustrine limestones

and marls: limestone of Champigny, limestone of Chateau Landon marls of Tardenois;
4. Direction of fluviatile transportation into the Ludian sea
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Parisian Basin from the Atlantic. This species is found also in the clay marls
with Operculina of the Transdanubian Central Mountains as it has been stated
both by M. Jambor-Kness and by A.Brondeau.In addition to the same age
an indirect communication between the Eocene seas of the Transdanubian Cen-
tral Mountains and ofthe Parisian Basin can also be assumed. Further significant
common features of the geological evolution are reflected by the events at the
Cuisian-Lutetian boundary. In the Guitrancourt profile only the lower 50 cm
of the Cuisian have remained untouched, all the strata from the Cuisian-
Lutetian boundary up to the Middle Lutetian being eroded. The Cuisian profile
at Fosses is more complete but both uplift and denudation can be demonstrated.

Similar phenomena can be observed in the NE area of the Transdanubian
Central Mountains: uplift at the Cuisian-Lutetian boundary, erosion of Lower
Eocene formations within the Eocene as well as the fauna redeposited in
reversed order from the Lower Eocene formations into the Middle Eocene
ones have repeatedly been ported on (M. Jambor-Kness 1968; L. Gidai,
1968). Taking into account the distance of about one and a half thousand
kilometres, one can conclude that the uplift and separation at the Cuisian-
Lutetian boundary proved to be of regional scale.

The Lutetian sequence of the Parisian Basin of about up to 40 metres
thickness shows the classical scheme of one sedimentary cycle: the sequence
consisting of coarse detrital facies (in lowermost part coarse glauconite) at
the bottom is followed by coarse limestone in its middle part. At the end of
the cycle the organigenic-detrital sedimentation is replaced by evaporitic-
chemical sedimentation.

The evolution of the Parisian Basin and of the Dorog Basin (the most
complete Lutetian sequence in the Transdanubian Central Mountains) shows
certain analogies: In the Lower Lutetian the transgressive marine formations
(with Nummulites perforatus) are of regional extension also in the area of the
Transdanubian Central Mountains showing a relatively uniform facies. In
the Middle Lutetian, the Parisian Basin shows a more uniform facies pattern,
while in the Transdanubian Central Mountains the frequent change of facies
(marshy, freshwater, brackish water and marine), viz. the archipelagic charac-
ter predominates. During the Upper Lutetian similar analogies can be out-
lined: simultaneously with the Upper Lutetian separation of the Parisian
Basin, the coarse fauna-poor Upper Lutetian Tokod sandstone of the Dorog
Basin suggests also disconnection with the sea.

In the Lower Lutetian of the Parisian Basin the “en masse” presume
of Nummulites levigatus indicating to La Manche — Atlantic as well as to
Mediterranean connections makes possible a direct correlation with the Num-
mulites laevigatus bearing formations of the Southern Bakony Mountains.

A significant difference is the lack of the Nummulites perforatus fauna
in the Parisian Basin. On this basis it is obvious that the Parisian Basin

Acta Geologica Academiae Scientiarum Hungaricae 20, 1976



ANALOGIES OF THE EOCENE 99

belonged to the northern facies zone and had no direct connection with the
Mediterranean.

After the drying of the Upper Lutetian lagoons the Parisian Basin had
been inundated again, i.e. the Bartonian transgression set in. After the depo-
sition of the Auversian and Marinesian marine sands (Lower and Middle
Bartonian) — their lateral facies consist of clay and limestone — in the Ludian
the Upper Bartonian marls with Pholadomya indicate a new but short trans-
gression.

Cuvier described Paléothérium magnum, Anoplotherium commune and
Xiphodon gracile from the Montmartre gypsum. These proved to be index
species of the Eocene. Only these mammal into the Eocene and to the fact
that the Oligocéne should be started with the Romainville clays in the Parisian
Basin.

In the Upper Eocene only a few analogies are found, e.g. that the char-
acteristic Nummulites of the Auversian, i.e. Nummulites variolarius occurs
also in Hungary. After the Auversian the indirect connections of the Parisian
Basin with the Mediterranean were stopped: in the Upper Eocene of the
Parisian Basin the influence of the North Sea predominated with English
(Bartonian stage) and Belgian relations.
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AHANOIMSA CTPATUIPA®UN U WNCTOPUM TEOJIOMMYECKOIO PA3BUTUA
30UEHOBbLIX OBPA3OBAHWW MAPUXCKOIMO BACCEMHA W 3AAYHAWCKOrO
CPEAHErOPbSI (BEHIPUN)

N. TUIAM

Pesome

ABTOp Ha OCHOBAHUW NINYHbIX HAGMIOLEHNI U BAXHENLLNX NUTEPATYPHbIX AaHHbIX faeT
0630p aHaNorMUHbIX ABNEHWI cTpaTurpaun N MCTOPUM Fe0NOrNYECKOro PasBUTHSA 30LEHOBbIX
o6pasoBaHuii Mapuxckoro 6acceiiHa n 3agyHaickoro CpeaHeropbs.

O6pa3oBaHus, COOTBETCTBYHOLLME AATCKO-MOHCKOMY M TaHETCKOMY sipycam [Mapuxckoro
6acceiiHa, B CEBEPOBOCTOYHOI 4acTW 3aflyHaiickoro CpeAHeropbsi He W3BECTHbI.
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Ha ceBepo-BOCTOKe 3a/yHaiCKOro Kpas HUXXHEIO0LEHOBYIO TONLWY BYPbIX Yreld MOXHO U
cnepyeT CONOCTaBUTb CO CMAPHAKCKUM, KPOB/KO MOPCKOIO MPOUCXOXAEHUA — C KIOU3CKUM WKW
MNPCKUM cTpaToTunamu Mapuxckoro 6acceiiHa.

MyTb pa3sBUTUA 3TUX ABYX TEPPUTOPMIA HA MPOTAXKEHNM CNAPHAKCKOT0 BEKA OblT CXOXUM.

[anbHeliwne 3HaunTeNbHblE 06LiMe YepTbl MYTU PasBUTUA OTPaXKalT NPOLECcChl, NPounc-
WeAllne Ha rpaHuLie KIOW3CKOro W MIIOTELCKOro BEKOB: NI0KaNbHble MOAHATUS U Pa3mblB MMeNu
MeCTO Ha 06eux TeppuTOpuUsX.

Mopckue (¢ Nummulites perforatus) TpaHCrpeccuBHble 06pa3oBaHUA HMKHENoTeL -
CKOro fipyca Ha Tepputopuu 3agyHarickoro CpefHeropbs MMeIT Takxe obliee pacnpocTpaHe-
HWe, NOKa3blBas NPy 3TOM CPABHUTE/LHO €AMHYI0 DaLnanbHy0 KapTuHy. B cpegHem nioTeunu, no
cpaBHeHMIO € [Mapuxckum 6acceiiHom, uMeroWwmM 60nee efuHOe (auuanbHOe pasBuMTUE, Ha
CeBep0-BOCTOKe 3aAyHaNCKOro Kpas u4acto HabnogatoTca (auymanbHble Konebawua (cpeau
60M10THbIX, NPECHOBOAHbLIX, C/lerka COMOHOBOAHbIX U MOPCKUX (haluid).

O/JHOBPEMEHHO C NPOLLECCOM M30MALMKM B MO3AHEM ntoTeumun Mapuxckoro 6acceiiHa B
[oporckom bacceiiHe OTNOXWAWUCb TOKOACKME MECYaHWKW, yKasblBalolime TakXe Ha M30N8-
LMo 0T MopS.

3HauynTeNbHOE OT/IMYME 3aK/NK0YaeTCs B OTCYTCTBMM B [apuxckom 6acceliHe (ayHbl C
Nunimulites perforatus.

B BepxHeMm 30LeHe yXKe Mano MOXHO BCTPeTUTb NPUMepoB aHanoruu, B Mapuxckom bac-
celiHe npeo6nafaeT BAMAHUEe CeBEPHOro MOpPS C aHTrMACKMMK (6apTOHCKUIA apyc) n 6enbrui-
CKUMW CBA3AMU.
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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. Bérczi-Makk

RESEARCH LABORATORY FOR OIL AND GAS INDUSTRY, BUDAPEST

On the basis of a number of references the distribution of the Foraminifera-
species Meandrospira pusilla (Ho) in the Lower Triassic sedimentary rocks of Europe,
Asia and Africa is shortly discussed, referring to its scarce occurrence in Middle Tri-
assic rocks, as well. The Meandrospira pusilla (Ho) shows a general occurrence in
shallow marine formations and is a species of wide ecological toleration by adapting
itself easily to the changes in depositional environment and to the sea-floor lithology.
This species is of considerable hiostratigraphic significance, for, in addition to its
narrow vertical occurrence (Campilian only), it could be traced in wide areas, in almost
all Lower Triassic marine formations.

The stratigraphy of the Meandrospira pusilla (Ho)-bearing Lower and Middle
Triassic formations discovered by hydrocarbon exploring boreholes in Hungary are
discussed and a short description of the species Meandrospira pusilla (Ho) as well as
that of its rather poor but characteristic microfaunal assemblages are reported. In the
Lower Triassic formations this latter assemblage is characterized by few individuals
of the following Foraminifera-species: Ammodiscus sp., Earlandia tintininformis (Misik),
Cyclogyra cf. mahajeri Bronnimann, Zaninetti, Bozorgnia, Spirorbis phlyctaena
Bhonnimann, Zaninetti, Glomospirella sp. The individuals of the Meandrospira pu-
silla (Ho) in the Middle Triassic (Anisian) formations are accompanied by some
Trochammina cf. almtalensis Koehn-Zaninetti and Meandrospiranella sp. only.

Introduction

Lower Triassic (Werfenian-Scythian) marine formations can be easily
traced throughout the Tethys-area (Alps, Carpathians, Dinarids, Balkan-
paeninsula), in the marginal areas to Eurasia (Asia Minor, Iran), throughout
the area of the Triassic Middle Sea in Asia (Himalaya, India, Southern China,
Archipelago of Malaya, Pacific Coast of Siberia) and in the environ of the
Pacific Sea (California). In these formations, the littoral nearshore and shallow-
water facies and the lagoonal sediments play most important role.

Some horizons within the Campilian (Lower Triassic) are characterized
by a massive occurrence of the Foraminifera species Meandrospira pusilla
(Ho), forming the earliest Foraminifera zone of the Triassic. On the basis
of characteristic Foraminiferal assemblages the Triassic has been split into
11 Foraminifera-zones (J. Saraj, 1969a), the lowermost of which is the “ Me-
androspira pusilla'-zone.
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The “Meandrospira pusilla'”tzone in Europe,
Asia and Africa

The lower boundary of occurrence of the species Meandrospira pusilla
(Ho) is unknown. The Seisian sandstone of NW-Montenegro, Yugoslavia
(S. Pantic, 1967) is the earliest formation in which it has been observed.
The microfaunal assemblage known from the formation involved is rather
poor: i.e. it consists of some individuals of Meandrospira pusilla (Ho) and
Frondicularia woodwardi Howchin.

The species Meandrospira pusilla (HO) described from the Triassic of
China (Y. HO, 1959) is characteristic of the Campilian locations of the Alpine
Triassic (lulian-Alps, Western-Carpathians, Hungarian Central Mountains,
Dinarids, Eastern Serbia, Eastern Balkan, Greece, Turkey). In the strati-
graphic literature data are found referring to its additional occurrence in the
Triassic sediments of the Asian Middle Sea (Caucasus, Iran, Pakistan) as well
as in the northern part of the African continent (Southern Tunisia) (Fig. 1).

In the Campilian sediments it is a common phenomenon that the faunal
assemblage is only composed of the individuals of spescies Meandrospira
pusilla (HO) only. (J. Saraj—A. Biety—J. Bystricky, 1967b; A. Bamovs,

Fig. 1. Occurrence of the species Meandrospira pusilla (HO) in Europe, Asia and Africa.
1. Individuals of Meandrospira pusilla (HO) in Lower Triassic sedimentary rocks; 2. Indivi-
duals of Meandrospira pusilla (HO) in Middle Triassic sedimentary rocks
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1968; M. Roksandio—M. Canovic, 1970; E. Trifonova, 1972; A. Bérczi-
Makk, 1972; G. Christodoulou—S. Tsaila Monopolis, 1972). The accom-
panying fauna — if any — is rather poor and is represented by several Ammo-
discus sp., Glomospira sp., Glomospirella sp., Earlandia tintiuniformis (Misik),
Cyclogyra ? mahajeri Bréonnimann, Zaninetti, Bozorgnia, Spirorbis phlyc-
taena Bronnimann, Zaninetti with some Mollusca- and Ostracoda shell
fragments. The characteristic fact is worthy of note that in certain cases a
massive occurrence of Echinoid-fragments can be found together with the
individuals of the Meandrospira pusilla (HO) (e.g. P. Brénnimann—L. Zani-
netti— A. Mosiitagiiin H. Huber, 1973; A. Bérczi-Makk in this paper).
In these instances the accompanying faunal assemblage — if any — is not
characteristic. In the Lower Triassic of the Alps (L. Koehn-Zaninetti.
1969) and in the Campilian sediments of the Western Carpathians (J. Salaj,
in press) the Meandrospira pusilla (Ho) can he found together with the Fora-
minifera-species Hemigordius chialingchiangensis (Ho).

In the Middle Triassic Anisian sedimentary rocks the species Meandro-
spira pusilla (HO) is represented by few individuals only, accompanied, how-
ever, by anumber of other microfossils (Y. HO, 1959; J. Salaj—A. B. Niely—
J. Bystricky, 1967a, 1967b; T. Bechstadt—R. Brandner, 1970; P. Bronni-
mann—L. Zaninetti—F. Bozorgina— H. Huber, 1972; P. Brénnimann
J. Cadet— L. Zaninetti, 1973a; A. Gazdziczki—J. Trammer K. Zawidzka,
1975; L. Zaninetti—P. Bronnimann, 1975).

In the younger Middle Triassic (Lower Ladinian) occurrence of Meandro-
spira pusilla (HO) has been reported in one location only: in the Krizna-Basin
of the Western Carpathians i.e. in the northern foreground of the Low Tatra
Mts. It can be found in Lower Ladinian Diplopora-bearing dolomite accom-
panied by a number of other microfossils (J. Salaj—A. Biely—J. Bystricky,
1976).

Individuals of the species Meandrospira pusilla (HO) are most frequently
found in limestones (L. Koehn-Zaninetti, 1969; A. Ramovs, 1968, 1974;
A. Bérczi-Makk, 1972; J. Saraj, 1976), in dolomites (Y. HO, 1959; z. Dur-
danovic, 1967; B. Scavnicar— A. Susnjara, 1967; S. Pantic, 1970; P.
Bréonnimann— L. Zaninetti— F. Bozorgnia— H. Huber, 1972; P. Bronni-
mann— L. Zaninetti—A. Moshtaghian— H. Huber, 1973; A. Baud
P. Bronnimann— L. Zaninetti, 1974); in dolomitic limestones (Y. HO,
1959; P. Bronnimann— L. Zaninetti— F. Bozorgnia, 1972; S. Pantic
J. P. Rampnoux, 1972) rarely in marly limestones (S. Pantic—S. Mojsilovic,
1967); in sandy limestones (M. Canovic— R. Kemenci, 1972;) in marl slates
(J. saraj— A. Biety—J. Bystricky, 1967b); in oolithic limestones (H.
Hagn, 1955; J. P. Rampnoux, 1968); in sandstones (S. Pantic, 1967); in
marine clastic series (J. Saraj, 1969a).
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Biostratigraphic Significance of the Meandrospira pusilla (HO)

The Meandrospira pusilla (HO) has a great biostratigraphic signifi-
cance, since, it is considered as a zone-marking Foraminifera-species of the
Campilian snbstage just because of its massive appearance. More definitely;

the species involved should be a zone-marking one, because — in addition
to its fairly narrow vertical occurrence (practically Campilian only) — it
could he horizontally traced in a large area — according to biostratigraphic
references.

Having identified the species Meandrospira pusilla (HO), Campilian
formations of different regions (for instance Alps, Carpathians, Dinarids,
Balkan Mts., North Africa, Asia-Minor, China) could be easily correlated.
The species involved adapts itself well to the changing environments. The fact
that a massive occurrence of individuals of the Meandrospira pusilla (HO)
without any other significant fossil can he equally found in dolomites with
gypsum-intercalations (Y. HO, 1959), in anhydritic marls (A. Bérczi-MakK,
1972) allows to conclude that this species adapts itself well to the salinity
increase of sea-water. At the same time, the normal marine conditions provide
also favourable conditions for the Meandrospira pusilla (HO), since it shows
/ widespread occurrence accompanied by a number of macrofossils as Tiro-
(ites cassianus (Quenstedt), Naticella costata (Munster), Myophoria costata
aZENKER), Gervilleia sp. etc. (A. Bérczi-Makk, 1972; K. Budurov—E. Tri-
fonova, 1974; A. Ramovs, 1968).

The lithological composition of the sea-floor, the agitation of the sea-
water, as physical-environmental factors are significant influencing the living
conditions of abenthonic Foraminifera-species. The individuals ofthe Meandro-
spira pusilla (HO) can he generally found in clay-free, pure, recrystallized
limestones and dolomites, although its occurrence is characteristic of clayey
dolomites (P. Bronnimann—L. Zaninetti—F. Bozobgnia, 1972), dolosparite
containing quartz grains (P. Bronnimann—L. Zaninetti—A. Moshtaghian
—H. Huber, 1973) as well. Individuals of this species are known from clayey
marls and from silty limestones, too (A. Bérczi-Makk, this paper). Conse-
quently, this Foraminifera-species has a considerable capacity to accomodate
itself to the ecological factors and could exist not only in a sea-floor composed
of clay-free lime mud (A. Ramovs, 1968; S. Pantic, 1967; L. Koehn-Zani-
netti, 1969; A. Bérczi-Makk, 1972), but could accomodate itself easily to the
physical changes of the sea-floor. The individuals of the species Meandrospira
pusilla (HO) recovered from stratified sandstone of NW-Montenegro (Yugo-
slavia) (S. Pantic, 1967) and described from the Lower Triassic shallow-
water, clastic sediments revealed by boreholes in Vojvodina (N-Yugoslavia)
(M. Canovic—R. Kemenci, 1972) could be considered as additional examples
of its fairly considerable self-accomodating capacity.
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The species Meandrospira pusilla (HO) shows a general occurrence in
sediments deposited in poorly agitated, shallow-water (neritic) environments
of low energy level (Z. Durdanovii, 1967; B. Scavnicar—A. Susnjara,
1967; P. Bronnimann—L. Zaninetti—F. Bozorgnia—H. Huber, 1972;
P. Brénnimann—L. Zaninetti—A. Moshtaghian—H. Huber, 1973).
In the formations where individuals of the species involved appear with
Echinoid-fragments, the microfacies investigations revealed quartz and rock-
fragment grains of silt size referring to some kind of water-agitation during
sedimentation. The Echinoid-fragments and the fine-grained clastic material
were carried by this water-movement to the sea-floor covered by lime-mud.
The occurrence of this species in oolithic limestones (J. P. Rampnoux, 1968;
L. Koehn-Zaninetti, 1969; S. Pantig—J. P. Rampnoux, 1972) refers also
to the agitation of sea-water.

The general appearance of the species Meandrospira pusilla (HO) in the
Lower-Triassic marine formations is considered as an additional evidence for
the idea, that the marine faunas of the Lower-Triassic were uniform on a
world-scale. This conclusion has been drawn by other geologists-paleontologists
when studying other taxons as Bivalves and Ammonites (B. Geczy, 1974;
B. Kummel, 1973).

The Occurrence of the Species Meandrospira
pusilla (HO) in the Lower Triassic Sedimentary
Formations of Hungary as Revealed by Hydrocarbon
Exploring Boreholes

A number of hydrocarbon exploring boreholes drilled in different regions
of Hungary revealed Lower and Middle Triassic sedimentary rocks containing
sections of Meandrospira pusilla (HO) (Fig. 2). Largest number of individuals
was found in Lower Triassic Campilian formations being rather poor in other
microfossils.

A massive occurrence of Echinoid and Mollusc-fragments as well as that
of some Foraminifera remnants of rather poor quality (Ammodiscus sp.,
Glomospira sp., Meandrospira cf. deformata Sataj, Frondicularia sp.) and
Holothuroidea-fragments (Binoculites sp.) are characteristic of the accom-
panying fauna of the Meandrospira pusilla (HO) found in large number in
dark-grey schistose, anhydritic marl and in reddish-brown schistose, fine
silt-bearing clayey marl as well as in coarsely crystallized limestone (cores
22—25 in borehole Ortahaza-11; core 34 in borehole Ortahdza-West-1) re-
covered from a depth of 2300 resp. 3700 m b.s.l. in the Ortahaza area, Zala
County, W-Hungary.

In thin sections of a brownish-gray massive limestone with calcite-veins,
anhydrite and gypsum patches as well as with quartz and feldspar grains of
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spira pusilla (HO) in Middle Triassic (Lower Anisian) sedimentary rocks

silt size from a depth of 3000 m b.s.l. in the borehole Gy&rszemere-2 (south
of the town Gydér, W-Hungary) a massive occurrence of Meandrospira pusilla
(HO) accompanied by fragments of Crinoids and Echinoids can he observed.
(Core 31/1.) In addition, several individuals of Ammodiscus sp. Earlandia
tintinniformis (Misik), Glomospirella sp., Spirorbis phlyctaena Brénnimann —
Zaninetti and Ostracode shell fragments can be found in the thin sections.
In the fine-crystallized silty marl of the core 31/2 numerous sections of Cyclo-
gyra ? mahajeri Bréonnimann, Zaninetti, Bozorgnia accompanied by several
Meandrospira pusilla (HO) were observed. The association of microfossils
recovered from the borehole Gyd&rszemere-2 refers to the Lower Triassic
(Campilian) age of the sequence (P. Brénnimann—L. Zaninetti, 1972;
P. Bronnimann—L. Zaninetti—F. Bozorgnia, 1972).

In numerous places of E-Hungary the hydrocarbon prospecting boreholes
discovered Lower Triassic (Campilian) sedimentary rocks containing Meandro-
spira pusilla (HO). The reddish-brown, hard, slightly laminated, breccia-like,
fractured, dolomitic, sandy, locally sericitic shale recovered by the core 27
(4924—4929 m) of the ultradeep well Mako-2 (SE-Hungary) contains sections
of a number of Meandrospira pusilla (HO) beside some Ostracode shell frag-
ments. The age of the sample is undoubtedly Lower Triassic.

In the Mez6keresztes area, in the southern foreground of the Bikk Mts.
(NE-Hungary), Meandrospira pusilla (HO)-bearing Lower Triassic formations
have been intersected by several boreholes (Mez&keresztes-8 —29 —50) in a
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depth of 1400— 1500 m b.s.l. This Campilian sequence consists of a reddish-
brown, slightly sandy, pressed, limonitic limestone with calcite veins and
reddish-brown, locally sandy shale intercalations of definitely schistose char-
acter. Thin sections from both the limestone and the shale intercalations
contain sections of Meandrospira pusilla (HO). In addition, shell fragments
of Echinoids, Molluscs and Ostracods as well as sections of Glomospira sp.
were observed.

In the Northern part of the Danube-Tisza Interfluve Lower Triassic
(Campilian) sedimentary rocks containing a number of Meandrospira pusilla
(HO) sections were recovered from two boreholes (Bugyi-5, Pand-1).

The thin section (borrowed by the courtesy of K. SzepeshAzy, Hun-
garian State Geological Institute) prepared from the dark-grey, pressed, silty
schistose dolomitic marl recovered from the core 5 of the hydrocarbon pros-
pecting borehole Bugyi-5 (680.5—692 m) contains a number of Meandrospira
pusilla (HO) sections. The Lower Triassic (Campilian) age of the sample is
beyound doubt. As for the autochton character and tectonic position of the rock,
problems arise because thin sections from the rocks of the core 3 taken in
a structurally position higher by about 200 m (i.e. in 486—488 m) show an
extremely impressive Upper Permian marine microfauna and algal remnants
with the following species (S. Pantic, 1969; oral communication): Hemi-
gordius liarlloni (Cushman—Waters), Agathammina pusilla (Geinitz),
Glomospira sp. Gymnocodiurn bellerophontis (Rothpletz), Permolocalculus
fragilis (Pia). The rocks underlying the Lower Triassic and recovered by core 6
(818—821 m) give a fairly heterogeneous sequence containing unfossiliferous
dolomite pieces, Upper Permian, Gymnocodiurn bellerophontis (Rothpletz)-
bearing silty dolomite fragments, as well as well rounded pebbles of Upper
Permian Miliolina-limestones.

In the borehole Pand-1, a 532 m thick Mesozoic sequence of uncertain
age was intersected from a depth of 1000 m b.s.I. downward, under Miocene
layers. The upper 40 m of this sequence (1068 —1108 m) consists of strongly
tectonized, grey, hard, foliated, stressed, silty clayey marl, silty marl, limy
marl and polymict breccia. This breccia cemented by clayey, dolomitic ma-
terial is composed of grey, less rounded particles of marl, limy marl and of
limestones with calcite veins. The diameter of the particles varies between
5—80 mm. The sandy clayey marl layers are marked by a massive occurrence
of microfossils characteristic of the Lower Triassic: i.e. individuals of species
Meandrospira pusilla (HO). Additionally, in thin sections the sections of
Echinoid and Ostracode shell fragments as well as fragments of Crinoid
pelms are characteristic. In spite of the Lower Triassic microfauna, the presence
of the polymict breccia casts some doubts to the autochton character of the
sequence. Nevertheless, it seems to be sure that a heavily tectonized area was
intersected by this borehole. The Lower Triassic (Campilian) formations
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underlying the series discussed above in a thickness of 490 m are fairly various.
Layers of dark-grey, compact, slightly sandy, foliated clayey marl, limy
marl and oolithic limestone (core 9: 1148—1150.5 m) all of them intersected
by bright slip surfaces and calcite veins are interbedded by dark-gray, com-
pact, steeply dipping (dip is as high as 45°) limestones with calcite veins.
Fossil content of this series is as follows: Meandrospira pusilla (HO), Den-
talina sp., Earlandia sp. Mollusca, Echinoid and Ostracoda shell fragments.

Individuals of Meandrospira pusilla (HO” from Anisian sedimentary rocks
are known in one borehole only. In the borehole Budafa-502 (Zala-County,
W -Hungary) several sections of Meandrospira pusilla (HO) accompanied by
several sections of Meandrospiranella sp. and Trochammina cf. almtalensis
Koehn—Zaninetti were observed as characteristic additional components
of the microfauna in the gray, massive, finely crystallized oolithic limestone
recovered by the core 33 in a depth of 3476—3478 m b.s.l. In any case, the
Anisian age of this interval is evidenced by the less frequent occurrence of
the Meandrospira pusilla (HO) and by the characteristic accompanying micro-
fauna as well.

Paleontological description

Phylum: RHIZOPODA
Classis: Foraminifera

In classifying the species the system of R. A. Loeblich,—H. Tappan,
(1964) has been used.

Family: TROCHAMMINIDAE
Genus: trochammina Parker—Jones, 1859

Trochammina cf. almtalensis Koehn-Zaninetti

Pl. 111, Fig. 11

1968 Trochammina almtalensis - Koehn—L. Zaninetti, p. 3. nomen nu-
dum

1969 Trochammina almtalensis - Koehn L. Zaninetti,p. 38, pi. 5, fig.
E, F; Textfig. 6/A-P.

1971 Trochammina almtalensis — Baud, A.—L. Zaninetti—P. Broénni-
mann, p. 86, pi. 2, fig. 9; textfig. 3p, Q.

1971 Trochammina almtalensis — Premoti 1. Sitva,p. 333, pl. 26, fig. 1—4.

1972 Trochammina almtalensis - Pantic, S.—J. P. Rampnoux (no il-
lustrated)

1972 Trochammina sp. Urosevic, D.—Z. Radovanovic, p. 30,

pl. 1, fig. 8—09.
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1972 Trochammina almtalensis — Samuel, O.—K. Borza—E. Kohlter, pl
17, fig. 1-3.

1973 Trochammina almtalensis — Gazdzicki, A.—K. Zawidzka, pl. 1, fig.
5-7.

1973a Trochammina almtalensis — Broénnimann, P.—J. P. Cadet—L. Zani-
netti, p. 308, pi. 23, fig. 3.

1973b Trochammina almtalensis — Broénnimann, P.—J. P. Cadet—L. Zani-

netti, p. 467, pi. 48, fig. 14— 15.

1973 Trochammina almtalensis «— Jendrejakova, O. (No illustrated)

1974 Trochammina almtalensis — Efimova, N. A. (No illustrated)

1975 Trochammina almtalensis — Gazdzicki, A.—J. Trammer—K.Zawidz-
ka, pi. 7, fig. 7.

1976 Trochammina almtalensis — Zaninetti, L. p. 113, pi. 14, fig. 1—9.
pi. 23, fig. 8.

An individual ofthe species Trochammina cf. almtalensis Koehn—Zani-
netti was found in the Middle-Triassic, Anisian limestone of the core 33/4
(3476,0—3478.0 m) of the hydrocarbon exploring borehole Budafa-502 (Zala
County, W-Hungary).

The high of the oblique longitudinal section is 0.3 mm, the diameter of
the basis equals to 0.2 mm, the testwall is as thick as 0.012 mm. The coiled-up
test consists of 4 whorls, the chambers are inflated and grow quickly during
the evolution. The wall is calcareous, strongly recrystallized, microgranulated.

Its accompanying faunal assemblage is characterized by few individuals
of the Meandrospira pusilla (HO) and by an Meandrospiranella sp. section
found in the oolithic limestone.

This species was described by L. Koehn—Zaninetti, (1969) from the
Upper Anisian Reifling Limestone of the Northern Limestone Alps.

Family: MORAVAMMINIDAE
Genus: EARLANDIA Pltummer, 1930

Earlandia tintinniformis (Misik)
PL. I, fig. 2

1971 Aeolisaccus tintinniformis — Misik, M. p. 169, textfig. 1—7.

1972 Aeolisaccus sp. — Samuel, O.—K.Borza—E. Kohler,
pl. 107, fig. 1—3.
1972 Earlandia tintinniformis — Broénniman,P.—L.Zaninetti—F.

Bozorgnia, p. 871, pi. 3, fig. 1-—5,
8—9, 12; pi. 4, fig. 16— 17.

1972 Earlandia tintinniformis — Pantic, S.—J. P. Rampnoux (No
illustrated)
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1972a Earlandia tintinniformis — Zaninetti, L.—P.Brénnimann—
A. Baud, (No illustrated)
1972b Earlandia tintinniformis Zaninetti, L.—P.Broénnimann—

A. Baud, p. 471, pl. 6, fig. 20-26, 28—
31; pl. 7, fig. 12-14; pl. 11, fig. 1-2.

1972 Earlandia tintinniformis — Zaninetti, L.—P.Brénnimann—F.
BoZORGNIA-—H. Huber, p. 228. pl. 1,
fig. 16—17.

1972 Earlandia tintinniformis — Brénnimann, P.—L.Zaninetti—F.
Bozorgnia— H. Huber (No illus-
trated)

1973b Earlandia tintinniformis — Brénnimann, P.—J. P. Cadet—L. Za-
ninetti, p. 467, pl. 47, fig. 6.

1974 Earlandia tintinniformis — Brénnimann P.—L. Zaninetti—

A. Mostaghian— H. Huber, p. 22, pl.
1, fig. 1—2, 11— 12.

1974 Earlandia tintinniformis - Zaninetti, L.—P. Broénnimann (No
illustrated)

1975 Earlandia tintinniformis Gazdzicki, A.—J. Trammer—L. Za-
widzka, pl. 8, fig. 6.

1975 Earlandia tintinniformis — Brénnimann, P.—J. E. Whittaker—
Zaninetti, L. p. 13, pl. 3, fig. 3—4.

1976 Earlandia tintinniformis — Zaninetti, L. p. 120, pl. 3, fig. 20.

Several examples of this species were observed from the Lower Triassic
(Upper Campilian) silty limestone recovered by the core 31/1 (3059.5—3062.0
m) of the borehole Gy6rszemere-2 and by the core 9 (1145.0—1150.5 m) of
the borehole Péand-1.

The average outer diameter of the coniform tube amounts to 0.072 mm,
its length is 0.3 mm. The wall consisting of fine-grained calcite is as thick as
0.007 mm.

In the borehole Gy6rszemere-2 its faunal assemblage is characterized
by a massive occurrence of Echinoid fragments as well as by the presence of
several sections of the species Meandrospira pusilla (HO), Glomospirella sp.,
Ammodiscus sp., Spirorbis phlyctaena Brénnimann, Zaninetti.

This species was described by M. Misik, (1971) from the Ladinian carbo-
naceous formations of the Low Tatra Mountains.

Family: FISCHERINIDAE
Genus: CYCLOGYRA Wood, 1842
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Cyclogyra cf. maliajeri Brénnimann, Zaninetti, Bozorgnia
PL 11, fig. 2—3

1972 Cyclogyra? maliajeri — Brénnimann, P.—L.Zaninetti—F. Bozorg-
nia, p. 869, pi. 3, fig. 8—9, 11— 15; pi. 4,
fig. 2, 47, 8, 10—11, 18—19; textfig. 2 A-I.

1973 Cyclogyra maliajeri — Brénnimann, P.—L.Zaninetti—A. Moshta-
ghian —Il. Huber, p. 15, pl. 1, fig. 1—3,
19; pi. 2, fig. 19—21.

1975 Cyclogyra maliajeri — Dager, Z.—L.Zaninetti (No illustrated)

1976 Cyclogyra nahajeri — Zaninetti, L. p. 133, pl. 1, fig. 3—4.

A considerable number of the individuals of this species was found in
the Lower Triassic (Upper Campilian) fine-silty marl recovered by the core
31/2 (3059.0—3062.0 m) of the borehole Gyd&rszemere-2.

The diameter of the test coiled up planispirally varies between 0.1—0.17
mm, with an axial width of 0.04—0.05 mm. The wall (accompanied by small,
dark brown patches of probable organic origin) is as thick as 0.007—0.01 mm,
recrystallized, calcareous, imperforata and strikingly different with its dark
colours from the rock material. The height of the whorls increases during
evolution. The diameter of proloculum is 0.026 mm; the height of the first
who rl amounts to 0.015 mm, the second does to 0.025 mm; while that of the
lastone is 0.036 mm including the wall.

Its faunal assemblage is characterized by a frequent occurrence of the
species of the genus Ammodiscus as well as by some sections of the species
Meandrospira pusilla (HO) in thin sections.

This species was described from the Lower Elika Formation (Scythian =
Lower Triassic) in Iran (P. Brénnimann,—L. Zaninetti,—F. Bozorgnia,
1972).

Genus : meandrospira Loeblich—Tappan, 1946

Meandrospira pusilla (HO)
PI. 1, fig- 2-6, 8;

PI. 11, fig. 3-8;
Pl. ill, fig. 3—09.
1955 Small Foraminifera Hagn, H. pl. 1, fig. 2; pl. 2,
fig. 1.
1959 Trochamminoides pusillus HO, Y .p. 416, pl. 7, fig. 18—
29; pl. 8, fig. 1—5.
1959 Trochamminoides flosculiformis HO,Y.p.416, pl. 8, fig. 6—10.
1959 Trochamminoides cheni - HO,Y.p.416,pl.8,fig.16 —19.
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1959 Trochamminoides insolitus — HO,Y.p.416,pl.8,fig. 11— 15.
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—L. Zaninetti, p. 314,
pi. 22, fig. 10— 11.

Bronnimann, P.—J. Cadet
—L.Zaninetti, (No il-

lustrated)

Bronnimann, P.—L.Zani-

netti—A.Moshtaghian—
H. Huber, p. 16, pi. 4, fig.
1 17.

Jendrejakova, 0. (No il-
lustrated)
Oravecz-Scheffer, A. (No
illustrated)

Tappan, H.—A. R.Jr. Loeb-
11CH, (No illustrated)
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1974 Meandrospira pusilla — Baud, A.—P.Brénnimann
—L.Zaninetti, p. 209, pi.
30, fig. 1-3, 7.

1974 Meandrospira iulia — Budurov, K.—E. Trifono-
va, (No illustrated)

1974 Meandrospira pusilla — Zaninetti,L.—P. Broénni-
mann, (No illustrated)

1974 Meandrospira iulia — Efimova, N. A. pi. 3, fig.
11— 14.

1974 Meandrospira iulia — Ramovs, A. (No illustrated)

1975 Meandrospira pusilla — Gazdzicki,A.—J. T rammer
— K. Zawidzka, (No il-
lustrated)

1975 Meandrospira pusilla — Zaninetti,L.—P.Brénni-

mann, p. 261—262, pi.
34, fig. 1— 15.

1975 Meandrospira pusilla — Cocozza, T.—A.Lazzarot-
to— M .Pasini, p. 431, pi.
49, fig. 3.

1975 Meandrospira pusilla — Dager,Z.—L, Zaninetti,
(No illustrated)

1976 Meandrospira pusilla — Zaninetti, L. p. 135, pi. 1,
fig. 5-11.

1976 Meandrospira cheni — Salaj, J. (in press)

1976 Meandrospira pusilla — Tollmann, A. textfig. 19.

Individuals of Meandrospira pusilla (HO) are known from Lower Tri-
assic and Middle Triassic formations revealed by hydrocarbon exploring
boreholes (boreholes Ortahdza-11; Ortahdza West-1; Gy6rszemere-2; Makd-2;
Mezokeresztes-8, -29, -50; Bugyi-5; Pand-1 and Budafa-502 respectively)
(in this publication).

The small nearly spherical test with a diameter of 0.080—0.150 mm con-
sists of a proloculum and an undivided tubelike chamber coiling up in a zig-
zagging way. As a result of this rather intricate mode of coiling the individual
sections are in most cases totally incomparable. The most frequent diameter
values are 0.11—0.12 mm. The wall is 0.01 mm thick, totally recrystallized,
calcareous, imperforata and strikingly different with its dark, dark-brown,
almost black colours in transparent light from the rock material.

The small Foraminifers described and illustrated by H. Hagn, (1955)
from the Werfenian oolithic limestones of the Bavarian Alps belong also to
the species Meandrospira pusilla (HO).

From 1966 a number of studies have been successively published de-
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scribing new and new Meandrospira pusilla (HO) bearing layers in most dif-
ferent areas of Europe, Asia, Africa, emphasizing at the same time the horizon-
marking character and biostratigraphic significance of this species.

Genus: MEANDROSPIRANELLA SALAJ, 1967

Meandrospiranella sp.
PI. 111, fig. 10.

Single individual was found in Middle Anisian limestone recovered by
the core 33 (3476.0—3478.0 m) of the borehole Budafa-502, Zala-County,
W -Hungary.

The individual coiling up in a Meandrospira-like zig-zagging way tends
to uncoil after 2.5 whorls. The test Avail is totally recrystallized and is strikingly
different as compared to the host rock. Its length is 0.25 mm, width is 0.17 mm.

The microfaunal assemblage is characterized by few individuals of
Meandrospira pusilla (HO) and by a Trochammina cf. almtalensis Koehn—
Zaninetti section.

The only individual recovered here resembles mostly to the species
Meandrospiranella samueli Salaj, but the species characteristics of it could
not be unambiguously identified and its measures are also less as compared
to those of the species Meandrospiranella samueli Salaj.

Phylum: ANNELIDA
€ lassis: Polychaetia
0 rdo: Sedentarida
Family : SERPULIDAE
Genus: spirorbis Daudin, 1800

Spirorbis phlyctaena Brénnimann, Zaninetti

pl. 11, fig. 1

1959 Gasteropode ? — Microfacies italiane, pl. 7, fig. GP. 291,
sez. 12588.

1972 Spirorbis phlyctaena — Brénnimann, P.—L.Zaninetti, p. 75,

pl. 10, fig. 1—9; pl. 11, fig. 1—15; pl. 12,
fig. 2, 4—6, 8—13.

1972 Spirorbis phlyctaena — Zaninetti, L.—P.Bronnimann—F. Bo-
ZoORGNiIA—H. Huber, p. 239, pl. 4, fig.
4, 10.

1973 Spirorbis phlyctaena — Bronnimann, P.—L. Zaninetti—A.

MoSHTAGHIAN--H. Huber, p. 6, pl. 1, fig.
4—5, 9, 16—17.
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1974 Spirorbis phlyctaena —Baud,A.—P.Broénnimann—L. Zaninet-
ti; p. 207, pi. 30, fig. 13.
1975 Spirorbis phlyctaena — Gazdzicki, A.—J. Trammer K.Zawidz-

ka, pi. 11, fig. 12.

A Spirorbis phlyctaena B reénnimann, Zaninetti was found in the thin
section of Lower Triassic (Campilian) limestone recovered by the core 31/1
(3059.5—3062.0 m) of the borehole Gyd&rszemere-2, south of the town Gyér,
NW -Hungary. The diameter of the flat dorsal side of the oblique axial section
is 0.795 mm, the axial section is as high as 0.396 mm. The thickness of the test-
wall varies between 0.007—0.015 mm. The thin calcareous wall consists of
alternating light and dark platesets.

In oblique section the tubular test coiled up in a slightly Trochospira-
like way, the outline of the diagonal section is rounded in the ventral side and
eclipsed in the dorsal side. The sediment filling the tubular test is the same
as the host rock. In the sediment filling the tubular test of the Spirorbis
phlyctaena Bronnimann, Zaninetti shown in Fig. 1 of the Plate Il a section
of a fragmentary Meandrospira pusilla (110) can be observed.

Its microfaunal assemblage is characterized by the massive occurrence
of Echinoid fragments as well as by the presence of some sections of Meandro-
spira pusilla (HO), Glotnospirella sp., Earlandia tintinniformis (Misik), Ammo-
discus sp. This microfaunal assemblage is known from the Dolomites and from
the Alborz-Mts., Iran.

This species was described by P. Bronnimann—L. Zaninetti (1972)
from the Lower Triassic of the Dolomites (Castalunga).

Phylum: ECHINODERMATA
Classis: llolothuroidea
In classifying this fossil the system of L. Frizzet—H. E x1ine, (1966) nras

used.

Family: STICHOPITIDAE

Genus : BiNocuLiTES Deflandre-Rigaud, 1952
Binoculites sp.
PI. 1, fig. 1

One complete and several fragmentary individuals were found in the
Lower Triassic (Campilian) cherty, silty claystone recovered by the core 33/2
(3806.0—3812.0 m) of the borehole Ortahdza West-1, W-Hungary.

It is a rod-like form with a small disc at both ends. One of these discs
shows a rather compressed irregular shape. At the end of the axis of the rod
a trace of a gap-like hole can be observed. The disc at the opposite end of the
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Plate |

1. Section of a Binoculites sp. (Holothuroidea) in cherty silty clayey marl recovered by the
core 33/2 (3806.0—3812.0 m) of the borehole Ortahdza West 1. Lower Triassic (Campilian).
Length: 0.2 mm

2. Sections of Meandrospira pusilla(HO) in calcareous marl recovered by the core 25/a (2477.0—
2478.5 m) of the borehole Ortahadza-11. The diameter of the individual in the right sides is
0.11 mm

3. Section of a Meandrospira pusilla (HO) in cherty clayey marl recovered by the core 34/d
(3806.0—3812.0 m) of the borehole Ortah4dza West-1. Lower Triassic (Campilian). Diameter =
0. 2 mm

4 5. Sections of Meandrospira ? sp. in dolomitic marl recovered by the core 34/c (3806.0
3812.0 m) of the borehole Ortahédza West-1. Lower Trisssic (Campilian). Diameter: 0.22 mm
(Fig. 4); and/or 0.12 mm (Fig. 5)

6. Sections of Meandrospira pusilla (HO)in calcareous marl recovered by the core 25/2 (2477.0—
2478.5 m) of the borehole Ortahdza-11. Lower Triassic (Campilian). The diameter of the
section in the left side: 0.11 mm

7. Sections of Ammodiscus cf. parapriscus HO: Glomospirella ? sp. and Echinoid fragments
in anhydritic limestone recovered by the core 31/1 (3059.5—3062.0 m) of the borehole Gyor-
szemere-2. Lower Triassic (Campilian). The diameter of the Ammodiscus cf. parapriscus HO
is 0.18 mm

8. Section of Earlandia ? sp. in anhydritic limestone recovered by the core 31/1 (3059.5—
3062.0 m) of the borehole Gyorszemere-2. Lower Triassic (Campilian). Length: 0.25 mm
9. Section of a Meandrospira pusilla (HO) in anhydritic limestone recovered by the core
31/1 (3059.5—3062.0 m) of the borehole Gyorszetnere-2. Lower Triassic (Campilian). Diam-
eter: 0.09 mm

10. Section of an Ammodiscus cf. parapriscus HO in anhydritic limestone recovered by the
core 31/1 (3059.5—3062.0 m) of the borehole Gyorszemere-2. Diameter: 0.15 mm

Plate 11

1. Section of a Spirorbis phlyctaena Brénnimann, Zaninetti in anhydritic limestone re-
covered by the core 31/1 (3059.5—3062.0 m) of the borehole Gyorszemere-2. Lower Triassic
(Campilian). The height of the axial section is 0.396 mm
2—3. Sections of Cyclogyra cf. mahajeri Brénnimann, Zaninetti, Bozorgnia in the silty
marl recovered by the core 31/2 (3059,5—3062,0 m) of the borehole Gyorszemere-2. Lower
Triassic (Campilian). Diameter: 0.17 mm (Fig. 2); and/or 0.22 mm (Fig. 3)
4. Section of an Ammodiscus sp. in the silty marl recovered by the core 31/2 (3059.5—3062.0
m) of the borehole Gyorszemere-2. Lower Triassic (Campilian). Diameter: 0.26 mm
5—8. Sections of Meandrospira pusilla (HO) in dolomitic shale recovered by the core 27/a
(4924.0—4929.0 m) of the borehole Mak6-2. Lower Triassic (Campilian). Diameters: 0.1 mm
(Fig. 5); 0.07 mm (Fig. 6); 0.09 mm (Fig. 7); 0.08 mm (Fig. 8)

Plate 111
1. Thin section of oolithic limestone recovered by the core 9/a (1148.0—1150.5 m) of the
borehole Péand-1. Lower Triassic. Diameter: 0.26 mm
2. A section of an Earlandia tintinniformis (Misik) in calcareous marl recovered by the core 9/f
(1148.0— 1150.5 m) of the borehole Pand-1. Lower Triassic (Campilian). Length: 0.275 mm
3. A section of a Meandrospira pusilla (HO) in limestone recovered by the core 7/3 (1100.0—
1105.0 m) of the borehole Pé&nd-1. Lower Triassic (Campilian). Diameter: 0.1 mm
4. A section of a Meandrospira pusilla (HO) in limestone recovered by the core 6/2 (1066.0—
1070.0 m) of the borehole P&nd-1. Lower Triassic (Campilian). Diameter: 0.11 mm
5—6. Sections of Meandrospira pusilla (HO) individuals in the shale recovered by the core
4 of the borehole Mezokeresztes-29. Lower Triassic (Campilian). Diameters: 0.12 mm (Fig. 5);
and/or 0.11 mm (Fig. 6)
7—8. Sections of Meandrospira pusilla (HO) individuals in the dolomitic schistose marl
recovered by the core 5 (688.5—692.5 m) of the borehole Bugyi-5. Lower Triassic (Cam-
pilian). Diameters: 0.135 mm (Fig. 7); and/or 0.11 mm (Fig. 8)
9. A section of a Meandrospira pusilla (HO) in the limestone recovered by the core 33/a
(3476.0—3478.0 m) of the borehole Budafa-502. Middle Triassic (Lower Anisian). Diameter:
0.095 mm
10. A section of a Meandrospiranella sp. in the limestone recovered by the core 33/a (3476.0—
3478.0 m) of the borehole Budafa-502. Middle Triassic (Lower Anisian). Length: 0.25 mm
11. A section of a Trochammina cf. almtalensis Koehn—Zaninetti in the limestone recovered
by the core 33/a (3476.0—3478.0 m) of the borehole Budafa-502. Height: 0.3 mm; basal
diameter: 0.2 mm
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rod is rounded, fairly circular, with a point-like hole at the end of the axis
of the rod, close to its margin. Its length amounts to 0.2 mm. The thinnest
part of the rod is its central part, where its width is 0.02 mm.

Probably this remnant should be considered as a new species since it
could not he idcntifyed with the Holothuroidea species presently known.
The fact, however, that only one complete individual was observed in thin
section, does not allow a detailed and reliable description of the species char-
acteristics.
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BUOCTPATUTPADPUNYECKOE SHAYEHWME U PACTIPOCTPAHEHWE B BEHITPUN
BNWOA MEANDROSPIRA PUSILLA (HO) (FORAMINIFERA) B TPMACOBbIX
OTJIOXXEHUAX, BCKPbITbIX PASBEAOYHBIMA CKBAXWUHAMW HA HE®TbI1 A3

A. BAPUN-MAKK

Pestome

Pa6oTa Ha OCHOBaHUW NUTEPATYPHbIX AaHHbIX KPAaTKO 3HAKOMMUT C pacnpocTpaHeHUeM B
HVDKHETPUAcOBbIX 0CafouYHbIX nopogax Esponbl, A3un n Adpukn Buga Meandrospira pusilla
(HO), a Takxke ynomuHaeT O HaxOfKax [aHHOro BuAa W B cpedHeMm Tpuace. [peactasutenu
Meandrospira pusilla (HO) 06blM4HO pacnpocTpaHeHbl B ME/IKOBOAHO-MOPCKUX  06paso-
BaHWAX W ABAAIOTCA BMAOM, XOPOLUO NPMUCMOCOBMEHHBIM K M3MEHEHUAM (U3NYECKMX YCIOBMIA
MOPCKOrO [iHa, 3KONOrMYeCKM BbIHOCNMBLIM. BuocTpaturpaduyeckoe 3HayeHe Buga 60MbLLOE,
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TakK KakK npy 3afaHHOM BEPTUKa/IbHOM PacnpocTpaHeHnn (KaMnuabCKWIA IPYC) MOXHO npocie-
[LUTb Ha 6GOMbLUOK TEPPUTOPMM NOYTU BCHOAY B MOPCKMX HUXXHETPUACOBbIX (hopMaLmsX.

PaccmaTpumBatoTCa CTpaTurpaguueckme YC0BUS HUXKHE- U CPefHETPUacoBbiX 06paso-
BaHUN, cofepxawmnx Meandrospira pusilla (HO) 1 BCKpPbITbIX pa3BeA0YHbIMM CKBaXXMHaMM
Ha HedTb 1 ra3 BeHrpum, a TakXKe AaeTcs KpaTKoe oOnucaHue Bnaa Meandrospira pusilla (HO)
N CKY[LHOW, HO XapaKTEpHOM COMpOBOXJAatolleld MukpodayHbl. [ins CONpoBOXAAOLLEN
(*)ayHbI B HWMXHETPNACOBbIX 06paSOBaHI/IF|X XapakKTepHO Hanu4dmne B He60/MbLIOM KOMYECTBE
9K3eMMNAPOB BMAOB Ammodiscus sp.; Earlandia tintinniformis (Misik); Cyclogyra cf. mahaje-
M Bréonnimann, Zaninetti, Bozorgnia; Spil’OI‘biS phlyctaena Bronnimann, Zaninetti; Glo-
mospirella sp. ABTOp W3 OfHOW CKBaXKWHbI 3anafa 3afyHanckoro Kkpas onucana HoBblii BUZ NOA
MMeHeM Binoculites nov. sp. (Holothuroidea). B cpegHeTpunacoBbiX (aHW3WIACKMX) 06pa3oBa-
HUAX HaxofAWMiAc B HEOONbLUOM KOMMYECTBE 3K3eMMNAAPOB BWA Meandrospira pusilla (HO)
COMPOBOXAaeT BCEro HECKO/IbKO Trochammina cf. almtalensis Koehn-Zaninetti: Meandros-
piranella sp.
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UBER BAU UND ENTWICKLUNG DER OSTALPEN
MIT AUSBLICK AUF WESTUNGARN
(Vortragsbericht)

Von

P. Beck-Mannagetta

GEOLOGISCHE BUNDESANSTALT, WIEN

Die neuen Untersuchungsergebnisse in den Ostalpen weisen auf eine wesentliche
Erstreckung der Molasse unter dem Flysch mit Helvetikum und im Osten noch unter
die Nordlichen Kalkalpen hin. Die tektonische Abkunft des Flysches aus der penni-
nischen Zone der Westalpen und Hohen Tauern weicht einer néher gelegenen Her-
kunft am Nordrande der Kalkalpen im Raume von Wien ostwérts. An der Grenze
nach Ungarn erscheint die Rechnitzer Schieferinsel mit penninischen Bindner Schie-
fern, die von der unterostalpinen Grobgneisserie lberlagert wird. Das Wechselfenster
ist mit unterostalpinem Semmeringmesozoikum verbunden und eine Fortsetzung in
die Veporiden der Westkarpaten ist denkbar.

Von dem oberostalpinen Deckenstapel wird ein tieferes mittelostalpines Stock-
werk abgetrennt, das eine zentralalpine Trias trdgt. Das variszisch geprégte Altkristal-
lin der Sau- und Koralpe wird normale Basis der oberostalpinen Grauwackendecken
aufgefalt. Der variaszische Deckenbau der sidlichen Grauwackenzone wurde teils
tektonisch-metamorph Uberprédgt und noch in der variaszischen Ara mit dem an-
scheinend kaledonischen Gleinalmkristallin verschmolzen. Jingere alpidische Auf-
quetschungen lieBen fensterartige Aufbriche in Kor- und Saualpenkristallin erschei-
nen (Wolfsberg, Kliening etc.). Durch Fossilfunde ist der variszische (vor Unter-
Karbon) Decken- bis Schuppenbau in der sudlichen Saualpe und damit auch in dem
Ostlichen Gurktal (Glantaler Schuppenzone) erwiesen.

Die vereinzelten radiometrischen Altershestimmungen lassen noch keine end-
gultige Aussage der gewonnen Daten zu.

Die Ausgangslage der Lineation des Plattengneises der Koralpe weist in die
im Norden der Alpen gelegene Moldanubisch-Morawischen Stdérungszone und der
Deformationszustand dhnelt dem des Bitteschen Gneises. Die Torsionen dieser Linea-
tion als Umstellungen sind der Ausdruck des Auseinanderweichens der Alpen in die
Karpaten und Dinariden. Dem tektonischen Element des Deckenbaues der Alpen
und Karpaten steht die magmatische Mobilisation im Inneren der Faltenbdgen gegen-
uber.

Der Stoff des Themas kdnnte ein dickes Buch fillen; daher sollen
in diesem Zusammenhang nur die neuesten Ergebnisse und auszugsweise
einzelne Probleme berthrt werden. Ansich schlieBt das Thema das Problem
des Ostendes der Alpen mit ein, das allein aus Yerstdndigungsgriinden geo-
graphischerseits scharf abgegrenzt wird. Geologisch sind jedoch alle Ubergange
in die Karpaten und Dinariden vorhanden.

Die subalpine Molasse zeigt in ihrem oligozdnen Schichtanteil we-
sentliche fazielle Abweichung von dem Teil der Molasse, den auf der
Bdohmischen Masse transgrediert. Im Fenster von Rogatsboden (S. Prey,
1957) tritt dies deutlich in Erscheinung und in der Bohrungen Texing und
Urmannsau (A. Ruttner, 1963) die Uberschiebungen der beiden Molasse-
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Zonen klar erkennbar geworden. Dadurch weil man, daR die Molasse sogar
unter die Kalkalpen hereinstreicht.

Die Flyschzone der Ostalpen wird im W esten von der penninischen Zone
an der West-Ostalpengrenze abgeleitet. Im Osten jedoch hat S. Prey (1975)
die Abkunft der Kahlenbergerschichten von der St. Veiter Klippenzone wahr-
scheinlich gemacht. Damit dndert sich die Vorstellung, wonach der pennini-
sche Trog von den Westalpen bis in die Stidkarpaten ziehen sollte, ohne unter
den Karpaten als Fenster aufzutauchen. Trotz der weiterhin durchwegs
allochthonen Lagerung wére der Flysch eher von einem Raum etwa ndrdlich
der pieninischen Klippenzone der Karpaten abzuleiten.

Die Entdeckung von Spongiennadeln in kieselingen Kalkschiefern der
Rechnitzer Schieferinsel weisen auf ein mittelkretazisches Alter dieser Schichten
hin (H. P. Schontaub, 1973). Damit ist das mesozoische Alter dieser Bind-
nerschieferfolge erwiesen. A. Panr (1960) konnte die Uberlagerung der Grob-
gneisserie auf den Rechnitzer Schiefern allseits nachweisen.

W eiterhin problematisch bleibt die kristalline Unterlage der Rechnitzer
Schiefer: A. Pahr (1973) sieht in dem Wechselkristallin die Basis die Rech-
nitzer Schiefer. Im Wechselgebiet seihst werden die Schieferserien von einem
unterostalpinen Semmeringmesozoikum transgressiv Uberlagert, dem jegliche
Beziehung zu einer Bindnerschieferfazies fehlt. Unter einer Porphyroidserie
(P. Faupt, 1971) folgen immer hoher metamorphe Gesteine einer »M etadiabas-
serie«, die ohne scharfe Grenze in die Wechselschiefer und -gneise lUbergehen.
Im Siden ist eine Fensternatur der Wechselgesteine gegeniiber der hangenden
Grobgneisserie nicht nachweisbar, da dort die gleichen Gesteine, wie in der
Grobgneisserie auftreten. Dieselben kristallinen Schiefer findet man auch
im Liegenden der Rechnitzer Schieferserie. Das bedeutet, dal der kristalline
Untergrund der Grobgneisserie (mit Semmeringmesozoikum) und des Wechsel-
fensters (mit Altpaldozoikum und Semmeringmesozoikum) als Unterostalpin,
im Gegensatz zur Rechnitzer Schieferinsel (mit Biindner Schiefer) die als Pen-
ninikum anzusehen ist.

Ahnliche Vorstellungen entwickelte S. Prey (1963) in den Gurktaler
Alpen und dieselbe Situation scheint auch in den Westalpen zwischen der
Basis des Helvetikums und des Penninikums im wesentlichen zu bestehen.
Bei dieser Art der Betrachtung kdnnte man die Fortsetzung der Grobgneisserie
und des Wechsels gegen Nordosten in den Veporiden der Karpaten sehen
(siehe Kartenskizze).

Die zentralen Teile des Ostalpins wurde von A. Tollmann (1959) in ein
Mittel- und Oberostalpin unterteilt, wobei letzterem die kristalline Basis voll-
kommen fehlen soll. Betrachtet man aber die Abfolgen genauer, so ist im Be-
reich der Saualpe trotz aller sekundérer Stérungen ein schrittweiser Ubergang
des Altpaldozoikums in das Llochkristallin zu beobachten. Das Altpaldozoikum
ist transgressiv mit den jingeren Schichten verbunden. Dabei ist in diesem

Acta Geologica Academiae Scientiarum Hungaricae 20, 1976



HAU UND ENTWICKLUNG DEH OSTALPEN 127

Raum die Kontinuitdt der Deckschichten mit der kristallinen Basis sicher
gegeben. AuBerdem verlieren sich die alpidischen Deckengrenzen im voralpidi-
schen Kristallin des Ostalpins und die Unterschiede der kristallinen Einheiten
folgen anderen Grenzen, die nicht durch mesozoische Einschaltungen gekenn-
zeichnet sind. Aus diesem Grund spricht E. crar (1975) von einer Digitation
(Zweiteilung) des Oberostalpins in eine tiefere Einheit im zentralalpinen Raum
und eine hohere mit dem gesamten oberostalpinen Deckenstapel. Da die Glie-
derung des Oberostalpins nicht allein auf die erkennbaren Lagerungsverhdlt-
nisse zurickgefihrt werden darf, sondern die faziellen Unterschiede und An-
kldnge der mesozoischen Deckschichten eine wesentliche Rolle spielen, ist zu
beachten, daB die tiefere zentralalpine Einheit stets mit einem zentralalpinen
Mesozoikum verbunden ist, das faziell dem Unterostalpin eher verwandt ist,
als den oberostalpinen Schichtfolgen (H. Firuager, 1960). Deshalb médchte
P. Beck-Mannagetta (1969) dieser Teilung in ein Ober- und Mittelostalpin
aus letzteren Grinden allein im Norden zustimmen und die oberostalpinen
Deckschichten mit der kristallinen Basis der Kor- und Gleinalpe verbinden.
Als weiteren Hinweise hiefur kénnte das Kristallin der Kaintaleckscholle an
der Basis der Norischen Decke (A. Hauser und O. Ferser, 1939; H. P.
Cornetius, 1952) herangezogen werden, in dem sowohl Anteile des Kor-
sowie des Gleinalmkristallins stecken und beide Teile von ihrem Ausgangsort
tektonisch abgeschuppt sind. Der Yeitscher Decke kommt dadurch eine ge-
nerelle Lage unter der Norischen Decke zu, die wahrscheinlich bereits in jung-
variszischer Zeit angelegt wurde.

Nach der altersmdfRigen Fixierung des Blasseneckporphyroides als
Untersilur durch G. Frajs (1967) sind weitere wesentliche Altersbestimmungen
durch Conodontenfunde im Altpaldozoikum der Zentralalpen zu erwarten.
Durch Frau Dr. H. Priewatder Wurde der Ennstaler Quarzphyllit als Silur
(H. Priewatder UNd R. Schuhmacher, 1976) eingestuft, was fur die Deutung
der Tektonik der Niederen Tauern wichtig ist. Besondere Bedeutung kommt
den spéter stark erweiterten Crinoidenfunden in der Phyllitzone der stdlichen
Saualpe zu, die ein Mittel-Devon bis Siluralter der Kalke ergeben haben (G.
Kileinschmidt, 1966; J. Neugebauer, 1971). Dadurch wurde die Ansicht
VON P. Beck-Mannagetta (1957) bestdtigt. Aus der Wiederholung der kalki-
gen Schichtfolgen mit Keratophyren und Graphitschiefern konnten G. K 1ein-
schmidt UNd J. Neugebauer (1975) einen Decken-(Schuppen-)bau im epi-
zonalen Bereich der Saualpe nachweisen, der vor der Metamorphose ent-
standen ist. Ahnliches hat P. Beck-Mannagetta (1959, 1960) im oberen
Glantal (Mittelk&rnten) in analogen Schichtfolgen angenommen (»Glantaler-
Schuppenzone« 1960), was wiederum von H. Hajek (1962) bezweifelt wurde.

Diese Ergebnisse in der sudlichen Grauwackenzone kénnte man dahin-
gehend zusammenfassen: Die kalkigen altpaldozoischen Schichtfolgen des
Devon und Silur der sudlichen Grauwackenzone wurden durch eine Decken-
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Uberschiebung von der ordovizischen Metadiabasserie (Magdalensbergserie) in
variszischer Zeit vor der Metamorphose generell Gberschoben, wobei stellen-
weise im Liegenden innerhalb des kalkigen Altpaldozoikums ein Schuppen- bis
Deekenbau entstand. Dieser prametamorphe Deckenbau wurde in die drei
(A. Pitger, 1975) Metamorphoseabschnitte des Saualpenkristallins verschie-
denstark einbezogen und die Schichtfolgen weiterhin verstellt. Daher ist dieser
Deckenbau im Hochkristallin als Uberschiebung der Eklogitserie auf die
Marmorserie (E. Haberfettner, 1937) nur undeutlich in der Sanalpe erkenn-
bar. Vor allem diese Uberschiebungsfliche diirfte in der Koralpe zur Ausbil-
dung des Plattengneisstockwerkes gefiihrt haben. Die synmetamorphe Platten-
gneistektonik bewirkte eine Wiederholung (Vervielfdltigung und Kompli-
zierung) des prdmetamorphen Deckenbaues, wie dies in der sidwestlichen
Koralpe am deutlichsten zum Ausdruck kommt. (A. Kiestinger, 1928).
Solche tektonische Wiederholungen nehmen jetzt A. Pitger und N. W cissen -
bach (1975) in der Saualpe an. Die kataklastische Zerscherung der Platten-
gneisgesteine (P. Becic-Mannagetta, 1956) geriet gegen Westen zu in den
zunehmenden W irkungsbereich einer postkataklastischen thermischen M eta-
morphose, die die Spannungen der zerriebenen Mineralien ausléschte und zur
Umkristallisation in Glimmergneise etc. fihrte, ohne eine wesentliche fazielle
Anderung der Mineralassoziation herbeizufihren.

Durch die Arbeiten in der Saualpe wurde das altbekannte Problem (F.
Heritsch, 1932) der Uberlagerung des Koraim- (als »Kata-«) auf das Glein-
almkristallin (Meso-) mit anderen Worten wieder aufgeriihrt. Diese Deutung
als Uberschiebung eines »heifen Biigeleisens« befriedigt nicht, da zu den
zahlreichen Unsicherheiten noch die Fragen nach Herkunft und Ausbildung
des Kor- bzw. Saualmkristallins hinkommen. Z. B. Unberlhrt bleibt der Um -
stand, weshalb allein saure Ganggesteine in diesem Kristallin auftreten und
gar keine granitischen Gneise; inwiefern eine Deutung als wurzellose venitische
Metamorphose (P. Beck-Mannagetta, 1949) den Tatsachen gerecht wird,
ist hiedurch nicht geklart. Die Herkunft der pegmatioden Ldsungen aus dem
Sediment wird anscheinend auch angenommen (O. H omann, 1962); auch tUber
eine mdgliche mehrfache Mobilisation der leichtflichtigen Stoffe als Pegma-
toide wird hiedurch keine Auskunft erteilt.

Betrachtet man ein Querprofil der Ostalpen, so erscheint unweigerlich
das Problem des Sidendes der Bohmischen Masse. Das gleiche Problem ergibt
sich bezuglich der W estkarpaten. Nirgends ist 6stlich der Westalpen zu sehen,
daB das Kristallin innerhab der Ostalpen, oder Karpaten in Zusammenhang
mit dem im Norden vorgelagerten Vorland stehe. Das Untertauchen des Vor-
landes weist aber darauf hin, dal die Grenze innerhalb unter den nichtmeta-
morphen Teilen der Alpen liegt. Die Nordgrenze des karpatischen Kristallins
ist in den Karpaten scharf durch den Sidrand der Flyschzone markiert, der
durch die pieninische Klippenzone gebildet wird: Im Wiener Becken ver-
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schwindet jedoch dieser Streifen vermutlich unter die Kalkalpen. Wirde man
ihn etwa an der Grenze Kalkvoralpen-Kalkhochalpen gegen Westen weiter-
ziehen, so kénnte eine solche Linie die Grenze zwischen der Béhmischen Masse
und der kristallinen Basis des alpinen Altkristallins darstellen.

In diesem Zusammenhang ist das mdgliche Ostende der penninischen
Hohen Tauern zu besprechen (Ch. E xner, 1966). Die Strukturen des Oberost-
alpins (Gurktaler Decke) zeigen ein hakenférmiges Vorspringen des Ostteiles
gegen Norden. Dadurch werden bis zur Pdlslinie (als Forsetzung der Lavant-
taler Stérungszone J. Stiny, 1931) die tieferen Teile immer mehr gegen Nord-
osten gedrdngt. Damit kdnnte ein Ausspitzen des penninischen Troges verbun-
den werden und diese Nordoststérung kdnnte in die verdeckte westliche Fort-
setzung der pieninischen Klippenzone einmiden. Fur die Rechnitzer Schiefer
am Ostrande der Alpen miRte ein eigener Trog mit SE—NW-Streichen
angenommen werden, der mit dem Penninikum der Hohen Tauern nicht in
Verbindung stehten braucht.

Im Sidosten dieser Tiefenlinie reihen sich die verschiedenen Kristallin-
einheiten an, die sidwdé&rts immer weniger von den alpidischen Trennfugen
berlihrt werden, bis im zentralen Teil des steirischen Randgebirges (H. Frager,
1963) ein hauptsdchlich unberthrtes voralpidisches kristallines »Riickgrat«
besonderer Stellung auftritt, die Westpannonische Masse (WPM), die das alpi-
dische Orogen zum Auseinanderweichen nétigte (P. Beck-Mannagetta,
1967). Das fensterartige Auftauchen der Granat-Glimmerschiefer mit Granit-
gneisen unter dem Koralmkristallin (P. Beck-Mannagetta, 1951; A. Piitger
und N. Weissenbach, 1965) ist mit partiellen diaphthoritischen Vorgdngen
gepaart, die auf eine alpidische Aufquetschung einer voralpidischen Struktur
hinweisen.

Der Versuch die Altersdeutung der Gesteine und ihrer Metamorphose
mit Hilfe der radiometrischen Altersbestimmung zu erfassen, hat im Ostalpin
noch keine eindeutigen Ergebnisse gezeigt. Die Bestimmungen an Glimmern
der Koralpe mit 80— 115 Mill. J. (H. Fruagel, 1964) bedlrfen weitere Hypo-
thesen, die sich zu einer befriedigenden Einordnung entwickeln sollen (Ab-
kuhlungsalter? Mischalter?). Die Gesamtgesteinsanalyse des Pegmatites von
Oberwélz ist besser mit den gegebenen geologischen Befunden in Uberein-
stimmung zu bringen (E. Jager und K. Metz, 1973). Die Alterseinstufung
saurer Anteile des Gleinalmkomplexes (W. Frank, 1975) zeigt prdvariszische
Anteile im Altkristallin der Ostalpen auf. Weitere Untersuchungen an
Gesteinen der o&stlichen Zentralzone stehen bevor (Villacher Granitgneis,
Wolfsberger Granitgneis, Plattengneis etc.). Im Kristallin sudlich der Hohen
Tauern ist nach Untersuchungen von R. Oxburgh und Mitarbeitern (1966)
ein deutlicher Alterssprung zwischen der Metamorphose des Tauernkristallins
(ca. 20—30 Mill. J.) und der altkristallinen Hillen (Biotit: 80 Mill. J.) ersicht-
lich, wobei bisher noch gréBere Unterschiede angenommen wurden. Weiter
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im Siudwesten ergaben Untersuchungen im Altkristallin Werte, die mit einer
kaledonischen Orogenese in Beziehung gebracht werden (F. Sassi, A. Zan-
ferrari Und G. Zirpo1ti, 1974). Ein sicheres Prdkamhrium ist im Kristallin
der Ostalpen bisher noch nicht gefunden worden (N. Grogter; M. Grunen-
felder uUnd E. Schroll, 1965)

Der Deformationsstil der Plattengneise erinnert sehr an die teils diaph-
thoritische Deformation des morawischen Bittescher Gneises (P. Beck-
Mannagetta, 1947). Die tordierten Lagen der Lineationen des Plattengneises
weisen im Norden gegen Nordosten, im Siuden gegen Siudosten; insofern wird
der Bau des Ostendes der Ostalpen vorgezeichnet. Diese Torsionen der Linea-
tionen aus der Nord-Sidriclitung stehen in Zusammenhang mit einem bis
einige kilometerbreiten Muldenbau der Plattengneiskomplexe (P. Beck-
Mannagetta, 1970). Mit den Torsionen ist kein mineralfazieller Wechsel
(retrograder Metamorphosesprung) verbunden; daher haben die alpidischen
Beanspruchungen bereits diesen voralpidischen Bau angetroffen. Diese Stellung
des variszisch geprédgten Koralmkristallins erzeugte daher das eigenartige
Auseinanderweichen der Ostalpen gegen Nordosten und Sudosten. Solcherart
wurden alte Anlagen in verschiedenen Sticken der Ostalpen bis in das Jung-
tertidr an Stdérungen wiederbelebt, wodurch der morphologisch bedeutsame
Bogen des steirischen Randgebirges entstand (H. Firagen, 1963). Tiefe jung-
tertidre Kohlenmulden grenzen im Westen und Nordwesten diesen ab.

Verlduft gegen Nordosten der Gebirgszug ins Deckengebirge der Karpa-
ten, so zerschldgt sich diese Klammer gegen Siden und Osten in einzelne, tekto-
nisch begrenzte, Ost-Westverlaufende Riegel und Streifen, die stets gegen
Nordosten zu umbiegen. Bedeutende Stdrungslinien (Raab-, Balaton- und
Zagreblinie) zeigen den Verlauf dieser Schollen im Pannonischen Becken an,
die im Sidwesten in die sudoéstliche Fortsetzung der Periadriatischen Naht
einminden (Gy. wein, 1973).

Der durch Einengung erzwungene alpidische Deckenbau der Ostalpen
weicht somit eher einer auf Zerrung beruhenden Schollenbildung im Untergrund
des Pannonischen Beckens. Die tangentialen Momente der alpidischen (Kreide
bis Mittel-Eoz&n) Deckenbildungen geben den Innenraum der Karpaten fur
ein Aufdringen magmatischer Schmelzen frei, deren Zyklen von Westen
(Lavanttal) gegen Osten jeweils junger werden (Ostkarpaten) und sich im
Zentrum auch dberschneiden. Die klare zeitliche und stoffliche Trennung
der Magmastamme im W esten Uberschneidet sich im Osten und die Intensitét
vulkanischer Tdtigkeit nimmt gegen Osten (Hargitagebirge) zu. Die Verlage-
rung der dynamischen Komponente der Gebirgsbildung an die Flysch-Mo-
lassengrenze erzeugte gleichzeitig in der inneren Zone der Gebirgsketten eine
vertikale Aufsteigungstendenz zum Hochgebirge, deren ausgleichendes Gegen-
stick in den weiten Beckenmulden des Pannonischen und Siebenbiirgischen
Beckens mit der auBergewdhnlichen Méchtigkeit der jungen Sedimente zu
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finden ist. Entgegengesetzt den internen Absenkungsvorgédngen erscheinen
gegenwaértig die thermischen Aufstiege, die am Rande der ungarischen Tief-
ebene am bedeutendsten sind (F. Ronner, 1974).
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O CTPOEHUWN W PA3BUTN BOCTOYHbIX AJIbM C TOYKW 3PEHWNA MPUBA3KN
K 3AMALHOW BEHIPUU

M. BEK-MAHATETTA

Peswme

HoBble pe3ynbTaThl HAyUHbIX UCC/E40BaHW B BOCTOUHbIX A/bNax yKasbiBAKT HA 3HAUM-
TeNbHOE MPOHUKHOBEHWE MOMAcC MO (/ML C FebBETUKYMOM, a Ha BOCTOKE  TaKXe W Ha UX
MPOHWKHOBEHMEe Aaxe nog CeBepHble /3BecTHsIKOBble AfbMbl. B OTIMUME OT paHee CyLLECTBO-
BaBLUEr0 MHEHWs1 O TEKTOHUYECKO CTPYKTYype, 06YCNOBMBLLE/ (hiMlieob6pa3oBaHne, B HACTOS-
Lliee BpeMsi BO3HUKAET HOBOE MpeACTaBfiEHWE, COMaCHO KOTOPOMY AaHHas CTPYKTypa HauuHa-
eTca He B MEHHWHCKOIA 30He 3anafHbiX Afbn 1 He B ropax Xoxe-TayepH, a rae-To B611sm cesep-
HOTO Kpas M3BECTHAKOBbIX AflbM, MPUYeM, B paiioHe BeHbl OHa NPMHMMAET BOCTOYHOE Hanpasne-
Hue. Ha rpaHuue ¢ BeHrpueii NoABnAeTCA PEeXHULCKMIA CNaHLeBblii OCTPOB C MEHHUHCKAMMN
cnaHuamn Tuna_ «BloHaHepLINdep», Ha KOTOPbIe HaneraeT HUKHeOCTanblwiickas cepus rpy6o-
36PHUCTLIX THelicoB. BexcenbCcKoe OKHO CBA3aHO C HUXKHEOCTPasbMUIACKAM CEMMEPUHTCKUM
Me3030eM, Np1yem MpeACTaBaAETCA BO3MOXHbBIM NPOAO/KeHe B Benopuabl 3anaaHbix Kapnar.

OT BEPXHEOCTPa/bMUIACKO MayKu MOKPOBOB OT/AENSETCA CpefHeocTanbNUACKNiA CTPYK-
TYPHbI/A SAPYC C LEHTpaNbHO-abMUACKUM TpuacoM. OBYCMOBNEHHbI BapyUCCKUM OpOreHe30M
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[peBHUIA KpucTanavHukym 3ay-Anbn u Kop-Anbn paccMaTpvBaeTCs Kak HopManbHas 6asa
BEPXHEOCTa/IbMUNCKNX TMOKPOBOB, C/IOXKEHHbIX rpayBakkamu. Ha Bapuacckoe NOKPOBHOE
CTPOEHWE HOXKHOI 30Hbl 1 MeTamopduyeckne 06pa3oBaHus, 1 elle B BapUCCKOe BPEMS OHW CK-
Ba/MCb C NeNHANbMCKUM KPUCTANIMHUKYMOM, UMEIOLLMM, NO-BUAMMOMY, KanefdoHCKWIA BO3pacT.
B pesynbTate 605iee MONOAbIX anbMUACKMX BO3LbIMaHUI 06pa30BaiMCb OKHOOOPasHble NMOAHS-
TMA B Kpuctannuyeckux nopogax Kop-Anbn u 3ay-Ansn (Bonbtcbepr, KnuHuHr u 1. n.). Ha
OCHOBaHWM HAXOJOK WMCKOMAaeMbIX OPraHUYecKMX OCTATKOB [0Ka3aHa MpUYPOYEHHOCTb K Ba-
PUCCKMM ABMXKEHMAM (#O0 paHHero KapboHa) 6acceiiHOBOrO ¥ MOKPOBHOTO CTPOEHUS HOXKHbIX
3ay-Anbn 1 Tem caMmbiM 1 BOCTOHHOrO ypkTanb (MnaHTanbCKas 30Ha YeLlyii).

EAVHWYHBIE pe3ynbTaTbl PagMoOMETPUYECKOro onpeeneHns Bo3pacTa Nnopoj eLle He fatoT
0CHOBaHMA 18 KaKoro-nmbo OKOHYaTeNbHOro BbICKa3bliBaHWA MO MOBOAY abCOMOTHOIO reosno-
rMYecKOro BO3pacTa COOTBETCTBYHOLLMX 06pa3oBaHuid.

VcxoaHOe MOnoXeHWe NMHeaMeHTa MANTHAKOBbLIX FHelicoB Kop-Anbn CBUAETeNbCTBYET
00 OpueHTauMM AaHHOW CTPYKTYpbl B HanpasneHun MongaHy6uiickoii-MopaBCKO 30HbI Ha-
PYLUEHWiA, PACMOMOXEHHOW B CEBEPHOIN YacTu AfbM, NPUYeM CTeneHb 1 COCTOAHWE fethopmalmn
MOXO0XM Ha COCTOsHME AedhopMaummn rHeincoB «ButTe».

MposBneHna cKpyUYnBaHuUs AaHHOIO NMHeaMeHTa ABMAIOTCA BbIPaXKEHMEM pa3BeTBNEeHUS
Anbn B KapnaTbl u [uHapuibl. TEKTOHUYECKOMY 3/IEMEHTY MOKPOBHOrO CTPOEHWUS Anbn U
KapnaT npoTMBOCTOMT MarmaTuyeckas MoOOGWUAM3aLuMa, MNPOABAAIOLAACA BHYTPU OTAENbHBIX
cKnagyartbIX Ayr.
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DIE ENTWICKLUNGSGESCHICHTE
DES BUDAER GEBIRGES

Von
Gy. Wein

UNGARISCHE GEOLOGISCHE ANSTALT, BUDAPEST

Aufgrund seiner strukturgeologischen Reambulation unterscheidet der Ver-
fasser vier Phasen in der tektonischen Entwicklung des Budaer Gebirges: I. Palédo-

alpine, Il1. Mesoalpine, IlIl. Neoalpine, IV. zum neoalpinen Zyklus angehdrende, aber
im Charakter abweichende Phase der pleistozdnen Bewegungen.

Im paldoalpinen Tektonozyklus kann man eine Geosynklinale-Epoche (vom
Ladin bis Ende der Trias) und eine orogene Epoche alp-karpater Typus unterscheiden.
Die austrisch-mediterranen Bewegungen brachten zuerst breite Falten zustande, spéter
Querbriche und Schuppungen, endlich die sog. »budaer Knickung« mit 20—30 km
langen, SO-gerichteten transversalen Verschiebungen. Infolge dieser Verschiebung setzt
sich die Balaton-Linie in der Darné6-Linie fort.

Der mesoalpine Tektonozyklus begann mit epirogenen Bewegungen wéhrend
des Eozdn. Der vorhandene Andesitvulkanismus konnte mit einer Subduktion in
Zusammenhang stehen. Nach der letzten kontraktiven Phase am Ende des Eozéan
begann die disjunktive Zerstickelung, der neoalpine Tektonozyklus. (Verwerfungs-
systeme, Entstehung von Vortiefen.)

Die pleistozdne Phase ist von pseudodiapirartigen Bewegungen und Thermal-
wassertatigkeit gekennzeichnet (insgesamt 8 Travertin-Niveaus).
Der auch jetzt dauernde Aufstieg des Budaer Gebirges ist bewiesen.

Viele Forscher beschéaftigten sich mit dem geologischen Aufbau und der
Entwicklungsgeschichte des Budaer Gebirges. Es ist vielleicht diesem Umstand
zuzuschreiben, daB wir Uber dessen tektonischen Aufbau kein zusammen-
hédngendes Bild erhalten haben. Der &lteren Auffassung entgegen, gemalR
welcher das Gebirge ein sich ldngs Briche geformtes Schollengebirge wadre,
wies zuerst F. Szentes in 1934 darauf hin, da der Bruchstrukturbildung vor-
angehend im Budaer Gebirge auch durch tangentielle Krafteinwirkungen
entstandene Faltungsformen zustande gekommen waren. Er hat zuerst die
einzelnen orogenen Phasen voneinander abgesondert, und ebenso die dazu
geknipften tektonischen Elemente. Er hat all dies auf Grund seiner am
Nagykevelyberg ausgefiihrten Beobachtungen zustande gebracht. Er hat
leider seine Arbeit im ganzen Gebiet des Gebirges nicht fortgesetzt. GemaR
Beobachtungen von F. Pavai-Vajna (1934) sind die »Raibler« Schichten auf
den Hauptdolomitschuppig aufgeschoben; er erwéhnt also als erster Bewegun-
gen solchen Charakters im Budaer Gebirge.

Gemal Beobachtungen von S. Jasko (1948) in der Palvdlgyer Hdohle,
sind die »Raibler« Schichten gleichfalls auf den jungeren Feuersteindolomit
und auf die obereozdnen Schichten geschoben. A. Fosidvari (1934) lenkte
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die Aufmerksamkeit auf die jungen pannonisehen Bewegungen. SchlieBlich
F. Horusitzky meinte (1943), daB die durch ihn abgesonderte Fazieseinheiten
der Trias, und zwar die Budaer und Pilis-Kovéacsier Einheiten sind durch
Einwirkung der obereozdnen pyrendischen Phase aufeinander geschoben
worden. Das MaR der Aufschiebung war seiner Ansicht nach so grof}, dall die
Budaer Einheit taucht von unter der Pilis-Kovécsier Einheit in Halbfenster
auf.

Wie wir sehen, die Ansichten tUber den Aufbau des Gebirges haben sich
vom Schollenstruktur bis zur »Decke« Lésung entwickelt. Der Hauptgrund
dafur, daR so extreme tektonische Ansichten entstanden sind, liegt darin,
daB die einheitliche Karte des Budaer Gebirges ist auf Grund der von
F.Schafarzik, M.PA1fy,Z. Schreéter in 1921 fertiggestellten, doch nicht er-
schienen, spéter in 1938 durch F. Horusitzky herausgegebenen und auch
noch jetzt gebrauchten Karte gezeichnet worden. Diese Karte ist gemaR der
damaligen Ansichten in atektonischer Auffassung entworfen. Die Teilbeobach-
tungen der oben erw&hnten Autoren waren unzuldnglich zur Formung eines
zusammenhé&ngenden tektonischen Bildes.

Die Erkenntnis von diesen Mangeln lieB uns die tektonische Reambula-
tion des sich in Schlisselposition des Ungarischen Mittelgebirges befindenden
Budaer Gebirges vollzuziehen.

Das Ziel der Reambulation war nicht bloR eine den heutigen strati-
graphischen und tektonischen Auffassungen angemessene Kartierung des
Gebirges, sondern mittels neuer Beobachtungen die selektive Interpretation
und Festsetzung des tektonischen Entwicklungsganges. Es ist uns gelungen
in der Entwicklung des Budaer Gebirges vier Phasen zu unterscheiden: 1.
Paldoalpine, Il. Mesoalpine, Ill. Neoalpine, IV. zum neoalpinen Zyklus an-
gehorende, aber im Charakter abweichende Phase der pleistozdnen Bewegun-
gen.

Untergrund der Triasbildungen

Die &lteste derim Aufbau des Budaer Gebirges teilnehmenden Bildungen
ist der ladinische Diploporendolomit. Uber 4lteren Gesteinen geben bloR ent-
ferntere Ausbisse (Velenceer Geb., Balaton-Hochland, Vepor Geb.) bzw. etliche
Angaben von Tiefbohrungen auRerhalb des Budaer Gebirges liegend, und die
Einschlisse der eruptiven Gesteine des Visegrader Gebirges Auskunft (A.
Koch, 1887; F. Schafarzik, 1889; Gy. Szadeczky, 1895; M. Szlics, 1937,
E. Lengyet, 1951; T. Zetenica, 1960). Demgemé&R ist unter dem ladinischen
Diploporendolomit des Budaer Gebirges die d&ltere Trias in Mittelgebirgs-
entwicklung zu erwarten. Im Nordteil des Gebirges ist warscheinlich Ober-
perm, in den siudlichen Gebieten, unter der tUbergeschobenen Mittelgebirgs-
Trias Schichtfolge sind Trias—Perm Gebildungen Blikker Typus. Gemé&R den
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Xenoliten sind die altpaldozoischen Gesteine des Balaton-Hochlandes und des
Velenceer Gebirges auch hier entwickelt. Die Granit- und Diorit-Einschlisse
sind mit den intrusiven karbonischen Gesteinen des Velenceer Gebirges gleich-
zusetzen. Kristalline Schiefer mesozonalen Charakters kdénnten auf pré-
kambrische Bildungen weisen. Der kontakte HornsteinfelseinschluB weist
auf die kontakte Wirkung von Magmatitén unbekannten Alters hin. Die Amfi-
bolite kénnen altpaldozoisch und prdkambrisch sein. Diese kargen Angaben
ermdchtigen uns nicht Uber den vortriadischen Entwicklungsgang des Budaer
Gebirges mehr zu sagen.

I. Der paldoalpine Tektonozyklus

A) Geosynklinale Epoche

Der palédoalpine Zyklus kann im Budaer Gebirge in zwei Zeitabschnitten
geteilt werden. Der erste ist der geosynklinale Abschnitt im Laufe dessen, ver-
mutlich ebenso, wie im &hnlich entwickelten, aus Triasbildungen aufgebauten
Vértes Gebirge, die Sedimentation im sinkenden Mittelgebirgstrog eine mach-
tige komplette Schichtenfolge zustandebrachte. Dieser Zeitabschnitt wurde
— wie wir wissen — im Vértesgebirge von einer durch vertikale Bewegungen
verursachter Emersionszeit unterbrochen, bis Ende des Cenomans. Im Budaer
Gebirge Uber den norischen Dachsteinkalk sind weder Jura, noch Kreide-
Bildungen bekannt. Die Spuren von Juraschichten sind nur am Pilisberg und
in der Umgebung von Dorog bekannt. Es liegt nahe, auch im Budaer Gebirge
von Ende des Nor bis zum Eozdn auf eine zusammenh&ngende Emersionsphase
zu denken, wéhrend welcher diese sudliche Randregion des ungarischen Mittel-
gebirgstroges schon Festland war, dagegen wéahrend in der Achsenzone das
Jura und Niederkreidemeer sich befand (Abb. 1).

Die Ereignisse der geosynklinalen Epoche im Budaer Gebirge kénnen wir
nur vom Ladin an verfolgen. Zu dieser Zeit entstand eine karbonatische Schicht-
folge eines seichten, offenen, tropischen Meeres. Die 1.500 m ubertreffende
ladinische Schichtfolge (Diploporen und Ubergangsdolomit) weist auf gleich-
maRige Sedimentation. Das bedeutet, daB der tektonische Vorgang, das heit
das gleichméRige, ziemlich schnelle Sinken im ganzen Gebiet gleichen Charak-
ters war. Die ungefdhr 150 m madchtige unterkarnische »Raibler« Schichtfolge,
welche im ganzen Gebiet des Gebirges in Aufschliissen und in Bohrungen sich
als mérgelig und abwechslungsreich erweist, deutet darauf hin, dafl das
gleichmé&RBige Sinken durch Oszillation gestdrt wurde. Diese vertikale Bewe-
gung, welche sich nur in verdnderter Fazies dufert, kommt auf die Rechnung
der Labaer Phase. Hiernach, ganz bis zum am Ende des Nor erfolgten totalen
Emporhebung haben sich die Obertriasbildungen im Budaer Gebirge in zwei
voneinander gut unterscheidbaren Fazies ausgebildet. Die eine ist die »feuer-
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Abb. 1. Die Trias-fazies des Budaer Gebirges (Entw.:
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stein-dolomitische Ausbildung«, welche 6—700 m médchtig ist und aus Feuer-
steinsdolomit, Dolomit und am oberen Teil gestreiften Feuersteinsdolomit
besteht. In dieser Ausbildung kennen wir keinen Dachsteinkalk. F. Horu-
SITZKY (1943) hielt diese Ausbildung fur das Budaer Gebirge charakteristisch.
Die andere ist die »kalkige dolomitische Ausbildung«, in welcher wir keine
Feuersteinsdolomite finden. Den unteren Teil der Schichtfolge bilden Dolomite
vom Typ »Hauptdolomit«, den oberen Teil schlieBen die sog. »Lbergangs-
kalkstein-Dolomit«-Schichtfolge und der méachtige Dachsteinkalkkomplex ah.
F. Horusitzky (1943) trachtete diese Ausbildung auf das Gebiet der »Pilis-
Nagykovdécsier« tektonische Einheit zu beschrdnken. Diese Ausbildung ist
wesentlich méachtiger, als die vorige: etwa 1.500 m.

Im Laufe unserer tektonischen Reambulation wurde festgestellt, daR
die zwei Obertrias-Ausbildungen in synsedimentdrer Weise, parallel mit der
Kistenlinie des einstigen Mittelgebirgstroges, d. h. in SW NO Richtung ent-
standen. Die Streifrichtung der Faziesgirtel — als es spédter behandelt wird
hat auf Einwirkung der in der oberen Kreide vorangehenden orogenen Phasen
sich in der jetzigen NW SO Richtung aufgestaut. Das urspringliche Neben-
einandersein ist, abgesehen von den infolge der Raumverengung erfolgten
horizontalen Abschiebungen und Schuppungen unverdndert geblieben. Von
F. Horusitzky erwdhnte Ubereinandergeschobene tektonische Einheiten
sind nicht zu beobachten. Das verfehlte Deuten mag auf Kosten der sich
auf Einzelheiten nicht erstreckenden Kartierung zuzuschreiben sein. Immerhin
die vier miteinander parallelen Faziesgurtel (Irhdsdrok—Sas-Berg, Janos-Berg,
Harmashatar-Berg, Nagykevély) sind westlich von der Solymar-Nagykovacsi
Stérungszone schon nicht zu folgen. Hier in dem W estteil des Budaer Gebirges
kommt nur die kalkig-dolomitische Ausbildung vor. In 6&stlicher Richtung
kann man auf Grund der kargen Bohrungsangaben der Pester Tiefebene die
Ausbildung der oberen Trias nicht festsetzen (Abb. 2). Das Entstehen der
Faziesglrtel kdnnen wir auch folgendermaRen erkléren: parallel mit der Rich-
tung der einstigen Geosynklinalachse sind synsedimentdre Briiche entstanden.
Entlang dieser kamen schneller, bzw. langsamer sinkende Streifen zustande.
Auf ersteren haben sich die das schnellere Sinken zeigenden kalkig-dolomiti-
schen Schichten ausgebildet, auf letzteren die auf gleichmé&Rigere Bewegung
hinweisende und tiefere Lage zeigenden feuersteinig-dolomitischen Ausbil-
dungen abgelagert.

Das in der oberen Trias stattfindende vdéllige Emporhebung, die sich
—wie schon erwé&hnt — in der Achsenlinie des Mittelgebirgstroges nur wahrend
den kurz dauernden Emersionsabschnitten dufRerte (vom Lias bis zum Aptien),
ist gewohnlich entlang der einstigen Kistenlinie zu beobachten. Das in der
oberen Trias solcherart entstandenes Festland nannte T. Szarai (1969) den
»Rilcken von Pelso«. Diese tektonische Einheit ist mit dem spétvariszischen
Granitmagmatismus gleichzeitig entstandenen Balaton-Velenceer Granitzug
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Abb. 2. Die urspringliche Lagerung der geosynklinalen Trias-Bildungen des Budaer Gebirges
(vor den Austrischen-Mediterranen Bewegungen). 1. Karn.-Nor.: Feuerstein-Dolomit Aus-
bildung; 2. Karn.-Nor.: Dolomit-Kalkstein Ausbildung; 3. Grenze von Faziesgirtel

identisch. Diese Struktureinheit hat von der oberen Trias an den ungarischen
Mittelbegirgstrog von dem lgal-Bukker Trog endglltig getrennt (G. W ein,
1969). Diese Bewegung kann also mit der altkimmerischen epirogenen Phase
verbunden werden. Zu dieser Zeit unterkamen die Bildungen der geosynkli-
nalen Zeitspanne ungestért in urspringlicher SW—NO Streifrichtung nord-
westlich von dem aus altpaldozoischen Bildungen aufgehauten Rahmen der
Balaton-Yelenceer Granitzug.

B) Orogene Epoche

Den Zeitpunkt der orogenen Phasen, die im altalpinen Zyklus die grund-
legende Struktur des Ungarischen Mittelgebirges ausgestalteten, kénnen wir
nur dort feststellen, wo die vollstindige mesozoische Schichtfolge sich ent-
wickelt hat. In dem Budaer Gebirge kdnnen wir diesbeziiglich bloR soviel
festsetzen, daB sie zwischen der oberen Trias und dem unteren Eozédn, bzw.
inwiefern die pilisvérésvarer Bauxiten sich als oberkretazisch erweisen, in
der oberen Kreide sich abgespielt haben. Im Bakony, Vértes und Gerecse
begannen diese Bewegungen am Ende der unteren Kreide, im Aptien (Tisiaer
Phase von K. Tetegdi-Roth, 1934), und endeten vor dem Senon. Die Haupt-
phase spielte sich zwischen Cenoman und Senon ah. Jene auferordentlich
starke Bewegungen kompressiven Charakters, welche die grundlegende Struk-
tur des Budaer Gebirges zustandebrachten und welche es an seinen jetzigen
Platz schoben, haben sich in den Austrischen und Mediterranen Phasen ab-
gespielt. Auf Grund von Analogien aus dem Ungarischen Mittelgebirge und
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den Nordwestkarpaten (F. Szentes, 1961; D. Andrusov, 1968; Gy. Wein,
1969) ist feststellbar, daR der Hauptparoxismus der Bewegungen in der Infra-
gosau-Mediterranen Phase, zwischen Cenoman und Senon stattfand (Tori-
mann, 1966). In dieser Zeit entstand das Deckensystem der Interniden der
Alpen und Karpaten. Die Bewegungen duBerten sich am Balatonhochland, im
Bakony- und in geringerem MaRe im Vértesgebirge in Form von horizontalen
Verschiebungen, Schuppungen, selten in Form von Faltungen. Im Tuaron
Emportauchen, Konsolidation, dann Transgression des senonischen Meeres
schlieBen den bewegten Zeitabschnitt des altalpinen Zyklus ab.

Der urspringlich SW—NO gerichtete ungebrochene Mittelgebirgstrog
stand in gerader Linie in Verbindung mit dem sidgémodrer Mesozoikum &hn-
licher Ausbildung. Die einzige ungestdrte Lage hat sich wahrend der austrisch-
mediterranen Bewegungen geédndert. Unter Einwirkung des starken Druckes
sind zuerst breite Falten entstanden, parallel mit der Geosynklinalachse
(Abb. 3). Deren Spuren hat schon F. szentes (1934) im SolymarerTal erkannt.
Wdhrend unserer Reambulation gelang uns insgesamt vier, heute schon
NW—SO gerichtete Spuren von glatten Falten zu rekonstruieren. Sie sind die
folgenden: 1. Patyer SchloBberg—Kiskopasz, 2. Julianna Meierei—Hunyad
Horst, 3. Orddggraben, 4. Solymaréi- Tal. Die milden Falten sind ziemlich
schwer zu erkennen, da dieselbe durch horizontale Verschiebungen und
Schuppungen, welche die spdter kulminierenden kompressiven Bewegungen
hervorriefen, dann durch das tertidre Verwerfungssystem vollkommen zer-
stickelt wurden. In Stdrke weiter zunehmende Bewegungen haben nachher
Briiche, Uberschiebungen und horizontale Verschiebungen verursacht. Wah-
rend dieser Vorgang sich vollzog erhielt der ganze Mittelgebirgstrog ungefdhr
vom Valer Graben bis zum Romhéanyer Gebirge entlang Briiche eine trans-
versale Verschiebung. Inzwischen ist die Streifrichtung der mesozoischen
Gebilden um 90° von der urspringlichen Mittelgebirgsrichtung abgebogen.
Demzufolge hat sich die Streifrichtung des Mesozoikums des Budaer Gebirges
NW —SO gestaltet. Das wird »Budaer Streifbruchzone« oder »Budaer Knickung«
genannt. Das MaR der SO gerichteten transversalen Verschiebungen mag
20—30 km gewesen sein.

Dergestalt hat sich der Mittelgebirgstrog nicht nur senkrecht auf ihre
Streifrichtung verengt, sondern infolge des Streifbruches hat sich auch seine
Streiflainge vermindert. Diese Erscheinung l4Rt sich in verschiedener Weise
erklaren. Man kann einerseits daran denken, daf die konkave innere Seite
des Karpatenbogens sich verkirzte, andererseits mag auch eine entlang der
Zagrab—Kulcs Hauptstrukturlinie stattfindende Verschleppung als Ursache
dienen. Wé&hrend der altalpinen orogenen Epoche jene Strukturelemente
welche die jetzige Lage und Gestalt des Budaer Gebirges bestimmten, sind in
folgender Reihenfolge entstanden: 1. groBe Wodlbungen, 2. Querbriche, 3.
Uberschiebungen-Schuppungen, inzwischen beginnt der Vorgang des Streif-
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Abb. 3. Das Bruchsystem der Austrischen-Mediterranen Phasen des Budaer Gebirges (Entw.:

Gy. Wein, 1974). 1. Druckrichtung der ersten-zweiten Phasen (noch in urspriinglicher Lage);

2. Druckrichtung der dritten-vierten Phasen (wéhrend des Bruches und nachher); 3. Rich-

tung der Bewegung, beobachtet an Schollen und Gesteinen; 4. Platte Verwerfung mit horizon-

taler Verschiebung; 5 Uberschiebung; 6. Faltensattel; 7. Faltenmulde; 8. Zertrimmerte
Zone; 9. Grenze von Faziesgirteln

bruches (Knickung), 4. horizontale Verschiebungen, teils entlang der Quer-
briche (Abb. 4).

Es war eine sehr wichtige grof3strukturelle Folge des »Budaer Streif-
bruches«, daB die vom Valer Bruch NO gelegene mesozoische Schichtfolge
des Ungarischen Mittelgebirgstroges sieh tUber die altpaldozoischen Gebilden
des Balaton-Velence Granitzuges schob und sich dem lIgal-Biikker Mesozoikum
anstaute. Zwar beobachteten wir friher an dieser Stelle den Streifbruch (Gy.
W ein, 1969), aber fanden wir dafur keine entsprechende Erkldrung. Jetzt ist
es schon klar, dal die Balaton Linie nach infolge des Budaer Streifbruches
erlittenen 20—30 km Verschiebung sich in der Darné-Linie fortsetzt. Die alt-
paldozoischen Bildungen der Balaton—Velence Linie sind unter der sich nach
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Abb. 4. GroRstrukturentwurf des wahrend der Austrischen-Mediterranen Phasen erfolgten »Streifbruches« des
Ungarischen Mittelgebirges (Entw.: Gy. Wein, 1974)
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SO verschobenen Trias-Schichtfolge zu vermuten. Im Sinne der aufgefihrten
Erwédgungen, kdénnen wir ruhig die zusammengezogene Benennung »Balaton-
Darné Linie« benitzen.

Die intensive, kompressive Bewegungen haben die schon konsolidierte,
steif gewordene karbonatische Triasgesteinsmassen zerbrochen, zermalmt und
groBtenteils in kataklastische Gebilden verwandelt. Besonders die Dolomiten
litten infolge der Bewegungen, aber auch der Dachsteinkalk ist in vielen Gegen-
den zerquetscht, dann mit Kalzit neu zementiert worden, auf hohe Alter der
Deformation weisend. Das entlang junger Briiche zerbrochene Gestein zemen-
tiert sich in dieser Form nicht wieder zusammen. Die Tatsache, dafl im »Girtel
des Budaer Streifbruches« unter der juvenilen, berhaupt nicht tektonisierten
Schichtfolge des Bauxits, bzw. des unteren Eozéns uberall die stark in Anspruch
genommenen mesozoischen Gesteine zu finden sind, ist ein sicheres Zeichen
dafiir, wie mé&chtig die orogene Phase des altalpinen Zyklus war. Nur die
starken, lang dauernden und sich wiederholenden kompressiven Phasen kénnen
eine solche Inanspruchnahme von starren Gesteinen verursachen. Dieselbe
Erscheinung ist im mesozoischen Deckensystem der Karpaten zu beobachten,
wo die mesozoischen Gesteine der GUbereinandergehduften Subtatradecken wah-
rend einer Bewegung von mehreren 100 km-n zerbrdckelt, dann wieder
zusammenzementiert worden ist, gleich wie die TriaBgesteine des Budaer
Gebirges. Ahnliche Erscheinungen sind in den verhiltnismaRig ruhigen Ge-
bieten (Balatonhochland. Bakony, Vértes und Gerecse) nur ab und zu zu
erfahren. Dagegen im Gurtel des »Budaer Streifbruches«, welcher sich vom
Valer Graben bis zu den Schollen von Romhany, vielleicht noch weiter aus-
dehnt, kann als charakteristisch bezeichnet werden.

Im Laufe der KIl&rung der eigentimlichen tektonischen Lage des Budaer
Gebirges kénnen wir uns nicht mit Feststellung der bloRen Tatsachen begni-
gen, sondern esist auch notwendig deren groBstrukturelle Bedeutung zu ent-
werfen. Die Piliser Bruchlinie, welche das Budaer Gebirge und das Donauzug-
gebirge (Visegrader Gebhirge) voneinander trennt — und welche schon bis jetzt
als eine neogene Bruchlinie von groRer Bedeutung verzeichnet war — hat
V. Scheffer (1963) inspiriert, jene nach E. Boncev (1958) als Fortsetzung
des Kraistiden-Lineaments zu interpretieren. In der Richtung der Slowakei
die Spuren des »Budaer Streifbruches«, nachforschend, sind im 6stlichen, an
der Slowakei fallenden Teile des Kisalféld im Untergrund des Neogen zu finden
(0. Fusan et al, 1971). Die hier festgestellten &lteren kristallinen Bildungen,
u.a. Granite — dhnlich zum Mesozoikum des Budaer Gebirges — &ndern
ndmlich die Streifrichtung. Nach Auffassung von V. Scheffer (1963) und L.
Bendefy (1967) die Piliser Bruchlinie kann durch die Kleine Ungarische
Tiefebene mit der den ndérdlichen Teil der Kleinen-Karpaten abgrenzenden
Olvéder Linie verbunden werden.

W ir kénnen uns zu dieser Konzeption nicht anschliefen, da wir zwar
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eine NW Fortsetzung des Budaer Streifbruches beobachtet haben, aber eine
SO Verladngerung nirgends zu entdecken vermochten (Gy. w ein, 1969). Wenn
wir zwar die Kraistiden-Teorie nicht annehmen, soviel kdnnen wir schon
jetzt feststellen, dall der Budaer Streifbruchgirtel ein Strukturgirtel von
grofRter Bedeutung und vermutlich lineamentartig ist (Gy. W ein, 1974). Die
andere sehr wichtige Feststellung, welcher wir Nachdruck geben missen, ist,
daB ein so groles Ausmall der Bewegungen, welches schon den Bedingungen
der Deckenbildung nahe kommt, aber keinenfalls Schollenstrukturbildung
zu nennen ist. weist darauf hin, dal der Ungarische Mittelgebirgstrog im alt-
alpinen Zyklus zum Alpen-Karpaten System angehdrte, damit organisch
verbunden war, seine Entwicklung sich unter gleichen Bedingungen und zu
gleicher Zeit vollzog. Demzufolge kdnnen wir hier bis zur neogenen Zersticke-
lungs-Strukturbildung von einer Zwischenmalle nicht reden. Wenigstens die
bis zur Zagreb—Kulcs Hauptstrukturlinie sich entwickelte Struktureinheit
(G. wein, 1969) die Eugeosynklinale von lgal—Bukk inbegriffen — mussen
wir als Fortsetzung der Alpen betrachten. Das von der Zagreb— Kulcs Haupt-
strukturlinie sudwestlich gelegenes Gebiet ist durch andere geologische Bil-
dungen aufgebaut, was auf die exotische Lage desselben verweisend, wirft
das Problem der Abstammung auf. Zugleich ist annehmbar, daR hier schon
waéhrend des altalpinen Zyklus sogar viel friher eine »Urtisia« existierte, welche
mit dem »Orientalischen Festland« von K. Peters (1857) und E. Mojaisovic
(1880) identifiziert werden kann. Wir wollen uns hier mit dieser Frage nicht
weiter befassen, bloR darauf hinweisen. welche ungeheuere Bedeutung der
altalpinen Tektonocyklus im Karpatenbecken beizumessen ist, und dessen
&uBerst wichtige Gegend — sozusagen in Schlisselstellung — der »Budaer
Streifbruchgirtel« war.

Il. Der mesoalpine Tektonozyklus

a) Zeitabschnitt der Bewegungen epirogenen Charakters

Der mesoalpine Tektonozyklus ist nach Konsolidation der altalpinen
Strukturetage im SW Teil des Ungarischen Mittelgebirges (Bakony) durch
die Transgression des Senon, wahrend im Vértes, Gerecse und Budaer Gehirge
nur durch das Vordringen des eozdnen Meeres den Beginn des Neuen Zeit-
abschnittes angezeigt. Im Budaer Gebirge fand, wéhrend der von der oberen
Trias bis zum unteren Eoz&n (bzw. mittleren Eoz&n) dauernden Festlandzeit
eine Verkarstung, Bauxitbildung und Erosion statt. Die Abtragung, wie das
von Gy. BArdossy (1961) festgestellt wurde, geschah von Siiden, aus der Rich-
tung eines aus kristallinen Gesteinen aufgebauten Festlandes von gréferem
Umfang. Dieses Festland war der nach der oberen Trias wieder aufgetauchte
Balaton-Velence Granitzug (der »Pelsoer Ricken« von T. Szarai). Die am
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ganzen Gebiet des Ungarischen Mittelgebirges warnehmbar, sehr stark ent-
wickelte Paldokarstformen lassen darauf folgern, dal das Festland sich hoch
Uber den Meeresspiegel hob, ein entwickeltes Wassersystem besal und von
groer Ausdehnung war (Abb. 5). GemdR bisherigen Tiefbohrungsangaben
sind weder im AIféld, noch im sudlichen Dunantil — ausgenommen den
Alfélder Flyschtrog und die Linie des lgal-Bikker Troges — eozédne Bildungen
bekannt. Demgemé&R, nach dem altalpinen Tektonozyklus beginnt die Heraus-
bildung jenes konsolidierten Blockes von grofem Umfang, welchen J. Prinz
(1914, 1958) »Tisia<< nannte.

Im Budaer Gebirge drang die untereoz&ne Transgression — warschein-
lich &hnlich, wie hei Tatabanya (F. ss1yom, 1960) — in entlang Briiche ab-
sinkende littorale Becken ein. Annehmbarerweise — zwar bis Heute noch nicht
nachgewiesen — sind die Kohlenbecken von Solymaéar, Pilisszentivdn und
Nagykovécsi dieserart entstanden. Das Absinken von den Becken ist jeden-
falls zur laramischen Phase zu knipfen, und es setzt die erste Bewegungsphase
dilatierenden Charakters des mesoalpinen Zyklus fest.
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Abb. 5. Das nachweisbare Bruchsystem der Eozadnen (hauptsachlich Pyrendischen) Phase im

Budaer Gebirge (Entw.: Gy. Wein, 1974). 1. Richtung der Druckes; 2. An Schollen und Ge-

steinen beobachtete Richtung der Bewegung; 3. Verwerfungslinien; 4. Uberschiebungslinien;
5. Faltenachse
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Wir missen bemerken, daR gemdR der neuen Auffassung (G. Kopek
1968, G. Kopek T. Kecskeméti b. Dudich, 1966) der bisher in das untere
Eozdn gereihte Braunkohlenkomplex des Budaer Gebirges (M. Hantken,
1884; K. Telegdi-Both. 1923; I*. Rozlozsnik, 1935; E. Sz&6ts, 1952; L. Gidai,
1970) wird in das mittlere Eoz&n eingereiht. Sie behaupten, dafll die eozane
Transgression den norddstlichen Teil des Ungarischen Mittelgebirges erst im
Lutetien erreichte. Wir haben — bis endgultiger Entscheidung der Diskussion —
den unteren Komplex der eozdnen Schichtenfolge des Budaer Gebirges mit
den Kohlenlagern, der alten Auffassung gemdR in das untere Eozén eingereiht.

Das initteleoz&dne Meer drang nach einer kurzen Emersion in der Richtung
des Budaer Gebirges vor und uUberschwamm es beinahe vollkommen. Diese
epirogene Bewegung deutet die illyrische Phase an. Zu dieser Phase knilipfen
sich in dem Ungarischen Mittelgebirge und so auch im Budaer Gebirge die
Anfédnge des charakteristischen neutralen Vulkanismus an. Seine Spuren
fanden wir auch im Budaer Gebirge. Die, in den lutetischen und priabonischen
Basiskonglomeraten gefundenen zahlreichen Andesit- und sauere eruptive
Kiesel (F. Schafarzik, 1913; A. Vendl, 1929; Gy. Wein, 1974) und die zwi-
schenlagernden, sieh nach oben vermindernden Andesittuffeinlagerungen
deuten die bis zum unteren Oligozdn dauernde vulkanische Tatigkeit an.
Bohrungen haben biotitreiches Ganggestein (B. Weber, 1962) und Andesit-
gadnge aufgeschlossen. Weiterhin ein Gravitationsminimum 148t darauf folgen,
daB Gesteine von minderem spezifischen Gewicht als die karbonatischen -
voraussatzlich sauere, neutrale Vulkanite — sind in grofReren Tiefen vorhanden
(Sz. Oszlacky, in: F. HORUSITZKY—GYy. Wein, 1962). Infolge der pleistozénen
Thermalwassertdtigkeit haben telethermale Mineralien und in Zusammenhang
damit Elementanreicherungen stattgefunden. Aus all dies missen wir daran
denken, dall in der Tiefe unter der Triasbildungen des Budaer Gebirges, bzw.
in diese hineingedrungen sich eozdne Vulkanite befinden, mit welchen auch
eine primdre Mineralisierung verbunden ist. Die Spuren der mitteleozénen
vulkanischen Té&tigkeit kdnnen wir in der Linie der Balaton—Velence Granit-
kette-Struktureinheit durch das Budaer Gebirge bis Recsk folgen (V. Széky-
Fux, 1957; Gy. Wein, 1969). Wenn wir an die Mdglichkeiten der Plattentekto-
nik an theoretischen Folgerungen denken, so kénnen wir aus der Lage und dem
Alter der eozdnen Vulkanite die Folge ziehen, dal es um einen subsequenter
Vulkanismus handelt, welcher mit dem Entstehen des subtatrischen Decken-
systems, bzw. Horstgurtels untergeschobenen Klippenzuges in Zusammenhang
steht. Er ist aber auch erkldrbar durch entlang der Balaton-Darnd-Linie
erfolgten Subduktion, oder durch eine Subduktion von entgegengesetzter
Richtung entlang der Zagreb—Kulcs Linie (E. Szadeczky-Kardoss, 1971).
Das eine scheint zweifellos zu sein, dal die vulkanische Téatigkeit, welche mit
gleichen Merkmalen, in derselben Streifrichtung, in gleichen Zeitabschnitt,
entlang Lineamente sich entfaltete, tiefgreifende tektonische Ursachen hatte.
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Vorladufig kénnen wir noch nicht entscheiden, zu welchem tektonischen Girtel
sie sich knupft. Nach der illyrischen Phase leitet die weitere Transgression
des oberen Eozdn schon die pyrendische Phase ein.

b) Pyrendische Phase

Die pyrendischen Bewegungen sind zweiphasig. In der ersten erfolgt
epirogenes Sinken, welches die vollkommene Uberschwemmung des Budaer
Gebirges verursacht. In dieser Zeit geraten die héchsten Gipfel und der sud-
liche Teil des Gebietes unter das Wasser des Obereozdnen Meeres.

Die zweite Phase spielte sich am Ende des oberen Eozé&n, aber nicht vor
dem Unteren Oligozdn ah, und dufRerte sieh in starken kontraktiven Bewegun-
gen. Zu Folge des in NW—SO Richtung wirkenden Druckes sind vorwiegend
SO gelegene, steil gerichtete Schuppungen entstanden. Mit den Schuppungen
gleichzeitig an der Neigeseite sind auch mit der Uberschiebungsflache parallele
Verwerfungen entstanden, welche zu den von J. Kekay (1950) aus dem Ba-
kony beschriebenen »assymmetrischen Keilstrukturen« &hnlich sind. Es ist
kennzeichnend fur diese Bewegungen, dall Gestein nur entlang der Briiche
sich zerstickelte, in regionalen AusmaRen, was hei den Triasbildungen nirgends
zu beobachten ist. Diese Erscheinung ist im allgemeinen zu Girteln geknipft,
oder isoliert beobachtet werden. Das schdnste Beispiel der Schuppentektonik
der pyrendischen Phase kénnen wir im nérdlichen Steinbruch bei der Palvélgyer
Grotte beobachten, wo die karner »Raibler« Schichten und Feuerstein-dolomit
sichaufden obereozdnen nummuliten-discocyclinen fihrenden Kalkstein anstau-
ten. Besonders beim Bau der U-Bahn, an der Strecke Siidbahnhof-Batthyany-
Platz kann man klar sehen, da im Budaer Mergel noch auf kompressive Be-
wegungen weisende horizontale Verschiebungen stattfanden (Gy.w ein, 1973),
wéhrend in den unteroligozdnen Tarder Schichten bloR einige Verwerfungen
zeigen den geénderten Stil an. Diese war die zweite, und damit die letzte
Gebirgsbhildungsphase kompressiven Charakters in der Entwicklungsgeschichte
des Budaer Gebirges. Nachher &ndert sich grundsétzlich der tektonische Stil.

Beginn des Zerstiickelungs-Zeitabschnittes. Das Oligoz&n gehort alters-
madaRkig noch zur paldogenen Strukturetage, im Sinne der grundsdtzlichen
Umwandlung des tektonischen Stils aber miRte man sie in die neogene Etage
einreihen. Nach der pyrendischen kontraktiven Phase der mittlere, ndrdliche
und westliche Teil des Budaer Gebirges wurde fiur eine kurze Zeit Festland,
dann beginnt die oligozdne Transgression mit dem »H&rshegy«-er Sandstein.
Am d¢stlichen Gebiet kiindet das seicht werdende und sich versiRende Meer
mit Faziesdnderung (Tarder Schichten) die positive Bewegung an. Nach dem
kurz dauernden infraoligozdnen Emporhehung (Infraoligozdne Denudation,
K. Tertegdi-Roth, 1928) Uberschwemmte die oligozéne Transgression das ganze
Budaer Gebirge. Die Transgression drang entlang synsediinentérer Bruch-
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linien vor. In dieser Zeit begannen jene betrdchtliche— hauptsdchlich NW—SO
in kleinerem Masse SW—NO gerichtete— Bruchsysteme sich auszubilden,
welche auch im Neogen weiterlebend jene tiefe Grabensysteme und Horste
zustandebrachten, welche die markantesten tektonischen Elemente des Budaer
Gebirges sind. Solche sind in erster Linie der Bruch von Pilis, der Graben von
Solymar und Ordégarok. Im Graben steht hoch der Kisceller Ton, mancher-
orts mehrere 100 m madchtig, wé&hrend er an den Horsten sich verdinnt und
von sandiger Entwicklung ist. Im oberen Oligozdn beginnt das Gebirge sich
von neuem zu erheben; der mittlere Teil ist zu dieser Zeit schon Festland.
Die erste Phase der charakteristischen Zersticklungs-Strukturgestaltung
kénnen wir mit den in unteren-mittleren Oligozén stattfindenden »helvetischen
Bewegungen« (A. Torimann, 1966) synsedimentédren Charakters verknupfen.
Hier tritt zuerst jener tiefgreifender Unterschied zwischen der tektonischen
Entwicklung des Karpatenbogens und der »Pannonischen Zwischenmasse«
auf, welche die Herausbildung der jetzigen Struktur der »Tisiax ankindet.
Diese Frage kurz berihrend missen wir zuerst darauf hinweisen, daf die
Herausbildung des Flysch-Deckensystems der Nordkarpaten im Oligozdn
beginnt und beendet sich bis Ende des Tortonien. Diese Epoche ist im Gebiet
der Pannonischen Zwischenmasse die Zeit der sog. »Zersticklungs-Struktur-
bildung« (Gy. w ein, 1969). Dazu kniupft sich der im Oligoz&n beginnender und
im Neogen seinen Hohepunkt erreichender zweiter subsequenter Vulkanismus.
Die im mittleren Eoz&n stattgefundenen magmatektonischen Vorgdnge eines
subsequenten Vulkanismus wiederholen sich also aber nicht am gleichen Ort.
W dhrend das Deckensystem der duBeren Karpaten sich herausbildet, im pan-
nonischen Becken vollzieht sich gleichzeitig die Zerstickelung und zugleich
fangt an auf eine neuere Subduktion hinweisender subsequenter Vulkanismus
an. Hier kénnen wir zwischen zwei Alternativen wéhlen. Wir kénnen den
neogenen Vulkanismus zur Subduktion der &ufReren Karpaten knupfen, oder
nach E. Szadeczicy-Kardoss Mit der schon erwdhnten Zagreb-- Kulcs, oder
Balaton—Darné-Linie in Verbindung bringen.

111. Der neoalpine Tektonozyklus

a) Zeitabschnitt der Zerstiickelung und des neogenen Vulkanismus

Das Budaer Gebirge hat sich am Ende des Oligoz&dn ganz erhoben. Im
Laufe des Miozan war es Insel, dann Halbinsel zwischen den meeresiiber-
schwammten neogenen Senken. In dem Gebirge stehen uns Uber die Phasen
der neogenen Strukturbildung wenig Beobachtungen zu Verfligung. Jenes
kénnen wir eher in den Vortiefen und an entfernteren neogenen Gebieten
beobachten. Die miozéne Schichtfolge des Randes des Tétényer Hiigelgebietes
zeigt die sawische und steierische Bewegungen durch Verschiebung der Kisten-
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linie und durch Diskordanzen an. Demgemé&RB ist an der Grenze Oberoligozdn-
Burdigalien (Egerien-Eggenburgien) die savische Phase, zwischen dem unteren
und oberen Helvet (Ottnangien-Karpatien) die altsteierische Phase, an der
Grenze vom oberen Helvet-Torton (Badenien) die jungsteierische Phase und
endlich zwischen Torton-(Badien)-Sarmat die Moldauer Phase feststellbar auf
Grund der in den Ingressionen sich duBernden epirogenen Bewegungen. Diese
Bewegungen, welche gem&R der Strukturformen die neogene Gebilde der Pester
Ebene und der Dunazug-(Visegrader-)Gebirges anriithren, haben sich nicht
nur in Bewegungen epirogenen Charakters, sondern auch in Erneuerung der
alten Bruchsysteme und in Entstehen von neuen geduBert (Abb. 6). Die
Bruchlinien sind vorwiegend von NW —SO, manchmal von SW—NO Streifrich-
tung. Die dilatationsartige Krustenbewegung (Zerstickelungs-Strukturgestal-
tung) formte weiter das teils schon herausgebildete Verwerfungssystem des
Budaer Gebirges und gestaltete die Vortiefen (Becken von Bicske, Dunazig
Gebirge, Pester Ebene, Sudbudaer Gesénke). Es war ein charakteristischer
und wichtiger Vorgang dieser Epoche das Wiederaufleben des Piliser Bruch-
systems. Der sich zu diesem System knipfender neogene neutrale Vulkanismus
mufl eine wichtige Rolle bei den magmatischen Vorgdngen gespielt haben.
Vir ordnen den neogenen subsequenten Vulkanismus — welcher im Sinne der
Plattentektonik die Ursache des Entstehens des neutralen Magmas ist — dem
zweiten starken karpatischen SubduktionsprozeB zu, aber beim Emporkom-
men des Magmas hat das Piliser Bruchsystem die Hauptrolle gespielt. Die
Tatsache, daR seine Richtung mit dem altalpinen Bruchsystem zusammenfallt,
und westlich vom Rruch die neogene vulkanische Tatigkeit plotzlich aufhort,
scheint zu bestdtigen, daB dieses im neogenen sich erneuerndes Bruchsystem
sehr tief drang und sich zur jene lineamentartige Zone des Budaer Streifbru-
ches (Budaer Knickung) kniipft, welche am Ende des altalpinen Tektonozyklus
entstand.

Die Transgression des unterpannonischen Zwischenmeeres hélt die
attische Phase fest, wahrend das noch stadrkere Vordringen der oberpannoni-
schen See die Slavonische Phase kennzeichnet. Wdahrend dieser Phasen sank
schnell der Becken von Bicske; in ihm und am westlichen Rand des Rudaer
Gebirges sind NNW-—SSO gerichtete Verwerfungssysteme und mit denen
parallele milde Faltungen entstanden. (A. Fordvari, 1932; s. Jaskes, 1939;
K. Mike, 1963; L. Szabadvari, 1966). Wir betrachten die im Bicskeer Becken
beschriebenen Wdlbungen als »falsche Wdélbungen«, welche durch Erhebung
der den Untergrund bildenden und selektive Bewegung ausfihrenden Trias-
Schollen und durch Kompaktion entstanden.

Acta Geologien Academiae Scientiarum Hungaricae 20, 1976



DIE ENTWICKLUNGSGESCHICHTE DES BUDAER GEBIRGES 151

Abb. 6. Das Oligozén-pleistozdne Bruchsystern des Budaer Gebirges (Zeitabschnitt der Zer-

stickelung) (Entw.: Gy. Wein, 1974). 1. Bruchlinie unbestimmten Alters; 2. Oligoz&ne Bruch-

linie; 3. Miozéne, pliozdne Bruchlinie; 4. Miozéne, pliozédne Faltensattel; 5. Pleistoz&dne Bruch-
linie; 6. Pleistozane selektiv sich positiv bewegende Scholle
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IV. Der Zeitabschnitt der pleistozdnen Bewegungen

Die am Ende des oberen Pannon beginnende Regression fuhrte zum end-
glltigen Emportauchen des Budaer Gebirges. Dieses epirogenes Ereignis ist
vermutlich mit der ostkaukasischen Phase gleichzustellen und kiindet die
Fortsetzung der neogenen Zerstickelungsperiode an (Abb. 7). Die quartdren
Bewegungen haben wir hauptsdchlich deshalb abgesondert, weil sie mit stir-
misch schnellen selektierten pseudodiapirartigen Bewegungen die Prdgung
der schnell in Gebirge verwandelnden Epoche des neoalpinen Tektonozyklus
innehaben. Am Ende des Pliozdn, Anfang des Pleistozdn beginnt die Halbinsel
der Tertidrende sich rasch zu erheben und wéhrend der 2. Mill. Jahre des
Pleistozdns verwandelt sich in das Budaer Gebirge. Die Erhebung erfolgt
stdtig, mit sich wiederholenden aktiven Abschnitten. Das Gebirge entwickelte

Abb. 7. Geologische Kartenskizze des Budaer Gebirges (Entw.: Gy. Wein, 1974). 1. Neogen:

2. Oligozén; 3. Eozén; 4. Trias; 5. Pleistozdne Verwerfungs- und »Pseudodiapir«strukturen:

6. Miozén-pliozdne Verwerfung; 7. Oligozdn-miozédne Verwerfung; 8. Obere-eozdne Verwer-

fung; 9. Obere-eozdne Uberschiebung; 10. Kreide (austrisch-mediterrane Uberschiebung):

11. Kreide (austrische-mediterrane horizontale Verschiebung); 12. Kreide (austrische-medi-
terrane horizontale Faltentrog); 13. Verwerfung unbestimmbahren Alters
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sich nicht einheitlich, die voneinander mehr oder weniger abgesonderten
Schollen erhoben sich mit verschiedener Geschwindigkeit. Die Absonderung
der Yortiefen hat sich fortgesetzt (K. Moi1dvay, 1966). Besonders bezeich-
nend sind fur den Stil der pleistozdnen Gebirgsbildung die pseudodiapir
(schollendiapire, diapiroide) Strukturen (Gy. wein, 1974). Sie sind charak-
teristische, kleinere Trias-Schollen, welche die Uber ihnen gleichméfRig liegende
eozdne-oligozéne Schichtfolge sozusagen durchbohrten und heute abgesonderte,
sich steil emporhebende morphotektonische Formen bilden. Die schdnsten
Beispiele dafiir sind der Gellért-Berg, Torékugraté, Sas-Berg, Roka-Berg. Das
mindere Alter der Emporhehung wird nicht blof durch die steile paldogene
M antelbildungen, sondern auch im pleistozdnen L6R und Travertin gemessenen
20° Kippungen bekraftigt. Es sind auch nicht selten auf horizontale Verschie-
bungen verweisende Verwerfungspanzern. Jene sind aber keine Zeichen fur
regionalartige horizontale Bewegungen, sondern stehen mit den vertikalen in
Verbindung. Bezeichnend ist das Entstehen von offenen Brichen, welche
bunte lehmige Breccia, oder mit pleistozdnen Thermalwassertatigkeit verbun-
dene telethermale Mineralien, so hauptsdchlich Aragonit und Kalzit ausfillen.
Es ist auch gelungen etliche zusammenh&ngende Bruchlinien am Szabadsag-
berg (Schwabenberg) und am Ostrand des Gellért-Berges abzusondern. Letz-
tere ist bis zur Petofibricke zu verfolgen.

W ir missen darauf hinweisen, daB die pleistozd&ne Thermalwassertdtig-
keit, deren Spuren im ganzen Gebiet des Budaer Streifbruches zu beobachten
sind, auch eine Eigenart dieses sich schnell emporhebenden Gebirges ist.
Nur in dieser Zeit konnten jene hydrodynamische Bedingungen Zustande-
kommen, welche ermdglichten, daR sich das senkende Karstwasser in Form
von Thermalwasser emporstrétme (M. Vendet, P. Kishazy, 1962).

W ir beabsichtigen mit Hilfe der an einzelnen Bach- und Donauterassen
entstandenen Travertinniveaus — welche nach einer schneller steigenden
Phase eintretende Ruhe spiegeln — die steigenden Phasen des pleistozénen
Abschnittes des Budaer Gebirges festzustellen. Es gelang uns — den am Gipfel
des Szabadsag-(Schwaben-)berges Vorgefundenen levantiner Siufwasserkalk-

stein inbegriffen — 8 Erhebungsstufen zu unterschneiden. Von oben nach
unten:
VIIl. Travertinniveau. 500—420 m Meereshdhe. StiRwasserkalkstein. Szabad-

sag-Berg, Kakukk-Berg.
VIIl. Travertinniveau. 240—235 m Meereshéhe. Ostseite Széchenyi-Berg,
Mariaremete, hochste Niveau des Travertinzuges von Budakalasz Urém.
VI. 200—195 m Meereshdhe.
V. 220—195 m Meereshdhe.
IV. 180—170 m Meereshdhe.
In den VI—IV. Stufen, teils in das &ltere Pleistozdn, teils ins Ginz ge-
horende Travertinniveaus sind oft schwer voneinander zu trennen. Dort, wo
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an einer Stelle, wie z. B. im Budakaldsz—Urémer Abschnitt sich alle drei,
bzw. vier Niveaus ausgebildet haben, ist es doch lésbar. Das Y. Niveau hat
M. Peécsi (1973) mit dem den vértesszdll6scher Menschen erhaltenden Niveau
identisch genommen, auf Grund radiometrischer Altersbestimmung als 350.000
Jahre alt erkl&rt und esin das Gunz-Mindel Interglacial eingereiht. Niveau 1Y.
mufB folglich unter dem Gunz versetzt werden.

Das Ill. Travertinniveau, 160— 150 m Meereshéhe, kann man von Po-
méz durch Obuda bis zum Maéria-Berg folgen. Neulich denkt man daran, daR
der SchloR-Berg (l. Bezirk Buda) und das kisceller Travertinniveau enthélt teils
das VI. Niveau (Gy. Scheuer—F. Schweitzer, 1973). Das Alter wird auf
190.000 Jahre geschéatzt.

I1. 120 in Meereshéhe. AmCsucs-Bergist gutzu beobachten. Alter 70.000 Jahre.
I. 107— 105 in Meereshdohe. Der junge Quellenkalkstein des Romaifirdé
gehdrt hierher.

Die endgultige Erhebung am Ende des Levantins kénnen wir zum ersten
Abschnitt der Welacher Bewegungen knipfen. In dieser Zeit begann die Ther-
malwassertdtigkeit, der wir das Entstehen von weiteren Travertinniveaus ver-
danken. Nachher entstanden die am Szabadsdg-Berg beobachteten NW—SO
gerichteten, auch den Levantiner Kalkstein streifenden Verwerfungen. Das
Entstehen von diesen kénnen wir mit dem Walacher Il. Abschnitt in Zu-
sammenhang bringen. Der Bruch des Ordégarok hat sich wahrscheinlich
in dieser Zeit, oder nachher in Laufe des mittleren Pleistozan, aber jedenfalls
nach der Herausbildung des IV. Travertinniveaus erneuert, welchen wir im
Metroschacht unter Vérmezdé beobachteten (Gy. w ein, 1973). Die Verwerfungs-
linie beruhrt schon den Travertin des budaer SchloB-Berges nicht, dagegen das
janosberger oberpannone Abrasionsniveau rickt von 450 m Meeresh6he in
Huvds-Tal und Rozsa-Hugel zu 275 m Meereshdhe ab. Die gestaffelte Empor-
hebungen, die in der Zeit des Entstehens der mittleren pleistozdnen Terrassen
erfolgten, knipfen sich zur Pasadena-Phase. SchlieBlich die zwei letzten Empor-
hebungsphasen — zu welchen die I—1I. Travertinniveaus gehdren —eknipfen
wir zu den Bakuer Phasen. Ich muR bemerken, daB bei Absonderung der
Travertinniveaus ebenso, wie bei ihrer Einreihung in Bewegungsphasen
Schwierigkeiten und Unsicherheiten vorhanden sind. Dieser vorgreifender
Versuch, welcher sich bemiht die pleistozdne Bewegungen des Budaer Ge-
birges zu registrieren, kann keinesfalls als endgiltig betrachtet werden.

Wenn wir als Vergleichsniveau zur Pester Ebene das obere Pannon als
Basis nehmen, dann hat sich das Budaer Gebirge auf Einwirkung der W alacher
Bewegung 120 m, im mittleren Pleistoz&n infolge der Pasadenaer Bewegun-
gen 100 m und im oberen Pleistozé&n infolge der Baltischen Bewegungen 60 m
erhoben. Wenn wir den jetzigen Wasserspiegel der Donau und die hdchst-
gelegenen Thermalwassertrichtern zueinander messen, so ist das Mal der gan-
zen Erhebung 370 m.
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Gleichzeitig mit der gestaffelten Erhebung des Ungarischen Mittelgebir-
ges und innerhalb diesen des Budaer Gebirges wahrend des Pleistozdn, haben
die Kleine und die GrofRe Ungarische Tiefebene periodische sinkende Bewegun-
gen erlitten. Nach Untersuchungen von A. Rénai (1972) dort, wo die pleisto-
zane Schichtfolge vollstdndig ist, so bei Jaszladany und Mindszent, konnte er
10 Abschnitte unterscheiden. Er setzt diese sinkende Abschnitte mit den in
Ungarn festgesetzten 10 Stromterassen gleich, und bringt den Zusammenhang
von entgegengesetzten Bewegungen zwischen Beckenrahmen und Becken zum
Ausdruck. Heute kénnen wir die Korrelation — besonders infolge der Licken-
haftigkeit unserer Kentnisse des Pleistozdns der Berggegende — noch nicht
16sen, in der Zukunft wird aber eine wichtige Aufgabe der Pleistozdnforschung
die einzelnen Phasen der zwei isostatischen Bewegungen von entgegengesetzter
Richtung, miteinander zu synchronisieren.

Die aufs Pleistozdn bezeichnende Bewegungen setzen sich wé&hrend des
Holozdn bis heute fort. Die rezenten Bewegungen haben nicht nur vertikale,
sondern nach L. Bendery (1958) auch horizontale Bewegungen verursacht.
L. Bendefy zergliedert das Budaer Gebirge in drei Einheiten, die auf Grund
sekuldrer Bewegungen zu unterscheiden sind. Die sudliche Tafel nennt er
»Budaer Tafel«, die mittlere »Obudaer«, die nérdliche »Aquincumer«. Dem-
gemé&B weisen die waagrechten Komponenten der sekuldren Bewegungen in
der Budaer Tafel, welcher siidlich vom Ordégarok sich erstreckt, nach SO.
In den zwei ndérdlichen Einheiten merken sie die Bewegungen in S —SW Rich-
tung. Der bis unseren Tagen dauernde Aufstieg des Budaer Gebirges ist be-
wiesen. Was dagegen die waagrechten rezenten Bewegungen anbelangt, so
bedirften wir noch neuere Forschung, weitere Beweise, weil wir solche regional-
artige Bewegungen weder im Neogen, noch im Pleistozdn beobachteten, und
eben deshalb deren Kontinuitdt wir nicht als bewiesen betrachten.

Das Budaer Gebirge umrandende Pester Ebene, bzw. das in jener heraus-
gebildetes Donautal und die Yortiefe des Bicskeer Beckens setzen die jetzige
Lage des im Neogen begonnenen Gebirgsbildungs Vorganges fest. Die tertidre
Insel, dann Halbinsel, welche zeitweise mehr oder weniger unter W asser gerat,
endlich hat wahrend des 2 Mill, jahrigen Pleistozdns seine jetzige Form er-
reicht und ist Budaer Gebirge geworden.

Wenn wir auf die Entwicklungsgeschichte des Gebirges zuruckblicken,
kénnen wir diese Kontinuitdt in gewissen Beziehungen bis zu den altalpinen
Zyklus beendenden austrisch-mediterranen Phasen zuriickfihren. Die Haupt-
strukturrichtungen der Ausbildung des »Budaer Streifbruches« sind im Tertiar
mit Dilatationscharakter neu aufgelebt, und so kdénnen wir die Wirkung der
geerbten Richtungen in den Tertidren Valér Graben, Ordégarok, Solymaérer
Tal, Piliser Briiche wiedererkennen. Die heutige Gestalt des Budaer Gebirges
wurzelt tief in der geologischen Vergangenheit, durch welche wir auch die
Richtung der Zukunft zu erkennen fdhig sind. Die Entwicklung der Zukunft
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Abb. 8. Kronotektonische Tabelle des Budaer Gebirges (Entw.: Gy. Wein, 1974)
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ist im pleistozdnen tektonischen Stil des Budaer Gebirges zu erwarten. Weitere
selektive Erhebung des Gebirges, Entstehen von lockernden Brichen di-
ktierenden Charakters, eine relative Vertiefung der Vortiefen geben die Um-
risse des Entwicklungsstils der ndchstfolgenden etlichen Mill. Jahren (Abb. 8).
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TEKTOHWUYECKOE PA3BUTUE BYJAAWCKUX TOP (BHP)
Ob. BEWH

Pestome

Ha 0CHOBe CTPYKTYpHO-reon0rn4eckoli peambynsauuu, aBTop Bblgenset 4 asbl B TEKTO-
HNYECKO UcTopum okpecTHocTen byaanewTa: |. Maneoansnuiickyto, Il. Mesoansnuiickyto, 111,
Heoanbnuiickyto, IV. TnelicToueHOBYHO.

B paHHeanbnMICKOM TEKTOHOLMK/E pasnnyarTcs re0CUHKNMHaNnbHasa anoxa (C naguHa
no KOHeL, Tpuaca) U OporeHMyeckas anoxa anbnuiicKo-KapnaTckoro tuna. [BMXxeHns aBCTpUii-
CKO-Cpen3eMHOMOPCKON (a3bl co3gany cnepsa cknagbl, NOTOM MOMEPeYHbIe PasfioMbl U Yellyii-
4aTyl CKNaf4vaTocTb, W HaKOHeL, ropuM3oHTanbHoe cMelleHne anuHon 20—30 kM. Tak nonyuu-
Nnocb, YTo BanaToHCKaf TEKTOHWYeCKas NUHWUA MPOAOSHKaeTCs B AMHMM [apHo.

Me30anbnUnCKMin TEKTOHOLMKA Hayancs B 30LeHe, U XapaKTepu3yeTcsa aneiiporeHeTu-
YyecKnUMu aBuxKeHnsMU. CyOCeKBEHTHbI BYNKaHU3M aHAe3MTOBOro cocTaBa MO BCe BepoAT-
HOCTW CBA3bIBAETCA C CybAyKLUMei.

Mocne nocnefHeid KOMNpeccMBHON (hasbl (K KOHLY 30LeHa) Havancs no3gHeanbnUnCcKuia
LWKA, C pasBUTUEM CUCTEM [JUCHIOHKTMBHbIX Pa3fioMOB W MepejoBbiX MPOrMbos.

MnelicToueHoBas (hasa OTAMYAETCA ABMXKEHUAMMW TUNa «MNCEBAOAMANMP» U aKTUBHOCTbIO
TepManbHbIX BOA. (VIMeloTcs 8 ropu3oHTOB TpaBepTuHa.)

Bypalickve ropbl MPoOAOAXKAKTCA MNOLHUMATLCS.
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CHANGES IN INTENSITY OF SALT AND COAL
FORMATION IN THE NEOGENE

By
S. Jasko

BUDAPEST

In Europe and in the Near-East three climatic zones determine the spatial
extension of the Neogene brown coal and salt beds (Fig. 1). Listed, from the north
southwards, these climatic zones are as follows:

a) Humid and semi-arid zone with coal formation but without evaporites.

b) Semi-arid transitional zone, locally with coal formations, elsewhere with
evaporites.

c) Arid zone with evaporites and without coal formations.

This arrangement of the zones is based on the fact that when moving north-
wards the quantity of evaporites gradually decreases in general, and that of the coal
formation gradually increases.

It is remarkable that in the zone between the longitudes of 28 to 30 degrees
the location of the transitional zone has been displaced northwards by a distance of
5 to 6 latitude degrees. This displacement was probably caused by large-scale post-
Miocene crustal movements.

The sequence of the consecutive periods of evaporite and coal formations can be
exactly recognized in the central and western parts of the Paratethys as well as in
the neighbouring areas (Fig. 2). In those places Neogene sedimentary sequences rich
in fossils and classifiable in detail were formed. This provides a good opportunity for
the exact determination of the geological age of each brown coal and salt bed. The
graphs of Fig. 3 are deduced from the data of the areas marked in Roman numbers in
Fig. 2. It can he stated from these graphs that in the central and western parts of the
Paratethys (areas No. Il 1X.) the time sequence of the formation of brown coal
and salts is roughly the same everywhere. The intensity of evaporite formation assign-
able to the Tortonian (Badenian), further the transitional decrease of coal formation
in the Sarmatian and Lower Pannonian are attributed to the general change of climate.

In the other areas the geological events followed each other with smaller or
greater delays. It can be stated, in general, that in the second part of the Miocene the
formation of evaporites was a uniform phenomenon. Large quantities of salt depositions
and anhydrite beds were formed in Central Europe in the Badenian, in the Mediter-
ranean in the Messinian and in the Middle East in the Gachsanan resp. in the Lower
Fars and these form a uniform, elongated lithostratigraphic horizon.

Geophysical measurements and deep-bores put down in the basement of
the Mediterranean Sea in the last decade revealed huge Miocene gypsum and
rock-salt formations. Numerous new theories tried to explain the formation
of Miocene evaporites* (HsU, 1972; Ryan Cita, 1972; Nesterofr et al.,
1972; cita, 1972; Konrad, 1973; Sonnenfetd, 1974 and 1975; Benson
Ruggieri, 1974, D rooger 1975, Malovitsky et al., 1975). These Paleogeogra-
phic hypotheses concern for the most part the basin of the Mediterranean

* Further, for sake of shortness, the so-called desiccated chemogenic sediments (an-

hydrite, gypsum, rock-salt, silvite) will he referred to as evaporite or salt formations according
to the terminology proposed by E. Szadeczky-Kardoss (1930, p. 34).
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sea itself. Studies as to how these new hypotheses correspond or contradict
to the formerly accepted these regarding the Neogene of the European
continent and containing rock-salt and brown coal beds, have been neglected.

The contrasts and relationships of the formation of evaporites and coals
was first emphasized by E. Szadeczky-Kardoss (1927). The assignment of
evaporite formation to certain geological periods was also demonstrated
(E. Szadeczky-Kardoss, 1930; Lotze, 1938 and 1965). The optimal con-
ditions of coal formation in general were also discussed (Strakhov, 1967,
p. 386; Timofeev, 1968; Lsttig, 1971)

Detailed concrete investigation of such an aim of the epochs of the
European Neogene has so far been lacking. Thus, by means of systematization
and critical review of tbe data of enormous quantity in the paper below
the author attempts portraying in a uniform way the relevant features of the
Neogene as developed in Central and Southern Europe and the Middle East.

It is well known that saliferous sediments are characteristic formations
of arid climatic facies. Salt formation is essentially caused by the evaporation
of saturated solutions in rainless areas. The formation of coal beds, however,
needs abundant precipitation and abundant vegetation. Consequently, coal
formations cannot develop together with evaporites in space or in time
(Szadeczky-Kardoss, 1927, p. 485).

Regarding the Miocene climatic zones as well as the spatial extension
of coal and evaporite formations the following statements of universal validity
can be said (Fig. 1). Three zones of nearly W E strike have developed. Listed
in a north to south direction these are as follows:

a) humid zone and semi-arid zone with coal formations, without evaporites.
b) Semi-arid zone locally with coal formations, elsewhere with evaporites.
c) Arid zone with evaporites, without coal formations.

The arrangement of this type of the zones is based on the fact that,
when moving northwards, the quantity of evaporites gradually decreases, and
that of the coal formations increases, in general.

Tlie fact can be also observed that when moving from eastwards the
humid character also decreases within the zones a and b.The coal beds are
frequent in the west, but can be found at the foot of the former mountains
in the east. It is conspicuous that within the strip between the 28 30 degrees
longitudes the position of the transitional zone was displaced in N - S direction
by about 5 to 6 degrees latitude. In Europe the range of Miocene evaporites
lies much farther north than in Asia Minor. This difference is also reflected
in the extension of coal beds. South of 43 degrees latitude only a few exceptions
represent the Miocene brown coal beds in the European continent. On the
contrary, in Asia Minor the Miocene brown coal beds are frequently found
also along the 37th degree of latitude. The assumption seems to be probable that
originally the transitional zone extended from the west eastwards without
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evaporites); 4. Miocene marine sediments with gypsum, anhydrite and rock salt beds; 5. Brown
coal occurrences; A. Humid zone; B. Semi-arid zone; C. Arid zone

any change, but the large-scale Post Miocene crustal movements displaced the
European continent farther north as compared to Asia Minor. This assump-
tion is supported by the fact that the Miocene sea-shore line turns to the south
along the Vistula and Dnester, roughly in the region of Warsaw, Lvov (Lem-
berg) and Vinnitza.

Regarding the details the following can be stated.

East of the Netherlands numerous brown coal beds were explored on the
German—Polish Plain (Aj)* as well as at the northern foot of the German
Mittelgebirge, Erzgebirge and Sudeten. The eastern most coal traces were found
on the eastern bank of the river Bug, near Brest (Manykin, et ah, 1968, p. 63).
On the German—Polish Plain the Miocene has a terrestrial facies poor in fossils.
Marine sediments proved also by fossils are found in Lower Saxony and Schles-
wig Holstein from the north (Hinsch— O rt1ram, 1974) resp. in Silesia from
the south (Luczkowska Dyjor, 1971). Thus, the coal-bearing strata of
North Germany and Poland cannot be correlated exactly with the fossil-rich
strata of marine and brackish facies of the Paratethys. By means of sediment-
petrographic and pollen-spore analyses only the fact could he determined
that the deposition of the Neogene terrestrial sequence of the area had been

*The types and numbers in brackets denote geological regions shown under the
same marks in Fig. 1.
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in progress for a longer geological time. Thus, the lowermost beds of the same
coal occurrence are assigned to the Upper Oligocéne, its middle and upper
beds to the Lower, Middle, moreover, to the Upper Miocene by different
experts (Dyjor, 1970; Ciuk, 1970; Ziembinska —Niklewski, 1966; Anrens
Lotscii Tzsciioppe, 1968; Hunger, 1953; Hotub Skocek, 1968)

No brown coal and lignite beds are mentioned from the Neogene in the
plain north ofthe Black and Caspian Seas (A2. Only at the foot of the southern
Ural Mountains does a minor coal basin occur (Mokrinski, 1962, pp. 439
443; Matveev, 1960, p. 421).

In the western part of the Paratethys, i.e. in the Neogene fore-deeps of
the Alps and Carpathians (B,) as well as in the Rhine graben and in North
Italy the coal formations are intercalated in thick sedimentary sequences
being distinguishable by marine fauna, thus their exact geological age can
be determined, in general (Jasks, 1973 and 1975; Moretti, 1962; Nascimben,
1970; Raiteanu Grigoras, 1963; Suf, 1952; Zapfe, 1956; etc.).

Miocene brown coal occurrences are found in Europe usually north of
43° latitude. South of this line only exceptional brown coal beds which can
be assigned to the Miocene can be found. E.g. in the southernmost part of the
Ap,tenine peninsula (Castatdo Stampanoni, 1975) and in Albania (Shkupi
Bibaja, 1976) there are some smaller occurrences. When disregarding the brown
coal occurrence in the southern Urals the eastern boundary of the Miocene
brown coal beds can be drawn as far as 29° longitude.*

Concerning the extension of evaporites the following can be said.
In Europe the northernmost occurrences of Miocene evaporites are found up
to 50° latitude. The Aquitanian anhydrite and rock-salt beds of the Rhine-
valley are found here (Wagner, 1953, p. 709; Sciiad, 1964, p. 46).

No evaporites are known from the northern foreland of the Alps. Slight
anhydrite traces are found oidy in the northern part of the Vienna Basin, at
the Carpathian Badenian boundary (Janacek, 1974, p. 81). In the fore-
deeps of the Northern Carpathians the first gypsum and rock-salt occurrences
occur with 18° longitude and these can be traced as far as the foot of the
Eastern and Southern Carpathians down to the Iron Gate in the south. The
final part of this series extends well into the area of Bulgaria, where gypsum
was explored by deep-bores. The evaporites of the fore-deeps of the Carpathians
are found in two horizons in general, their minor part belongs to the Lower
Miocene, while their major part can be assigned to the Middle Miocene (Bade-
nian) (Kwiatkowsky, 1974, p. 341; Stoica, 1961, p. 252; Paraschiv, 1975,
p. 41; Jovchev, 1961, p. 61; etc.).

The salt beds on the northeastern margin of the Pannonian Basin, in
the Transylvanian Basin and in the Tuzla Basin of Jugoslavia were formed

* The geological age and extension of the brown coal beds of the Paratethys will be
discussed in the second part of this paper.
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also in the Middle Miocene (Janacek, 1974, p. 79; Vinogradov, 1975, p. 103;
Cuipagea Pauca, 1970, p. 246; Soktic, 1961, p. 73)

It is remarkable that the anhydrite traces of the middle part of the
Pannonian Basin are of Sarmatian age (Jambor, 1976, p. 304) i.e. these are
younger than those mentioned above.

In Asia Minor (B.,) numirous Neogene basins are found separated from
one another. (Roughly schematized, Fig. 1 shows only the greatest of them.)
The Neogene strata of those basins consist mostly of marine, partly of terrestrial
anil volcanic formations. Due to correlation difficulties only the facts can be
stated that the brown coal and lignite beds were formed in each basin inde-
pendently of one another in different horizons of the Miocene and Pliocene.
Numerous occurrences are found but most of them are insignificant. The
only important occurrence is that of Elbistan, this is of Upper Pliocene age
(Becker Praten, 1974, p. 683; Staesche, 1972, p. 332)

In the eastern part of Asia Minor gypsum strata are frequently found
in marine sequences; locally rock-salt is also found. The exact geological age
of the evaporites is unknown. According to Nebert (1956, p. 84.) and Irrritz
(1970, pp. 22. and 91.) these can be assigned to the Middle and Upper Miocene,
resp. to the Lower Miocene.

In the environments of the Caucasus and Little Caucasus (B3) only a
poor coal formation took place in the Upper Oligocéne, in the Upper Miocene
and in the Pliocene (Mokrinski, 1962, p. 456.). Here a sedimentary sequence of
marine facies and of great thickness was formed during the Middle and Upper
Miocene in which significant gypsum and rock-salt beds occur (Gabrietian,
1962, pp. 344. and 359; Arizade, 1972, pp. 159. and 161.).

In the area between the Caspian Sea and Lake Aral (B4) gypsum beds
are frequent in a marine Miocene sediment and locally rock-sal is also found
(Smolko Smirnov Popov, 1972, pp. 337 365; Stigin Kostenko
Gatitzki, 1971, pp. 257 261.). Here the boundaries between the three zo-
nes cannot be exactly traced thus it is possible that the whole of this area
ought to be assigned to the arid zone (marked by C).

In the past decade several exploratory wells were carried out to explore
the basement of the Mediterranean Sea. E.g. in the Gulf of Lions in the west
(Cravatte et al., 1974), in the middle part of the basin (C4) in the Tyrrhenean
and lonian Seas (C2) (Nesteroff et ah, 1972) as well as near the shores of Israel
in the east (C3) (Derin—Reiss, 1973). Numerous hydrocarbon exploratory
wells were also drilled in the Adriatic Sea (Hark Schoéneich, 1971). On the
basis of these bores and geophysical measurements the evaporite-bearing
Messinian strata could be determined in the basement also in the recently
sea-covered areas. It has been proved that this formation is of much greater
extension in the depth than assumed so far (Malovitsky,et al.,, 1975). In the
terrestrial areas east of the Mediterranean Sea, i.e. in Lebanon, Israel and
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Jordan, the Miocene sediments are for the most part absent. Only the tectonic
depression of the Jordan trench is filled with a saliferous Miocene sequence
(Bender, 1968, pp. 89. and 162.).

From the eastern part of Syria far to the Persian Gulf enormous and
continuous areas hide gypsum and saliferous deposits (C4). These are found
mostly in the “Lower Farsan” sequence which can be assigned to the Middle
Miocene, and to a smaller extent in the Lower Miocene “Dibbane” strata
(Wotfart, 1967; Naquib, 1967; Metwatti -P nhitip, 1974; Wetzer, 1974).
The evaporite-rich strata of Persia which are probably contemporaneous with
those of the “Lower Fars” are called “Gacharsan Formation” by several
authors (Gitt—Aura, 1972; James—W ynd, 1965; Faitcon, 1974).

In the molasse zones of the mountain chains lying south of the Caspian
Sea (C5) the gypsum beds are frequent in the Upper Oligocéne and Miocene
sediments (Qom Formation), locally considerable halite and sylvine beds were
also formed. The Neogene strata of the basin isolated from one another cannot
be correlated with deposits occurring in either the Caucasus or in the environs
of the Persian Gulf (Asovski, 1949, p. 70; Steck1in, 1974, pp. 225. and 230:
Aravi, 1972, p. 214)).

The alternations of the evaporite and coal formation periods during the
Neogene can be well studied in the central and western part of the Paratethys
as well as in the strata of neighbouring areas faunistically exactly classifiable.
Here a good possibility is provided for an exact determination of the geological
age of each bed.

In the fore-deeps of the young orogenic mountains the thickness of the
marine, brackish and freshwater strata formed in the central and western
part of the Paratethys and in the neighbouring areas amounts to 5 6000
metres. During the same period the adjacent massifs only slightly subsided
and much thinner sequences were formed on their surface (Jasko, 1972, p.
168; and 1974, p. 91.). In the Middle Miocene marine strata locally gypsum
and rock-salt deposit were accumulated. Limnic coal formations are frequently
found as initial and final members of the Neogene sequences. Paralic beds are
less frequent, these lie in the marginal areas.

In Fig. 2 the areas marked with dotted lines show only terrestrial (limnic,
lacustrine and fluviatile) deposits. The parts shown illustrated by stripes are
mostly marine but without an evaporite formation. In the crossed areas
gypsum and anhydrite blocks are found in the marine sediments. Halite and
sylvine deposits are shown by separate symbols.

On the basis of their reserves the Miocene brown coal and lignite
occurrences are figured by three different signs (less than 50 million tons,
between 50 and 500 million tons, and more than 500 million tons). In the
map both operating and abandoned mines are shown. Notably, what the map
shows is not an economic geographical portrayal of the contemporaneous
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situation, but rather the spatial distribution of the rate of one-time coal
genesis and the boundaries of generalized economic geological regions outlined.
Concerning the reserves of coal numerous paper have been published. Some of
the most important one are the following:

Austria: Petraschek, 1921 1922; Kirnbauer, 1967;

Hungary: Vitalis, 1939; Bartké Hegedds -K 6kay, 1963;

Yugoslavia: Mitojeviec Cicic, 1971; Simic, 1958;

Roumania: Raiteanu et al., 1963; Protescu, 1932;

Bulgaria: Jovchev, 1960;

Italy: PiLOTTi Castro, 1933; Castaldo -Stampanoni, 1975.

Reviews including the other countries of Europe: Bischoff Gocht,
1970; Gorski et aI., 1972; Schwahn, 1958; Haviena, 1964, Maksakovski,
1968; Friedensburg, 1965.

Although the used data on mineral resources were compiled by different
authors and according to different principles and in different times, their
summarized results can he relied on as informative data. Map No. 2 as well
as the graph of Fig. 3 were drawn on this basis. Out of the 97 brown coal
deposits listed below 58 (60 per cent) possess coal resources less than 50 million
tons. The coal resources of 26 occurrences fall between 50 and 500 million tons
(27 per cent) and the number of deposits with coal resources amounting to
more than 500 million tons is as low as 13 (13 per cent).

The Miocene brown coal and lignite deposits are as follows (in the same
order as in Fig. 2).*

I. The Lower Rhine Valley and the coasts ofthe North Sea. 1. Limburg, 2. Lower
Rhine Bay, 3. Hamburg, 4. Kiel, 5. Jiittland.

J/a. North-German and Polish Plain, German Central Mountains, Erzgebirge,
northern foot of Sudeten. 6. Westerwald, 7. Nordhessen, 8. Wittenberg, 9. Born-
hausen, 10. Rhoen Mountains, 11. Leipzig, 12. West Lausitz, 13. East Lausitz
(Lusatia), 14. Legnica-Scinava, 15. Gdansk, 16. Trzcianka, 17. Zlochev,
18. Konin (Odile), 19. Belchatov, 20. Rogozno, 21. Skiernicwicz, 22. Morysin,
23. Adamov, 24. Brest, 25. Silesian Basin, 26. Turow, 27. Chomutov (Komotau),
28. Sokolov (Falkenau), 29. Gheb (Eger).

Il. Mainz Basin and Rhine-trench. 30. Mainz Basin, 31. Rhine Trench,

I1l. Northern fore-deep of the Alps and the environment of the Vienna Basin.
32. Thurgau, 33. Wirtatobel, 34. Nordlingen, 35. Wackersdorf, 36. Budejovice-
Trebon, 37. Trimmelkamm, 38. Amstetten, 39. Geras (Langau), 40. Wartberg,
41. Gloggnitz-Pitten,

1V. Fore-deep of the Northwestern Carpathians (No remarkable coal formations
are known).

*The graphs No. | -X. in Fig. 3 were constructed from the data of groups No. | —X.
The deposits of groups I/a, 1X/a and X/a were neglected in these constructions because of
correlation difficulties.
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V. Northern margin of the Pannonian Basin. 42. Herend, 43. Varpalota,
44. Handlova-Novaki (Nyitrabanya), 45. Modry-Kamen (Kirtds), 46. Salgé-
tarjan, 47. Nagybatony, 48. Ozd, 49. Borsod, 50. Edelény, 51. Vihorlat.

V1. Transylvania. 52. Brad, 53. Almasvdlgy, 54. Petroseni-Lupeni (Zsil-
valley), 55. Mehadia, 56. Bozovici.

VIl. Fore-deep of the Eastern Carpathians. 57. Lvov, 58. Tshernovtzi (Tscher-
nowitz), 59. Falciteni, 60. Baia, 61. Comanesti, 62. Reni-Vulkanesti.

VI111. Fore-deep ofthe Southern Carpathians and the Morava Trench. 63. Mlade-
novac, 64. Zajecar, 65. Kucaj, 66. Petrovac, 67. Despotovac, 68. Arandljelovac.
IX. Southwestern part of the Pannonian Basin and the adjoning depressions.
69. Keutschach, 70. Lavanttal, 71. Knittelfeld, 72. Tauchen, 73. Brennberg,
74. Koflach-Voitsberg, 75. Feldbach, 76. Eibiswald, 77. Poljance (Pdltschach),
78. Radoboj, 79. Petrinja, 80. Hidas, 81. Pécsvarad, 82. Kainengrad, 83. Kotor-
varos (Banja Luka), 84. Teslic, 85. Ugljevik, 86. Banovici.

IXja. Smaller Neogene basins subsided into the Dinarides. 87. Livno, 88. Bugojno,
89. Middle Bosnian Basin, 90. Mostar, 91. Dubno, 92. Jankova-Klisura,
93. Aleksinac.

X/a. Southern margin of the Alps. 94. Valsugana.

X . Depressions accompanying the Northern Appennines. 95.Val d’Elsa, 96.Cecina,
97. Ombrione, Grosetto.

To make easier the correlation of different sequences any finer strati-
graphic classification has been omitted, thus Fig. 3 shows several periods as
one unit. Consequently, the Aquitanian and Burdigalian (Eggenburgian) were
reduced to Lower Miocene, the Helvetian and Tortonian (Carpathian and
Badenian) to Middle Miocene. The Sarmatian and Buglovian are in the Up-
per Miocene, the Meotian and Lower Pannonian (Pannonian s.str.) in the
Lower Pliocene, the Upper Pannonian (Pontian s.str.) and Dacian in the
Middle Pliocene, finally the Romanian and Levantinian in the Upper Plio-
cene.*

It can be seen in the graphs that the formation of brown coal and lignite
could take place in all periods of the Neogene but with areally different
intensity. It is conspicuous, however, that at the end of Miocene and in Early
Pliocene time the lignite formation decreased, and locally completely ceased.
In the Middle Pliocene, however, significant lignite formation took place
again in the areas of the Vienna, Pannonian, Dacian and Thracian Basins.
Apparently, except the Upper Miocene and Lower Pliocene periods, during
the whole Neogene climatic conditions favourable for coal formation pre-
dominated in the central parts of the European continent. As to when and
where more or less coal formations developed, this was dependent first of all
on the temporally changing peculiarities of the local sedimentation processes.

* In the graphs the intensity of salt formation is interpreted quantitatively. Thus, the
concept of Szadeczky-Kardoss diverging from that of Lotze has been adopted.
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Fig. 3. Frequency of coal and evaporite formations according to geographic distribution and
stratigraphic horizon (highly schematized graphs). I. Lower Rhine Valley and the shores of
the North Sea; Il. The Mainz Basin and the Rhine Trench; Ill. Northern Fore-deep of the
Alps and the Vienna Basin; IV. Fore-deep of the Northwestern Carpathians; V. Northern
part of the Pannonian Basin; VI. Transylvania; VII. Fore-deep of the Eastern Carpathians:
V IIl. Fore-deep of the Southern Carpathians and the Morava Trench; IX. Southwestern
part of the Pannonian Basin and the adjoining depressions; X. Depressions accompanying
the Northern Appenines; 1. Coal formation with small reserves; 2. Coal formations with
reserves of medium quantity; 3. Coal formations with great reserves; 4. Evaporites with small
reserves; 5. Evaporites with, reserves of medium quantity; 6. Evaporites with great reserves;
7. Foot wall of the Badenian evaporite formations; 8. Footwall of the Upper Pannonian

Dacian lignite formations. 03 — Upper Oligoceéne; Lower Miocene; M2 — Middle
Miocene; M3 — Upper Miocene; PIt — Lower Pliocene; PL — Middle Pliocene; PI3 — Upper
Pliocene

In the external fore-deep of the Carpathians, the Transylvanian Basin
and the Pannonian Basin, evaporite formation took place mainly in the Middle
Miocene, within tlie Tortonian. The quantity of evaporites formed in the Lower
Miocene resp. in the Upper Miocene is smaller. Finally, the Pliocene of Europe
does not show any trace of gypsum or halite.

The assumption seems to be probable that the high intensity of evaporite
formation in the Tortonian as well as the transitional decrease of coal formation
in the Sarmatian and Lower Pannonian can be traced back to the same reason,
i.e. to the general change of climate in the European continent. Phytopaleonto-
logical research carried out in different countries showed, that in general the
climate in the Early and Middle Miocene was humid, in the Late Miocene
arid, in the Pliocene again humid (Anic 1958, p. 191; Berger, 1953, p.
232; Nagy, 1967, pp. 98, 101; Schwarzbach, 1966, p. 60. and 1974, p. 209.
Pranderova 1975, p. 386; Benda & Sickenberg 1975, p. 383) This Change
was, of source, not of the same effect in different areas since the local influ-
ences might also effect microclimate.
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When the decisive effect of different climatic changes upon the intensity
of brown coal and evaporite formation he accepted, the question may arise
that this had a contemporaneous effect not only on the European continent
hut in the basin of the Mediterranean Sea as well. In the latter region the
formation of the Neogcne evaporites is restricted only to the Messinian.
According to the general view, however, the Messinian is younger than the
Central European Tortonian (Badenian). As to several authors the Messinian
is contemporaneous with the Sarmatian and Lower Pannonian (Cicha, 1970,
p. 25; Cicha Senes, 1971, p. 211; Gillet Faugeéres, 1974, p. 1178.).
According to others the Messinian is contemporaneous with the Lower and
Upper Pannonian (Set1i, 1970, p. 58; Bartha, 1971, p. 21; Benda Meulen-
kamp, 1972, p. 562; Berggiien et al.,, 1974, p. 93; Jiricek, 1974, p. 160).
Grivulescu-Andrescu 1976, p. 1024.) In the Paratethys area evaporite
formations are rare in the Sarmatian and absent in the Pannonian.
In the Italian marine sediments probably contemporaneous with the Badenian,
however, neither gypsum nor salt is found. These correlation difficulties are
reflected by the difference of column X from the others (Fig. 3).

Two kinds of solution of this apparent contradiction may he offered:

a) The correlation concept ought to be changed, i.e. the Messinian would
he contemporaneous with the Badenian and not with the Pannonian, thus the
evaporite formation would be synchronous both in the Paratethys and in
the Tethys. This, however, is in want of biostratigraphic evidence, thus only
Sonnenfetd proposed this possibility so far (1974, p. 1143).

b) The correlation classification is accepted without any change and
the fact will he assumed that the effect of climatic changes is delayed in the
region of the Mediterranean Sea as compared to Central Europe.

W hen accepting this latter variation the fact should he taken into account
that, similarly to the formation of other sediments, that of evaporites is also
affected hydifferent local factors (e.g. geomorphological conditions, Szadeczky-
Kardoss, 1927).

It is well known that the lot of inland seas is determined by the ratio
of the evaporating water and of rain water, further by the discharge of the
incoming rivers as well as by the size and direction of the joining strait com-
municating with the ocean. When evaporation is greater than the water
supply, the basin will be dried. When the freshwater supply is greater than
the evaporation (precipitation and water inflow), the water will be gradually
limnified, the water surplus breaks leaks to the ocean. When, however, the
freshwater supply is slight, but there is a possibility to water inflow from the
ocean, evaporites will precipitate in the basin. In semi-arid zones the effects
of these processes are manifested in different measures as a function of space
and time. In this sense it can be understood that in the Middle Miocene
anhydrite and rock-salt deposits were formed in the comparatively closed
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bays and straits of the Paratethys, and in other basin parts this phenomenon
did not occur. In the Middle Miocene no major river network existed. Along
the line of the recent German Mittelgebirge, Erzgebirge, Sudeten and Podolia
Ridge a flat watershed was extending and the rivers north of it did not supply
the Paratethys. The ancestor of the recent river network started to form only
at the end of the Miocene, resp. in the Pliocene, when the connection with
the ocean was broken and the basin parts became successively limnified and
filled up by alluvium. During the same period the sea predominated in the
environs of the Mediterranean Sea and in the Middle East.

In the zone of transition between humid and arid climates the spread
of vegetation producing the brown coal beds was influenced also by paleo-
geographical conditions. In the mountains more precipitation fell, thus at
their foot forests and marshes could exist while in the semi-arid plains only
steppe vegetation could be available. Under the transitional climate each
subsequent climatic change had its own effect. Consequently, in the Miocene
sequences of Europe the geohistorical changes of the factors influencing tin-
sedimentation can be easily traced.

The enclosed maps show together the coal formations and evaporites
formed during the whole Miocene. By drawing separately the sedimentary
geological maps of the Lower, Middle and Upper Miocene, the differences
between each stage could have been illustrated. The exact elaboration of
such a study needs, however, further investigations.

Temporarily, the statement should be accepted that in the second part
of Miocene a relatively short but rather wide-spread evaporite formation took
place. The Badenian in Central Europe, the Messinian in the environs of the
M editerranean Sea, the Gachsaran, resp. the Lower Fars strata in the Middle
East show huge rock-salt and anhydrite beds which can be traced over in
great distances and form a continuous lithostratigraphic horizon. It is probable
that these formations developed not at the same point of the absolute age
chronological scale. Their formation, however, is the same, characteristic
feature of the areas quoted above and can be satisfactorily separated from the
preceding and subsequent geological events. Another peculiar event was the
formation of lignite beds in the Vienna, Pannonian, Dacian and Thracian
Basins at the end of the Pliocene sedimentation. This, however, spread over
a much smaller region than the Miocene evaporite formation.

Preceding this evaporite formation the period between the Late Oligocéne
world-wide regression and Middle Miocene transgression had been suitable
for coal formation. The beds formed during that time cannot be obviously
observed on the sketches shown in Fig. 3. This is probably due to the fact that
depending on local conditions these coal beds occur either as topmost members
of the Late Oligocene regression or as initial members of the transgressive
strata of different Miocene horizons.
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Lotze has already created the rule of “contemporaneity”, i.e. the inten-
sity of salt formation reaches its maximum at the same time also in farther
lying areas. According to him this is valid also of the coal formation (Lotze,
1957, p. 188. and 1938., p. 152.).

All the afore-mentioned facts make this rule valid also of the Neogene
of Europe and of the Middle East. Its hard-and fast application, however, is
possible only within each isodiastrophic region at least, since among the areas
of different evolution there are certain phase displacements.
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M3MEHEHWA MHTEHCMBHOCTW OBPA3OBAHUA ¥YT'NA U COMN B HEOTEHOBOE
BPEM#A

. AWKO

Peswme

MpoCTPaHCTBEHHOE PACMPOCTPaHeHe HEOTeHOBbIX MECTOPOXAEHWA Oyporo yrns u
KameHHoW conun B EBpone u Ha bavmxHem BOCTOKe onpefenseTcs Tpems KNMMaTUYecKrMmn 30Ha-
mMu (puc. 1). MepeuncneHHble C CeBepa Ha tor, 3TW KNMMaTUYeCKne 30Hbl CnegytoLume:

A) BnaxHas v nonycyxasa KnmMatnyeckas 30Ha € yrofibHbIMW MECTOPOXAEHUAMU, HO 6e3
3BanopuToB.

B) Monycyxasa (nNepexofHas) KAMMaTU4YecKas 30Ha MeCTaMWu C YrosibHbIMW 06pa3oBa-
HUAMUW, & Ha JPYrMX MecTax C 3Barnoputamu.

B) ApuaHas KnumaTuueckas 30Ha C 3Banoputamu, 6e3 yronoBHbIX MiacToB.

Takoe pacnpefeneHve 30H 06yCNOBNEHO TeM, YTO B HanpaB/IeHUW C ora Ha CeBep Konu-
YeCTBO 3BAMOPUTOB OObIYHO MOCTEMEHHO YMEHbLUAETCA, B TO BPEMSA KaK KOMMYECTBO YrO/bHbIX
06pa30BaHWin MOCTENeHHO YBENYMBAETCH.

Jto6onbITHO, YTO B Nonoce mexay 28 30° fOAroTbl, MECTOMO/IOXKEHNE MEPEXOLHON KNu-
MaTNYeCKOM 30Hbl CABMHYTO Ha NPUMePHO 5—6° LUIMPOTbI B HaNpaBneHUn ¢ ceBepa Ha tor. Takue
CLBWIMN BbI3BaHbl, MOBUANMOMY, WHTEHCUBHBIMU MOC/EMMUOLLEHOBLIMW ABMXKEHUAMU 3EMHON KOpbI.

MopAafoK neprofoB 3BarnopuTo- W yrneobpasoBaHus, NOCNe0BaBLLUUX APYT 3a APYrom,
XOPOLLO OMO3HAeTCA B LIEHTPaNbHOW U1 3anafgHol YacTax MapaTteTuca, a Takxke B COMpenenbHbIX
C HUMK paiioHax (pwc. 2). [eno B TOM, YTO 34ecb 06pa30Ba/MCb HEOreHOBble TOMLWM, GoraTble
MCKOMaeMbIMM OpraHvMamMamy 1 nofgatoLimecs 6onee [po6HOMY pacuneHeHwto. B cBA3M caTum,
BMO/IHE BO3MOXXHO TOYHOE OrMpefieNieHNe reoiorMyeckoro Bo3pacta OTAe/bHbIX NNacToB 6ypoBoro
YrAs U KamMeHHol conu. B pesynbTaTe 0606LEHNS YACTMYHBIX AaHHbLIX Y4YacTKOB, YKa3aHHbIX
PUMCKUMW LMdpamn Ha puc. 2, 6binn COCTaBNeHbl rpadivikv, MpuBefieHHble Ha puc. 3. U3 aTux
rpatMKoB BbITEKAET, YTO B LEHTPabHbIA 1 3anafHoii vacTax lMapateTtuca (yvactku 111 1X)
BPeMeHHasa nocnefoBaTeflbHOCTb cofe- 1 6ypoyrneobpa3osaHus 6bina Gornee Unv MeHee oAvHa-
KOBOW MoBCtOgy. VIHTeHCMmKaums B TOPTOHCKOM Beke (bageHneH) 06pa3oBaHUsA 3BanopuToB, a
3aTeM BpeMeHHOe YMeHblUeHWe yrneobpa3obaHns B capMaTe M paHHeM MaHHOHe 6binn 06ycnoB-
NeHbl BCEOOLLWM M3MEHEHMEM KNuMaTa.

B Apyrux y4yactkax reoMcTopvyeckmx cobbITwii nocnefoBany Apyr 3a Apyrom ¢ 6onbLueli
NV MeHblUel 3aiep>KKoi. Bce ke MOXHO caenatb 06LWMiA BbIBOZ, YTO 3BanopuToo6pasoBaHue
6bINI0 BCEOOLMM MPOLLECCOM BO BTOPOVA MOMOBUHE MUOLIEHOBOI 3M0XM. OTPOMHBIE M0 KOIUYECTBY
3anacoB MeCTOPOX/EHUA KaMEHHON CONW W aHTUAPUTOB NPOSBNAIOTCS B OTNIOXKEHUAX BafjeHneHa
B LleHTpanbHoli EBpone, B CNoAX MecCHHWaHO B paiioHax pucpear3aeMHOMOpPbA U B OT/I0XKe-
HUAX raxcapaHa v HWKHero dapca Ha BavkHem BoCTOKe, nNpuyem OHW 06pas3ytoT BblLEpXKaH-
HbI NUTOCTPATUrPaPUUECKMNiA TOPU3OHT, NMPOCNEXMNBAEMbIA Ha BOMbLUMX PACCTOAHNSAX.

2 Ada Geologien Acaderniae Scientiarurn Hungaricae 20, 1976
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In the Danube—Tisza Interfluve of the Great Hungarian Plain numerous saline
lakes and sediments formed in former soda lakes are found. These lakes were formed
in the depressions among the blown sand dunes of NW —SE direction produced by
the prevailing wind. Late Pleistocene loess or Holocene blown sand lie at the bottom
of the lacustrine sediments.

The climate of the Danube Tisza Interfluve is continental characterized by
warm summer and frequently by dry periods of several weeks without precipitation.
Under such conditions and due to strong evaporation the dissolved salts are concen-
trated in the waters of lakes of several decimetres depth and this is increased by the
salt-rich ground water supply. The local term of this specific sedimentation environ-
ment is semyek.

Since the Early Holocene lime and dolomite have been precipitated from the
basic water of high salt content just because of different factors. Major part of lime
gas transformed into early diagenetic dolomite.

In the depressed areas surrounding the lakes the saline ground water evaporates
and this results in the formation of limy-sodaic solonchak-solonetz type soils. Part
of the soda precipitated on the surface is dissolved by rainwater and this also contrib-
utes to the increase of alkalinity in the lakes.

Introduction

Within the marine and terrestrial sedimentation areas numerous smaller
but characteristic environments can be observed and each of them produces
a specific sedimentary facies. Within the terrestrial sedimentation fluviatile,
lacustrine, eolian, glacial, etc. environments can be distinguished.

In the Danube Tisza Interfluve, one of the special areas of charac-
teristic geological structure of the Great Hungarian Plain, special lacustrine
sedimentation has been in progress (Fig. 1). The geological structure, the
hydrogeological conditions of lakes, the morphology and climate of the area
as well as the living world of the lakes have formed a peculiar sedimentation
and which has been unique in the terrestrial sedimentation also on a world
scale. In this paper this sedimentation process and the related sediments
are introduced in order to enlarge the knowledges needed by the geological
actualism.

2% 4cla Geologica Academiae Scientiarum Hungaricae 20, 1976
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Fig. 1. Geological map of the Danube—Tisza Interfluve and the extension of the semyelc

(recent and former lacustrine sedimentary environments). 1. Alluvium; 2. Redeposited loess;

3. Sodaic loess and clay, sand; 4. Blown sand; 5. Loessic sand; 6. Typical loess; 7. Alluvial
loess; 8. Clayey loess; 9. Semyek; 10. Location of the profile of Fig. 2

Geological Setting and Quaternary Evolution of the Danube Tisza Interfluve

In the Early Pleistocene the direction of flow of the Danube was diagonal,
i.e. to the southeast instead of the recent N—S direction. This direction was
changed probably in the Giinz—Mindéi interglacial and the river started to
form its recent valley subsequently. The winds of prevailing NW-direction
indicating the Pleistocene glacial periods blew large quantities of sands from
the Danube’s flood plain and deposited onto the Danube Tisza Interfluve.
The near-surface horizon of the Danube Tisza Interfluve is built up by this
m aterial and by loess deriving from the falling dust of the glacial periods (Figs
1and 2). Consequently, at the end of the Pleistocene the surface ofthe Danube —
Tisza Interfluve was covered by loess and blown sand (I. Minhartz, 1953-
B. Motnar, 1973)
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Fig. 2. Geological profile in the Danube—Tisza Interfluve according to Mihaltz, I. (1953). 1. Loess. 2. Blown sand: 3. Clay;
4. Silt; 5. Fine-grained sand; 6. Medium-grained sand; 7. Gravelly sand; 8 Humic strata; 9. Carbonate rock



182 MOLNAR, B. M. I. MURVAI J. HEGYI-PAKO

In the Holocene the climate has considerably changed also in the
Danube Tisza Interfluve and has become warmer as compared to the former
periods. The climate of Holocene, however, has been not uniform since cool,
warm dry and warm humid periods have alternated each other. Sedimentation
followed these alternations. The blown sand deposited during the Pleistocene
moved less in the humid and to greater extent in the dry periods. The blown
sand has been arranged by the wind of prevailing N V —SE direction into dunes
of NW —SE direction and among the dunes elongated depressions developed.
W hen the climate became warmer and the ground water rose, part of these
depressions was filled water, thus in these places constant or periodic lakes
were formed.

Recently, the ridge of the Danube Tisza Interfluve rises morphologi-
cally over the Danube valley by 30 metres and over the alluvium of the river
Tisza by about 40 metres (Fig. 2). The lakes developed in this region have
been studied by a complex research group. The research itself has extended
over the formation, sedimentation and living world of the lakes.

The investigations carried out till now stated that the lakes of the
Danube Tisza Interfluve do not belong to any of the characteristic lake types
and are most kindred to the ephemeric lakes but differ from them in numerous
features. These can be characterized by the water depth of several decimetres
and this makes possible the water movements caused by wind and this pro-
duces again flow phenomena in the sediments of the lake. Morphologically
thc lakes are frequently changing just due to the movement of blown sand.
This resulted in the alternation of blown sand, soil and lacustrine sediments
in the lakes’ margins. The longitudinal axis and the shape of the lakes elongate
in NE —SW direction (Fig. 3). The northwestern parts become narrow, the
southeastern parts are generally widened. In certain cases several lakes lying
parallel with each other is transformed into one lake system and this is caused
by the burst of sand ridges (Fig. 3, Lake Kondor). The extension of the lakes
varies but none of them exceeds 3 to 4 km length. Their widths correspond
to the longitudinal measures, i.e. not wider than 1to 2 km (B. Moinar, 1971,
1973; B.Moinar .M. Murvai, 1975,1976; B. MotInar M. Szénoky, 1976)

The mean temperature in July is more than 22 °C in the Danube Tisza
Interfluve, the maximal average temperature of 50 years exceeds also 25 °C.
The annual precipitation varies between 500 and 600 mm, the temporal
distribution is not uniform. Droughts of high temperature and 4 5 weeks
duration may also occur. The shallow lakes are of large surface as compared
to their water quantity thus considerable evaporation is in progress. The lakes
are supplied by rain water and by ground water infiltrating towards the local
depressions. The rain water and surficial water supply of the lakes of the
Danube- Tisza Interfluve is less than the annual evaporation (M. Ande¢,
1964). Consequently, the water surplus may derive only from ground water.
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Fig. 3. Plot of the natron lakes of Fiuléphéaza indicating the locations of bores and geological
profiles. 1. Blown sand; 2. Lacustrine (semyek) sediment; 3. Axial lines of the former depres-
sions of Lake Kondor; 4. Location of the geological profile

The ground water table, however, depends on the weather conditions. All
these factors are responsible for the periodically changing water surface and
for the occasional drying of the lakes.

The peculiar sedimentation environment introduced above is called by
the Hungarian folk-speech as “semyek” in order to make distinction from the
lakes (the word “semyek” denotes the phonetic transcription of the Hungarian
“semlyék” into English). In the Danube Tisza Interfluve there are a lot of
semyek (Fig. 1). Their detailed geological discover has been carried out by
choosing the typical areas, drilling geological exploratory bores, designing
geological profiles resp. preparing trial trenches. All these explored in detail
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Fig. 4. Geological profile of the lakes Hattyusszék and Szivosszok. 1. Fine-grained blown sand; 2. Fine sand; 3. Loessic
fine sand; 4. Fine sandy loess; 5. Carbonate mud; 6. Strongly humic unconsolidated silt; 7. Carbonate per cent; 8. The
ground water table; 9. Water table of the lakes in July 1972; 10. Direction of filtration of ground water
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RECENT LACUSTRINE FORMATION 185

the semyek, their environments and the sediments of them. The exploratory
bores indicated among others that former lacustrine sediments are found in
numerous sites where recently emergence is found, e.g. bore No. 18 in Fig. 4,
or Fig. 2. Formerly shallow lakes were found in these places but the lakes
were filled up by blown sand. It is obvious from the profiles that the extension
of the lacustrine sediments is always greater than the recent surface of the
lakes. Consequently, the extension of the lakes had been different as compared
to the recent one. The greatest extension of lakes, however, reflect not the
largest area of the lakes, but only the changes of it.

Formation and Study of the Semyek Sediments of the Danube Tisza Interfluve

In the semyek sediments of the Danube Tisza Interfluve the loess or
blown sand is covered by lacustrine sediments of 30 to 110 cm thickness.
Two types of lacustrine sediments can be distinguished. Mainly in the south-
eastern part of the Danube- Tisza Interfluve the blown sand is overlain by
hard carbonate rock of 20 to 60 cm thickness and this is covered by loose
carbonate mud of 20 to 40 cm thickness (Fig. 5). In other regions of the
Danube—Tisza Interfluve the lower hard carbonate rock is absent, only the
loose carbonate mud of 20 to 80 cm thickness has developed. First the forma-
tion of the loose carbonate mud will be discussed.

1. Where the hard carbonate rock is lacking, the carbonate mud can
be divided into three horizons according to its formation:

a) The bottom of the carbonate mud derives from the water flowing
and infiltrating through its cover of higher carbonate content. This amounts
to about 30 per cent of the carbonate mud or more (0.3 to 0.4 m) but it varies
also within the same lense (B. Motnar I. M. Murvai, 1975, 1976; B. Mo1-
nar M. Szé6noky, 1976)

The downward filtrating carbonate solution saturated the fine- or small-
grained sand of the lake bottom, or occasionally the loess. The precipitated
carbonate matter filled up first of all the pores of sand. Upward this shows
transition without marked boundary. The carbonate content of this lower
part is rather changing as reflected by laboratory analyses but varies between
25 and 50 per cent in general and depends considerably on the quantity of
the infiltrating and side-ward moving water affected by the morphology.
It differs from the middle horizon by the higher residue insoluble in hydro-
chloric acid. This residue consists of fine and- small-grained sand, and of loess
fraction when deposited onto loess.

b) The middle horizon of the carbonate mud is about 50 to 60 per cent
of the total thickness of carbonate mud, i.e. 0.6 to 0.8 m. This carbonate
precipitation has been of such an extent that it completely changed the
original rock structure thus producing an individual geological formation
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Fig. 5. The carbonate and carbonate mud excavation of Csolyospalos. a) Red-spotted sandy
carbonate rock of looser structure; b) Hard light-grey carbonate rock; ¢) Dark-grey bard car-
bonate rock; d) Light grey carbonate mud with meadow soil in its upper part

often with 70 to 80 per cent carbonate content. This high value is rarely found
but the carbonate content is always over 50 per cent. The grain size distribution
of its insoluble residue is similar to that of the lower horizon, but regarding
its quantity it is less. This strongly carbonaceous formation is loose, white or
greyish-white under dry conditions. Its composition and features as well as
its extension in the Danube Tisza Interfluve have been investigated by
numerours researches (T. Minattz, M. M. Farags, 1946, P. K rivan, 1953,
M. Mucsi, 1963, B. Molinar I. M. Murvai, 1975, 1976, B. Molnar
M. SzOnoky, 1976). The carbonate contains molluscs only in negligible quan-
tity, and only a few species.
c) The upper horizon of the carbonate mud is only 10 to 15 per cent

of the total thickness (0.1 to 0.3 m). Its carbonate content is less than that
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Fig. 6. X-ray diffractometric records of dolomite muds from the Danube—Tisza Interfluve

(Recording conditions: CuKa, Ni-filter, 32 kV, 24 mA, 2 min). 1 Lake Kondor, Borehole

No. 3. 0.5 — 0.6 m, typical carbonate mud; 2. Lake Hattylsszék, Borehole No. 17. 0.2 0.3 in

jine and small sandy carbonate mud; 3. Lake Lodriszék, Borehole No. 14. 0.5—0.6 m fine and

small-grained sandy carbonate mud; 4. Lake Kerek, Borehole No. 5. 1.6 1.8 in carbonate

mud. Abbreviations in the X-ray diffractograms: D dolomite; Ca = calcite; Q quartz;
F = feldspar; Ch = chlorite; Mu = muscovite; | illite
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B Ca

Fig. 7. X-ray diffractometric records of dolomite and limestone from the Danube—Tisza
Interfluve (recording conditions see in Fig. 6.). 1. Nagybugac, loose dolomite; 2. Domaszék,
loose limestone; 3. Dorozsma, hard dolomite (Legend of the records see in Fig. 6.)

of the middle horizon, i.e. is similar to that of the lower one (25 to 50 per cent).
This was deposited in the lakes inundated for longest times. This upper horizon
differs from the underlying ones first of all in its higher clay content in the
insoluble residue, thus after drying it crackles down to 20 cm depth. In the
geological profile shown in Fig. 4 the horizon of carbonate mud was not speci-
fied because technical reasons.
2. Mainly in the southeastern part of the Danube Tisza Interfluve and

overlying first of all blown sand harder carbonate rock of 20 to 70 cm thickness
and loose carbonate mud of 20 to 50 cm thickness were deposited. This forma-
tion can be divided as follows.
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a) At the bottom red spotty, veined sandy carbonate rock of looser
structure developed everywhere. Its maximal thickness is 20 to 30 cm. In the
rock the ratio of the carbonate cementing material and of the sand grains are
nearly 1:1. Its formation is probably hound to the water flowing and infil-
trating through its cover. The upward transition is without sharp boundary
but can be exactly followed (Fig. 5).

b) The subsequent part is of 30 to 50 cm thickness and consists of hard,
compact light-grey carbonate rock with plant marks. It contains first of all
plant roots. Along the roots the rock is often porous. No or rare stratification
is found. The sand grains are indistinguishable in the rock, in general. Its
carbonate content varies at about 70 to 80 per cent. It is separated by a sharp
boundary from its cover. In the Danube Tisza Interfluve this material was
used to the foundations of houses.

c¢) The subsequent part is only of 5 to 8 cm thickness, very hard and
often of more than 80 per cent carbonate content. The carbonate rock is of
darker-grey colour and both up- and downwards it is bordered by sharp
boundary and bedding plane. In the latter ones deep fissure traces resp. fissure
fillings can be observed.

d) White-grey carbonate mud follows without sharp boundary and in
a thickness of 30 to 60 cm and it is similar to the middle member of the stra-
ta described under 1. Its carbonate content varies between 50 and 60 per
cent. As it is demonstrated in Fig. 5 its upper part often transformed into
soil.

Among the scmyck sediments especially the hard carbonate rock
described in 2. was chemically investigated (I. Minharttz M. M. Farags, 1946,
P. Krivan, 1953, M. Mucsi, 1963). X-ray diffractometric measurements were
carried out by Nemecz, E.. and he stated that the carbonate muds are rather
of dolomite, while the harder carbonate rocks of limestone composition (in
P. Krivan, 1953)

In our work the X-ray diffractometric investigations of several typical
samples were also carried out. Results are shown in Figs 6 and 7, as well as
in Table 1. In Fig. 6 the X-ray diffractometric records of the carbonate muds
of the Danube —Tisza Interfluve are shown. The dolomite peak occurs sharply
in all records. In addition to dolomite quartz, feldspar, chlorite, muscovite
and occasionally illite were determined.

Fig. 7 shows the X-ray diffractometric records of the harder carbonate
rocks. Out of the samples analyzed those of No. 1 of Nagybugac and No. 3 of
Dorozsma proved to be limestone, while that of No. 2 of Domaszek has been
dolomite. The limestone and dolomite are somewhat poorer in minerals than
the dolomite mud. In addition to calcite and dolomite quartz, feldspar and
less illite were determined. Chlorite occurs, muscovite however, is lacking in
this sequence.
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Peculiarities of the

Table |

carbonate rocks of the Danube— Tisza

Interfluve

Mineral composition

Location Macroscopic description :
sample by means of derivatograph by é?%?ggtogetgﬁ ray
I Lake Kondor, typical carbonate dolomite, quartz, dolomite, quartz,
borehole No. 3 mud chlorite feldspar, chlorite,
0,5—0,6 m muscovite, illite
2 Lake Hattydsszék, small and fine quartz, dolomite, quartz, dolomite,
borehole No. 17 grained sandy chlorite feldspar, chlorite,
A 0.2—0.3 m carbonate mud muscovite
3 Lake Lodriszék, small and fine dolomite, (calcite), dolomite, feldspar,
borehole No. 14 grained sandy quartz, chlorite quartz, (illite?)
0.5—0.6 w carbonate mud
4 Lake Kerek, carbonate mud dolomite, quartz, dolomite, quartz,
borehole No. 5 chlorite feldspar, chlorite,
1.6-18 m muscovite
1 Nagybugac, loose carbonate calcite, quartz, calcite, quartz,
Lake Vész rock (dolomite?) feldspar, dolomite,
chlorite, illite
2 Domaszék loose carbonate dolomite, quartz dolomite, quartz,
rock feldspar, chlorite,
B illite
3 Dorozsma hard carbonate calcite, quartz quartz, calcite,
rock feldspar
4 Zajnat Hill Triassic hard car- dolomite —

bonate rock

The derivatograph records of these samples were also carried out.
Derivatograph records four kinds of changes when heating the sample to he
analyzed. The instrument measures the temperature, the differential thermal
(DTA) and thermogravimetric (TG) changes. The latter one indicates all the
reactions which are accompanied by change in weight caused by heating.
Finally, it records the derivated thermogravimetric (DTG) change which
throws light upon the rate of the change in weight.

The carbonate muds which proved to be dolomite by X-ray diffracto-
metric analyses, were determined also as dolomites by the derivatograph
(Fig. 8, Table 1). The double peak of dolomite occurring at about 800 and 910 °C
was of different intensity. The records showed not the usual dolomite curves,
and the basic medium acting in the formation of dolomite has been responsible
for this. In this way alkalies of carbonate and sulphate bonds of different
quantities also developed and these disturb the regular shape of the curve.
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Fig. 8. Derivatographic records of dolomite muds from the Danube—Tisza Interfluve. DTA =

differential thermal analysis; TG = thermogravimetric-, DTG = derivated therinogravi-

metric change. Sensibility: DTG = 1/10, DTA 1/20, TG = 500 mg, disk-speed 100 min.,
heating rate 10°/min. Samples of this figure are the same as in Fig. 6.

The derivatographic results of the harder carbonate rocks are demon-
strated in Fig. 9. The samples 1. and 3. show rather characteristic calcite
peaks, thus these are limestones. The sample of No. 2 of Domaszék is of
dolomite composition. The derivatographic curve of the latter one is somewhat
elongated as compared to the dolomite muds.

The record No. 4 of Fig. 9 is the derivatographic curve of a typical
Triassic dolomite recorded under the same conditions. When comparing this
record with those of the semyek sediments the difference between the forma-
tion conditions becomes obvious. The Triassic dolomite is chemically much
purer, therefore it shows the regular curve of dolomite.

The X-ray diffractometric and derivatographic investigations carried
out in our work supported the results obtained by E. Nemecz for carbonate
muds. These called, however, the attention to the fact that the harder carbonate
rock is not always of limestone composition, but dolomite is also found in
them. Thus, the detailed investigation of several typical sections is needed
since the composition within the carbonate profile can be determined only in
this manner. These investigations are in progress. It is, however, obvious now
that major part of the semyek sediments is dolomite.
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Fig. 9. Derivatographic records of dolomite (sample No. 1 and 3) and limestone (Sample
No. 2) from the Danube—Tisza Interfluve and of comparative Triassic dolomite (Sample
No. 4). Recording conditions: see Fig. 8. Samples No. 1—3 are the same as in Fig. 7

Formation of the Semyek Sediment of the Danube —Tisza Interfluve

To understand the deposition and precipitation of the semyek of the
Danube Tisza Interfluve is highly promoted by the previous investigations
of F. Smaroglay (1939), I. Mihalttz M. M. Faragé (1946), P. Krivan (1953),
Zs. Dvihally (1970), J. Szépfalusi (1970, 1976) and B. Molnar |. M.
Murvai (1975, 1976). Taking into consideration the geological processes as
well as the former results, the formation of carbonates can be explained as
follows.

The lakes are supplied by rain water and by the waters flowing towards
the local depressions. The latter is especially important. The quantities of Ca
and Mg are high in the sands forming the bases of lakes and blown out from
the Danube valley, and in the loess and these are bound partly in form of
CaCO;i, or CaMg(C03)2 or in form of other compounds. Dolomite occurs first
of all in loess.

During soil formation the water filtrating towards the lakes dissolves
the Ca(ll) and Mg(ll) and transports into the lakes. The chemical composition
of some ground water samples found in the bores around some of the lakes
has been analyzed (Table 2). The ground water contained dissolved salts in
considerable quantities, i.e. 700 to 4000 mg/l.The quantities of Ca(ll) and Mg(ll)
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Sampling point

Chemical
characteristics

Sodium Na+
Potassium K +
Calcium Ca++
Magnesium Mg +H
Iron Fe++
Ammonium NH*“
Chloride CI -
Hydrogencarbonate HCO”
Carbonate CO*“*“
Sulphate SO*
Meta-silica H2Si03

Total dissolved solids

Alkalinity
Total hardness in Ne
Carbonate hardness in Ne

Chemical reaction to
phenolphtaleine

The water of the
Szappanosszok

Tuan’s
I equivatent
per cent
5089.2 97.19
184.0 1.85
traces —
29.6 0.90
traces -
traces
1031.7 18.08
3282.7 21.13
4059.6 53.15
934.0 7.65
3.1
15813.9 | 100.00
189.10
0.80
Alkaline

Lake Kondor,
borehole
No. 1

Than’s

ionic
mg/l equivalent
per cent

140.2 59.92

9.0 2.20
53.1 20.03
14.0 11.79

traces

74.2 20.55
427.1 08.73
52.4 10.71
17.9

788.5 99.99

7.00
10.78

Acid

Chemical composition of the Lake

Lake Kondor, borehole

No.2.
THAN’S
ionic

mg/l equivalent
per cent
108.9 27.32
8.3 1.22
100.7 40.20
53.1 25.19
07.2 10.93
499.1 47.17
448.8 41.89

19.7 -

1205.8 1 99.99

8.18
34.71
22.90
Acid

Lake Kondor, borehole

No. 6

Tuan’s
ionic
mg/l equivalent
per cent
22.3 10.58
0.8 0.22
98.9 53.79
39.5 35.40
3.2 0.98
528.4 94.34
20.0 4.08
22.9
730.0 100.00
8.00
22.92
Acid

Lake Kondor, borehole
No. 8

Than’s
ionic-
equivalent
per cent

mag/l

48.1 17.07
2.0 0.43

95.0 40.0

00.2 41.83

traces
97.7 23.28

403.7 04.19

71.2 12.52
19.7

857.0 99.99

7.00
27.14
21.28
Acid

Table 11

Lake Kondor, borehole

No. 4
Than’s
ionic
mg/l equivalent
per cent
204.0 53.13
9.0 1.13
54.0 12.44
87.7 33.29
traces -
traces -
39.4 5.13
1199.0 90.73
43.0 4.13
18.7 -
1710.0 99.99
19.66
27.73
Acid

Lake Kondor, borehole

No. 7
Than’s
ionic
mg/l equivalent
per cent
239.4 04.91
5.5 0.87
49.2 15.30
30.9 18.91
traces
40.8 8.22
771.2 78.74
100.4 13.03
14.8
1204.2 99.99
12.40
15.37
Acid

Szappanosszék and that of the ground-waters from the bores in the neighbourhood

Lake Szappanosszok,

borehole
No. 12
Than'’s
ionic
mg/l equivalent
per cent
400.2 55.63
10.5 1.35
0.4 1.02
159.8 41.99
00.8 0.02
1300.9 08.11
106.8 17.70
121.8 8.10
8.0
2247.2 99.99
26.88
37.05
Alkaline

Lake Szappanosszok,

borehole
No. 11
Than’s
ionic
mg/l equivalent
per cent
3421.3 97.50
120.0 201
traces
7.8 0.42
traces -
975.2 18.03
2092.9 22.48
2400.4 52.40
514.0 7.02
9531.0 99.99
114.30
1.79
Alkaline

Lake Szivésszok,

borehole
No. 13
Than’s
ionic
mg/l equivalent
per cent
252.7 47.70
1.0 0.18
1248 ; 27.07
099 ! 2498
150.0 18.40
046.8 40.06
392.0 35.47
17.9 -
1056.3 99.99
10.60
33.54
29.08
Acid

Lake Hatty asszék,

borehole
No. 17.
Than’s
ionic
mg/l equivalent
per cent
1080.2 88.58
31.3 1.51
16.0 1.50
54.2 8.40
traces
308.2 19.58
2262.5 09.89
208.0 10.52
22.9
4103.3 99.99
37.08
14.70
Acid

Lake Hattylusszok,

borehole
No. 16
Than'’s
ionic
mg/l equivalent
per cent
250.5 08.75
4.5 0.71
54.0 10.00
27.5 13.93
traces
92.8 10.13
818.8 82.60
9.4 1.20
14.5 R
1278.0 99.99
13.42
13.88
Acid
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proved to be 16 160 resp. 8 150 ing/1. The Na(ll), 11CO*“, H.,Si04 and in
some cases the CO-, contents have been also important.

Ground waters in which the total dissolved salt quantity exceeded 5000
mg/l were found by L. Kuti (1976) during the geological mapping of the
Kecskemet environs. Ca(ll) and Mg(ll) amounted to 600 -600 mg/l. In other
regions of the Danube -Tisza Interfluve ground waters of similar chemical
character and rapidly changing chemical composition are found (A. Rénai,
1956). Consequently, the ground water carries salts of varied composition
and of considerable quantity towards the lakes.

The shallow lakes of the Danube Tisza Interfluve are of large surface
as compared to their water volume, thus in droughts there is considerable
evaporation. The temperature fluctuation in the lake’s water is high within
a short section and within one day. Consequently, in the water there is a con-
siderable chemical change both seasonally and during one day. This is reflected
both by the quantity of the dissolved salts and by the ion/cation ratio. In gener-
al, the lakes are characterized by high total dissolved salt content and by
strong alkalinity, i.e. their pH value is more than 9 in summer, moreover, it
may exceed the pH value of 10 or 11.

From the Lake Szappanosszék near Fiillophaza (see also Table 2) water
samples were taken in July 1972, parallel with those from bores. The total
dissolved salt content of the lake’s water exceeded at that time 15.000 mg/1.
According to Zs. Dvihally (1970) and J. Szépfalusi (1970, 1976) in extreme
cases this value may amount also to 25.000 mg/1.

In winter most of the lakes in the Danube Tisza Interfluve lose their
natron character, their waters contain then carbonate, their pH-value and
alkalinity highly decrease. In winter, due to the lack of plant assimilation
and to the predominance of dissimilation as well as to the autumn and winter
precipitation, the carbon dioxide accumulates in the waters which gradually
decreases the quantity of the precipitated CaCO:i. The latter is transformed
into calcium-hydrogencarbonate according to the following reaction:

CaCO., + H 2COi Ca(HCO03),

In this case due to the accumulation of the free carbon dioxide the Caf(ll)
getting the lake and deriving from the ground water remains in solution,
further, certain part of carbonate mud deposited in the lake’s bottom will
be dissolved, thus the quantity of Ca(ll) may be ten times higher than in
the summer period. In summer the carbonate and hydrogencarbonate content
of almost all waters is nearly the same than that of the Na. In winter the
major part of hydrocarbonate is bound to Ca(ll).

In spring the assimilation increases, since the lakes contain algae and
other aquatic plants in the near-shore strip. Their quantity is worthy of
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mention. Parallel with increasing assimilation the free, then the equilihrial
CO., will be used and this breaks the equilibrium developed during winter.
The rise in temperature increases the evaporation which increases the salt
concentration, i.e. also the Ca(ll) and Mg(ll) content but without the pro-
portional increase of the solubility index of Ca(ll) and Mg(ll). This process
decreases at the same time the solubility of C02 Parallel with the decrease
of CO., content and with the increasing salt concentration the pH value will
increase, thus CaC03 and to a smaller extent the CaMg(C03)2 will gradually
precipitate decreasing in this manner the Ca(ll) and Mg(ll) content of the
water. After the disappearance of the free and equilibria!l C02 the plants
consume the half-bound CO., of NaHCO03. Consequently, in the water the
quantity of precipitated carbonate will increase, the Ca(ll)-ion and Mg(ll)-
ion contents decrease, while the pH and alkalinity values will increase again.
In summer the illumination is very strong, thus dissimilation becomes pre-
dominant just due to the grow th over the optimal value. In this case the whole
process begins to turn back.

According to P. Krivan (1953) the chemical processes of the lakes are
affected by other physical factors (e.g. pressure decrease and waves), by the
morphology of the lake’s bed and shores, in addition to those mentioned above.

The precipitation of dolomite muds in alkaline medium is indicated
also by their poor gastropod fauna. Only a few species less sensible to alkalinity
and a few individuals are characteristic (A. Horvath, 1950; A. Richnovszky,
1970). It is to be noted, however, that the gastropod fauna is much more
abundant in the dolomite and limestone (M. Mucsi, 1963).

The geological consequence of the process outlined above is the repeated
precipitation of Ca(ll)- and Mg(ll)-ion in form of CaC03 and CaMg(CO:)2
and the deposition of them in form of carbonate rock. The dolomite of these
carbonates is formed partly by syndiagenetic precipitation, i.e. this is a syn-
sedimentary deposit. Dolomite is formed in general in similar manner in the
desert zones of the Earth in basic seas, though G. Multter (1969) determined
dolomite in a depth of one metre below the lake’s bottom precipitated from
the water of Lake Balaton of much less salt concentration.

This formation of dolomite has been dealt with in detail by H. E.
Usdowski (1967, 1968). Accordingly, the transformation of calcite into dolo-
mite may be promoted by the syngenetic replacement of Ca(ll)- by Mg(ll)-ion.
This is the so-called early diagenetic dolomitization and this may be increased
when the incompletely consolidated strata get the surface. Because of the
frequent drying of the lakes of the Danube Tisza Interfluve the carbonate
precipitations may get the surface, this phenomenon may also increase the
dolomitization.

The evaporation of the saline ground w"ater rising in a capillar way in
the depressions of the lake’s neighbourhood and the desiccation of the water
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cause the concentration and precipitation of salts mainly in form of NaHCO03
and Na2CO:i which are easily soluble in water. In these cases limy-sodaic
solonchak solonetz type soils will develop. Certain part of the soda precipi-
tated in the surface will be washed into the lake, thus its alkalinity will be
continuously increased.

It is questionable when the carbonate sediments were formed. It is a
commonly accepted view that the loess discovered either by bores or found
in the surface of the Danube Tisza Interfluve indicates the Wiirm-I1I1 glacial.
Consequently, the overlying sedimentary sequence is of Holocene age. The
Holocene sequence and its temporal evolution is well-known concerning the
whole Danube Tisza Interfluve (I. Mihalttz M. Faragé, 1946; B. Zé1yomi,
1953; A. Horvath S. Antalfi, 1954; M. Mucsi, 1963, 1965, 1966; M. M.
Farago, 1966, 1969; M. M. Faragoe M. Mucsi, 1971; M. Komladi, 1966,
1969; M. Andé M. Mucsi, 1967; B. Molnar, 1971 ; B. Molnar |. M. Murvai,
1975, 1976; B. Molnar M. Szénoky, 1976).

On the basis of the papers above the postglacial can be divided topwards
by pollen, gastropod fauna and sedimentary investigations as follows: birch-
pine, hazel, oak and beech phases. These phases can be difficultly parallelized
with the Central European climate and vegetation phases of Firbas. By all
means, however, these may correspond to the phases IV- IX of Firbas
(F. Firbas, 1949).

According to M. M. Farags (1966, 1969) the main period of formation
of the carbonates of the Danube—Tisza Interfluve fell to the end of the dry
hazel phase and to the first part of the oak phase of the Holocene. Absolute
age determinations are in progress, it is, however, probable that the hard
carbonate rock was formed in the main formation periods, i.e. in the hazel
and oak phases. In otherparts of the Danube Tisza Interfluve loose carbonate
mud was simultaneously precipitated as heteropic facies. Finally, after the
main formation period, everywhere the deposition of the latter one became
predominant and this process is in progress recently, too.

No sufficient explanation exists regarding the facts that why only in
certain sites the hard carbonate rock was developed and what is responsible
for the sudden changes which occurs in the profiles by sharp boundaries and
bedding planes between the hard carbonate rock and loose carbonate mud
(Fig. 5). To solve this problem further investigations are required.

The natron lakes of the Danube Tisza Interfluve have come to an end
in two manners. These are buried either by blown sand, or filled up by the
carbonate deposited onto the lake’s bottom as explained by F. Smaroglay
(1939). The latter phenomenon causes the rise of lake bottom over the ground
water table. The lake is first overgrown by plants and parallel with pro-
gressive senescence the aquatic vegetation is replaced by steppe vegetation

(Fig. 5).
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The present picture of the Danube Tisza Interfluve is the result of
the geological process described above. This shows the natron lakes covered
by water as well as the filled lacustrine environments reflected by their sedi-
ments and their spatial alternation (Figs 1 and 3).

In older, mainly Triassic, but in younger continental formations geo-
logical phenomena are often found which can be hardly explained but as
to our opinion are highly similar to the semyek formations of the Danube —
Tisza Interfluve (J. Mroczkowski, 1972; E. Grumbt, 1974). The comparative
investigation of these formations from this point of view seems to be worthy
to carry out in the near future.

Summary

1. In the Danube Tisza Interfluve of the Great Hungarian Plain
numerous natron lakes and sediments formed in former natron lakes are found
(Fig. 1).Th,'se lakes were formed in the depressions between the dunes formed
by the prevailing wind of NW —SE direction. The basis of the lacustrine sedi-
ments consists of Late Pleistocene loess or Early Holocene blown sand.

2. The region in the Danube Tisza Interfluve is continental climate
characterized by warm summer temperature and droughts of several weeks.
In this environment and due to strong evaporation the dissolved salts are
extremely concentrated and this is increased by the salt-rich ground water
supply (Table 2). The local term of this peculiar sedimentary environment
is semyek, in order to distinguish it from lakes.

3. On the effect of different factors (vegetation, rapid change in tempera-
ture, waves, etc.) lime and dolomite have precipitated from the lakes’ water
of high salt concentration and high alkalinity since the beginning of the Holo-
cene. The major part of the lime is transformed into early diagenetie dolomite
(Figs 6 9; Table 1).

4. In the deep-seated areas and spots of the lakes’ environment the
rising saline ground water evaporates and limy, sodaic solonchak —solonetz
type soils are formed. Part of the soda precipitated in the surface is washed
into the lakes and this also contributes to the increase of their alkalinity.
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COBPEMEHHOE OBPA3OBAHWME O3EPHbLIX AOO/IOMUTOB HA TEPPUTOPUN
BO/IbLLION BEHFEPCKOW HW3MEHHOCTW

B. MONHAP — . M, MYPBAU — . XEAW-NAKO
Pesome

Ha Mexaypeube [lyHas u Tucchbl, ABAAIOLWEMCS YacTbio bosbluoii BeHrepcKoi HU3MeH-
HOCTW WM3BECTHbI MHOFOYMC/IEHHbIE COMIOHYAKOBble 03epa W OCafKW, HaKOMUBLUMECA B paHee Cy-
LLLeCTBOBABLUMX 03epax Takoro xapakrtepa. 3TW 03epa 06pa3oBasnCh B fenpeccusx, HopMmpo-
BaBLUMXCA MeXAy CepusiMu [tOH 30N10BbIX MockoB C3—OB npocTupaHuns, 00yCNOBNEHHbIX fies-
TeNbHOCTbIO Npeo6n1afaBLuMX BeTPOB. ba3y 03epHbIX 0CaAKOB 06pa3ytoT NO3gHenecToLeHOoBbIE
Neccbl UM PaHHEro/oLeHOBbIE 30/10Bble MECKM.

Knumat Mexaypeubst JyHas u TucCbl ABNSAETCA KOHTUHEHTa/bHLIM C OTHOCUTE/bHO
BbICOKOW JIeTHE/ TEMMepaTypoi M 4acTbiMKM 3acyXxamu, MPOAO/MKAIOWMUMUCA Ha MPOTIHKEHUN
HEeCKOJIbKMX HefieNb. B TaknX yCMOBUAX, U3-3a CUMBHOTO UCMAapeHUs, CUbHO KOHLEHTPUPYHOTCA
COMW, PacTBOPeHHble B BOAe 03ep rNyOMHON, ene-ene LOCTUraloLLieli HECKOMbKUX AeLMMETPOB,
npu4em 9TO ONOJHATENbHO YCUIMBAETCSA B pe3y/ibTaTe BOCMOMHEHWUS TPYHTOBLIMW BOAaMMW C
MOBbLILLIEHHON CONEHOCTLIO. Takas XapakTepHas cpefa OCAflKOHaKOMIEeHUA Mofyynna MecTHoe
Ha3BaHMWe LUEMbE.

M3 LWenoyHoin 03epHO BOAbl MOA BAMAHMEM PasMuHbIX (PAKTOPOB HayuMHaa C Havana
rofioLeHa BbIAENAOTCA U3BECTb U LONOMUT; GOMBbLUMHCTBO U3BECTU MPEBPAXaeTca B paHHeaua-
reHeTUYecKnin LONoMUT.

Ha 6onee rny60KMX yyacTkax, OKpYXatowwmx 03epa, CoNeHas rpyHTOBas Boga mcnaps-
eTCA W 3TOT NpoLecc NPUBOAUT K 06pa3oBaHWI0 NOYB COMHOYAKO-COMOHLLEBOrO Tuna. ATMocdep-
Has 0cafjouHas BOAa YacTb COAbl TAaKXKe YHECET B 03epa, YCUNMBAS TEM CaMbIM LLENOYHOCTbL 03ep-
HON BOABI.
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MINERALOGIE, GEOCHIMIE ET GENETIQUE DES
BAUXITES DU VIETNAM DU NORD

Par

Gy. Komliéssy

INSTITUT DE RECHERCHES D’ETUDES ET ENTREPRISE GENERALE DE LA SOCIETE HONGROISE
D'ALUMINIUM (ALUTERV-FKI) BUDAPEST

Entre 1972 et 1975 I’entreprise ALUTERV effectuait des recherches de bauxite
sous la direction géologique de l’auteur, dans la province de Lang Son au Vietnam
du Nord. Ce travail récapitule les abondantes observations recueillies au cours des
recherches et les résultats d’examens des matériaux détaillés effectués dans les labo-
ratoires et instituts de recherches scientifiques de Hongrie.

A cet espace de I’Asie du Sud-Est les gites de bauxite primaire & diaspore et
chamosite paléozoiques difféerent complétement tant du point de vue géologique,
minéralogique que génétique des gites de la province de bauxite méditerranéenne
et qui ont été altérés en argile et réaccumulés apres oxydation, dans le Néogene; des
gites secondaires précieux du point de vue industriel y ont été formés. Ces gites de bauxite
présentent une affinité génétique avec les gites de bauxite de la Chine et de I’Oural.

Les gites de bauxite du Vietnam du Nord situent le long des principales lignes
structurales, en direction du N-NW au S-SE, au bord de la plaque de la Chine méridio-
nale, dans une zone de mio-géosynclinal.

Dés le Cambrien jusqu’au Trias supérieur, ce territoire présentait une dépression
a interruptions plus au moins longues. Le Paléozoique ancien et récent est représenté
par calcaires biogéniques déposés aux milieux littoral et de mer ouverte. La seule période
de genese de la bauxite prouvable était dans le Permien supérieur, entre les étages
kazanien et tatar. A cette époque, la surélévation épirogénique, accompagnée des
mouvements oscillatoires était partielle. La bauxite a été formée en terre ferme et
accumulée en partie en terre ferme, en zone littorale inondée en oscillation périodi-
gquement et en partie en baies étant en voie d’isolation. En allant versla mer plus ouverte,
comme faciés hétéropiques on trouve de I’argilite, puis I’argilite divisé par bancs de
calcaire. La bauxite déposée en zone littorale est divisée par formations houilleuses.
En allant de la terre ferme vers la mer plus ouverte, des faciés de bauxite caractéris-
tiques ont été formés caractérisés par la paragenése minéralogique purement oxydante,
oxydante-réductive et purement réductive. Les gfites de bauxite ont été recouverts
des sédiments transgressifs de I’étage tatar du Permien supérieur, composés de la
marne houilleuse et du calcaire. Au toit plus récent, on trouve de l’aléurolite d’age
triasique et des volcanites acidiques surtout d’age jurassique.

L’orogeneése est déroulée dans le Trias supérieur. Sous I’effet du tectonisme intense
le complexe de calcaire ancien et plus récent a été fortement fracturé et écaillé (plus
tard fortement karstifié), I’aléurolite triasique est plissée-fracturée.

Le calcaire du toit est dissous sans trace au-dessus des gites de bauxite restés
en position de gisement relativement non perturbée. Le complexe affleuré est altéré
en argile, en place. En fonction des conditions géomorphologiques, le complexe situé
aux terrains topographiquement les plus élevés est continuellement érodé, réaccumulé
aux pentes des collines abruptes et accumulé de nouveau dans les vallées plus profon-
des. De ce point de vue on peut distinguer trois types de gite détritique: types de Leo
Cao, Ma Meo et de Dong Dang. Des procédés oxydants intenses accompagnent I’effri-
tement, la réaccumulation et I’accumulation qui exercent leur effet différemment dans
les types de gites différents. Au cours de I'oxydation des changements considérables
ont été déroulés et déroulent encore dans la composition minéralogique et chimique
originale de la bauxite qui ont produit a la phase initiale I’amélioration qualitative des
détritus de bauxite, mais a la phase suivante c’était I’abbaissement de la qualité.
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Introduction

Sous la direction géologique de l’auteur I’Entreprise de Construction
d’industrie d’Aluminium (ALUTERV) a exécuté la recherche de bauxite,
entre 1972 et 1975, dans la République Démocratique du Vietnam (RDV),
dans la province de Lang Son. Au cours de celle-ci, il y avait de possibilité
a la reconnaissance d’autres territoires bauxitiféeres de la RDV, parmi lesquels
du point de vue industriel le plus important est le gisement de Tap Na, situé
dans la province de Cao Bang. D’aprés leurs structure géologique et carac-
téristiques pétrographiques ces gites de bauxite different complétement des
gisements connus de la province de bauxite méditerranéenne, et par suite
notre expédition exigeait une conception de recherche et le développement
d’une pratique complétement différentes de celle employée en Hongrie.

Dans le travail de I’Expédition hongroise et dans la composition du
rapport géologique détaillé suivant ont participé L. Havas, E. Havas—
Szilagyi, A. Mindszenty, A. Végh et |I. Voros.

La recherche de bauxite touchait un territoire de 200 km2 environ,
outre les travaux géodésiques comprenant la cartographie géologique en
échelle de 1:25.000 et la cartographie géologique de bauxite en échelles de
1:5.000 et 1:10.000, et aussi les recherches d’exploration: approfondisse-
ment des puits creusés et des sondages. A c0Oté de celles-ci, la recherche du
complexe a détritus de bauxite — a Il’aide de la méthode géoélectrique -
déroulait aussi avec succes (P. Egerszegi).

Au Vietnam, nous avons élaboré la méthode d’enrichissement du com-
plexe composé en détritus de bauxite durs et en argile meuble. A coté de la
nécessité industrielle de celle-ci, on a obtenu des informations précieuses sur
I’effritement de la bauxite primaire in situ et sur la transformation minéralo-
gique et géochimique profonde au cours du remaniement.

On a effectué les examens des matériaux aux instituts de recherche
scientifiques, laboratoires et entreprises industrielles de Hongrie.

A coté des analyses routines, c’est I’Entreprise de Recherche de Bauxite
a Balatonalmadi qui a effectué les examens des éléments en traces. (A. Selényi,
M. Siklési-Jenei.)

Pour reconnaftre la texture et la composition minéralogique qualitative
de la bauxite, on a préparé 150 lames minces a ’TALUTERYV (A. Mindszenty).

C’est le Laboratoire de Recherches Géochimiques de I’Académie Hongroise
des Sciences qui a effectué les analyses de diffraction arayons X (Gy.Bardossy
et M. Toth).

Pour éclaircir les problémes stratigraphiques, a I’'Institut Géologique de
Hongrie M. Sid0 a effectué les études micropaléontologiques sur le calcaire
paléozoique, renfermant la bauxite, complétées d’études macropaléontolo-
giques (A. Voros, Section Paléontologique du Musée National Hongrois).
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La Chaire de Traitement de Minerai de I’Université Technique d’industrie
lourde a Miskolc s’occupait fort détaillément et efficacement du probléme
de la possibilité d’enrichissement industrielle du complexe de bauxite au ni-
veau semi-industrielle (Sz. Petho et K. Sziktavary).

Ici aussi, je dois exprimer mes remerciements a mes collaborateurs qui,
par leurs travaux dévoués, ont résolu avec succés le devoir chargeant I’expé-
dition, aussi au Vietnam qu’en Hongrie.

Histoire courte de la recherche

J’ai trouvé les premiéres informations sur la bauxite du territoire de
Lang Son, dans les ouvrages des géologues francais R. Bourret (1922), puis
E. Patt (1927). On a préparé déja dans les années de 1930 les premieres
estimations sur les réserves.

Au Vietnam du Nord, libéré en 1954, les géologues soviétiques ont
comblé le manque en spécialistes dans les recherches géologiques commencées
en grand élan. En 1959, on a commencé I’exploration systématique aux terri-
toires bauxitiferes de Lang Son et Cao Bang sur les résultats desquelles les
rapports géologiques finaux, préparés en 1961 et 1969, ont rendu compte.
On peut considérer de I'importance fondamentale, a la connaissance de la
constitution géologique du Vietnam du Nord, la carte géologique en échelle de
1 :500.000 et le texte explicatif y joint préparés par A. Dobchikoff et al.
(1965).

1. Apercu général géologique et structural

Du point de vue de la tectonique générale, le Vietnam se trouve a I’extré-
mité est du systéeme alpo-himalayen. Le systéme orogénique entier est situé
au bord nord de la Téthys.

Parmi les lignes structurales les plus importantes de I’Asie du Sud-Est
ce sont celles a direction du NW au SE qui dominent au Vietnam, I’arc légere-
ment courbé des Montagnes Fan Si Pan et Vietnam allongent & cette direction
au Vietnam et la chaine de I’Arakan Yoma en Birmanie, etc. Vers le NW, on
peut suivre cette direction jusqu’au Tibet. Les grandes riviéres suivent aussi
cette direction structurale au Vietnam du Nord: Song Da (Riviere Noire),
Song Hong (Riviere Rouge) et Song Chay.

On peut diviser la partie du NE de la République Démocratique du
Vietnam — présentant I’entourage plus large de notre territoire de recherche
en deux unités structurales:

a. Le territoire situé a W de la vallée de la Song Chay est du caractere

d’éugéosynclinal, ou on trouve des sédiments fortement plissés,
intrusions et roches volcaniques.
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b. La zone de miogéosynclinal située a ME de la ligne structurale précé-
dente et formant le passage a la plaque du micro-continent de la
Chine méridionale.

Les territoires bauxitiferes du Vietnam du Nord se trouvent dans cette
derniere zone. Ce territoire se divise encore en deux parties: celle de Song
Hiem du N et la zone d’An Cliau du Sud.

Dans la zone de Song Hiem, la taille profonde de Cao Bang a Lang
Son est la plus importante dont la direction est du N-NW au S-SE. Le long
de celle-ci jallonnent les gisements bauxitiferes de Tap Na, Ha Quang et
Quang Hoa dans la province de Cao Bang et de Ma Meo, Dong Dang, Tam
Lung et Khon Pich dans la province de Lang Son (Fig. 1). Sur ce territoire-ci,
des le Cambrien jusqu’au Trias supérieur se trouvait essentiellement une
dépression. Le facies du Paléozoique est carbonaté et caractérisable par la
formation de la bauxite. Les roches du Mésozoique sont terrigéniques, la
plupart a facies de détritus fins déposés en mer. Du point de vue structural
il présente une synéclyse tres allongée en prédominance a direction du NV
au SE et composée des anticlinaux et synclinaux. En dépendant de I’échelle
de I’érosion, dans les anticlinaux les couches paléozoique inférieure et supérieure
d’ages différents affleurent. Les assises triasiques remplissent les synclinaux.
La phase orogénique principale était entre les étages carnien et norien avec
plissements et émersion [13, 33]. Au cours de celle-ci, le complexe composé
des roches argileuses ou a détritus fins est plus fortement plissé, le complexe
de calcaire paléozoique plus rigide est chevauché et faillé au territoire de
Lang Son et plissé-faillé au territoire de Cao Bang. Les produits du volcanisme
préorogénique triasique et postorogénique jurassique et crétacé se trouvent
le long des lignes structurales principales (Figs 2 et 3).

La zone structurale d’An Cliau differe de celle de Song Hiem en ce que
les anticlinaux se trouvent, ici, dans un arc structural courbé du V-NW a
I’E-NE. Ici, la ligne structurale de Thay Nguyen, Day Ty et Dong Dang est
la plus importante dont le long (resp. le long des lignes structurales paralleles
a celle-ci) se trouvent les gites de bauxite de Bac Son, Bang Mac, Ba Xa,
Dong Dang (Figs 1 et 2).

Le role de ces principales lignes structurales—dans la genese et I’accumula-
tion de la bauxite — est analogue a celui de la ligne structurale a direction de
FE-NE au W-SW, en Transdanubie en Hongrie.

2. Géologie des territoires bauxitiferes

2.1. Formations paléozoiques

Les territoires bauxitiferes vietnamiens se lient aux formations de
calcaire paléozoiques, plus ou moins divisibles, appartenant au Dévonien,
Carbonifere et au Permien (Fig. 2).
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Fig. 1. Les unités mégatectoniques de Vietnam du Nord (Dobchikoff et al. 1965) et les
occurrences de bauxite

Les affleurements du complexe de calcaire présentant les reliefs les
plus caractéristiques de I’Asie du Sud-Est se lient aux principales lignes
structurales, décrites dans le chapitre précédent. Ceux-ci forment un désert
rocheux composé des tours karstiques bizarres, dentelées, fantastiquement
taillées, couvertes de végétation riche, élevées solitairement ou en masses
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Fig. 2. Esquisse géologique des gisements de bauxite dans le provinces de Cao Bang et Lang
Son (Vietnam du Nord) (Dobchikoff et al. 1965). 1. Ordovicien: aléurolite, grés, gravier,
calcaire; 2. Dévonien inférieur et moyen: calcaire; 3. Dévonien moyen: calcaire; 4. Permo-
carbonifére: calcaire; 5. Permien: calcaire; 6. Trias inférieur: grés, aléurolite («Couches de
Lang Son» ); 7. Trias moyen-supérieur; gres, aléurolite; 8. Trias moyen-supérieur: gres tufacée,
9. Jurassique: aléurolite et conglomérat tufacé; 10. Jurassique: rhyolite, rhyodacite; 11. ?
diabase; 12. Crétacé: «granit de Song Chay» 13. Crétacé: conglomérat, gravier; 14. Néogene:
argile, sédiments continentaux en général; 15. lignes structurales principales; 16. pendage,
direction; 17. point d’altitude; 17. riviere; 19. route 20. frontier du pays; 21. gisements
de bauxite
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10

Fig. 3. Carte géologique de la région bauxitifére des environs de Lang Son (L. Havas, 1975).
1. Dévonien supérieur (D3): calcaire: Permo-carbonifére (P —C): calcaire: Permien indifférencié
(P): calcaire; Permien inférieur (P,): calcaire; 2. Permien supérieur-Néogene: P2n -N: bauxite;
3. Permien supérieur-Trias (P22—T) aléurolite: «couches de Lang Son» 4. Trias moyen-
supérieur: (T23): gres tufitique, conglomérate; 5. Jurassique (J): laves et tufs de rhyolite et
de rhyodacite; 6. Jurassique-Crétacé (J—Cr): laves et tufs rhyolitiques et rhyodaitiques;
7. Néogéne (N): argile, conglomérat, sédiments continentaux récents indifférenciés; 8. crétes
rocheuses; 9. lignes structurales principales; 10. riviére; 11. chemin de fer
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plus grandes (Photo 1). Elles présentent les lambeaux des plateaux karsti-
ques (13), jadis continus, auparavant tectoniquement fort fracturés, che-
vauchés en écailles, puis karstifiés sous le climat tropical-subtropical
pluvieux.

Le terme le plus ancien du complexe de calcaire du territoire de Lang
Son représente I’étage givétien du Dévonien trouvable a la partie sud (Ban
Long) du territoire de recherche (Fig. 3). A c6té des Crinoides, Brachiopodes
et Polypiers, M. Smd a déterminé Thamnopora boloniensis (Gossetet), espece
caractéristique du Dévonien eurasien. Dans le district plus lointain, on peut
retrouver les termes plus anciens du calcaire dévonien aussi qui présente
le mur des deux gisements bauxitiferes (Ha Quang et Quang Ho) a
grandes extensions, mais a qualité inférieure de la province de Cao Bang
(Fig- 2).

Dans le massif de Bac Son, la littérature spéciale mentionne une dis-
cordance nette entre le Dévonien et le Carbonifere[13, 34, 45].

Au territoire de Lang Son, I’étude de la microfaune a vérifié I’étage
moscovien du Carbonifére, aux parties sud et nord du territoire de recherche.
Au S le contact avec le Dévonien moyen est présumablement tectonique
(Fig. 4).

M. Sidé a distingué trois niveaux a l’intérieur de I’étage moscovien:

a. a Pseudostaffella, Profusulinella et Dviuella comnata,

h. a Pseudostaffella, Eostaffella et Profusulinella,

c. & Wedekindella et Pseudostaffella.

Au territoire de recherche de Lang Son, I’horizon a Schwagcrines du
Permien inférieur (étage sakmarien), caractéristique a la région de la Thétys,
manque. Aux territoires de Ma Meo et Dong Dang, le complexe Darvasites
et Pseudofusulines, indiquant la partie supérieure du Permien inférieur,
développe de I’étage moscovien lithologiquement en sédimentation continue:
seul le diastheme paléontologique signale la lacune de sédimentation. Dans
ce complexe de couches les fragments de Beresella sp. et les débris d'autres
fossiles carboniféeres remaniés sont aussi retrouvables. Chacune des espéces
de Marginifera sp., Athyris cf. nanthensis (Grabau), A. cf. acutirostris (Grabau),
M arthinia semiglobosa (Tcher.), Phricodothyris nucleola (Grabau) est aussi
retrouvable dans le calcaire “maping” répandu en Chine méridionale [16].
Plus loin du territoire de recherche, au massif de Bac Son, Dobchikoff €t
Nguyen Dinh Kat indiquent de la discordance tant dans le Carboniféere
moyen qu’a la limite entre le Carbonifére et le Permien [13, 33].

Aux territoires de Ma Meo et Dong Dang, nous avons interprété le
complexe lithologiquement homogéne du Carboniféere moyen et du Permien
inférieur (étages artinskien et d’ufa) comme une formation permo-carbonifére.
Au S de ces territoires, ce complexe passe en calcaire ne contenant que d’espéces
permien inférieur (Dong Dang S). En allant encore plus loin vers le S, les
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forages ont explore des complexes paléozoiques de plus en plus récents (Tam
Lung; Fig. 3).

M. Smo a présenté I'image stratigraphiquement la plus compléte sur le
complexe permien supérieur. Elle a distingué les horizons suivants:

a. a Néoschwagerines, Cancellines, Missellines et Néofusulines,

b. a Paléofusulines, Reichelines, Colaniella et Pachyphloia,

c. a Nankinelles, Glomospires et Algues calcaires,

d. horizon a oolithes et bréche authigénique (Permo-Trias ?).

A I’intérieur de la région de la Téthys, c’est I’horizon a Paléofusulines
qui est le plus répandu. Les Foraminiféres présents en grand nombre d’espéeces
et individus, Colaniella sp., Leiodiscus sp., Robuloides sp., convenables a la
corrélation de longue distance, prouvent la communication directe entre les
provinces est et ouest 142]. A Il’intérieur de cet horizon, on peut distinguer
deux lithofacies:

a. a dominance des Algues calcaires littoral,

b. a dominance des Foraminiféres mer ouverte, peu profonde.

On retrouve les espéces conductrices ci-mentionnées dans tous les deux facies.

Au territoire de Lang Son, les formations paléozoiques de mer ouverte,
plus anciennes que le complexe a Glomospires, se composent des calcaires
lithologiqguement uniformes dés le Dévonien jusqu’au Permien supérieur, en
prédominance a texture grossierement recristallisée, en gros bancs ou grossiére-
ment stratifiée. Sur ce territoire, le pendage des couches ne dépasse pas 25°.
Au territoire de Cao Bang, méme le pendage a 60° n’est pas rare. Dans la
suite, nous allons aborder de nouveau l’'importance géologique de bauxite
de la différence entre ces deux-ci.

La moyenne de la composition chimique des dix échantillons, provenant
de ces formations, est la suivante:

Tableau |

Si02 Ti02 AL, 03 Fe,03 FeO CaO MgO K,0 Na.,0 +H2 co02
4,2 0,04 1,80 1,30 031 465 0,52 0,59 0,43 3,65 35,59

La teneur en silice relativement plus élevée du calcaire est frappante,
60 a 80% de celle-ci est di a la teneur de sables quartziferes fins.

Le niveau a Glomospires lithologiguement est plus variable dans son
facies littoral. L’argile houilleuse, bancs de houille argileuse et de houille,
ainsi que des laies de marne houilleuse et le calcaire noir bitumineux y sont
fréquents. Par endroits, on peut observer dans le calcaire intercalé dans le
complexe liouillifére des précipitations de silice en forme et grandeur de
lentille et haricot, orientées parallelement a la stratification.
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2.2. Position stratigraphique de la bauxite primaire

On peut déterminer la position stratigraphique de la bauxite primaire
le plus précisément aux gisements de Tam Lung et Ba Xa étudiés le plus en
détail, ou la bauxite se trouve dans le calcaire permien supérieur.

Au territoire de Ba Xa, la bauxite est située entre les horizons a Paléo-
fusulines et a Glomospires, grosso modo a la limite entre les étages kazanien et
tartar.

Au territoire de Tam Lung, la formation de bauxite était présente méme
dans I’horizon a Glomospires.

La littérature soviétique et vietnamienne y concernante indique le mur
de la bauxite de Bang Mac comme permo-carbonifére [13, 33]. 11 n’est pas
exclu que le niveau inférieur du Permien supérieur, I’horizon a Paléofusulines
soit présent aussi dans ce complexe. Le toit est, ici aussi, le calcaire noir bitu-
mineux du Permien supérieur correspondant a I’horizon a Glomospires.

A certains gites du gisement de Tap Na, nous retrouvons la bauxite en
position stratigraphique identique a la précédente, mais a cette différence
qu’ici le mur est probablement plus ancien, un Permo-Carbonifére com-
prenant le Carbonifere moyen et le Permien inférieur.

C’est le territoire de I'indication de Ban Long, ou nous trouvons la plus
grande lacune de sédimentation, ou le mur est le Carbonifere moyen et le toit
est le Trias inférieur. Ici, a cause de I’émersion localement arrivée le calcaire
du Permien supérieur du toit a été érodé, et la bauxite présente un lambeau
insignifiant épargné de I’érosion. Elle a pu subir une réaccumulation plus ou
moins grande dans le Trias inférieur, et en ce sens on peut la considérer, en
partie ou entiérement, comme triasique inférieur.

Plus loin de ces territoires, on trouve de tels gisements bauxitiferes a la
surface nue (par ex. Ma Meo) que nous considérons en partie aussi a position
stratigraphique permien supérieur. Ce sont des lentilles, resp. parties de len-
tilles situées topographiquement en altitude la plus élevée par rapport a I’en-
vironnement. Ce complexe de bauxite a été altéré in situ, lithologiqguement
indistinguible de la bauxite réaccumulée, mais par causes géomorphologiques
I’apport récent par ici est impossible. Le toit pouvait étre, ici aussi, le niveau
a Glomospires du Permien supérieur qui a été «dissous» comme le sucre sans
laissant des détritus (sauf les lentilles de silice décrites dans les précédents).
A ce probléme nous sommes d’accord avec Gy. Bardossy visitant le ter-
rain et B. Otdokiy, géologue soviétique.

2.3. Formations mésozoiques

On connaft la géologie des formations mésozoiques des environs de Lang
Son en détail d’aprés le travail de cartographie géologique en échelle de
1:25.000, fait par L. Havas.
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2.3.1. Formations sédimentaires

Aux environs de Lang Son, le complexe finement détritique a I’épaisseur
totale dépassant 1000 m, et couvrant un grand territoire, représente le Trias
entier. La sédimentation oscillatoire, les bancs a cause de la granulométrie
variable caractérisent les formations tectoniquement fort affectées: les élé-
ments morphotectoniques plissés et faillés-plissés y sont fréquents. Le produit
d’altération latéritique actuel de sa surface est I’argile rouge a kaolinite.

Ces couches sont tres pauvres en fossiles et stratigraphiquement ne sont
corrélables plus précisément. Lithologiquement on peut distinguer deux
niveaux:

a. Les soi-disantes «couches de Lang Son» composées du gres et de |’alé-
urolite qui développent du calcaire permien supérieur a I'intermédiaire de la
marne argileuse divisée par bancs de calcaire. Ce complexe représente, grosso
modo, le Trias inférieur. Aux environs de Ba Xa, il surmonte le calcaire ou la
bauxite du Paléozoique ancien a lacune d’érosion plus réduite mais plus grande
a Ban Long. Dans le banc de grés fin de ce complexe Gervileia costata (Schi1oth.)
et Myophoria costata (zen.) sont provenues.

b. Le grés tuffitique et le conglomérat bariolés comprennent env. le
Trias moyen et supérieur (et éventuellement le Jurassique inférieur). La matiére
du sédiment hétérogénique comprend des détritus volcaniques non classés
et des grains de quartz guere ou pas de tout usés, a cOté de ceux-ci dans la
fraction d’argile on peut démontrer I'illite et un peu de montmorillonite [25].
La formation est par endroits fortement silicifiée par affection post-volcanique
plus récente. Ces parties siliceuses tombant de la roche plus meuble et
facilement altérée accumulent en détritus piémontais, en grandeur de cm a m.
Au territoire de Ba Xa, par endroits on peut la retrouver ensemble avec la
bauxite en voie d’érosion et résistante a maniére pareille.

Au territoire de Tap Na, c’est le calcaire a bancs minces et gros, développé
du Permien supérieur en continuité qui compose le Trias inférieur. Il est
caractérisé par sa structure plus fortement plissée que le calcaire paléozoique,
présentant des voltes a diameétre pas plus de trois métres.

2.3.2. Volcanites

Au Vietnam du Nord, dans le Trias supérieur, mais surtout a la limite
entre le Trias et le Jurassique une activité de volcanisme acidique intense,
syn- et postorogénique a pris son commencement qui durait a interruptions
plus ou moins longues encore dans le Crétacé inférieur, aussi [13]. A Lang Son
et ses environs plus lointains les volcanites présentent les formes topographi-
quement les plus élevées.
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Selon L. Havas a la phase initiale du volcanisme des laves globuleuses
et cordées ainsi que des breches de lave ont été produites. Sur la base des
déterminations minéralogiques en lames minces et les analyses chimiques ce
sont des andésito-dacites a amphibole verte passant en rhyolite avec Il’inter-
médiaire rhyo-dacitique. Un type de rhyolite a texture granophyrique, et a
composition chimique identique a la précédente, est généralement répandu
a la surface, la relation entre celui-ci et les formations précédentes n’est pas
encore éclaircie.

Au cours de I’altération, les feldspaths de la rhyo-dacite se transformaient
en illite ou en kaolinite. On a trouvé tel gravier latéritiquement altéré dont 21%
était de la gibbsite. Dans la lentille Ban Thau T. du gisement de Ma Meo, des
graviers de bauxite a qualité excellente et montrant la texture de cette roche
se présentaient aussi, mélangés avec de la bauxite karstique réaccumulée dans
le Néogeéne.

Le Khao Ma (-(-800 m), pic le plus élevé de la région pouvait conserver
la phase terminale de I’activité volcanique. Au flanc abrupt et au pic de celui-ci,
la rhyolite non altérée a colonnes peut étre du remplissage de cheminée.

Dans le complexe volcanique, des conglomérats tuffeux s’intercalent a
plusieurs niveaux. La matiére des graviers est en prédominance du gres
accompagné du quartz et d’une volcanite aphanitique, tous les deux rares.
La formation, n’indiquant pas un niveau constant, pourrait signaler le com-
mencement des différentes périodes d’explosion.

Le complexe volcanique contient des imprégnations sulfureuses. Dans
le gisement de Ba Xa, a coté des veinules de silice capillaires on peut trouver
dans la bauxite des remplissages sulfureux aussi, comme produit téléthermal.

2.4. Formations néogenes, position stratigraphique des accumulations de
bauxite secondaires

Avant la fin du volcanisme, cet espace de I’Asie du Sud-Est est devenu

terre ferme. Dés le Crétacé jusqu’a nos jours - ne considérant pas le remplis-
sage des bassins des grandes riviéres et quelques sédimentations lacustres
insignifiantes — ce sont I’érosion intense et la sédimentation terrestre qui
régnaient.

Nous avons rangé dans le Néogene les formations plus récentes que les
volcanites qui étaient produites par I’altération argileuse des roches de la
surface et par leurs détritus effrités et déposées dans des bassins sédimentaires
périodiques. Aux environs de Lang Son, apres une grande lacune d’érosion
elles surmontent la surface karstique du calcaire paléozoique et les lambeaux
d’aléurolite triasiques épargnés par I’érosion et a Tam Lung la bauxite in
situ.
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L ’argile encaissant les détritus est le produit d’altération fin des vol-
canites, aléurolite et du grés ou calcaire, mais on peut y retrouver aussi la
matiére de la bauxite altérée en argile.

Du point de vue de la stratigraphie, il faut ranger ici les accumulations
secondaires de la bauxite aussi qui se trouvent, comme complexe de détritus
monomicte, sur la surface des roches carbonatées paléozoiques d’age différent.
Elles se composent des détritus de bauxite durs a granulométrie variée et
variablement usés, lithologiquement résistants a I’altération et de I’argile
encaissante meuble provenant de la bauxite et d’autres roches. En dépendant
des conditions géomorphologiques, elles présentent des lentilles et gites, plus
ou moins riches en détritus de bauxite, accumulés aux flancs des collines, au
fond des vallées d’érosion et en ponors carstiques profonds, non rarement
sous une épaisseur de 50 m (Tap Na, Bang Mac, Ba Xa, Ma Meo, etc.).

Les ouvrages précédents ont rangé les gites de bauxite secondairement
accumulés uniformément dans le Néogene [13]. Selon notre avis, ce processus
pouvait commencer déja avant le Néogéne et dure a nos jours, aussi. D’aprés
leurs caracteres sédimentologiques et leurs positions géomorphologiques, on peut
distinguer les accumulations plus anciennes et plus récentes sans pouvoir
préciser leurs positions stratigraphiques fines. Au territoire de Lang Son, parmi
les gites secondaires c’est la bauxite du gisement de Khon Pich qui est la plus
ancienne. Sa source in situ n’est pas connue, nous probabilisons seulement
que la bauxite primaire a position stratigraphique permienne se trouve recou-
verte des couches triasiques et permiennes au W de la ligne de fracture longeant
le cOté ouest de la lentille. Aprés I'accumulation, le complexe de bauxite secon-
daire est a la plupart érodé et altéré. La lentille présente un lambeau a I’en-
tourage d’un ponor karstique extrémement profond épargné de I’érosion a
“I’ombre” d’une colline d’aléurolite (Fig. 5).

Le complexe de bauxite secondaire de Tam Lung situé a la surface peut
étre un peu plus récent que le précédent, il se trouve encaissé en argile au-dessus
du calcaire permien supérieur ou de la bauxite primaire permien supérieur.

Le complexe trouvable au fond des vallées de Dong Dang présente une
accumulation encore plus récente, et les détritus de bauxite argileux, étant en
mouvement actuellement aussi aux flancs des collines abrupts de Ma Meo ainsi
que les accumulations situées a proximité des gites primaires (Ba Xa, Bang
Mac, Tap Na, etc.) sont les plus récents.

3. Gitologie générale, classement génétique des gites de bauxite

3.1. Situation structurale

La geneése et I'accumulation de la bauxite karstique sont liées, a chaque
age et partout, aux mouvements épirogéniques et tectoniques, au changement
des conditions paléogéographiques. Ce qui manifeste dans la répartition des

Acta Geologica Academiae Scientiarum Hungaricae 20, 1976



»ES BAUXITES DU VIETNAM DU NOW) 213

Np Ne Ne T P22-Pc

Fig. 5. Coupe géologique de gite de bauxite & Khon Pich. 1. Néogéne (Ne): complexe de détritus
de bauxite; 2. Néogeéne (Ne): argile; 3. Néogene (Ne): argile & détritus d’aléurolite; 4. Trias
(T): aléurolite; 5. Permo-carbonifére (P—C): calcaire. P, , Permien supérieur: calcaire

différents gisements liés aux directions structurales déterminées a I’intérieur
d’une province bauxitifere, resp. des unités mineures: gites et groupes de
lentilles [14].

Parmi les gisements bauxitiféeres de Lang Son, Dong Dang, Tam Lung
et Khon Pich présentent des configurations allongées en direction de la princi-
pale ligne structurale du NW au SE. La forme des lentilles de Ma Meo, le
relief du mur a I’intérieur des lentilles et la position des alignements rocheux
abrupts entre les lentilles sont tous en harmonie avec la tectonique locale
du NE au SW, perpendiculaire a la ligne principale (Fig. 3).

Les lignes structurales a direction du NW au SE caractérisent le terri-
toire de Tap Na. Les affleurements de bauxite jalonnent le long de cette ligne,
et les accumulations secondaires présentent des configurations allongées en
méme direction.

3.2. Classement des gites de bauxite

Nous allons classifier les gites de bauxite vietnamiens d’apres les gise-
ments les mieux explorés et stratigraphiquement les mieux connus; nous avons
distingué les types principaux suivants. Naturellement, a I’intérieur d’un
gisement on peut retrouver plusieurs types de gites, les différents types passant
sans limite nette, les uns dans les autres (Fig. 6).

3.2.1. Type de Ba Xa

Le complexe de bauxite in situ affleure en plusieurs kilometres ainter-
ruptions d’érosion plus ou moins grandes le long de la direction du N-NE
au S-SW. Son pendage est de 15 a 25°. On peut suivre les affleurements,
en largeur de 10 a 60 m correspondant a I’épaisseur réelle de 5 a 45 m.
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Fig. 6. Coupe géologique idéale des types de gite détritique, de Leo-Cao, Ma Meo et Dong
Dang. 1. argile; 2. complexe de détritus de bauxite; 3. calcaire

Lithologiquement le complexe de bauxite in situ est composé de la
bauxite dure, rigide en bancs gros et de Pargilite plus finement stratifiée.
L’argilite présente, a la plupart, I'un ou deux tiers inférieurs du complexe.
Le passage est graduel entre la bauxite et Pargilite. A la zone de passage dans
Pargilite en strie de 2 a 3 mm ou encore plus large on trouve des laies et cor-
dons de bauxite a texture pisolithique, distinguables aussi a I’eil nu, qui-
deviennent de plus en plus larges en allant vers le haut.

Le complexe de bauxite est divisé par bancs houilleux, surtout dans son
niveau supérieur. Les sondages implantés en direction du pendage hors le
bord des affleurements, au niveau de la bauxite, ont traversé un complexe
d’argilite divisé par bancs calcaires, ou la bauxite manquait complétement.
D ’apres les carottes de sondages notre impression était qu’ici par passage
marneux, Pargilite est développée du mur en continuité, c‘est-a-dire la sédi-
mentation marine était continue.

Le complexe de bauxite est tectoniquement fort affecté, particuli-
eérement c’est la bauxite relativement plus rigide qui est fortement fracturée
et fissurée. A la surface ou a proximité de la surface, le long des fissures et
surfaces de couches le complexe altére en argile. C’est Pargilite qui est la pre-
miere victime de I’altération en tant que la roche dure, souvent stratifiée en
lamelles, s’altére en argile meuble et plastique. En allant du haut vers le lias,
le complexe de bauxite primaire in situ devient de plus en plus argileux.
La bauxite en gros bancs, divisée par rem [dissages de fissures et de bancs
d’argile, passe en continuité dans la bauxite pseudo-détritique in situ, altérée
en place et encaissée dans I’argile (Photos 2 et 3).

Le mur en position plus élevée étant érodé, le complexe de bauxite pseudo-
détritique arrivé a la surface peut étre réaccumulé en dépendant des con-
ditions géomorphologiques, car le long des parties cimentées par argile le
complexe désagrege vite et passe de la surface du terrain plus élevée vers
celle plus basse (voir: profil de Ba Xa dans la Fig. 4).
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On peut ranger dans le type gitologique de Ba Xa aussi les bauxites in
situ du gisement Tap Na de Cao Bang a cette différence considérable que
c’est la bauxite dure qui constitue le complexe de bauxite tout entier,
alors ici I’effritement est plus modéré malgré I’affection tectonique plus forte.
Ici, on ne connait pas d’autres faciés du complexe de bauxite, étant donné que
la recherche par forages ne les a pas encore explorées.

3.2.2. Type de Leo Cao

Comme on I’a mentionné dans le chapitre 2.2. la, ou le complexe de
bauxite se trouve a la surface nue, il y a de telles parties de gites, lentilles ou
de parties de lentilles qui sont apparemment pseudo-détritiques, pareillement
a la bauxite réaccumulée. D’aprés les analogies observées a Ba Xa nous con-
sidérons les lentilles, situées gémorphologiquement aux sommets des collines,
comme complexe pseudo-détritique altéré en place (a position stratigraphique
permien supérieur). Nous en trouvons les plus beaux examples dans les len-
tilles Leo Cao du gisement de Ma Meo. Des valeurs extrémes caractérisent
I’épaisseur du complexe de bauxite. A I’intérieur d’une distance de quelques
meétres des différences de 0,5 a 50 m peuvent arriver par conséquent du relief
extrémement irrégulier du calcaire du mur.

La proportion de poids entre la bauxite et I’argile est la plus élevée dans
le type de gite de Leo Cao. La quantité de la bauxite est en moyenne de 1,04
t/m:, mais il y a aussi de telles zones, ou les valeurs de 2,4 a 2,6 t/m *ne sont
pas rares. Parce que le poids volumétrique de la bauxite compacte est 3,
alors il est évident que I’on trouve ici telles «couches» qui sont composées pai
«détritus de bauxite» presque en leur entité complete. Si ces zones riches en
bauxite se trouvent a la surface, I’enrichissement de la bauxite peut étre aussi
secondaire: les eaux de surface ont déja lavé I’argile du ciment. Si les zones
[dus riches en bauxite se présentent en profondeur plus grande au-dessous
de la surface, nous pouvons penser qu’il s’agit des restes de la couches, primor-
dialement plus riche en bauxite, du complexe originalement divisé par
I’argilite.

La dimension maximale des «détritus» reste en générale au-dessous de
1 m, en prédominance de 20 a 40 cm. La proportion entre les fractions plus
grossieres, resp. plus fines de 2 cm: 4 : 1. Les formes anguleuses ou seulement
légérement usées y sont fréquentes. Méme au cours de I’altération en place

sans effet mécanique peuvent se produire des formes bien arrondies,
car les facteurs chimiques, aussi comme ceux mécaniques, attaquent premiere-
ment les tranchants et les angles les plus exposés. La résistance de la matiére
homogene contre I’altération produit la surface sphérique.

Malgré son extension réduite, le type de Leo Cao présente la partie la
plus précieuse du gisement de Ma Meo, car a c6té du rendement relativement
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riche la qualité des «détritus» est également la meilleure, ici. Voir en détails:
chapitre 6.

Certaines parties d’autres gisements appartiennent aussi a cette unité
gitologique, comme par ex.: Ba Xa ou la partie du gite de Tam Lung non
recouverte du calcaire.

3.2.3. Type de Ma Meo

Au territoire des gites a type de Leo Cao I’argile a détritus de bauxite
effrités est encore actuellement aussi en mouvement aux flancs des collines
abrupts. On le voit bien a la photo 4, ou on peut observer comment découle
le complexe a détritus de bauxite entre les tours rocheuses a parois
abruptes composées du calcaire du mur. En dépendant des conditions géomor-
phologiques la matiére de roche désagrége en plus. A proximité des gites
a type de Leo Cao, les blocs de 50 a 60 cm sont encore fréquents. En allant
vers le bas sur les pentes, le diametre maximal et prédominant diminue.

A ce type le rendement moyen n’est plus que 0,7 t/m3 seulement, et la
proportion entre les fractions plus grossiére, resp. plus fine de 2 cm est de 3:1.
En allant vers les fonds des vallées, il arrive de plus en plus fréqguemment
gu’a certains niveaux, mais plus particulierement a la proximité du mur,
la fraction fine atteint, méme dépasse la quantité de la fraction plus grossiére.

L ’épaisseur du complexe de type de Ma Meo varie aussi entre valeurs
extrémes. L’épaisseur du complexe est la fonction de I’énergie du relief.
On trouve la plus grande épaisseur la, ou la matiére mouvant vers le bas
s’entasse en heurtant une paroi rocheuse (Photo 5), et 1a, ou la barricade est
interrompue, des vallées étroites courent vers le bas, et ici I’argile a détritus
de bauxite «découle».

Ce type de gite représente des réserves a quantité considérable aussi au
territoire de Tap Na. Le processus de I’accumulation de la matiere détritique
dure ici moins longtemps, les détritus sont moins usés et moins classés.

3.2.4. Type de Dong Dang

D’aprés I'exemple du gisement de Dong Dang de Lang Son, nous avons
inséré ici ces accumulations qui se trouvent géomorphologiquement au relief
le plus bas. Au bord des vallées a fond large, le complexe arrivé des les pentes
de collines abruptes s’étale en fanglomérat (Photo 5). Si la construction
de la vallée est géologiquement asymétrique, alors I’argile a détritus de bauxite,
arrivée de I’entourage calcaire, est mélangée avec les détritus d’autres roches,
aussi. En allant vers I’axe de la vallée, les détritus de bauxite diminuent de
plus en plus dans le complexe d’argile, et la granulométrie abbaisse brusque-
ment. Ici, I’argile est déja, en majorité écrasante, le produit d’altération des
vulcanites ou de I’aléurolite.
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La bauxite peut étre aussi mélangée avec les détritus de ces roches.
Dans la matiére de la lentille de Khon Pich on peut reconnaitre I’aléurolite
triasique et dans les lentilles nommeées Ban Thau du gisement de Ma Meo la
matiére des volcanites, aussi.

Nous avons rangé a ce type une partie des accumulations restées en
entourage des carbonates, aussi: les sédiments déposés dans des vallées tectoni-
quement préformées larges de 70 a 200 m, limitée des parois calcaires abruptes,
a déclination complétement légére et le complexe en voie d’accumulation
dans les environs des ponors a rayon de 50 a 200 m, en situation topographique
élevée.

Sauf Khon Pich qui est le plus ancien, le trait commun de tous les trois
territoires est ce que la matiere détritique accumule continuellement, il n’y a
pas d’érosion ou elle est de I’échelle trés limitée. L altération mécanique a cessé,
et c’est la nappe phréatique, resp. I’eau karstique qui effectue son effet d’altéra-
tion ou oxydant.

Bien que I’on trouve dans les vallées des blocs énormes aussi, la granulo-
métrie dominante est de 2 a4 cm. La proportion entre les fractions plus grande,
resp. plus petite de 2 cm est diminuée a 2 : 1. Le rendement moyenne reste
aussi au-dessous de ceux décrits précédemment: 0,5 t/m3. La variation du
rendement est extrémement capricieuse tant horizontalement que verticale-
ment. Les zones improductives sans bauxite — y sont fréquentes, et les
niveaux a détritus de bauxite sont séparés du mur par argile improductive,
par endroits épaisse de 10 m. En comparant aux types précédents, I’épaisseur
du complexe de bauxite est la plus réguliere dans les vallées tectoniques bordées
par le calcaire du mur. Les plus fréquentes valeurs d’épaisseur se trouvent
entre 10 et 15 m. Le relief du mur est moins variable au-dessous du niveau
de I’eau karstique, resp. de la nappe phréatique.

L’épaisseur du complexe de bauxite, remplissant les ponors karstiques
profondes, dépasse méme 100 m, dans la lentille de Khon Pich explorée par
sondages. Au territoire de Ma Meo, ou nous n’avons exécuté que des recherches
a puits creusés, nous les avons arrétées a la profondeur de 50 m, dans le com-
plexe a détritus de bauxite.

3.2.5. Type de Tam Lung

On peut ranger a ce type la partie de gite du niveau profond, recouverte
du calcaire permien supérieur, du gisement de Tam Lung qui différe pétrogra-
phiquement et génétiquement des gites recouverts des autres gisements.

Le complexe de bauxite est varié, sa caractéristique: les détritus de
bauxite durs en dominance de 2 a 6 cm, sont encaissés dans la bauxite meuble
ou dans l’argile bauxitique. La différence essentielle par rapport aux types
de gites détritiques précédemment décrits est ce que la matiére encaissante
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de la bauxite n’est pas le produit d’altération de la bauxite ou de I’argilite,
mais elle est aussi de la bauxite primaire, méme si elle est qualitativement plus
inférieure que les détritus (voir en détails chapitre n° 7).

Aussi, comme a Ba Xa, le complexe de bauxite est divisé, ici aussi, par
bancs d’argile liouilleuse et de houille argileuse. L’épaisseur du complexe est
assez variable due en partie a I’inégalité du mur, en partie a ce que le complexe
de bauxite passe horizontalement, méme en petite distance, dans des formations
houilleuses et argileuses. Comme changement de faciés hétéropique suivant,
nous retrouvons aussi les sédiments purement marins consistant en schistes
argileux a sidérose.

L’accumulation du complexe de bauxite était de temps en temps inter-
rompue: le complexe renferme des bancs de calcaire, par endroits.

Comme effet épigénique, la pyritisation, causée par le milieu du marais,
est fréquente et s’étend souvent sur I’épaisseur du profil entier, mais n’avance
que dans la matiere encaissante plus meuble.

Le territoire est fort tailladé tectoniquement, les affaissements ont été
suivis de chevauchements. Il y a aussi de redoublements de couche a cause
des chevauchements (Fig. 1).

4. Propriétés pétrographiques de la bauxite et de Fargilite

D ’aprés les propriétés pétrographiques observables au terrain, on dis-
tingue les types suivants:
A. Bauxite, noir a gris foncé, primaire, dure, compacte et ses variétés
oxydées (Ma Meo, Tam Lung, Ba Xa).
B. Bauxite, brun rougeatre foncé et rouge brunatre, primaire, compacte,
dure et ses variétés oxydées en rouge (Ma Meo, Tap Na).
C. Bréche de bauxite: en bauxite, gris ou rouge, meuble sont encaissés
des détritus de bauxite des types A et B (niveau profond de Tam
Lung).
D. Argilite, gris clair ou plus foncé, a dureté moyenne et voisine de la
bauxite et ses variétés oxydées (Ban Long, Ba Xa).
E. Types de latérite.
La bauxite appartenant au type A est réduite en son état primaire:
noir, gris foncé, gris verdatre ou vert (Photo 6). Extrémement dure (D > 7)
a cassure conchoidale ou esquilleuse. Texture pour la plupart oolithique
pisolithique, détritique ou pseudobréchique, plus rarement homogéne. La struc-
ture des types a qualité meilleure est recristallisée, souvent a texture aréni-
tique. La bauxite de Cao Bang est toujours plus grossiérement recristallisée
que celle de Lang Son.
Ses affleurements, trouvables in situ a Ba Xa, Bang Mac et Tap Na, sont
stratifiés en bancs, plus richement oolithiques et pisolithiques vers le toit. Sa
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micro-stratification, souvent visible a I’eeil nu, signifie I’alternance des stries a
texture plus grossiérement ou plus finement recristallisée ou collomorphes.

L’oxydation secondaire de la bauxite, gris ou vert, présente un phéno-
mene généralement observable. En zone épaisse de 1 a 3 mm, le processus
d’oxydation commence déja le long des fissures et surfaces de couches de la
bauxite in situ, recouverte de couches permiennes. L’épaisseur de la zone
d’oxydation de la bauxite, noir, de Ba Xa et Tam Lung, reste pour la plupart
au-dessous de 1 cm, sa couleur: jaune ou jaune rougeatre.

Les graviers et blocs des types, gris clair ou plus foncé, sont a I’'extérieur
du rouge vif, a I'intérieur commence un anneau, rouge plus foncé, jusqu’a
quelques cm. Il peut étre suivi d’une surface limite, jaune, a 1 millimetre qui
est en zig-zag le long des éléments de texture plus compacts et plus résistants
au processus d’oxydation. Le noyau intérieur est du gris verdatre, qui peut
présenter tant I’état primaire que secondaire: il est la partie légerement oxy-
dée de la grise (Photo 6).

Tant a I’eil nu qu’a la loupe, on peut constatée également que la crolte
extérieure, secondairement oxydée a une structure plus lache, moins compact
que le noyau intérieur réductif.

Aus cours de l’altération et réaccumulation a durée plus longue, les
détritus de bauxite, oxydés dans leur entité, se transforment uniformément
en bauxite rouge qui conserve la texture originale et ne difféere de la bauxite
primaire, gris et gris verdatre, qu’en sa couleur. Par I’avancement des processus
d’oxydation, la porosité de la matiére détritique augmente aussi et dans des
cas extrémes de certains blocs s’altére a structure scoriacée.

On peut distinguer la bauxite, brun rougeatre, en état primaire aussi
oxydée appartenant au type B et les morceaux de bauxite du type A, secon-
dairement oxydés en brun rougeatre. La compacité du type B est identique
a celle de la bauxite primaire, gris ou noir, resp. au noyau interne, primaire
et réductif des blocs oxydés (Photo 7).

Par rapport au précédent, le type B est toujours plus homogéne, la
micro-stratification ne se présente que dans le gisement de Tap Na. En sens
de la structure de cristal intérieure sa texture est bien cristalline, et il est
caractéristique que les cristaux de diaspore brillent souvent et visiblement
a I'eeil nu.

Dans le gisement de Ma Meo aux parties de gites de type de Leo Cao ce
type forme en prédominance le complexe (Photo 8).

Nous avons rangé dans le type C cette partie des bréches de bauxite
qui est composée des roches a consistences tres différentes; notamment elle
consiste en ciment de bauxite meuble, friable sous la main a aspect d’argile
et en détritus de bauxite durs, en prédominance appartenant au type A.

La texture du ciment est pisolithique-oolithique, seulement rarement
homogene, gris ou brun rougeatre et rouge brunatre. Le ciment est secondaire-
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ment réduit, pyritisé. Dimension de la matiere détritique anguleuse ou légere-
ment usée: 2 a 6 cm. Sa couleur, gris, gris brunatre ou brun rougeatre est plus
foncée par rapport au ciment. Il y a aussi de tels blocs, gris, plus grands dans
le complexe qui renferment des détritus de bauxite dure, brun rougeatre, de
1a5 mm (bréeche dans la bréche) (Photo 9).

Le type C n’est connu qu’au niveau profond de Tam Lung. Il est bien
possible que telles bréches de bauxite ont été formées ailleurs aussi, mais a la
surface mélangées avec la matiere détritique des gites de bauxite développés en
gros bancs, son aspect bréchique «primaire» n’est plus reconnaissable.

Type D: d’argilite est connu dans les gisements de Ba Xa et Ban Long.
D’apres la description par A. Mindszenty cette roche est plus meuble que
la bauxite précédente, dure, et non rarement taillable a couteau. Sa texture
est a la plupart oolithique ou détritique. Elle est souvent stratifiée en bancs
minces a structure feuilletée. C’est I’alternance des stries détritiques et homo-
genes ou compactes et moins compactes qui cause la stratification (Photo 10).
Sa texture n’estordinairement recristallisée seulement, polluée de I’aléurite de
quartz. En état oxydé jaune clair, jaune rougeatre, le long des fissures a stries
et taches, lilas rougeatre [32]. Stratigraphiquement elle situe au niveau de
bauxite. En sens vertical un passage net se manifeste vers la bauxite, visible
a I’eeil nu. Horizontalement, elle se trouve en contact de digitation par rapport
a la bauxite.

Nous avons rangé dans la bauxite de type E quelques échantillons, pro-
venant des lentilles Ban Thau du gisement de Ma Meo, qui sont d’apres leurs
aspect, composition minéralogique, resp. étude microscopique les produits
d’altération latéritique des volcanites. Ce type se trouve toujours mélangé
avec des détritus de bauxite de karst, au maximum en quantité de 5%.
Sa structure est pisolithique-oolithique, sa texture est poreuse, pour la plupart
meuble ou moyennement dure, friable sous la main, sa couleur: rouge jau-
natre, jaune brunatre, jaune lilacé, rouge lilacé a taches blanches (Photo
11). Elle présente du minérai a qualité tres bonne a teneur en A1203de 70 a
80%.

Au territoire de Ma-Meo, dans le complexe de bauxite de karst, il y a
quelques fragments de cuirasse rappelant la latérite dont la teneur en oxyde
de fer est proche de 60%. Leur couleur est du gris, leur reflet brille comme
le métal, leur structure est scoriacée.

5. Composition minéralogique et propriétés structurales de la bauxite

En ce qui concerne la composition minéralogique de la bauxite viet-
namienne, nous n’en avons pas d’informations détaillées que sur le territoire
de Lang Son. La composition minéralogique est connue d’aprés 230 essais
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a diffraction a rayons X (Gy. Bardossy et M. Toth) et des évaluations
qualitatives sur lames minces (A. Mindszenty) [32].

Diaspore: sauf la petite indication de Ban Long, il était démontrable
dans tous les échantillons en quantité au moins de 1%, le plus fréquemment
de 40 a 45%, au maximum de 82%.

Sa quantité diminue, surtout relativement, au cours des processus
d’oxydation, resp. de I’effritement (Tableau 3).

Selon les études microscopiques on distingue deux générations:

a. Sous forme microcristalline adhérée avec les minéraux ferreux de la matrice ou

- surtout dans les types oxydés — sous forme grossierement cristalline a aspect
de mosaique.

h. Comme phase pure bien séparée des minéraux ferreux, dans la matrice ou en sé-

grégation a contour irrégulier se réglant sur les éléments structuraux concentriques
a I'intérieur des différents éléments texturaux.

Boehmite: sa quantité reste en moyenne au-dessous de 5% dans les gites
secondaires oxydés, bien que le maximum a été trouvé justement dans la
crolite ferreuse, rouge d’une bauxite remaniée de Ba Xa: 56%. Dans quelques
échantillons de Ban Long, seule la boehmite de 25 a 30% présente l'unique
oxy-hydroxyde d’aluminium. Sa variation quantitative, a I’intérieur d’un profil
se fait toujours en défaveur du diaspore (Fig. 7).

Gibbsite: on la retrouve, en quantité plus ou moins élevée, presque en
toutes les bauxites de surface. Sa quantité est le plus souvent de 4 a 7%,
au cours de I’effritement sa moyenne monte de 2 a 4%. C’est un échantillon
de Tam Lung qui a atteint le maximum: 22,4%.

D’aprés les études microscopiques sou enrichissement est di aux processus secondaires.

Kaolinite méta-halloysite : d’aprés les études de diffraction a rayons X,
on ne peut distinguer quantitativement ces deux minéraux. Leur quantité
totale peut varier entre quelques dixiémes et 80%, mais a cause de I’inhomo-
généité de la roche elle peut varier entre des limites larges, méme a Il’intérieur
d’un seul échantillon. La strie grise d’un échantillon provenant de Bang Long
comprend 33% de kaolinite a c6té de la boehmite de 37%, et la partie gris
clair contient 79% de kaolinite -)- méta-halloysite a c6té de 1% de boehmite.

Chamosite: c’est le minéral le plus caractéristique de la bauxite viet-
namienne. Malheureusement, lors les analyses de diffraction a rayons X nous
n’avions pas la possibilité de distinguer ses variétés ferrique et ferreuse. Il est
probable que dans les variétés de bauxite, noir, gris et vert grisatre, c’est la
ferro-chamosite, plus riche en aluminium, qui domine, et dans les types, brun
foncé et rouge brunatre c’est la ferri-chamosite. Dans les variétés de bauxite
oxydées sa quantité est ordinairement moins élevée et au lieu d’elle ce sont
premiérement la kaolinite, gibbsite et la boehmite qui s’enrichissent. Dans
la moyenne de la bauxite de Lang Son elle est présente en 5%. Dans la bauxite
a détritus, parallelement a la diminution de la granulométrie sa quantité
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Fig. 7. Composition minéralogique des fractions granulométriques >20 mm et de 2—5 mm
du complexe de détritus de bauxite dans un puits creusé: 1. diaspore; 2. boehmite; 3. gibbsite;
4. chamosite; 5. kaolinite; 6. hématite; 7. goethite; 7. autres minéraux

abbaisse aussi de 5,5 a 1% . Mais, tels échantillons ne sont pas rares non plus,
ou il y a 30 a 40% de chamosite. Dans la bauxite rouge foncé — primordiale-
ment oxydative — nous trouvons aussi de la chamosite en 34%, mais les
valeurs maximales se rapportent aux variétés réductives.

Son aspect microscopique: aiguilles et écailles fines a dimensions pour la plupart de quel-
ques microns, dans la matrice de la bauxite. Sporadiquement, elle présente des écailles idio-
inorphes distinctes de 100 microns. La variété finement écailleuse compose rarement des
amas radio-fibreux, montrant parfois une orientation nette (Photo 12a, b).

Goethite: elle est particulierement répandue dans les types oxydés. Dans
la crolte oxydative, jaune, extrémement mince de la bauxite, noir, du terri-
toire de Ba Xa, elle se présente entre 8 et 25%. Dans la bauxite a détritus, sa
quantité augmente de 9 a 16% parallelement a la diminution de la granulo-
métrie. Sa quantité moyenne ne dépasse celle de I’hématite que dans les gites
les plus oxydatifs de type de Dong Dang.

Hématite: En considérant la moyenne du territoire entier, c’est la domi-
nance de I’hématite qui caractérise la bauxite par rapport a la goethite, dans
certains cas elle dépasse trois fois la goethite.
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Sous microscope: elle remplit les pores dans la matrice ou présente des formations
en stries, ailleurs forme des écailles pseudo-hexagonales de 1 & 2 microns. Composant con-
stant des zones des pisolithes et elithes. Elle forme pseudomorphoses d’aprés la pyrite.
Imprégne presque entierement les types de bauxite fortement oxydés.

Parmi les autres minéraux il faut mentionner la Iépidokrokite, supposable-
ment d’origine secondaire et atteignant quelques pourcents dans certains
échantillons. La pyrite est sédimentaire dans le gite de Tam Lung, mais dans
le gisement de Ba Xa elle est en prédominance d’origine téléthermale. Sa quan-
tité peut atteindre 10 a 15%, dans certains échantillons manuels. La sidérose
s’enrichit surtout dans I’argilite, et ici elle atteint 30% au maximum. Dans les
bauxites primaires, en général elle reste au-dessous de 1%. Les minéraux du
titane atteignent, en total, méme 4 a 5% . C’est Yanathase qui domine, Vilménite
et le rutile ne présentent que quelques dixiémes de pourcent. Dans les table-
aux illustrant la composition minéralogique, on n’a présenté que les quantités
des sept minéraux principaux (diaspore, boehmite, gibbsite, kaolinite, cliamo-
site, hématite, goethite) en pourcentages, la différence par rapport au 100%
est égale au total des autres minéraux ci-énumérés.

La composition minéralogique ne présente pas de variations réguliéres
ni verticalement, ni horizontalement, dans les gites de bauxite in situ ou a
détritus étant place en ou en voie de remaniement. Comme on va le voir dans
le chapitre 6.4. aussi, du point de vue minéralogique et géochimique les gites
de bauxite paléozoiques sont considérablement plus homogenes que soit
ceux de la province de bauxite méditerranéenne, soit ceux des territoires
latéritiques.

Pour I’illustration de I’lhomogénéité verticale, dans la Fig. 7 est présentée
la composition minéralogique d’un puits creusé de Ma Meo, concernant les
fractions plus grossiéres de 20 mm, resp. entre 2 et 5 mm. Comme on peut
le lire dans lafigure aussi, la composition minéralogique de I’échantillon d’un
intervalle présente une différence plus grande selon les différentes fractions
que les intervalles de 1 m successifs du profil.

Etudions les changements de la composition minéralogique dans la
breche de bauxite du gite primaire de Tam Lung, en comparant les détritus de
bauxite durs et la matiére bauxitique du ciment (ciin) (Tableau I1).

Il est bien visible que dans la matiére du gite primaire la différence entre
les détritus durs et le ciment meuble est restreinte, pour la plupart, a la
différence plus considérable manifestée dans la teneur en diaspore. Il n’y a
qu’un seul cas, ou une différence plus considérable apparait dans la teneur en
chamosite. Dans le ciment, I’hématite s’enrichit lIégerement par rapport aux
détritus.

Nous avons étudié dans le détail les variations de la composition minéra-
logique en fonction de la granulométrie au territoire de Ma Meo, d’ou on a
effectué en total 107 analyses par diffraction a rayons X sur les fractions plus
grossieres de 20 mm, entre 10 et 20 mm, entre 5et 10 et entre 2 et 5 mm. D ’aprés
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Tableau 11
78,0 m 80,8 m 81,1 m
Sondage LK-185.

détritus cim. détritus cim. détritus cim.
diaspore 40,3 25,8 42,6 17,5 47,4 27,4
boehmite 2.3 10,0 — 8,0 — 11,0
gibbsite — — — — — —
kaolinite —_ 2,9 — — — —
chamosite 42,5 43,9 35,8 17,2 30,5 30,4
hématite 4,3 8,6 12,4 14,9 53 7.8
goethite 1,0 4,2 —_ 3,2 —_ —_
autres 0,6 13.8 9,2 39,2 16,8 23,4
celles-ci

a) le diaspore diminue de 50% a 35% parallelement a I’abbaissement

de la granulométrie,

b) la boehmite varie entre 2 et 3% dans les différentes fractions,

c) la gibbsite s’enrichit de 3,5% a 7% parallelement a I’abbaissement

de la granulométrie,

d) la kaolinite s’enrichit de 10% a 16%,

e) la chamosite diminue de 3%, a 0,7%,

f) I’hématite varie, sans tendance, entre 16,5% et 18%,

g) la goethite s’enrichit de 9% a 14%.

Dans le Tableau II1l. est récapitulée la composition minéralogique des
parties de quelques échantillons de bauxite étant a de différents degrés d’oxy-
dation.

En négligeant le fait que méme un échantillon de bauxite manuel pour-
rait étre plus ou moins inhomogéné, on ne se trompe pas trop, en expliquant
par l'oxydation les différences minéralogiques apparues a l’intérieur des
échantillons. On peut constater que c’est la chamosite qui est la plus sen-
sible a I’oxydation. Dans la crolite rouge sa quantité diminue en saut par
rapport au noyau, gris ou vert, resp. a I’anneau. Dans ces cas-ci, d’apreés
les analyses chimiques la présence de ferro-chamosite est probable. Dans I%é-
chantillon provenant de 22,0 m du sondage LK-156, la chamosite ne diminue
que de 32% a 19%, et dans ce cas-ci nous pouvons probabiliser la présence
de la ferro-ferri-, resp. de la ferri-chamosite plus résistantes a I’oxydation.
Parallelement aladiminution de la chamosite, la kaolinite et I’hématite s’enri-
chissent davantage et la gibbsite moins (voir plus détaillément: chapitre 7.).

En récapitulation, nous présentons la composition minéralogique moy-
enne des différents gisements bauxitiféeres ensemble avec les valeurs minimales
et maximales y observées (Tableau IV).
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localité

Tam Lung

Khon Pich
Lk-156

Ba Xa

Ma Meo

n° d’échantillon

Tmk-4

220 m

102.0 m

Bxk-7

Bxk-13

Bxk-23

Bt-5/9

bauxite

croQte rouge
noyau gris
crolte rouge

noyau gris

croQte brun rougeéatre

anneau jaune

noyau gris verdatre
croQte rouge

noyau vert

crolte rouge
anneau vert grisatre
noyau gris

anneau vert grisatre
noyau gris foncé
crolte rouge

noyau gris lilas

Tableau 111

diaspore

63,3
54,5
57,7
56,2
51,9
50,5
47,9
29,9
19,1

3,4

1,7

1.4
52,9
38,8
30.0
18,0

boehmite

2,6
56,0
51,0

53,5

15,4

gibbsite

1,0
5,0

1,2

Tableau comparatif des parties réductives et oxydatives des échantillons de bauxite

kaolin.

1,0
5,0
3,5
2,6
3,7
1,3
3,2
23,0
23,8
12,9
8,8
6,0
10,5
3,5
8,6
21,5

chamos.

1,8
21,4
19,0
32,6

4,5
30,0
32,2
34,7
21,7
32,3
26.8
27,5

18,2

hémat.

19,0
6,0
34
16

15,8
4,0
32
8,6

6,2

54,5
1,3

goethite

4,0
4,2
9,7
1,2

135
75
15

25,6

18,0

155

11,3
2,0

10,0
35

20,0

40N NA WVYNLIIA NA s3LIXNvd s3d

to
to
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Tableau IV

Tableau récapitulatif de la composition minéralogique

Ma Meo Dong Dang Tam Lung

max. moy. min. max. moy. min. max. moy. min.
diaspore 91,5 46,7 0,2 55,2 47,4 37,0 82,1 39,4 0,7
boehmite 44,1 2,2 — 2,0 0,5 - 44,9 8,3 —
gibbsite 13,0 4,2 - 2,0 0,7 — 22,4 14 —
kaolinite 40,0 11,4 — 23,6 16,8 11,0 64,8 11,6 —
chamosite 34,1 2,6 — 2,0 0,9 — 49,4 12,4 —
hém atite 54,5 16,6 — 18,6 12,1 9,1 27,1 10,5 —
goethite 28,0 10,1 — 22,3 14,2 8,0 67,4 7,9 —

Le nombre des analyses a diffraction a rayons X:
Remarque: Ma Meo 110, Dong Dang 17, Tam Lung 64, Khon Pich 9, Ba Xa 20 et Ban

6. Composition chimique de la bauxite: conclusions géochimiques

6.1. Enrichissement de la bauxite, variation de la composition chimique en
fonction de la granulométrie

Le fait que le complexe de bauxite a détritus est composé de bauxite
dure et d’argile meuble encaissante a offert I’élaboration de la méthode d’en-
richissement de la bauxite par voie physique, en place. Nous avons divisé sous
jet d’eau puissant et a travers une série de tamis la matiere écartelée en 300 kg
environ de chaque metre du profil du puits creusé a profil 1,5 X 1 m, en frac-
tions >20 mm, de 10 @8 20 mm, de 5a 10 mm, de 2 a8 5 mm et >2 mm. En
connaissance du volume du puits creusé, en pesant le poids des différentes
fractions par metres, nous avons présenté la valeur de rendement exprimée
en t/m 3 qui caractérise trés bien les différents types de gites (comme nous
I’avons décrit dans le chapitre 3.2).

C’est la matiere des fractions plus grossiéres de 2 mm qu’on a mis sous
I’analyse en série pour cing composents, car nous avons supposé préalable-
ment qu’elle soit économiquement traitable du point de vue industriel. Nous
avons calculé les réserves de Ma Meo de Dong Dang et de Khon Pich et la
qualité de ces réserves concernant la matiére des fractions plus grossiéres de
2 mm [25]. A I'aide de la méthode d’enrichissement a lavage employée, nous
avons amélioré la qualité des réserves de minérais, préalablement présentées
et calculées, a Ma Meo moins, mais aux territoires de Dong Dang et de Kho-
Pich considérablement. En contrdle, de temps en temps nous avons échantil-
lonné et analysé aussi la matiere de la fraction plus fine de 2 mm.

La Chaire de Traitement de Minerai de I’Université Technique d’industrie
Lourde a Miskolc a effectué des essais d’enrichissement sur quelques échantil-
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des gites de bauxite de Lang 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 —
31 1,0 — 5,0 0.6 — 6,3 15
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 — 145 4,4 —

Long 21. Alors, la fiabilité des valeurs présentées n’est pas identique pour les différents gisements.

lons caractéristiques, pesant plusieurs centaines de kgs, aux types de gites de
Leo Cao, Ma Meo et de Dong Dang [51]. Ces échantillons présentaient la
quantité de matiere totale prise d’un metre des différents puits creusés. Les
essais du point de vue industriel importants ont livré des informations pré-
cises a la connaissance des processus géochimiques déroulés au cours de
I’effritement de la bauxite en tant qu’a c6té de la répartition des 12 diffé-
rentes fractions granulométriques ils ont aussi livré les données des analyses
a cinqg composant des différentes fractions. Pour illustrer les données, nous
avons construit une succession de figures (Fig. 8). Paralléelement a la dimi-
nution de la granulométrie, la quantité de I'aluminium, de fer et du titane dimi-
nue aussi, mais celle du silice, resp. de la perte au feu augmente, ce qui est carac-
téristique a tous les trois types de gites. La variation du titane et de la perte
au feu est réguliére, par contre la répartition d’Al.,03 SiO., et de Fe20a pré-
sente un changement-extrémement brusque dans le profil du type de Le Cao,
entre les fractions de 2 a 0,8 mm, et de 0,8 a 0,07 mm. Dans le type de Ma Meo
ce changement n’est plus aussi brusque et se présente au domaine de 1 a
0,07 mm. Dans le type de Dong Dang, la variation des trois éléments prin-
cipaux est étonnamment plus réguliére. La diminution, resp. I’enrichissement
des trois éléments principaux est toujours paralléle a la diminution brusque de
la quantité des fractions granulométriques. Dans les types de Leo Cao et
de Ma Meo, dans les fractions plus fines de 0,8 mm, resp. de 0,07 mm la quan-
tité de la matiere est répartie plus régulierement entre les différentes fractions
granulométriques, et ici la quantité d’Al20 3 et de Si02est presque constante,
aussi.

Par comparaison des trois types il est bien visible que c’est la matiére
des gites de type de Leo Cao qu’on peut enrichir le mieux, non seulement,
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Fig. 8. La composition chimique des trois types détritiques de gite en fonction de la granulométrie
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car ici la quantité des fractions plus fines de 2 mm est insignifiante par rap-
port aux autres, mais aussi a cause de cela, car a la granulométrie de 2 mm
on peut exécuter I’enrichissement vite et a peu de consommation en énergie.
D’aprés la qualité de la bauxite, il faut construire I’enrichissement industriel
au type de Ma Meo a la fraction plus grossiere de | mm et a celui de Dong
Dang a celle plus grossiere de 0,32 mm.

La proportion Al20 3Si02est la plus proche de I’argile pure dans le type
Leo Cao, tandis que dans les types de Ma Meo et de Dong Dang la proportion
entre les minéraux de bauxite et les minéraux d’argile est 1,5 a 2 : 1.

6.2. Variation de la composition chimique en fonction du poids spécifique

A la Chaire de Traitement de Minérai, on a étudié dans les domaines
granulométriques >13 mm, 0,8 a 13 mm et 0,07 a 0,8 mm, comment change
la composition des éléments dans les catégories du poids spécifique plus
grand de 2,8, 2,7 a 2,8, 2,6 a 2,7 et plus petit de 2,6. Les résultats sont
illustrés en diagramme (Fig. 9).

D’aprés la figure, dans la fraction >13 mm, parallélement a la diminu-
tion du poids spécifique, la quantité d’A120 3 monte légérement au début, puis
abbaisse, la quantité de la perte au feu monte plus Iégérement, mais celle de
SiO,, et de Fe2 3 plus abruptement.

Si nous négligeons provisoirement I’'anomalie entre les valeurs de poids
spécifique 2,7 et 2,6, parallelement au poids spécifique diminuant, la quantité
d’A 1,03 et de Fe203diminue de plus en plus abruptement, dans les fractions
granulométriques de plus en plus fines, la perte au feu un peu moins et Si02
un peu plus.

L’anomalie apparue entre les valeurs du poids spécifique 2,7 et 2,6
est le résultat de I’enrichissement en silice considérable en tant que dans les
fractions granulométriques 0,07 a 0,8 mm a c6té d’Al20 3 de 10% et de Fe20 3
de 11% ily a 54% de Si02 Selon notre avis, il peut s’agir des détritus de silice
a grains fins qui ont été épargnés aprés la dissolution du calcaire du toit et
mélangés avec la matiére de la bauxite. Bien que I’on peut observer des pré-
cipitations de silice a grandeur de lentille ou de haricot aussi dans le calcaire
du toit, supposablement cette anomalie n’apparafit pas dans la matiere des
fractions plus grossieres, car la masse de bauxite de la fraction «supprime»
I’effet de cette addition en silice.

6.3. Géochimie de l'oxydation de la bauxite

La différence apparue dans la composition minéralogique entre le
noyau intérieur réductifet la partie extérieure oxydatée de certains échantillons
mérite I’attention particuliére. Pareillement, d’apres les informations des
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analyses chimiques a 10 composants des six échantillons choisis, on peut suivre
le processus géochimique déroulé dans les détritus de bauxite. D’apres le
Tableau Y, la plus grande différence entre les parties oxydées et réduites
apparait dans les quantités de Fe2 ;) resp. de FeO en tant qu’au cours de
I’oxydation la quantité de FeO peut diminuer méme a deux ordres de gran-
deur. La valeur de FeO de la partie oxydée est autour de 10 et celle de la
partie réduite est autour de 1. Le degré d’oxydation de la bauxite verte est
seulement un peu plus élevé que celui de la bauxite grise (échantillon n°
Bx-23).

Du point de vue industriel il est important que les parties oxydées
contiennent successivement de moins en moins de SiO, que leurs paires rédui-
tes; au cours de I'oxydation, la teneur en SiOades détritus de bauxite a dimi-
nué avec la quantité dépassant 60% (voir: chapitre 7.3.). La concentration
en titane de la bauxite oxydée augmente et la bauxite devient plus hydratée
qui s’exprime aussi dans la composition minéralogique. Parallelement a
I’oxydation, la quantité des alcalins et du soufre présente une tendance a di-
minuer, par contre la teneur en matiére organique reste inchangée.

6. 4. Caractérisation géochimique des gisements bauxitiféres d'aprés la proportion
entre Al.,0n, SiO., et Fe.,03

Nous avons construit les histogrammes des trois principaux composants
d’apres I’analyse chimique de I’ordre de grandeur de dizaine de milles. Au
territoire de Tain Lung nous avons calculé la fréquence d’aprés I’analyse
chimique du complexe de bauxite entier, c’est-a-dire des détritus de bauxite
durs et de l’argile meuble encaissante, tandis qu’aux gisements de Ma Meo,
Dong Dang et de Khon Pich nous n’avons tenu compte que des fractions
plus grossiéeres de 2 mm du complexe a détritus de bauxite. A Ba Xa les
données concernent la partie enrichie de la bauxite remaniée et de la matiére
d’échantillons entiere de la bauxite in situ (Fig. 10).

Dans les histogrammes du gisement de Ba Xa, nous avons séparé la
répartition d’éléments de la bauxite primaire pure qui présente des courbes
en cloche (de Gauss) symétriques a un maximum tant a I’A120 3 qu’au SiO,,
ce qui indique I’lhomogénéité de la bauxite primaire. Les minces zones allongées,
hachurée de I’A120 3 au-dessus de 45% et du SiO., au-dessous de 10% indiquent
la phase plus oxydée et a qualité meilleure de la bauxite réaccumulée. Les
aires hachurés de I’A120 3 au-dessous de 40% et du Si0O2 au-dessus de 17%
indiquent la présence de I’argilite intercalée dans le bauxite in situ, resp. des
détritus siliceux mélangés avec le complexe de bauxite réaccumulé.

Dans les diagrammes du gisement de Tam Lung, nous avons séparé,
par hachures, la matiere meuble encaissante et les détritus de bauxite durs.
Bien que ce territoire est aussi caractérisé par les courbes symétriques a un
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Tableau V

Composition chimique des parties oxydatives et réductives de quelques échantillons de bauxite

cro(te rouge
noyau gris
anneau jaune
noyau gris
K-276  crolte rouge
noyau gris
K-278  cro(te jaune
noyau gris
K-284  cro(te jaune
noyau gris
Bxk-23 anneau vert

noyau gris

A1 3

56.1
54,6
50,0
52,5
59,4
58,2
54,0
54,2
56,2
54,1
55,5
56,2

Si02

2.9
8,7
3,0
8,4
0,7
8,6
4,6
10,9
2.8
9,6
8.0
11,4

Fe2 3

22.3
6.3
27,3
13,7
18,2
3.9
22,6
17.0
21.2
9,9
9.6
6,2

FeO

1.2
13,5
13
8.3
0,7
12,0
0,8
2.1
1,5
10,0
10,2
11.2

Tio2

3,2
2.6
4,0
3,7
3,2
2,9
3,8
3,1
3,2
2,9
3.6
3,5

K2

0,50
0.90
0,09
0,05
0,01
0.04
0,05
0,04
0,02
0.03
0.03
0,11

Na2

0.06
0.10
0.20
0,11
0.01
0.04
0,04
0,03
0.01
0.01
0.09
0,10

+HD

12,7
114
13,5
12.9
14,9
12.9
12,6
11.4
14,1
12.4
12,8
13,1

CO2

0,03
r0,09
0.07
0,84
0,63
0,14
0,22
0.14
0.14
0,07
traces

0.06
0,11
0,0

0,08
0,04
0,09
0,04
0,02
0,04
0,05
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maximum, ici la qualité des détritus de bauxites durs est déja meilleure que
la bauxite primaire de Ba Xa.

Les courbes asymétriques de répartition d’éléments du gisement de
Ma Meo ont un maximum et leur descente est semblable a celle des gites
a bonne qualité de la province de bauxite méditerranéenne.

Dans le gisement de Don Dang, la quantité de la matiére a teneur
en A120 3 moindre que 45% et en Si02 plus que 12,5%, est plus fréquente
gqu’au territoire de Ma Meo ce qui est d’accord avec I’effritement plus poussé
(chapitre 7.3.).

La bauxite remaniée du gisement de Khon Pich est polluée de détritus
d’aléurolite. Cette contribution de matiere étrangére s’exprime dans les
histogrammes de I’AI20 3et du Si02a deux maximums. En détachant les distor-
sions des courbes causées par l’aléurolite, on obtient des courbes légerement
asymétriques a un maximum devenant semblables a celles du gisement de
Dong Dang.

6.5. Géochimie des éléments en traces

Dans les échantillons des gisements bauxitiferes de Lang Son nous
avons fait effectuer 31 examens d’éléments en trace demi-quantitatifs pour
pouvoir préciser lesquels sont les composants dont I’analyse quantitative
mérite I’étude. D’apres celle-ci on a fait effectuer les analyses spectrales quanti-
tatives au Ga, Be, Zr et au V, a I’Entreprise de Recherche de Bauxite a Balaton-
almadi. Le tableau VI récapitul les résultats, y sont aussi présentées les
valeurs moyennes calculées par Schroll et Sauer [41] pour les bauxites
karstiques méditerranéennes.

Tableau VI
gisements éléments ppm Ma Meo Dong Dang Tam Lung Ba Xa bauxites médit.

Ga wax. 36 39 43 45

min. 18 20 8 6

woy. 29 30 24 23 52
Be max. 1 10 10 4

min. 3 4 1 1

moy. 4 6 4 2 10
Zr max. 1288 1036 873 992

min. 592 614 451 333

moy. 816 872 672 784 574
V  max. 346 216 193 242

min. 186 138 82 108

moy. 242 183 113 161 222
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Nous avons composé le tableau d’aprées I’étude de 100 échantillons.
En comparant la qualité des quatre éléments en traces aux concentrations
d’éléments conformes des gites de bauxites karstiques méditerranéens, on
n’observe pas de telle différence a partir de laquelle on pourrait déduire une
conclusion génétique plus poussée, et d’autant moins, car les nombres des
analyses different au moins par un ordre de grandeur, et ainsi la comparai-
son est plutét informative.

En comparant les valeurs moyennes des différents gites du territoire
de Lang Son, on voit que les éléments de traces s’enrichissent plutdt dans
les gites réaccumulés et plus oxydés de Ma Meo et de Dong Dang, tandis que
la bauxite primaire et celle secondairement réaccumulée a proximité de la
précédente sont plus pauvres en éléments de traces.

7. Problémes sur la genese de la bauxite

D ’aprés les observations de terrain au Vietnam du N et des examens
des matériaux de Hongrie ainsi que sur la base de la littérature y relative,
nous allons esquisser les conditions de la genése, resp. de I’accumulation de la
bauxite paléozoique et de la réaccumulation plus récente.

Tant dans la recherche qu’au cours des examens des matériaux, nous
étions obligés de suivre les intéréts industriels propres, alors nos études ne
pouvaient aborder tous les détails, il est bien probable que les recherches
ultérieures, les explorations miniéres et les nouvels examens des matériaux
plus détaillés vont préciser encore notre conception évoluée jusqu’a présent.

Nous pensons que cette conception est surtout valable aux gisements des
environs de Lang Son, mais dans les autres gisements du Vietnam du N elle
n’est utilisable que par endroits ou seulement partiellement. D’apres la littéra-
ture nous supposons ainsi que les gites paléozoiques a chamosite et a diaspore
des autres territoires de I’Asie de Sud-Est et de I’Oural et les gites primaires
du Vietnam du N soient en parenté génétique.

7.1. Problemes généraux sur la genese de la bauxite et des minéraux

Au Vietnam du N, dés le Dévonien jusqu’au Trias, le Paléozoique est
caractérisé par la sédimentation marine a carbonates, produisant des forma-
tions de mer peu profonde, mer ouverte et littorales. Dans le Carbonifére
et le Permien, la sédimentation a été plusieurs fois et localement interrompue,
par endroits les discordances et les diasthemes, plus ou moins marqués, indi-
quent une mer archipélagique, dans cet espace.

C’est au Permien supérieur que la régression générale est arrivée, comme
résultat de I’épirogenése accompagnée de lents mouvements oscillatoires.
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Les emersions n’étaient que partielles, car parallelement a la sédimentation
continentale, et a sa proximité immédiate, on peut démontrer par endroits
la sédimentation marine continue. Dans la région littorale, a c6té des bancs
houilleux le changement des conditions paléogéographiques est aussi indiqué
par ce que la sédimentation du calcaire a été interrompue et au lieu de celui
c’est I’argilite qui a été déposée.

La cessation de la précipitation des carbonates peut étre expliqué
par ce que le long du littoral, divisé par lagunes en voie d’isolation, la mer
a été adoucie, et par suite les conditions devenaient défavorables au biocénose
marin précédent, c’est-a-dire le role des facteurs biologiques a cessé dans la
sédimentation des carbonates [50].

La formation de bauxite a commencé dans la zone supralittorale, mais
en terre ferme a la surface du calcaire. D’aprés la situation paléogéographique,
c’est le calcaire l'unique roche-meére possible. Dans un ouvrage précédent,
I’auteur [23] a prouvé, par analyses chimiques, la possibilité de la forma-
tion de la bauxite a partir du calcaire carbonaté, en soulignant qu’a cause
de leur basse teneur en R.,03 0on ne peut exclure les roches carbonatées de
la gamme des roches-meéres, car au cours de I’altération I’enrichissement des
différents éléments ne dépend pas de la composition chimique de la roche-
meére, mais de leur comportement géochimique. En ce sens les roches
carbonatées présentent des bons producteurs de bauxite méme, car elles
sont composées de tels éléments qui sont extrémement mobiles (métaux
terreux alcalins) ou extrémement immobiles (A120 3 et Fe20 3) sous le climat
tropical et subtropical. Au milieu alcalin Si02 se dissout en grande partie
et en partant c’est de la bauxite qui se forme, tandis qu’au milieu moins alca-
lin ou neutre il reste en place et c’est de la terre rouge qui se produit.

Par rapport au Mésozoique et Cénozoique, dans le Carbonifére et le
Permien I’air, resp. les précipitations étaient considérablement plus riches
en CO02 [45]. Ce qui influencait favorablement la dissolution du calcaire et
supposablement la formation de bauxite a été aussi plus rapide que dans le
Mésozoique.

Une partie du résidu de dissolution a été déposée sur le continent dans
les dépressions karstiques remplies d’eau a la saison pluvieuse — et une autre
partie transportée vers la mer est accumulée dans la zone littorale immédiate
périodiquement envahie de la mer: dans les baies en voie d’isolation. Ainsi a
partir du continent jusqu’a la mer plus ouverte des faciés de bauxite caractér-
istiques ont pris leur naissance et comme faciés hétéropiques suivants d’abord
c’est I’argilite pure, puis I’argilite divisée par bancs de calcaire qui ont été
déposées (Fig. 11).

Au continent, les minéraux de la bauxite précipitaient des gels amorphes.
En dépendant du pH variable et de la puissance de I’érosion, le transport
vers la mer déroulait sous formes des solutions (véritables et colloidales),

Acta Geologien Academiae Scientiarum Hungaricae 20, 1976



236 KOMLOSSY, CY.

chamosite

boehmite  ferri

Tam Lung

Ba Xa

1 2 3 U 5

Fig. 11. Faciés de bauxite dans la zone cdtiére permienne supérieure 1. bauxite; 2. houille, argile
a houille, houille argilleuse; 3. argilite; 4. calcaire; 5. niveau des eaux karstiques

et de suspensions a pélites et méme des détritus fins (Fig. 2): détritus de
bauxite, rouge, de 2 a 4 mm dans la bauxite, grise.

Le golfe marin en voie d’isolation devenait périodiquement marais.
Ici, a cette période I’accumulation de la bauxite a cessé a cause du pH bas, et
c’est le dépdt de I’argile meuble, pauvre en fer, qui accompagnat les bancs
houilleux en voie de dépdt. Aprés I’extinction du marais, I’accumulation de
la bauxite a recommencé. Il est bien frappant que méme la bauxite noire ne
contient plus que 2% de matiéres organiques.

La composition minéralogique de la bauxite et cette reconstruction
paléogéographique sont en accord harmonique. Selon les opinions de I. vare-
ton, P. J. Combes et V.*T. d’A11en, le diaspore précipite de I’alumogel
amorphe en milieu légérement réductif [48, 10, 1]. En étudiant la genése
minéralogique des gfites de bauxite de Hongrie, I’auteur est arrivé aux avis
identiques et a montré que les conditions de Eh pH sont les fonctions de
I’échelle du drainage, c’est-a-dire de la profondeur de I'eau karstique a partir
de la surface [24].

Nous avons construit le diagramme Eh pH de la Fig. 12, valable
aussi a la composition minéralogique de la bauxite vietnamienne, en utilisant
les résultats d’essais de synthese de H. Harder, faites sur la nontronite.

D’aprés la comparaison entre la situation paléogéographique et du dia-
gramme n° 12, tant au continent que dans les golfes marins c’est surtout
le diaspore qui se précipite. Actuellement et pour la plupart, la bauxite contient
de la boehmite et de la gibbsite, en quantité plus ou moins élevée. Les études de
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Fig. 12. Stabilité des principaux minéraux d’aluminium et de fer de la bauxite en fonction de
et du pH (Hardek H.)

A. Mindszenty, faites sur lames minces ont décélé que la gibbsite est entiére-
ment secondaire et la boehmite en est aussi en partie: leur naissance est
explicable par I'oxydation ultérieure [32].

Comme nous I’avons illustré dans la Fig. 11, la boehmite a été aussi
formée aux territoires plus élevés, relativement mieux drainés. L’érosion
continuelle transportait périodiquement la bauxite, I’a déposée, vers les
territoires situés plus bas, ou elle est devenue instable et s’il y avait assez de
temps, s’est transformée en diaspore. Si la réaccumulation dans le Permien

a été déroulée immédiatement avant le dépdt du toit par ex. au territoire
de Tam Lung — alors des parties de gites, riches en boehmite, se dévelop-
paient.

Ce sont les minéraux du fer qui signalent le plus sensiblement les condi-
tions d’oxydation. Dans cette paragenése, la goethite indique le milieu le
plus oxydatif et la ferro-chamosite celui le plus réductif. Ne considérant ce
que les processus d’oxydation secondaires ont modifié la composition minéra-
logique originale, I'image paléogéograpliique et les traits texturaux de la bauxite
suggerent que I’hématite (et un peu de goethite aussi) pouvait étre formée
primitivement aussi aux territoires plus élevés, mieux drainés et, partant, plus
oxydatifs. Ainsi, a c6té de la boehmite les minéraux de I’oxyde ferrique
présents dans le composition minéralogique actuellement observée — s’étaient
formés en partie a maniére primaire. De méme, nous considérons la ferri-
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chamosite aussi comme minéral primaire. Il n’est pas probable qu’elle soit
formée secondairement a partir de la ferro-cliamosite, car on peut difficilement
imaginer I’oxydation de la ferro-chamosite sans désintégration du réseau
moléculaire. La quantité de la ferro-chamosite a été influencée par celle de
I'ion de Fe+ + étant a disposition dans la solution qui a aussi fixé une partie
de I'aluminium. Conformément aux conditions de Eh—pH, FAl devenu en
état instable dans la solution est précipité sous forme du diaspore. En allant
vers la mer plus ouverte, la concentration de la solution en aluminium a
diminué de plus en plus, et par suite ce sont la kaolinite, resp. la méta-halloysite
qui ont été précipitées favorisées aussi par llaugmentation des conditions
d’oxydo-réduction et la diminution de celles du pH. Ainsi a été développé
le facies d’argilite caractérisé par la quantité dominante des minéraux d’argile,
ou la chamosite existe encore et les modifications du Si0O2sont déja apparues,
précipitées d’une solution pauvre en aluminium et sursaturée en silicium.

En récapitulant les précédents, en allant du continent vers la mer, la
proportion Al/Si de la solution montre une tendance de décroissance.

Cette conception est en accord avec I’opinion de E. Szadeczky-Kardoss,
qui a montré que parmi les minéraux d’argile c’est la kaolinite dont la for-
mation indique les conditions les plus oxydatives [44].

Lors de la synthétisation de la nontronite, H. Harder [19] a déterminég,
par essais, les domaines de stabilité des silicates de fer ferreux et du quartz
(Fig. 13). Le domaine de stabilité de la nontronite est identique a celui de
la chamosite a cette différence que prés la chamosite précipite des solutions
plus pauvres en silice.

La kaolinite primaire a été aussi formée dans la zone continentale.
Puisque que Si présente le minimum de mobilité dans le domaine de pH entre
5 et 8, nous pensons qu’a la saison chaude et pluvieuse les oxy-hydroxy-
des d’aluminium ont été formés, et a la période plus froide et moins pluvieuse
c’est pour la plupart la kaolinite qui se précipitait ainsi dans les dolines karsti-
ques plus profondes et de temps en temps des matiéres plus riches ou plus
pauvres en kaolinite se déposaient d’aprés I’alternance des périodes saison-
nieres.

7.2. Génétique de bauxite régionale

Le territoire le plus élevé et le plus oxydatif était la région de Ma Meo
et Dong Dang, ou la bauxite primaire et oxydée a été aussi formée, en grande
masse. L’émersion pouvait commencer présumablement avant I’étage kaza-
nien, car ici le mur a été érodé jusqu’aux couches permo-carboniféres
les plus anciennes. Aprés I’érosion du calcaire, la formation de bauxite a
commencé a la période tranquille, syngénétiquement a la karstification, en
partie au continent en milieu oxydatif, en partie a proximité immédiate
du littoral sous conditions, en prédominance, réductives a la zone périodi-
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Fig. 13. Formation de nontronite en fonction de I’Eh et du pH. 1. essais a résultat positif, 2.
essais I’Eh & résultat négatif

quement inondée par I’eau. Comme nous I’avons déja mentionné préalable-
ment, le toit pouvait étre ici aussi le calcaire permien supérieur (étage tatar)
qui plus tard a été complétement dissout sans traces, sauf les détritus siliceux
menus. La bauxite déposée en différents facies, en arrivant a la surface, a
été désagrégée, plus ou moins oxydée et remaniée.

N la province Cao Bang, au gisement de Tap Na, a cause du tectonismc
le pendage des couches de bauxite primaire est abrupt, la dissolution du cal-
caire du toit pouvait étre partielle seulement. Ici les couches de bauxite
primaire affleurent au dessous du toit.

Tam Lung présente un territoire intermédiaire entre le continent et
les golfes marins couverts continuellement de I’eau, en voie d’isolation. Par
rapport a Ma Meo, I’6mersion a commencé plus tard (mur permien supérieur !)
et a duré moins longtemps. A cause des changements géomorphologiques, sur
ce territoire la matiére produite sous facies différents a été remaniée. C’est ainsi
que la breche de bauxite a été développée, dans laquelle les détritus de bauxite
plus durs a diaspore et a chamosite ont été formés aux milieux plus réductifs,
et le ciment plus meuble, plus riche en boehmite et kaolinite aux milieux
plus oxydatifs. Par suite de la transgression la surface du complexe de bauxite,
préalablement accumulée, est devenue marais qui a réduit secondairement
surtout le ciment plus meuble.

La bauxite primaire de Ba Xa a été déposée dans les golfes marins en
voie d’isolation, en milieu le plus réductif. L’accumulation de la bauxite se
déroulait au cours de la régression caractérisable par les mouvements oscil-
latoires, ou premieérement c’est l’argilite qui a été déposée et plus tard Ila
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bauxite divisée par de laies de houille. Conformément a la succession génétique
et sédimentaire esquissée dans le chapitre précédent, en allant vers la mer
nous retrouvons les changement faciologiques aussi horizontalement en ce
que la bauxite passe en argilite, puis celle-ci passe dans une formation de mer
plus ouverte divisée par bancs de calcaire (Fig. 11).

7.3. Processus d'oxydation

Dans les précédents, on a déja caractérisé en détail les changements qui
déroulent tant dans la composition chimique que minéralogique au cours
de I’oxydation et de I’effritement de la hauxite.

En conséquence le complexe secondaire est plus différencié par rap-
port a la bauxite primaire.

A la phase initiale, la teneur de la hauxite en ferro-chamosite devient
instable, par suite la qualité de la bauxite s’améliore en dépendant de la
teneur de la bauxite en ferro-chamosite. Une partie de la teneur en aluminium
de la chamosite, a I’intérieur des détritus, précipite en hoehmite secondaire
ou en gibbsite, et lautre partie, hormis les détritus, précipite en kaolinite,
avec Si sortant en son entité, en solution. C’est le processus d’argilisation de
la bauxite amenant le reldchement textural des détritus.

Par suite, les minéraux aluminiferes s’enrichissent dans la hauxite,
en sens tant relatif qu’absolu. Dans le type de gite de Leo Cao composé
de détritus de bauxite grossiers a fraction d’argile relativement réduite
ce processus ne peut se réaliser en plus a cause de I’érosion continuelle: c’est
pour cela que I'on trouve la bauxite a la meilleure qualité dans ce type gito-
logique.

A la phase tardive, les détritus s’effritent de plus en plus et leur qualité
abbaisse progressivement. A co0té de la kaolinite, I’argile encaissante conti-
ent toujours plus de minéraux aluminiféres. Alors, ce processus produit
I’lhomogénéisation. Dans le type de Dong Dang, ou la matiere chimiques
relachée et physiquement effritée a été accumulée, c’est la nappe phréatique
oscillatoire qui exprime son effet lessivant intense et dont le pH oscille aussi.
L’acide huminique, produit par la végétation située au-dessus du complexe
de bauxite, abbaisse localement et successivement le pH au-dessous de 5,
et par suite a cause de leur structure plus lache les (oxy)-hydroxydes, d’alu-
minium secondairement et préalablement précipités seront dissoute. L’eau
karstique mélangée avec de I’eau de la nappe phréatique neutralise vite la
solution sortant des détritus et les aluminiféeres y formés améliorent, main-
tenant, la qualité des fractions d’argile. La teneur en fer des détritus sera
aussi dissoute dont la partie plus considérable, ayant pour résultat une
formation pareille a la cuirasse désertique, précipite a la surface des détritus.
Ainsi, la qualité des détritus de bauxite abbaisse, a la phase tardive, paralle-
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Photo 1. Les tours karstiques de Ma Meo Photo 4. Type de Ma Meo: aux flancs des collines abrupts, le complexe de bauxite est en mouve- Photo 11. Graviers de rhyodacite latéritisés
ment continuel (Ma Meo: Ban Thau)

Photo 6. Bauxite primaire noire et bauxite verte Photo 7. Bloc de bauxite & texture scoriacée
a crolte oxidée rouge (Ba Xa) (Khon Pich)

Photo 12. a-b. Aspect microscopique de la chamosite. Bauxite contenant de la
charnosite (125 X) et sa partie a grain fin (200 X). Ba Xa

Photo 2. La bauxite en gros bancs, in situ, affleurant
de dessous des couches du toit, altére en place et devient
argileuse le long des fissures

Photo 8. Bauxite primaire oxydative (Ma Meo) Photo 9. Détritus oxydatifs primaires dans
a oxydation secondaire la bauxite primaire réductive (Tam Lung)
Photo 5. La bauxite arrivée dés les flancs des collines s’étale en Photo 10. Argiiite (Ban Long), au milieu: strie de bauxite,
conglomérat aux fonds des vallées au bord: oxydation secondaire

Photo 3. L’argilisation est plus intense vers le mur
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lement a la diminution du poids spécifique, et le silicium et le fer s’en-
richissent relativement.

Il faut attirer I'attention a ce que lors les essais d’enrichissement, I’échelle

de la détérioration qualitative, apparue avec la diminution de la granulométrie
et du poids spécifique, n’est attribuable qu’en partie au processus ci-esquissé.
Selon notre avis, ici intervient aussi ce facteur de que lors I'effritement a cause
de la surface spécifique augmentée, le nettoyage des grains a partir de I’argile
devient de plus en plus difficile, c’est-a-dire malgré le criblage avec lavage
a la surface des grains de bauxite reste de plus en plus de la «pollution» argileuse.
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MWHEPANOTNA, TEOXNMNA U TEHETUKA BOKCUNTOB CEBEPHOIO BbETHAMA

Ab. KOMOW KN
Pesome

B 1972—75 rr. nof reonorn4yeckMM pykKoBOACTBOM aBTopa [1poekTHoe npegnpusatTue
AntoMnHMEBON npombiwneHHocT (AJTKOTEPB) npoBognn MOMCKOBO-pa3BefoyvHble paboThl Ha
60KCUTbI B MPoBUHLMK JlaHr-CoH CeBepHoro BoeTHama. B HacToswweli paboTe nogBOAATCA UTOMM
PasHOCTOPOHHUX Te0NorMyecknx HabnofeHW, a TakxKe AeTanbHbIX NabopaTopHbIX aHann3oB
co6paHHbIX B MOMIEBLIX YCNOBUAX MPO6, UCCnefoBaHHbIX B 1abopaTopusx M Hay4yHO-uccnegosa-
TeNbCKUX WHCTUTYTax BHP.

B paHHOM peruoHe HOro-BoctouHoii A3umm o06pa3oBanucb Maneo3onickue, AMacnopoBO-
LLIamMO3MTOBble, NepBUYHbIE 6OKCUTOBbLIE TeNa, PE3KO OTAUYaloLmecs 0T MeCTHOPOXAeHM Cpean-
3eMHOMOPCKOWA GOKCUTOHOCHOW MPOBUHLMU KakK MWHEPanornmyeckn, Tak U Mo CBOUM TFEHETU-
YeCKUM YCNoBUAM. B HeoreHoBoe Bpems 3TW py[Hble Tefa NOABEPIANCL TMUHUCTOMY BbIBETPU-
BaHMO, 6blIN OKCWNEHbI W MepeoTNoXeHbl. B pesynbTaTe 3TMxX npoueccoB o6pa3oBaincb Mpo-
MblLUNEHHbIE BTOPWUYHblE GOKCUTOBbIE 3a/1eXM, TEHETUYECKN 6An3KMe K GOKCUTOBLIM MeCTOPOX-
[eHnaM, n3BecTHbiM B Kutae n Ha Ypane.

bokcutoBble MecTopoxgeHus CeBepHOro BbeTHama pacnofioXeHbl BAO/Mb TNABHbIX
CTPYKTYpPHbIX NnHMin CC3-KOKOB npocTmpaHus Ha Kpat HXXKHO-KUTAiCKOro MUKPOKOHTUMHEHTA,
B YC/IOBUAX MWUOFEOCUHKINHANBHON 30HbI.

PaccmatpuBaemas TeppuTopusa C KEMOPUIACKOrO nepuoja Mo MO3LHWUIA Tpuac npeacrta-
BNANa cobow fenpeccuto C OONee UNU MeHee AJIMHHBIMW NepuojaMu MOAHATMA. HUXHUA u
BEPXHWIA Naneo30il npeAcTaBieH NPUOPEXHbIMU U NefarnyeckKMMyu MenkKoBOLHbIMU GUOTeHHbIMU
N3BECTHAKaMW. EAWMHCTBEHHbIN, [0Ka3blBaeMblii nepuoj 60KCMTOOOpasoBaHWA MMeN MecTo B
BEPXHEN nepMmn, MeXAy Ka3aHCKUM W TaTapCKUM Bekamu. B 3TOT mepuof vMeno Mecto 4acTuu-
HOe NOAHATWE 3MelipOreHeTUYEKOro xXapakTepa, CONpPOBOXAaBLUeecs KonebaTeNbHbIMU ABUKe-
HUAMU 3eMHOIN KOpbl. BOKCUTbI 06pa3oBannCh YaCTUYHO B YC/IOBMAX CYLUMW, YACTUYHO Xe B Mpu-
6peXKHOW 30He, MEPMOLMYECKM 3aTan/MBaBLUENCA MOPEM YaCTUYHO XK€ B MOPCKUX 3anusax,
N30MPOBAHHbIX OT OTKPbLITOrO MOpsA. B CTOpPOHY nenarnyeckoro mMops B 60/ee OTKPbITbIX
MOPCKMX YCMOBUAX HakannnBaiucb OAHOBPEMEHHO C 60KCUTOBLIMU TenaMn apruannTbl, 3aTem
aprunnnTbl, NpepbiBaeMble Naykamu M3BECTHAKOB. B NpubpexxHO 30He 60KCMTOBbIE CKOM/EHUA
YyepeayrTCA YrNeHOCHbIMU OTNIOXeHWAMU. [lanblue OT Cyln B HanpaBfeHWW 60/see OTKPLITOrO
Mops 06pa3oBannCb CBOeO6pasHble HOKCUTOBbIE (hauuu, XapakTepusyemble YACTO OKWUCAWNTENb-
HbIMW, OKUC/INTENIbHO-BOCCTAHOBUTENbHBIMW U YNCTO BOCCTAHOBUTE/IbHBIMM YCNIOBUAMM, OTpaXxa-
eMbIMU COOTBETCTBYHOLMMY MWUHEPANIbHbIMWU napareHe3amMmn. BOKCMTOBbIe 3aneXu MepekpbIThl
TPaHCrPecCUBHbLIMU OTNOXEHUAMW TaTapCKOro Apyca BepXHel nepmMu, CIOXEHHbIMWA YTIEHOCHbI-
MW MeprensMyu u n3BecTHaKamu. B 6onee MOMOAON YacTh KPOBAM BCTPeYaOTCA afieBPOAUTHI U
KWUCNble BY/IKAHUTbI B OCHOBHOM HOPCKOro Bo3pacta. OporeHes MMmesn MeCTO B MO3[HETPMacoBoe
Bpemsa. [oj BAUSAHMEM MHTEHCUBHOTO TEKTOHM3Ma 6onee monogas n 6onee ApeBHAS U3BECTHAKO-
Bble TOMWM 6blNM CUAbHO paspyLleHbl, B HUX BO3HUKAWM YellyeobpasHble HafBuru (Bnocnea-
CTBMM MPOM3OLLIO 3aKapcTOBaHWe), a TPUAacoBble aneBponTbl 06HAPYXUBAKOT KOMOWHMPOBaH-
Hble CKagyaTo-pasfioMHble CTPYKTYpbI.

C BOKCMTOBBIX TeN, COXPaHMBLUMXCA B OTHOCUTENbHO 60/ee CMOKOMHbIX, HEHAPYLUIEHHbIX
YCNOBUAX, KPOBE/bHbIE W3BECTHAKM Oblin 6eccnefHO pa3MbiThbl. Bbillefwas Ha gHEBHYH Mo-
BEPXHOCTb TO/ILWA MOABepranacb MeCTHOMY BbIBETPUBAHUIO W aprunnunsauumn. B 3aBucumocTtun ot
reoMoponornyecknx YCnoBUin Ha y4vacTKax C Hambonblueli OTMETKON 3eMHON MOBEPXHOCTU
TONLWa NOABEPraeTcs NOCTOSAHHOMY PasMbIBY, Ha KPYTbIX CK/IOHaX X0/IMOB OHa Oblfia NepeoTno-
XEeHa, a B rNy6oKnx AoAnMHax MpPousoLLIO0 HaKOMAeHUe MepeoT/0XeHHbIX 0CafjkoB. Ha Takom
OCHOBAHWW .MOXHO BbIAENUTb TPU O6MOMOYHBLIX TuMa 3anexei: Tunbl Jleo-Kao, Ma-Meo u
[oHr-AaHr. Pa3gpo6neHnto, NepeoTnoXeHU0 W HAKOMMNEHWKO NEepeoT/IOKEHHbIX 0CafKoB CO-
NYTCTBYIOT WHTEHCWBHbIE MPOLECChl OKWUCNEHUA, MPOABAAOLWMXCA MM0-Pa3HOMY B OTAeNIbHbIX
TMnax 3anexen. B npouecce OKUCAEHUS MPOM3OLLNN TNyOOKME N3MEHEHUS B MUHEPaIOrnyeckom
N XMMWUYECKOM COCTaBax GOKCMTOB MEPBUYHOrO CKMaja, KOTopble B Ha4anbHOM 3Tane npusenu
K YNyULIEHNIO KayecTBa 60KCMTOBOrO 06/10MOYHOr0 MaTepmnana, a B No3gHeM aTane K yxXyALweHunto
KayecTBa pyfpl.
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GEOMECHANICAL INVESTIGATION OF THE
SOUTHEASTERN MARGIN OF THE RAKONY MOUNTAINS
AND THE AGE OF THE LITER FAULT LINE

By

J. KOKAY

MINISTRY OF HEAVY INDUSTRY, BUDAPEST

Relying on new geological data, the author refines his earlier observations con-
cerning the fault system of the southeastern Bakony Mountains precising the dates
of the crustal movements and their mechanism as an extension of his former papers
dealing with the geomechanics of this area.

The results of this paper can be summarized as follows:

the main fault line of the southeastern margin of the Bakony Mountains unknown
to detail till now is demonstrated by a characteristic geological profile,

within each tectonic compression zones, in each longitudinal and transversal fault
line zones faults of different ages join one another in different combination and
variations,

- a reversed (downward turning) asymmetric wedge structure is also demonstrated,
the rotation axis line of the basin platform was underthrust and tilted as a result
of the horizontally acting orogenic forces on the southeastern margin of the basin:
a process with which the author connects the upward migration of carbon dioxide
between Székesfehérvar and the shore of Lake Balaton,
the Moldavian orogenic phase consists of two phases,
the age of formation of the Litér fault line is assigned to the Styrian movements,
the asymmetric wedge structure is a common piled geomechanical form and it is
in close relation with plate tectonics. Concerning the Bakony Mountains, this
phenomenon denotes a secondary dispersion of the collision caused by the move-
ments of large plates approaching to one another.

In 1968 the tectonic and geomechanical observations were published
entitled “Tectonic theories in light of Bakony Mountains evidence” an extension
of a publication of the author’s similar observations concerning the Var-
palotaregion (1956).

In both papers mentioned above the structure and the geomechanical
explanation of the formation of the southeastern marginal main fault line of
the Bakony Mountains was dealt with based on the information then available.

Two events known since 1968 have thrown a new' light upon this inter-
esting and important tectonic form of both national and probably even broader
significance.

One of these events has been the publicity given to the most important
results of recent development, i.e. to the theory on global tectonics or, in
other words, plate tectonics. It seems to he evident to study the structure
mentioned above also from the point of view of this new world-conquering
theory.
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Another significant event proved to be the drilling of numerous bores in
the mobile strip of the structure in the Varpalota region which made essentially
clear also in detail the character and nature of this structure developed during
earth’s history.

For a better understanding of the geological profile to he demonstrated
below, the former statements will be summarized as follows:

The formation of the structure can be explained by the formation of
an oblique fault plane caused by the horizontally acting crustal movements,
along which the southern foreground was underthrust. At that time the back-
ground was tilted backwards to a certain extent (northwestwards), it was
uplifted and in lack of suitable support it fell along the abrupt fault line.
This fault line is a secondary one, thus younger than the underthrust side.
The asymmetric wedge structure formed in this manner became to rise in
order to ensure an isostatic equilibrium since underthrust causes a thicken-
ing of the crust (i.e. pile up). The uplift resulted in increasing erosion.

As a result of movements the crust was solidified and became resistant
to subsequent movements. Thus, a new phase of movements occurred not
along the existing displacement planes but it was displaced towards the less
resistant foreground (foredeep). Consequently, the compression planes of
each crustal movement phase move away from the mountains and become
gradually younger. In case of movements oi higher intensity new wedge
structures develop during the outward movement. In case of movements
of less intensity the existing wedge structure will be widened and this is
caused by the occurrence of new and new underthrust planes in the subsequent
phase moving towards the foredeep.

The Wedge Structure of Inota

In the underthrust strip of Inota deep bores were drilled in the past
years under the guidance of the National Enterprise for Geological Explora-
tion and Drilling (as key bores). The six bores were carried out within an area
of 300 metres. Out of them that of Inota No. 138 proved to be most inter-
esting and most profitable from the point of view of the profile in question.
This was 800 m deep and was carried out by periodical core sampling accom-
panied by detailed geophysical investigations. The strata sequence of the
bore shown in the profile has been compiled on the basis of core samples
and well-logging results in collaboration with J6zsef Dorogi, senior geophysicist.

Having penetrated the Sarmation and thin Upper Badcnian strata the
bore traversed a transversal fault line of about 300 m height difference inter-
secting diagonally the geological profile. This was followed by the lowermost
marine sediment sequence of the Upper Helvetian (Carpathian). This is
underlain by the Lower Helvetian (Ottnangian) sequence with the fauna well-
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known from the typical facies sections of the Ottnangian strata of Varpalota
(J. Koékay, 1972, 1973). Downwards the bore traversed three underthrust
zones in the manner demonstrated in the profile and at a depth of 741 m
it reached the Middle Triassic (Ladinian) dolomite series.

The next key bore shown on the profile is the core drill of Inota No.
140 which was drilled at a distance of 180 m from the other and nearly north of
it. This traversed the sequence demonstrated, too. It reached the Triassic
dolomite already at 53 m depth, overlain by the Lower Badenian marine
sequence.

Between the bores No. 138 and 140 there is the bore No. 136 being,
however, not demonstrated and showed the same sequence, i.e. under the
Lower Badenian the Upper Helvetian was found in a normal position.

On the basis of data the profile of Fig. 1. was constructed and from which
the following statements can be concluded.

1. The outlined asymmetric wedge structure is crossed also by large-
sized transversal faults. The fault of about NNW-SSE strike and of about
300 m shown here cannot be found in the S&rrét Basin and in the northern
smaller hasin, either. Thus, it is restricted only to the wedge structure. Its
formation can be assigned to an intensive Moldavian phase, because this
acted upon the Upper Badenian but left the Sarmatian, at least its lovver-
most part, untouched.

2. It can be stated that the underthrust planes become ever younger
when moving away from the mountains.

3. In this structure between bores No. 138 and 140 the movement
plane generated by the Main Styrian phase (Carpathian Lower Badenian
boundary) can be demonstrated. In accordance with the bore No. 136 lying
between the two other bores the traversed Upper Helvetian sequence is
not of littoral (schlier) facies, i.e. at that time the seashore was found about
200 to 300 metres north of here. The littoral sediments were eroded from the
basement just after the main Styrian uplift and were replaced by the sedi-
ments of the Lower Badenian sea.

4. Movements relating to strong compression effects took place at the
boundary of the Upper Badenian and Sarmatian, moreover these affected
probably also the lower part of the Sarmatian sequence (Moldavian phase).
All the three planes traversed by the bore No. 138 developed that time.

5. In this profile the Rhodanian (and subsequent Roumanian) movements
started at the end of the Pannonian could not he exactly determined only
another plane accompanied by smaller displacements is assumed in a south-
ward direction. (On the wall of the former Upper Pannonian sand-pit small
underthrusts could be observed, 1968, Fig. 3.).

6. The movement of the abrupt fault line lying on the rear of the wedge
structure falls partly to the Sarmatian and mostly to the Pannonian and
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Fig. 1. Geological profile east of Varpalota.

1. Triassic; 2. Eocene; 3. Lower Miocene; 4. Lower Helvetian (“Ottnangian”);

5. Upper Helvetian (“Carpathian”); 6. Lower Tortonian (Lower Badenian); 7. Upper Tortonian (Upper Badenian); 8.

Sarmatian; 9. Pannonian
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NW SE

Fig. 2. Geological profil west of Varpalota. 1. Pannonian; 2. Sarmatian; 3. Upper Badenian;
4. Lower Badenian; 5. Carpathian

Fig. 3. Geological profile in the southeastern part of the brown coal basin of Véarpalota
1. Pannonian; 2. Sarmatian; 3. Upper Badenian: Brown coal bed; 4. Lower Badenian;
5. Carpathian; 6. Ottnangian; 7. Lower Triassic; 8. Permian

is characterized by synepiorogenic features other than by episodically occurring
orogenic ones (1968).

7. An Early Styrian phase must also have occurred (the northermost

underthrust planes shown in the profile only as references), since after the
deposition of the Lower Helvetian sediments a strong southward trans-
gression can he observed in the Upper Helvetian throughout the Paratethys.
This allows to conclude in favour of orogenic movements taken place at the

Ottnangian — Carpathian boundary. Concerning these movements only a
few data are available according to which in the area of Bantapuszta smaller
erosion or abrasion unconformity is found at the Lower Upper Helvetian

boundary which indicates uplift (J. Koekay, 1967; Table 1., Fig. 1).
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8. As a result of the series of Styrian and Rhodanian movements, the
geosyncline of Sarrét of roughly NE-SW strike became narrower by about
one km.

Fault Line Combinations

The most important faults of the Varpalota geosyncline were identified
on the enclosed map. In general, it can be said that the oldest longitudinal
faults lie in the north while the younger in the south making evident the
theory of the movements of compression zones (Fig. 4).

Within each compression zone (J. KOkay, 1956) in each longitudinal
fault line zone faults of different ages, i.e. different erogenic phases, join one
another in different combinations and variations depending on the energy con-
tents of each compression zone. Consequently, within the neighbouring compression
zone the orogenic phases of the same age do not occur frontally, but show a mosaic-
like displacement and are grouped in different combinations.

When analyzing this condition in detail, the following picture can be
obtained:

The main compression zone of Varpalota is delimited by transversal
faults between tbe liorst-like Triassic dolomite range of Inota and the Triassie
area of Pét. Its northern margin is bordered by the Higher Bakony, this being
also the limit of the one-time ranger of the Eocene and Middle Miocene. On
the basis of data and geological considerations the formation of the marginal
fault line system lying at that place (underthrust zone) is due to the Pyr-
eneean Early Styrian Main Styrian phases, but the latest Styrian phase
(i.e. the Moldavian) did not occur here.

South of here, also in this compression zone, the main fault line of
Varpalota (the so-called Loncsos Fault) is known since earlier times
(K. Telegdi-Roth, 1924; J. KOkay, 1956) and this of “normal fault” character.
Its formation is connected to the Rhodanian phase started in the Late Pan-
nonian and is accompanied by a throw of about 300 to 400 metres. Farther
nosth, by about 300 to 500 metres and roughly parallel with it another fault
line is found covered by Sarmatian and Pannonian strata as has been demon-
strated in the geological profile west of Varpalota (Fig. 2). Southeast of this
probable underthrust line the Sarmatian sequence suddenly thickens and
in the borehole drilled in the assumed zone (V. No. 156) the Upper Badenian
diatomaceous earth shows a steep dip (70 to 80°). Thus, the time of its forma-
tion can be assigned to the Badenian Sarmatian boundary, i.e. it is con-
nected with the Moldavian orogenic phase. It can be exactly seen on the
profile that this is also an asymmetric wedge structure, but unlike that of
Inota it is overturned downwards. Accordingly, in the asymmetric wedge
structure of Inota the compressive underthrust limb lies in the south and the
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younger “normal fault” in the north, while west of the town this is exactly
reversed. The former statement, however, is true in any case (1968) that the
“normal fault” limb is always younger than the underthrust one.

In the Inota strip lying east of the Varpalota main compression zone
different erogenic phase combinations can be shown within each longitudinal
fault line systems. The northern margin was produced by the Pyrenean
movements (1956). Younger movements occurring in the western main com-
pression zone cannot be identified here. On the basis of the geological section
analyzed in detail, the northern margin of the south-lying horst-like dolomite
range of Inota is of Rhodanian, while the southern part is of Early Styrian
Main Styrian Moldavian Rhodanian phase.

The previous statement is valid also to the transversal faults. In the
individual fault line zones event of different ages join each other (fault steps)
in rather different groups and variations. These transversal faults lie on the
borders of different compression zones, i.e. these are the slip planes of orogenic
movements acting horizontally from the southeast.

The western border of the main compression zone of Varpalota is the
large transversal fault of Pét-Kikerité which developed during the Early
Styrian Main Styrian Moldavian Rhodanian orogenic phases (the
latter one only in the belt of Pét). The fault line near Inota and Osi indicating
the eastern border of the belt and characterized by a throw of 200 to 400 m
forming the Early Styrian Main Styrian and Moldavian a step-series of
southeasterly direction at the surface of the basement.

Within the main compression zone of Varpalota (in the “Cseri Mine
Field”) transversal faults generated by the Moldavian movements can be
identified (1956). The so-called “ Ujferenc Transversal Fault” known in detail
from exploratory bores and mining operations is of Rhodanian origin. This
fault forms the eastern border of the smaller compression zone of Pét. It is
characteristic of this fault line of also Rhodanian origin, they mutually deter-
mine each other (J. Koékay, 1968).

Rotation Axis and Carbon Dioxide Line

On the hasis of the data of the southeastern part of the brown coal
basin of Varpalota a strong flexure is shown in the profile recorded near the
railway station of Csor-Nadasladany. This was traversed by the borehole
Inota No. 128/a in the heavily thinning Miocene strata characteristic of the
southern margin. It is also obvious that the surface of the Permian-Lower
Triassic basement reached in several bores rather slight dips from the bore
Inota No. 100 towards the bore Nadasladany No. 2 while it dips steeper
towards the bore Inota No. 88. At the same time in the zone of the bore Inota
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No. 100 the Miocene sequence underlying the Sarmatian is rather incomplete
and thinning. [More concretely: directly under the Sarmatian sequence the
lowermost part of the Upper Badenian diatomaceous clay marl was traversed
but the coal bed was lacking and did not form, either; this directly overlies
the thin remnants of the Upper Helvetian (Carpathian) marine sedimentary
sequence. The Lower Badenian and the Lower Helvetian (Ottnangian) are
lacking.]

When evaluating the profile and the surrounding bores together, the
following statements can be concluded:

The zone of the bores Inota No. 100 and 128/A proved to be a belt of
a ridge uplifted like an anticline during the Miocene on the southeastern mar-
gin of the basin. Only a discontinuous sedimentation took place on tliis ridge,
resp. denudation was frequent during the subsequent periods. The existence
of the ridge can be unambiguously explained from the geomechanical point of
view. This belt is the rotation axis line of the underthrust and tilted basin plate
on the southeastern margin of the basin and was generated by horizontally acting
erogenic forces.

In the marginal region of the southeastern Bakony Mountains the Molda-
vian phase proved to be the strongest orogenic period (1956, 1968). Thus, it
is obvious that on the margin along the basin the flexure was generated by
the strong horizontal orogenic impulse (demonstrated in the profile) and actually
replaces an underthrust and is also accompanied by tensional deformations.
This flexure developed really in the second part of the Moldavian phase. In
the first part of this phase only denudation of limited extent took place as
a result of the uplift. The second stronger period acted only on the denudated
formations.

In the strip of the rotation axis line (the ridge) C02gas explosion was
generated by several exploratory bores. The geomechanical explanation of
this is as follows: the zone of the rotation axis line is a zone heavily affected
by tensile and flexing forces accompanied with far-reaching lithoclase system
which made possible the upward migration of C02 generated probably by
thermal dissociation.

This carbon dioxide migration is not a local phenomenon but it is a part
of the carbon dioxide line lying between Székesfehérvar and the shore of
Lake Balaton. The origin of carbon dioxide explained by this geomechanical
theory is much more obvious than according to an eventual basaltic post-
volcanic phenomenon.

In the walls of lithoclases found in the brown coal bed of the Upper
Badenian of Varpalota bluish white hydroquartzite (chalcedony) coat pre-
cipitating from the thermal waters can be observed (1956, p. 26). These phenom -
ena relating to hot spring activity indicate a strong tectonic effect and the
formation of faults reaching greater depths.
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According to the decrepitation investigations of I. Csillag the precipi-
tation of chalcedony took place at relatively high temperatures (probably
over 200 °C). The fact whether the hydrothermal formation is assignable to
the Moldavian or to the Rhodanian phase, is not decided yet.

Type and Age of the Liter Fault

W hen studying the geological maps of the Varpalota Basin and of the
Balaton Highland it can be easily recognized that the tectonic structure of
Inota-Varpalota can be traced westwards, as well.

The Varpalota main fault line of 200 to 400 metres height of throw
connected with the Rhodanian phase and dividing into two parts the Varpalota
Basin is the “normal fault” limb of the young asymmetric wedge structure
crossing the great transversal fault of Pét-Kikerit6 and extending farther
along the southern margin of the Bantapuszta Basin and then continuing
on the southern side of the villages Oskii and Hajmaskér up to the Kadarta-
Veszprém region on the southern margin of the Hajmaskér—Gyulafiratét
Basin. The Gyulafiratét Basin and the southern part of the Bantapuszta
Basin contain a terrestrial sedimentary sequence with interbedded Sarmatian
bentonite layers. As communicated orally by A. Jambvor, this statement is
supported also by the data of a new survey drill. The faidt line joins the Sar-
m atian tectonically. This fact relates to the Rhodanian origin of the movement.

Tracing further the “underthrust” limb, one can see that west of the
transversal fault of Pét the Litér Fault line reaches the area of the Triassic
blocks of Pét. In the relatively well-exposed Triassic area this can be traced,
even at the surface, south-westwards towards Litér village.

The compression line is nearly of southwest direction while the Hajmas-
kér limb (“normal fault”) of the asymmetric side is of nearly westerly strike,
thus the structure grows gradually wider. Between Hajmaskér and Litér
the wedge structure is about 4 km wide, while in the region of Inota only
about 1 km. In the wedge structure of Inota, drags taken place along compres-
sion planes are less significant, while along the Litér Fault Line regular thrust-
sheets, drags, steep or overturned dips can be observed. Consequently, the
asymmetric wedge structures of both Inota—V arpalota and Hajmaskér—Litér
are geomechanically identical, the only difference being the fact that the tecto-
nic compression zone of the Balaton Highland endured horizontally acting
crustal movements of greater intensity than that of Inota and especially
than that of Varpalota. The dividing line between the tectonic compression zones
of Varpalota (southeastern Bakony Mountains) and of the Balaton Highland
is the transversal fault of Pét-Kikeritd.

In accordance with the facts quoted above it is obvious that the Hajmas-
két—t iter structure is the continuation of that of Inota-Varpalota, in fact,
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the “normal fault” limb is also Rhodanian as testified to by direct evidence.
Consequently, the time of formation of the underthrust line of Liter should
be assigned also the Styrian phases including the “latest Styrian” (Moldavian)
phase. It is not unimaginable that the fault started as early as the Pyrenean
phase (when extrapolated from the Varpalota Basin), but a Cretaceous start
looks impossible owing to the outward movement of the compression zones
(1968). Thus, the older compression zones lie to the north.

On the southeastern margin of the Varpalota Basin when extrapolating
both the rotation axis demonstrated in the foregoing part and the flexure
replacing the underthrust, to the tectonic pressure zone of the Balaton High-
land generated by stronger effects, it seems to be probable that the fault
line of the Lake Balaton shore formed in the first phase also during the Molda-
vian. Here, however, a real underthrust developed instead of flexure of 50 m.
This assumption is supported by the fact that in the Balaton region (Tihany,
Udvari, Révfulop) the Sarmatian sea transgressed onto older formations,
as a result of the epeirogenic movements that followed the orogeny.

On the basis of oral communication by I. szabs and of other data it
is also probable that on the region Lake Balaton shore also Rhodanian com-
pression movements took place, because locally (i.e. at Alsédrs) some folding
of the Upper Pannonian strata can be observed.

Taking into consideration the facts mentioned above, the tectonic
picture of the Balaton Highland can be solved in a much easier manner than
by the sophisticated “air-saddled” tectonics frequently referred to by ear-
lier workers.

General Frontal Piling Up

The term “underthrust” is used (1968) instead of the overthrust or
reversed fault terms thus far in general use, since this is the exact definition
of the horizontally acting movement from the point of view of its direction.
The active orogenic force acted undoubtedly from SE since the southern side
of the Bakony Mountains of counter-limb structure (Balaton Highland) is
more uplifted, and endured stronger tectonics, while the reactive side (the
Bakony of Papa) is less disturbed. (It follows from the facts above that in
the latter case really an “overthrust” has to be done with, in reality !)

The term underthrust is used here essentially in the sense of “sub-
duction” used in plate tectonics. Thus, in connection with the geomechanical
mechanism of the genesis of the Bakony Mountains an active subduction
limb (e.g. the Varpalota-side) and reactive subduction (thus, as the margin
at Papa) can be spoken of.

Accordingly, the term “subduction” is used here to denote a geomechan-
ical structure form. In the case of the formation of the Bakony Mountains
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not a typical oceanic underthrust should be imagined along the southern
margin, but this is the secondary dispersion of the collision generated by the
approaching movement of the Eurasian and African plates of the lithosphere
(Stegena, 1972) which occurs along the farther-lying mohile strips. Independ-
ently whether this be a real “subduction” or not or a “disperse subduction”
similar to that discussed above, these produce geomechanical structure forms
of close affinity. Consequently, the resulting structures genetically similar
to one another but different in their dynamism which can be traced back
to horizontal effects producing the underthrust.

This third- or fourth-order subduction (restrained system) may be
regarded to be one step of the Igal-Biukk subduction zone (E. Szadeczky-
Kardoss, 1971).
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FTEOMEXAHWYECKWE WNCCAEAOBAHWNA POEO-BOCTOLIHOIZ OKPAWHbLI TOP
BAKOHb 1 BO3PACT JIMTEPCKOW TNHWNI PA3/TOMOB

. kokai
Pesome

Mpofonxas cBou, paHee oMny6/MMKOBaHHbIE PaboTbl MO reoMexaHUKe pPaccMaTpMBaeMoro
paiioHa, aBTOp CTaTbW Ha OCHOBAHWW HOBbIX FE0/I0TMYECKMX [aHHBIX YTOUHAET CBOW Hab/toAeHUsA
3a CWUCTEMOI NMHWIA Pa3NoOMOB Ha HOro-BOCTOYHOW OKpauHe rop BakoHb, a TakXXe BO3pacT
MEXaHW3M [BVXKEHNIA 3eMHOIi KOpbl.

Pe3ynbTaTbl MCCMEAOBAHWN CBOAATCA K CNefyHOLLEMY:

- Ha xapakTepHOM reoflormyecKoM paspese MOKa3blBAeTCs NOAPOGHO elle He M3y4eHHas,
I0r0-BOCTOYHaS, [N1aBHAsA Kpaesas NMHNA Pa3OMOB rop bakoHb.

BHYTpY OTAENbHBIX 33 TEKTOHUYECKUX YCUMMIA CXKaTMsA, B OTAENbHbIX 30HaX MPOA0NbHbIX
1 MonepeyHbIX PasnoMOB COMPSAKEHbI Mexay Co60i pasHOBO3PACTHbE Pas/ioMbl B BUfe
PasNUYHbIX COYeTaHW W BapuaLuil.

Kpome ToOro, nokasbiBaeTcs Take M o6paTHas (MepeBepHyTas BHM3), aCCUMMETPUYHaS,
KﬂVIHOOﬁpaSHaFI CTPYKTYpa.

- [leATca XapakTepuCTUKa TOM 0CEBOI IMHMM BPaLLEHUA 6aCCeNHOBOM NANTLI, NOAABUHYTOI
MnofJ YeXIOM W OMPOKMHYTON B_pesyNbTaTe OPU3OHTA/IbHBIX OPOrEHMYECKUX YCUINA Ha
HOr0-BOCTOYHO OKpaHWe GacceilHa, KOTOPOW aBTOp CTaTbM MPUMNUCLIBAET WU BOCXOASLLMIA
MOTOK YINEKUCNOTbI Ha ydacTke mexay r. Cekeludexepsap v nobepexkeeM 03. banaToH.
MongaBckas TEKTOHWUYeCKasa (asa [EeNnTCA Ha [Be YacTu.

Bpems (hOpMUPOBaHUS M3BECTHOM JINTEPCKO/A TMHWM Pas/ioMOB aBTOP OTHOCUT B OCHOB-
HOM KO LUTMPUACKUM ABMXKEHWAM CKNagyaTocTy.

OnuncbIBaeTCs acCUMETPUYHAs, KNMHO0Opas3Has CTPYKTYpa, ABAAOLLAACA (PPOHTaIbHbIM
reoMexaH4ecKM COOPY)XeHNEM, 06YC/IOB/IEHHBIM YCUNNAMM TUMa CXATUSA 11 TECHO CBA-
3aHHbIM C TEKTOHWUKOI NAnT. B cnydae rop BbakoHb peyb MAET O BTOPUYHOIA gucnepcum
MPOLIECCOB CTO/IKHOBEHUS, 0BYCNOBNEHHbLIX COMMMKEHMEM KPYMHbIX MANT.
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OUTLINE OF THE GEOLOGY OF THE
GRAND-DUCHE DE LUXEMBOURG

Raoul C. Mitciiell-Thomé

MAMER, LUXEMBURG

Two distinct geologic-geomorphologic regions are found in Luxembourg. To
the N is the Oesling, a region of highly disturbed Palaeozoics, extensive plateaux and
deep, narrow, winding valleys, representing a post-llercynian peneplain uplifted in
the terminal Neogene. To the S lies the Gutland, where Mesozoics outcrop, topography
is more varied, valleys more open and younger, faulting more significant. The Oesling
depression, marking the boundary of these two areas, collects the drainage which
exits eastward.

Eodevonian, Triassic and L.-M. Jurassic outcrop extensively, but the Tertiary
has only small representation. The stratigraphic column incorporates some 4300 m
of outcropping sediments.

Tectonic features all follow the Variscan (NE-SW) or Rhenic (NNE-SSW)
trend, being influenced by Caledonian and Hercynian events. Large folds are but parts
of structures which continue into Belgium and/or Germany. As the Moselle Trough
is approached, faulting of the Mesozoics is marked, fracturing extending into Quater-
nary times.

The iron deposits in the SW gave rise to the iron-steel industry. Today only
the Aalenian minette deposits are worked, though the industry began with exploitation
of Tertiary deposits. At present, some 80% of iron used must be imported.

General

The small country of the Grand-Duché de Luxembourg occupies a geo-
graphical position of historical importance. Geologically no less, the location
is significant, with the Ardenne massifto the N, the Eifel —Lorraine depression
striking NNE-SSW through the country, the Luxembourg Gulf of Mesozoics
trending NE across the southern part, highly disturbed Palaeozoics in the
N unconformably overlain by more gently deformed Mesozoics in the S, thus
giving rise to the two major geomorphologic-geologic divisions of the country.
Oesling in the N and Gutland in the S. Luxembourg thus lies at the transition
of the Mesozoic plains of Lorraine and the Palaeozoic plateaux of Western
Germany, between the Ardenne Palaeozoic massif to the N and the Saar
Basin Palaeozoics and Lorraine Mesozoics to the S (Fig. 1).

The first important contribution to the geology of Luxembourg is that
of Steininger (1828). The bibliography shows the earlier studies, both classi-
cal and important, as a matter of general interest. However it is only relatively
recently that systematic, detailed mapping was undertaken, resulting in eight
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Quaternary Triassic Cambro - Silurian
Tertiary Permian It 4 Tertiary volcanics
[oFol( Cretaceous Carboniferous *—  Older plutonics &

x__J crystallines
f«**| m Jurassic Devonian

Fig. 1. Stratigraphic Environment of the G-D. de Luxembourg. 1. Quaternary; 2. Tertiary;
3. Cretaceous; 4. Jurassic; 5. Triassic; 6. Permian; 7. Carboniferous; 8. Devonian; 9. Cambro-
Silurian; 10. Tertiary volcanics; 11. Older plutonics and cristallines

geological sheets, scales 1 :25.000 and 1 :50.000, and six tomes, appearing
during 1937 1950. This most worthy contribution was the work of the late
Michel Lucius, Who organized the Service Géologique de Luxembourg in 1936.

Upon the appearance of newer, more precise topographic sheets of the
country in 1954, it was decided in 1964 to begin a revision of the Lucius
maps. The many new building and constructional projects, engineering and
water borings, quarry developments, etc. no less presented an opportunity
for further subsurface investigations. It is intended to publish sixteen new
geological sheets on a scale of 1:20.000, of which three are at present
complete.
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Tn 1966 the Service Géologique published a geological map of Luxembourg
on the scale 1 :100.000.

Luxembourg occupies 2587 kin2 82 km in length, 54 km in breadth.
The population is approx. 357.000 of which some 24% are foreigners.

Geomorphology

Elevations vaiy fi<m 130 m at War serhillig, where the Sdre river joins
the Moselle, to 559 m at Buurgplaatz in the N very close to the Belgian border.

The Gutland or southern part of the country, where agriculture, com-
munications, habitations arc more extensively developed, has an average
elevation of 300 m. In the N lies the Oesling, part of the Ardenne, average
elevation 450 in, with wide, open plateaux transected by deep, narrow, wind-
ing valleys.

The Oesling represents a peneplain which has been upraised and disturbed
by epeirogenic movements in recent geological times. First Caledonian then
Hercynian orogeny created the Ardenne, and as rivers set to work here,
elevations were lowered, slopes reduced, deposits spread forth and filled-in
surface irregularities, so creating the post-Hercynian or pre-Triassic peneplain,
formed at the base of the Permian and Triassic. Beginning in the Triassic and
extending throughout the Jurassic, transgressive seas invaded this Eifel —
Lorraine depression, forming sediments on the earlier-formed peneplain surface.
Regression, followed by continental conditions, partially exhumed the old
peneplain, forming now the pre-Senonian peneplain. In the U. Cretaceous
this peneplain too was immersed, again in the Eocene erosion set to work,
forming the Eocene peneplain, followed by an Oligocéne transgression, the
last to affect the Ardenne. We thus have pre-Triassic, L. Cretaceous, Eocene
and post-Oligocene peneplains produced, hut the Tertiary continental erosion
periods scarce effected the earliest pre-Triassic peneplain. However, since the
terminal Tertiary this early peneplain underwent changes in altitude and
deformation more extensive than any previously experienced. Differential
movements exhumed the first peneplain, creating “waves” of great radius
of curvature, clearly outlining the peneplain and its aureole of Mesozoic sedi-
ments, and causing profound hydrographic changes. Thus the essential geo-
morphological feature of the Oesling is the old, exposed pre-Triassic peneplain,
which in more recent times was uplifted and deformed.

Eodcvonian is exposed in the Oesling, occurs at depth in the Gutland.
Mesozoics once covered the Oesling hut were stripped away during the U. Plio-
cene Pleistocene, and hence before this event there was little geological-geo-
morphological differentiation between the two regions. Towards the end of the
Pliocene, differential block movements took place, in the N the Mesozoics
were eroded away, exposing the pre-Triassic peneplain, for here uplift was

Ada Geologica Academiae Scientiarum Hungaricae 20, 1976



262 MITCHELL-THOME, R. C.

more pronounced than in the S. This peneplain surface plunges abruptly
(average slopes of 5 9%) under the southern Mesozoics, the buried peneplain
levelling off to slopes of 1—2% southwards. From the late Pliocene, erosion
planed off a surface at ca. 500 m elevation in the Oesling, coinciding more
or less with the pre-Triassic peneplain. In the Gutland, an erosion surface of
some 400 m altitude can be established, formed during the same time interval.

Contrary to geographical opinions, in Luxembourg we do not have two
planation levels; the higher and lower levels unite in the peripheral depression
by means of a warp or flexure, of tectonic origin, caused through differential
block movement at the southern edge of the Oesling. There is thus continuity
in time and space of this erosion surface throughout the country, the northern
block having undergone greater uplift than the southern one. This peneplain
surface is excellently and extensively displayed in the Oesling, but the same
surface at lower elevations in the Gutland is much more sporadic in occurrence,
less clearly defined.

In pre-Neogene times, the general slope of the terrain was towards the
N, hence major streams flowed in the same direction. Over a low plain, with
lakes and stagnant stretches of water, Miocene rivers developed further the
primitive antecedent drainage network over what is now Luxembourg. Dur-
ing a period little short of some 30 million years, the network evolved, rivers
entrenching themselves, and in essence, this network is what we see today,
originally established over the planated Ardenne massif and peripheral area
to the S, where Mesozoics and Tertiaries cover a Devonian basement. But
then at the end of the Pliocene there began en bloc uplift of both massif and
foreland to different degree so that warping occurred between the higher
Oesling and lower Gutland. Such tectonism had a profound effect upon the
drainage network. Some streams, such as the Ourthe and its tiibutaries the
Salm, Amidévé and Warche in Belgium were “decapitated” and their upper
courses forced to reverse direction. Greater uplift of the massif thus initiated
reversed streams over the Oesling which now flowed southwards. Some streams,
e.g. the Alzette, which initially continued northward across the Oesling, were
now forced to turn eastwards at the peripheral depression, and so to the lower
Sare (Fig. 2). Fig. 3 clearly shows this gathering together of streams in the
10—12 km wide peripheral depression, and exiting eastwards. Larger, more
powerful rivers such as the Meuse and Rhine managed to maintain their
northward flow directions during uplift of the Hercynian massifs, hence are
antecedent rivers, but even the Moselle was forced to change course and turn
northeastwards.

In the Gutland, the post-Palaeozoics all dip to the SW, a consequence
of late Pliocene epeirogenic movements. Here, however, streams wrere able to
entrech themselves in this lesser uplifted region, so that no reversal of drainage
occurred. Hence we have what Lucius termed “un réseau hydrographique
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Fig. 2. Generalized Geologic Map of the G-1). de Luxembourg. (Modified after carte géol. gén.
de G-l). de Lux. sérv. Géol. de Lux. Echelle 1: 100 000, 1966.) 1 Holocene (Alluvium);
2. Tertiary. Jurassic: 3. Bajocian; 4. Aalenian; 5. Toarcian; 6. Plienshachian; 7. Sinemurian;
8. Hettangian. Triassic: 9. Keuper; 10. Muschelkalk; 11. L. Muschelkalk; 12. Buntsand-
stein. Lower Devonian: 13. Upper Emsian; 14. Bérié quartzite; 15. Middle Ernsian; 16. Lower
Emsian; 17. Stolzembourg beds; 18. Schutthourg beds; 19. Upper Siegenian; 20. Sandstone
facies; 21. Slate facies; 22. Middle Siegenian; 23. Lower Siegenian. 24. Paleozoic mesozoic
boundary; 25. Land frontier; 26. River frontier; A. Differdange iron basin; B. Esch iron basin
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Fig. 3. Tectonic map of Luxembourg. (Lucius 1948, 1955, Ser. Géol. Luxembourg 1966).

1. Anticlines; 2. Synclines; 3. Gravity faults-ticks on downthrow side; 4. Thrust faults-ticks

on direction of thrusting; 5. Major flexure; 6. Limit of wiltz syncline and givonne anticline;
7. Rivers
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qui est un paradoxe géographique”, for Oesling and Gutland are drained by
one and the same type of superimposed streams, one set flowing northwards,
the other southwards, both unadapted to the present structure of either
region. This hydrographic network is a heritage left by a rock covering which
has disappeared as also a consequence of differential tectonic movements.
In the Gutland, erosion has made compensation, whilst in the Oesling drain-
age reversal has resulted, and in both regions the network takes advantage
of the peripheral depression to seek an exit.

Stream characteristics in the two regions differ. In the Oesling, streams
have a younger, rejuvenated character, steep longitudinal and transverse
profiles, flow is faster, they are deeply entrenched, meandering is very common,
whilst above stretches the level plateau surface. In the Gutland, streams are
more evolved, thalwegs are reduced, valleys more broad, rejuvenation not
apparent, the flow is gentler. Lucius was inclined to believe that rock con-
sistency had little if any control on stream development in Luxembourg,
hut we are inclined to agree with Heuertz (1949) that in the Oesling the
rocks present a harder, more compact appearance than in the Gutland, that
rock character and lithology is influential in valley development.

The studies of Heuertz (0Op. cit.) and Steffen (1951) regarding river
profiles and terraces respectively, demonstrate the effects of differential uplift.
The former study exemplifies the steep thalwegs of Oesling streams in contrast
to much gentler ones of the Gutland. Excellent preserved river terraces occur
in the Wark and Sdre valleys, less so in the Our valley. Three terraces can be
defined, varying in elevations above mean stream level from 1 to 16 m, 16 to
62 m, 64 to 118 m, with uplifts of the order of 11 70 m, lowerings of ca. 10 m.
In general the river terraces rise in elevation from SSE to NNW. As even
the lower terraces show appreciable elevation, we can presume that slow uplift
has continued into very recent times, possibly still operative.

Stratigraphy

The stratigraphic record includes Eodevonian, Triassic—Jurrasic, small
development of Palaeogene and Neogene (Fig. 2, Table I). In the Oesling, only
Palaeozoics outcrop, in the Gutland, younger beds. The L. Devonian descends
in depth southward, so that at Mondorf-les Bains on the French border, it
lies 713 m below the surface, yet surprisingly enough, faulting brings a tiny
Devonian outcrop to the surface in the Moselle valley at Schengen.
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Palaeozoic

Only L. Devonian outcrops. In essence, this is a neritic facies, only

exceptionally bathyal. Lithologically the rocks are either of arenaceous types

sandstones, quartzites, psammites — or then argillaceous types — shales,
schists, phyllites, quartz-phyllites, slates.

Gedinian outcrops to the W in the Gedinne St. Hubert -Librement
region of Belgium, forming part of the Eifel —Neufchateau synclinorium which
plunges eastwards so that in Luxembourg and Western Germany younger
Devonian outcrops. Within Luxembourg only Siegenian and Emsian are
exposed.

The L. Siegenian has small representation at Schimpach, in the upper
Wiltz valley, and extending across into Belgium. Rocks in question comprise
phyllites, quartz-phyllites and quartzose sandstones, forming a sharp anti-
clinal fold striking NE, some 150 m of rock being exposed. M. Siegenian occurs
close to the Belgian border, occurring in two areas known as the Bastogne
and Givonne “saddles” separated by an Emsian syncline. The southern expo-
sures, in the vicinity of Martclange, show slightly foliated sandy shales-
schists, sandy or clayey quartzphyllites, slates, psammites and quartzose
sandstones. Northern occurrences show a greater preponderance of argilla-
ceous rocks, usually tending to have areddish orthen dark blue tinge. No partic-
ular formational names are given the M. Siegenian, but we might refer to the
southern occurrences as the Martelange beds, the northern ones, the Nieder-
wampach Hachiville beds. Thicknesses are not easy to judge but may be
in the neighbourhood of 600 m.

The U. Siegenian has the greatest extent of outcrops of any Devonian
strata, in areas to the N and S of the Wiltz Basin. In the northern area, sand-
stones are common, lesser so, sandy shales-schists and phyllites, forming a
sandstone facies (Bas-Bellain shales-schists) and a more argillaceous facies
(Ulflingen or Troisvierges shales). S of the Wiltz Basin there is a larger extent
of U. Siegenian. Basal beds include fine-grained, compact phyllites of high
fissility, which at Martelange and Perlé have been exploited for roofing slates.
Above occur almost entirely dark-coloured, slightly fissile sandy shales-
schists, known as the “Schiste grossier” or “Grobschiefer” facies. In the
region of Martelange, the U. Siegenian is some 500 m thick, thickening north-
ward to 1500 m at Bastogne, Belgium.

Before the canalization of the Moselle, small outcrops were to be seen
in the bed of the river and also by the mineral well at Schengen, near the
French German borders, of fine-grained, reddish, micaceous, clayey sand-
stones with red clay inclusions, all having a siliceous cementation. These beds
are correlated with the “Taunusstufe” of Sierck, across the Moselle in Germany,
and are known in Luxembourg as the Sierck Quartzites. A thin basal conglome-

Acta Geologica Academiae Scientiarum Hungaricae 20, 1976



GEOLOGY OF LUXEMBOURG 267

rate marks the passage up into the Voltzia Sandstone. The top of the Eode-
vonian lies at some 700 m depth a Mondorf-les-Bains; ca. 10 km distant, fauil-
ing having brought these Palaeozoics to the surface. The Taunus Quartzite
of Germany is considered of M.-U. Siegenian age.

In Luxembourg the Siegenian and Emsian strike NE across the country,
exposures in dip directions covering some 35 kin. Very often it is hazardous
to estimate thicknesses of the Eodevonian, as the general lithology is mono-
tonous, making the determination of limits uncertain, and then the strata are
highly disturbed. Fourmarier (1934) estimated that the Eodevonian in the
Eifel basin was some 9000 m thick at the German border, whilst Assetberghs
(1946) gave a figure half this amount, and K netsch (1963) mentioned 5 8000
m in the Siegerland and Southern Ardenne. In Luxembourg Eodevonian has
a thickness varying from ca. 2150 m to 2850 m.

Nowhere in the country are younger Palaeozoics outcropping, nor were
they known at depth. Then during 1946 47 a boring was put down at Mon-
dorf-les-Bains to a total depth of 730 m. Between depths of 692 m and 699.60 in
occurred angular débris of shales and quartzose sandstones, with large quartzite
pebbles at the base, dominance of sandstones higher up, cellular dolomite
and red brecciated sandstone at the top. These poorly stratified sediments
rest with marked angular unconformable relations on an Eodevonian abrasion
surface. Lucius has classified the beds as Rothliegendes and Zechstein.
(A 771 m deep boring at Longwy, some 40 km W of Mondorf-les-Bains, showed
231 m of Permian, beginning at a depth of 540 m.)

Mesozoic

S of the Oesling depression, Mesozoics extend throughout the Gutland
Triassic and L.-M. Jurassic.

The Buntsandstein or Grés bigarré is divided into lower and upper
units. The former, Vosges Sandstone, in a strict sense the lower part of the
basal Triassic sandstones, has no outcrops in the country, but at Mondorf-les-
Bains the above-mentioned boring encountered the Sandstone at a depth of
589 m, where it measured 152 m thick. It is a brick-red rock, of angular quartz
cemented by iron oxide, with small, flat pebbles of quartz and quartzite, but
this basal conglomerate is only slightly developed. Above occur the Transition
Beds (Zwischenschichten), of reddish and brown colour, coarse-grained sand-
stones with intercalations of quartzose gravels and dolomite nodules, inter-
bedded with purplish dolomitic marls. At the top occurs the Voltzia Sand-
stone, of reddish hue, with thin interlayering of micaceous grey clays. The
chief exposures are in the Attert-lower Sdre valleys.

The Buntsandstein measures some 260 in in thickness.
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The Muschelkalk has four groupings. Lowest is the Muschelsandstein
which comprises, at the hase, shelly, clayey dolomitic sandstones and mottled
marls. Above comes a 5 m thick hed of dolomite, containing Myophoria orbi-
cularis, elsewhere rare in Luxembourg.

The second group forms the Anhydrite Group. Below are mottled marls
with thin intercalations of dolomite and hard marls. Frequent lentils of exploit-
able gypsum occur in the mottled marls. To date no fossils have been found.
Above are thin beds of dolomite containing fish scales and Lingula tenuissima.

There follows the Hauptmuschelkalk, 60 m of dolomites and limestones.
The lower part, Crinoidal Dolomite, in places incorporates much crinoidal
debris and has a crystalline or pseudo-oolitic texture. Higher up crinoids
disappear, the rocks become more sandy and tabular, containing the very rare
fossil (for Luxembourg), Ceratites nodusus. Glauconite grains are irregularly
disseminated throughout the section, especially the upper part, whilst thin
layers of clayey marls are common in the lower part.

Youngest Muschelkalk are the Myophoria goldfussi beds, with thick
dolomites at the base overlain by an alternation of greyish marls and dolomites,
then mottled marls with irregular intercalations of sandstone and dolomite,
and at the top, yellowish dolomites of variable thickness containing the above
Bivalvia species.

The Muschelkalk totals some 200 m in thickness.

The main unit of the Keuper is the Gypsiferous or “Hauptkeuper”,
comprising four divisions. At the base are mottled marls intercalated with
thin dolomites and lamellae of quartziferous sandstone on whose surfaces
are pseudomorphe of rock salt (“Keuper a pseudomorphoses”). Frequently
thin intercalations of gypsum are present, some of which are exploitable.
This littoral facies has yielded no fossils but has the most extensive develop-
ment of all the Triassic and is sub-divided into five divisions, from base to
top: reddish sandstones and mottled marls, 6 m thick; lower conglomerate
of sandy dolomite with quartzose pebbles, 8 m thick; very hard quartzose
sandstone alternating with mottled marls, 8 m thick; upper conglomerate of
hard pure dolomite and quartzite pebbles, 6 m thick, and finally reddish
marls with sandstones towards the top, 7 m thick. Above these beds come
clayey sandstones of continental origin, known as the Grés roseaux, with
frequent shalt-clay intercalations. Plant impressions, usually of Equisetum
arenaceum, are quite common. Then come red gypsiferous marls, often show-
ing intercalations of gypsum and cellular dolomite the “Boten Gipsmergel”
of German geologists. Above these beds are hard mottled marls — “Stein-
mergelkeuper” with lentils of important gypsiferous deposits.

The stratigraphic position of the Rhaetic is open to debate, whether
to be classed as topmost Triassic or basal Liassic. In the Lexique stratigra-
pliique international volume on the Lias, the Rhaetic of France is discussed,
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whilst the Rhaetic of Luxembourg is treated in the Trias volume. In Luxem-
bourg it is the custom to consider the Rhaetic as Triassic. The Rhaetic then
begins with black foliated shales 5 m thick, with siliceous sandstones and
conglomerates interbedded, the whole totalling some 15 m thick, but this
can decrease to a few centimetres, represented only by pebbles. Above occur
red clays, up to 8 m thick, but may thin away to zero. Good outcrops of the
Rhaetic are rare in the country.

Placing the Rhaetic in the Triassic, the Keuper then totals some 320 m.

Jurassic in Luxembourg begins with the Hettangian. Plastic or sandy
marls, becoming shaley towards the base, and alternating with limestones
containing echinoid débris and typified by Psiloceras planorbis form the
lowermost division. There follows the best-known and exploited stratigraphic
unit in the country, the Luxembourg Sandstone. This sandstone facies is
intercalated with marly and calcareous facies of the L. Liassic, so that its
stratigraphic position rises in going from SE to NW across the Gutland,
actually forming a large arenaceous lentil within the normal Liassic facies
which trends obliquely across stratigraphic and palaeontologic units and zones.
Schlotheimia angulata is the diagnostic fossil, hut Arietites bucklandi and
Pentacrinus cf. angulatus are characteristic in places. This compact, grey,
buff or beige sandstone, extensively quarried for its sand and building stone,
is the principal aquifer of the country, yielding some 27 million m3 water
annually, 65 million m3 water percolating down to the water table annually
over an area of exposure of 300 km2 or a total area of 493 km2if we include
areas covered by the impermeable marls lying above. The age of the sub-
surface waters varies between six and twelve months, hence constant renewal
so that the groundwater is well oxygenated, the physical, chemical and organic
nature is such as to render waters highly favourable for domestic consumption
(Barthel, 1969; Bintz, 1969)

The Sinemurian begins with the Strassen Marls and Limestones, dark,
shaley marls with intercalations of bluish limestones, having a great abundance
of Gryphaea arcuata. Two zones are recognized, those of Belemnites brevis
(acutus) and Arietites bucklandi. In general these beds form a very thin cover-
ing over the Luxembourg Sandstone, are usually missing in quarries and road
ditches. The U. Sinemurian (Lotharingian) is represented first by black, highly
shaley marls, grading upwards into yellowish marls with calcareous concre-
tions, poor throughout in fossils. There follows alternations of marls and
limestones, with the zonal ammonites Aegoceras dudressieri below and Opbhio-
ceras raricostatum (Arietites) above. Sinemurian totals some 45 m in thickness.

The appearance of the Pliensbachian is marked by greenish sandy marls
containing Waldheimia nurnismalis, followed by limestones with Deroceras
davoei (Davoeikalke). W of Cessange there occur only two thin concretionary
limestone zones Arietites raricostatum and Deroceras davoei — whilst at
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Kleinbettingen these zones are represented by sandy limestones and sandy-
shaley marls, marking the beginning of the marly-sandy facies further W in
Belgium. U. Pliensbachian (Domerian) is represented by foliated, concretion-
ary and septarian marls, known as the A maltheus margaritatus beds, up to
80 m thick, but only the septarian marls (calcaire lumachelle) show good out-
crops. Above lie grey marls passing westwards into calcareous sandstones
(Dippach Sandstone), with phosphatic nodules common towards the top.
The septarian marls identify the lower limit in the area of the marly facies.
Amaltheus spinatus (costatus) is the characteristic fossil. Pliensbachian totals
some 115 m in thickness.

The Toarcian begins with the Posidonomya bronni beds. The lower part
comprises extremely fissile bituminous shales, the Harpoceras falciferum beds,
followed by less fissile marls with large calcareous concretions, constituting
the Hildoceras bifrons beds, this fossil occurring only in the concretions. The
next unit comprises a very thin (max. 15 cm) dark, sandy marl containing
phosphate nodules, the Coeloceras crassum horizon, rich in general in ammonites.
Above come dark marls, striped with thin sandy laminae with abundant
Harpoceras striatulum. Though the ammonite Astarte voltzi is absent, these
beds are named the Astarte voltzi marls as this species is abundant in neigh-
bouring Lorraine. These marls pass upward through friable sandstones to
sands with large calcareous concretions and a thin limestone layer at the
summit. This is the Harpoceras striatulum Sandstone, which forms the boundary
corresponding in part to the “Gres supraliassique”. Then come shaley black
marls, in part similar to the Posidonomya bituminous shales. In the iron basins
of the SW, the marls become more sandy, difficult to distinguish from the
underlying marls. These black shales are termed the Harpoceras fallacio-
sum beds.

As with the Bliaetic, so too with the Aalenian its stratigraphic position
is open to debate. By some it is considered as topmost Liassic, by others,
basal Dogger, i.e. the boundary between Lower and Middle Jurassic is specula-
tive. In Luxembourg the Durnortieria beds were considered as Dogger Aalenian
by Lucius (1948), as Liassic Aalenian by Lucius in the Lexique stratigraphi-
gique international volume (1956) and Liassic Toarcian by the Service Géolo-
gique de Luxembourg (1966) (Table I1). The above beds comprise a lower unit
of sandy marls and sandstones containing Durnortieria levesquei amongst
other fossils, and an upper unit comprising sandstones with shale intercala-
tions towards the top, containing, amongst other fossils, Durnortieria pseudo-
radiosa. Above there occur reddish-yellowish limestones with Harpoceras
plicatellum and Harpoceras opalinum, followed by reddish limestones, conglo-
merates and sandstones containing Harpoceras murchisonae. Finally there
occurs above a thin layer of marly sands with Harpoceras concavum. All the
above Aalenian strata are represented in both the Esch and Differdange iron
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ore basins, with the exception of the Harpoceras murchisonae beds which are

lacking in the latter basin.
The Aalcnian of Luxembourg has a thickness of some 40 m or 70 m,

depending upon whether or not the Dumortieria beds are classed as Aalenian
or Toarcian. All these beds form what are known as the Oolitic Iron Ores,
Minette or Oolitisches Eisenerz (Table II).

Table 11

Aalenian Stratigraphy of Luxembourg

Lucius 1948 Lex. stratig. intern. 1956 Serv. Géol. Lux. 1966
Concavum Beds Ditto Ditto
o S
Murchisonae Beds Ditto > P Ditto
2 ©
o <
hjf 2 li Bed 3 2 Ditt Ditt
5 Opalinum Beds 3 2 itto itto
9 Pseudoradiosa
N Beds 9 . .
Ditto = = Ditto
§h 9

Levesquei Beds

Q

The Bajocian is represented by three principal units. Lowermost are
the Sowerby beds, beginning with micaceous marls with numerous small
phosphate concretions and a sandy limestone conglomerate with round and
flat limestone pebbles. Rare specimens of Sonninia sorverbyi are present. Over
this limestone occur similar rocks alternating with friable marls, the latter
disappearing towards the summit. These constitute the Sonninia Limestone
and the Ottanié Limestone. The next unitis a40 m thick bluish sandy limestone
with a thin clay bed at the top, known as the Haut-Pont Limestone, represent-
ing the zone Sphaeroceras sauzei and Sphaeroceras polyschides. The youngest
M. Bajocian strata are massive, white, detrital coralliferous limestones includ-
ing the zones Cadomites humphriesie below and Cadomites blagdeni above.

Within Luxembourg the Mesozoics have a thickness of some 1400 in,
outcropping over ca. 65% of the country.

Kainozoic

Of Palaeogene age are the pisolitie iron ores (Bohnerz) associated with
the minette basins in the SW. These were formed under dry, warm conditions
of Eocene times, giving rise to a lateritic-type formation up to 30 m thick.
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no ° < 2 3

Fig. 4. Tertiary iron ores of Luxembourg. 1. Re-worked limonitic ores (lake- bog-iron ores,
Post Miocene; 2. Primary limonitic ores. Miocene; 3. Pisolitic iron ores. M.-U. Eocene
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Limonitic iron ores, quartzites, lignitic quartzites, of Neogene age, occur
sporadically throughout the Gutland (Fig. 4), only a few metres or so thick.
These arc considered of Miocene age mostly.

Outwash products of the Pleistocene glaciation include loams, pebbly
loams, sands, gravels, pebbly conglomerates, slump deposits, talus accumula-
tions etc. Alluvium is restricted to valleys where it may attain thicknesses
of 7 8 m.

The Kainozoic probably totals some 55 60 m in thickness.

Tectonics and Geological Evolution

Three major tectonic features occur in the Oesling, all striking NE-SW-
Farthest N is the Bastogne anticline. Known as the Rocroi anticline further
W in Belgium, at Serpont it has a Cambrian core but as the feature continues
NE it plunges and successive Eodevonian come to form the core. Just W of
Luxembourg, L. Siegenian forms the core, but this plunges rapidly near the
frontier and only relatively small outcrops occur at Schimpach. No less the
M. Siegenian plunges rapidly, hence also small outcrops in the country, whilst
the U. Siegenian has the most extensive outcrops. In western Luxembourg,
M. Siegenian digitations form symmetric folds, becoming monoclinal to the
N. E of the Clerf valley tin; anticlinal structure dies out. The level or slightly
rolling plateaux have few outcrops, slump deposits occur in valleys, so that
detailed deciphering of structures is difficult.

To the S of the above is the Eifel syncline, known in Luxembourg as
the Wiltz Basin, the Neufchateau Basin in Belgium. Beginning at Nouzon
on the Meuse, the structure enters Luxembourg at Harlange, continues on
through Dasbourg to Prum in Germany. In the western Belgian extremity,
the structure is very pinched and highly dislocated, but broadens eastwards,
folding, though tight is more regular. In Belgium and Luxembourg only Eode-
vonian outcrops, but as the syncline plunges E. M. and U. Devonian occur
in the Eife!. In Luxembourg, Emsian forms the syncline, the Upper having
widest extent. W of the Clerf valley the axis rises, with several secondary
folds forming minor basins. This pronounced axial rise corresponds to an
acceleration in plunge resulting in the secondary foldings. Highly irregular
digitations of the borders of the main Basin are especially evident in the
configurations of the thin Bérié Quartzite outcrops, prominent on both sides
of the structure, and in the western sector in Luxembourg we also find long,
thin, secondary, tight symmetrical folds plunging to SW and NE, disturbed
by faulting. The variation in character, type and degree of foldings within
the Wiltz Basin reflect variable reactions at depth of older strata forming
the vicinal anticlinal structures.
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S of the Eifel structure lies the Givonne anticline, whose SE flank is
partially covered by Mesozoics. This major structure is marked by Cambrian
outcropping at Givonne in France, gradually plunging eastward and in the
neighbourhood of Prum, in the Eifel, the anticline is completely covered by
Mesozoics, but rises again eastwards, with Devonian outcropping in the
“Eifel Hauptsattel”. At the Belgian—Luxembourg border, the core is formed
of M. Siegenian, plunging rapidly so that the extent of outcrops is small.
In western Luxembourg the structure is strongly faulted. Proceeding NE, the
U. Siegenian outcrops across the country. The anticlinal axis is believed to
lie on the southern half, relatively close to outcropping Mesozoics, so that
the northern flanks are more extensive. In the W, the boundary of the U. Siege-
nian—L. Emsian is taken to mark the limits of the Wiltz and Givonne struc-
tures, whilstin the E, between the Sire and Blees valleys, the alternating out-
crops of these stratigraphic units are considered as belonging to the Givonne
anticline, and the more extensive development of L. Emsian in the northern
part between the above two valleys belongs to the Basin. In the Our valley,
the L. Emsian almost alone represents the Givonne structure. From W to
E, exposures of L. Emsian increase in the Givonne anticline, forming relatively
long, narrow outcrops lensing out westwards. Common throughout the struc-
ture are tight isoclinal foldings, symmetrical foldings. In the western sector
S-dipping strata arc more common; in the eastern sector, N-dipping beds at
high angles are more typical, whilst in the Our valley dips are more gentle
and symmetrically disposed. Faulting occurs in all three major structures.
Commonest are smaller transverse gravity faults cutting across the “noses”
of secondary folds, with general NW-SE strikes, downthrow to either the NE
or SW. Such faulting accentuates the irregular, digitated outline of these
folds. On the S flank of the Givonne anticline, in the eastern sector where
Mesozoics are involved, gravity faulting, with strikes more parallel to the
major structure are common, with downthrow to the S usually. In the western
sector of this structure two important faults, Aiglemont and Herbeumont,
enter from Belgium. The latter extends for some 75 km westwards into France,
and in Luxembourg thrust faulting brings M. Siegenian in contact with
U. Siegenian and the latter in contact with L. Emsian, faulting occurring on
the N flank of the Givonne anticline, partly on the S flank of the Wiltz Basin.
Between Perlé and Martelange, several splays of the thrust occur, resulting
in highly intricate structures. Another significant thrust occurs in the Wiltz
Basin. Between Grumelscheid and Drauffelt the N flank shows the Wiltz
Schist thrust northwards against the Bérié Quartzite, so that the former is
partially in abnormal contact with the L. Emsian.

The tectonic elements of the Hercynian foldings, forming “posthumous”
features related to Caledonian deformations, have had considerable influence
on sedimentation in the Oesling. The Eifel depression, running approx. N-S
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through the region, between the Ardennc and Eifel of prime significance in
the general sedimentation of Luxembourg, made itself manifest at the begin-
ning of the Devonian, when and where maximum sedimentation took place on
a sunken region already outlined in Cambro-Silurian times. The Givonne anti-
cline in the L. Emsian period acted as a shallow separating two different
facies. To the N, in the Oesling, the L. Emsian comprises quartz-phyllites and
quartzose sandstones; to the S, in the Hunsruck, are shales, schists and slates,
the last-mentioned of M.-U. Siegcnian age. In turn, the U. Emsian shows two
facies, to N and S of this shoal area, which also forms the southern limit of
the red shale facies of the M. Emsian. The Bastogne anticline indicates the
boundary of the U. Siegcnian facies, for N of this structure the sandy facies
of Bas-Bellain contrasts with the shaley facies of the rest of the Oesling. The
Eodevonian of the Oesling is characterized throughout by extensive schisto-
sity, here almost entirely of mechanical and not metamorphic origin. It repre-
sents an advanced consequence of the folding, the compression of rock material
in the direction of axial planes due to tangential pressures, cleavage planes
coinciding with axial fold trends. The inclination of foliation planes varies
but is most common between 60° and 80°, in direction usually parallel to the
bedding. Further, these L. Devonian Luxembourg strata have been subjected
to extensive jointing, generally disposed in N-S and E-W directions. Inclina-
tions vary from quasi-horizontal to vertical. In homogeneous rocks, joint
planes are smooth but very rough in heterogeneous ones. A certain degree of
movement along joints is indicated by striae in various directions. All litho-
logic types show jointing but the network is more dense as the rocks become
more granular, hence more developed in arenaceous rocks. Jointing developed
subsequent to folding.

Hercynian diastrophism resulted in only a moderate relief, intense
metamorphism and crystalline massifs are lacking as exposures, except in
the highest uplifted parts of the Ardenne where plutonic dykes and apophyses
occur, though crystallines presumably occur at great depth. Continental
conditions thereafter continued till the beginning of the Mesozoic. Pari passu
with the lowering of the mountains, detritals formed, rivers brought débris
to fill-up irregularities of the surface, carved away slopes and smoothed them,
so producing the post-Hercynian or pre-Triassic peneplain previously men-
tioned, a disaggregation surface where only very rarely fresh basement rocks
were exposed. Under arid, warm conditions, the red and brown beds of the
Permian Rotliegendes were formed, to be succeeded by the Zechstein trans-
gressive sea with its dolomitic limestones. As noted above, this Permian has
a thin development at some 700 m depth in the far S of Luxembourg. The
Zechstein marine invasion continued on through the Mesozoic, where in Luxem -
bourg the Triassic and Jurassic sediments were formed in the Gulf of Luxem -
bourg, penetrating NE across the country between the Ardenne and the
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Hunsruck. On the southern edge of the Oesling L. Triassic deposition in this
marine environment occurred, in angular discordant relations to the highly
disturbed Eodevonian below. During Triassic sedimentation, transgressions
as well as subsidence of the Gulf area a southern extension of the N-S
oriented Eifelian depression were characterized by abrupt movements
alternating with uprise of the base, so that the three Triassic series display
cyclical sedimentation in direct relation to epeirogenic movements experienced.
These scries are to be interpreted as evidences of physico-palaeogeographic
changes rather than biostratigraphic or biochronologic units. Liassic and
Dogger seas later penetrated into the Gulf, a NW-SE section across the Gulf
showing disposition of Mesozoics comparable to that in a SW plunging syn-
cline, though in reality the Gulf deepened in that direction. Facies distinctions
in the Jurassic are due to changes in the directions followed by transgressions,
manifest by modifications in the trends of littoral currents, as well as by the
degrees of epcirogenesis.

At the end of the Jurassic the seas regressed, and during the L. Creta-
ceous continental conditions prevailed. But in the Senonian a transgressive
sea once again penetrated eastwards from the Paris Basin, to infringe upon
the Ardenne and over part of Luxembourg, marking the last phase of marine
sedimentation, since when continentality has prevailed.

Compared to the intense deformations associated with the Hercynian
orogeny which affected the Oesling and of course the Palaeozoic substra-
tum at depth in the Gutland the Mesozoics experienced only distant echoes
of the Alpine orogeny, forming folds of large radius of curvature and faidting.
Again structures adopt the Yariscan trend, superimposed upon Hercynian
foldings at depth, which in turn were influenced by Caledonian structures,
with the result that the Palaeozoic and Mesozoic structural pictures are dupli-
cated, i.e. the Mesozoic foldings reflect the Palaeozoic foldings. Duplication
of course is not exact, for a pronounced unconformity separates the covering
sediments from the basement, nor can we say that the directional trends of
the sets of folds agree exactly, but there is overall similarity.

Extending SW-NE through the centre of the Gutland is the Weilerbach
syncline. This structure is more clearly developed E of the Alzette valley,
whilst W hereof its character is less well defined, but the occurrence of some
100 m of Luxembourg Sandstone in borings at Differdange and Longwy
indicate its presence extending beyond the frontiers towards the SW. This
structure is superposed on a Hercynian basin which outcrops in the Eifel,
with Eodevonian between Dauu and Gerolstein.

Likewise the Born anticline is superimposed upon a Hercynian anti-
cline, where in the Eifel U. Siegenian forms the core. In Luxembourg the Born
anticline has a core of Buntsandstein in the vicinity of Born on the lower
Slre. Towards the SW, it appears that this structure divides into several
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anticlines, all of which extend W of the Alzette — the Blascheid anticline to
the N, the Ernster anticline in the middle, the relatively long Sandweiler
anticline in the S, with the Luxembourg and Junglinster synclines in between.
Another major fold is the Middle Moselle anticline which curves through the
SE pait of the country, convex towards the NW. At Nachtum on the Moselle,
L. Muschelkalk forms the core; SW of here the Hauptmuschelkalk crops out
in the centre of the structure, whilst the high structural position of the Rhaetic
and Hettangian above the Trintange valley marks the location of this anticline.

Faulting of significant dimensions is much more evident in the Gutland.
The genesis of this fault network is inter-dependent with the Mesozoic fold-
ings, so that faults and folds mutually replace one another. Mesozoic deforma-
tions, both folds and faults but especially the latter, increase in number and
degree from NW to SE across the Gutland, the degree of fracturing increasing
as the Moselle Trough is approached. Faulting represents adaptation to fold-
ing brought about by the compression of rocks of little elasticity and lacking
thick sedimentary coverings. Initial tectonism created undulations of great
radius of curvature, but repeated movements, especially if of shock type, distor-
ted these rocks showing little elasticity or plasticity by means of fracturing.

Like the folds, the faults in the Mesozoics have a Variscan trend in
relation to the major folds or then a Rhenic trend (NNE-SSW) in relation to
the transverse Eifel depression. This latter trend characterizes the faulting
in the Moselle region, changing to NE-SW further westwards. No thrusting
occurs in the Mesozoics. The larger faults all show a tendency to be down-
throw on the SE side, butin the Sire Moselle corner especially, many smaller
faults create graben and bursts. This Moselle faulting marks the approximate
boundary of the Hunsruck massif and the transverse Eifel depression, in
genetic relation with the progressive sinking of this depression. Considerable
faulting, affecting both the L. Emsian and the Buntsandstein is found N of
Diekirch between the Sdre and Our valleys. It is to be noted that many faults
in the Gutland also affect the thin Tertiary occurrences, even Pliocene, testi-
fying to the relatively young age for the fault network.

As already commented, beginning in the late Pliocene, uplift of the
entire Luxembourg region occurred, more pronounced in the Oesling than
the Gutland. There thus developed a pronounced warp or flexure the Oeslin-
ger Randverbiegung marked by the overlapping of the Buntsandstein on
to the Eodevonian.

Economic Geology
Unquestionably the most renumerative natural mineral resources of
Luxembourg have been the iron deposits. A considerable literature has devel-

oped on this subject, of which the more recent ones of Lucius (1945, 1952)
are of prime importance.
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The iron oxide ores occur as Aalenian ooliths and Tertiary concretions.
The former are comprised essentially of more or less hydrated ferric oxide
with which are associated chlorites, siderite, more rarely magnetite and hema-
tite. Concretions comprise only hydrated ferric oxide. Goethite the principal
ferric mineral of the Lorraine—Luxembourg iron deposits.

Tenors in Fe in the various stratigraphic units vary from 2.6 3.6%
L. Devonian; 1.5—2.8%, Triassic; 1 -25% , Jurassic. The U. Domerian (Arnal-
theus spinatus heds) have the highest tenors, the U. Sinemurian (Lotharingian)
the lowest tenors, whilst the M. and U. Keuper have the widest extents 624
km2 - as also the greatest thicknesses - 150 m. The average Fe tenor for
all rocks except the Aalenian is 2.8% throughout an area of 2484 km2 Down
to a depth of 20 m over this area there is a total of 2800 million metric tons
iron. The iron basins of the SW had an initial extent of some 82 km2 but
this has been reduced to about half today.

The ores which have brought heavy industry to the country are located
in the Esch and Differdange basins, with thicknesses of up to 50 m in the
former, up to 30 m in the latter, the basins being separated by a fault. The
ores occur in two stratigraphic horizons, the L. Aalenian siliceous horizon
and the U. Aalenian calcareous horizon (Table 111).

The iron ore deposits are classified as alluvial ores and minette, the
latter word signifying “little mine” as in early days it was thought that the
oolitic iron ores were inferior to the Tertiary ones. The former comprise Ter-
tiary concretions and actually formed the basis of the iron industry of the
country before 1860. The minette forms the basis of present industry though
this is now largely supplied by imported ore. The minette is classified on
the basis of its accessories into siliceous and calcareous, a distinction of metal-
lurgical importance. Phosphorous is always typical in the minette, the limo-
nitic meadow or lake-bog iron ores (“minerai de fer des prés”, “Raseneisen-
erz”) being a phosphatic deposit where P ,05 varies between 0.5 and 3.5%.
On a practical basis, the deposits are classified into pisolitic deposits (“ Bohn-
erz”; “minerai en forme de feves”), high tenor ores occurring as concretions
or crusts, formed of Fe in argillaceous residues of the Dogger-Lias limestones
in a dry Eocene climatic environment. The other group comprises the
“Wascherz”, “minerai lavé”, “minerai de fer des prés” or low tenor ores,
concentrated as nodules and concretionary crusts of Fe contained in sandy
clay deposits of the Miocene, precipitation occurring in a warm, humid climate.
The third group is the Aalenian oolitic deposits or minette, comprising siliceous
and calcareous varieties.

The oolitic minette results from the aggregation and cementation of
oolites and clastic material. On a genetic basis, four types can be recognized,
which result from: (a) chemical action whereby oolites and cement or then
only cement is formed in situ whilst the oolites arc formed elsewhere and have
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Table 111

Aalenian Stratigraphy in the Iron Basins of Luxembourg
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been transported thither; (b) mechanical action, whereby the oolites and
clastic material have been transported and concentrated. Of the four types,
those in which the oolites are alien to the milieu where now occurring are
dominant. These oolites, along with clastic material, were transported via
currents and consolidated hy cementation, either of ferruginous or calcareous
nature. In beds I, Il and Ill, and as traces in beds 1 and 2 (vide Table) chlorites
and siderite are present in the ferruginous cement. Oolites are more strongly
hematized than the cement, having undergone oxidation during transportation.
The calcareous types are lacking in chlorites and siderite, typical of beds 3.
In rising stratigraphically, hematization increases, due to longer period of
exposure to exterior agents favouring oxidation. The oolites form through
chemical precipitation in a littoral milieu, being oxidized in the process of
current transportation, the clastic debris of oolites and quartz also showing
advanced oxidation, cementation taking place in situ.

The Esch-Differdange iron basins are separated by the Audun-le-Tiche
fault, with a downthrow to the SE of 125 m. One or two smaller faults as well
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as folds have the same NE-SW orientation (Figs 2, 3). The siliceous horizon
is well developed throughout the Differdange hasin and in the western part
of the Esch basin, the calcareous horizon elsewhere in the latter.

During the L. Aalenian, tectonic conditions were the same in both basins,
hut in the Upper period, a distinct change occurred, with the formation of
the calcareous horizon, the Audim fault outlining this distinction. Tectonism
resulted in the marine currents not only changing directions but also energy
changes took place so that the siliceous horizon formed in a uniform, quiet
environment, whereas in the calcareous horizon, the oolites were entirely or
then strongly hematized, are associated with much detritus and the influence
of the submarine relief and current velocity variations became marked.
Uplift of the two basins caused a change in configuration, depth, sedimenta-
tion and mineralization: in the Esch basin the calcareous horizons expanded
whilst in the Dilferdange basin sedimentation ceased.

The minette represents a sedimentary cycle, weathering taking place
under particular climatic, tectonic and topographic conditions on land adja-
cent to the Uorraine Aalenian sea. In a warm climate, the abundant rains
accomplished much erosion, iron was dissolved by surface waters and arrived
in the shallow vicinal sea where it was precipitated in littoral or suhlittoral
regions as oolites. In the deeper iron horizons, chlorites and siderite always
arc present along with hematite, the former precipitating simultaneously
without filtration, the latter resulting from the oxidation of chlorites or siderite
as well as by direct precipitation, for in the upper calcareous horizons, no trace
of chlorites-siderite is seen in the oolites, and further, substitution of a ferru-
ginous oolite by a calcareous one has never been observed. The oxidation of
the iron salts results from exterior causes, the degree of oxidation depending
upon the duration of such and its intensity. In the siliceous horizons, chlorites-
siderite decrease upwards, with only traces in the calcareous horizons. Oxida-
tion is directly related to tectonism and the energy of currents which increase
the degree of aeration. The lower siliceous horizons were formed in a quieter
environment than the upper calcareous horizons, these two horizon types
representing extremes of environmental deposition, with cementation occurring
after precipitation of the iron solutions in the basins.

The nuclei of the oolites in the calcareous horizons are formed of quartz,
organic débris, fragments of envelopes of broken oolites and pieces of pre-
existing minerals, whilst in the siliceous horizons, the constitution of the
minette is more complex (Table 1V, V).

The Lorraine Luxembourg iron deposits are hut a special case of the
iron oolite facies so extensively developed in the L. Dogger (or U. Liassic)
of Central and Western Europe, associated with particular tectonic conditions
and palaeogeography. Thus the facies is found in the vicinity of emerged
massifs in shallow seas, e.g. Swabia, Franconia, Bohemia, Massif Central,
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Table IV

Chemical Analyses of Thirteen Samples of Pisolitic Iron Ores.
(Adapted from L uciuns, 1948)

Total SiOo 14.00 63.12%
Al20 3 0.00 -22.00%
CaO Tr  2.04%
MgO Tr 1.17%
P/L Tr- 057%
Fe 9.77-56.50%
Mu Tr 0.24%
S Tr 0.04%
Heat loss 458 12.25%
Insol. resid. 14.72 - 66.85%
Table V

Chemical Analyses of Thirty-two Samples of Limonitic Bog-iron Ores.
(Adapted from Lucius, 1948)

Total Si02 3.20 43.87%
ALO., 0.70 13.96%
CaO 0.00 4.90

MgO 0.00- 0.45%
PJL 0.55- 2.60%
Fe 29.20-56.00%
Mn 0.00 0.45%
S 0.00 0.17%
Heat loss 7.70 12.12%
Insol. resid. 3.48-44.98%

Ardenne. Deposition of this Jurassic oolitic iron is related to the general
geology and local tectonic states of the regions in question, so that necessary
concentrations took place only under prescribed circumstances. Yet the
vastness of such sedimentary ores even in the Lorraine region estimated
at over 5000 million metric tons surely implies that purely local conditions
were not the sole causal reasons. These iron deposits occur at the passage from
Liassic to Dogger, in epicontinental seas close to emerged massifs which were
undergoing weathering by copious rains in warm climatic environments.
Concentration and distribution of the ferruginous oolites were controlled
probably chiefly by local tectonic activity, topography of the shallow sea
floor, direction and force of marine currents.
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The distribution of the Tertiary iron ores, no longer of industrial import
but geologically interesting, are shown in Fig. 4.

Extraction of iron deposits from the mining basins during the years
shows the influence of wars, occupations, economic depressions, etc. From
1868 to 1975 this has varied from 720.000 metric tons in 1868 to 7.76 million
tons in 1937 to 10.3 million tons in 1975. On the other hand the production of
crude pig-cast iron and steel amounted to 4.8 mill, tons, 1974, and 3.5 mill,
tons iron in 1975 and 4.2 mill, tons steel in the last year. The Luxembourg
iron-steel industry depends to the extent of some 73% of its iron from Lorraine,
ca. 4% from Sweden and Brazil. All but a microscopic amount of finished
iron-steel is exported.

In the Oesling (Lucius, 1948, 1950) copper ore occurs at Stolzembourg
in the shales and quartz-sandstones of the L. Emsian, containing up to 18% Cu.
These deposits began to be exploited in 1755 and continued up until World
War Il when all was destroyed during the Ardenne offensive of 1944 45.
Antimonite occurs in compact U. Siegenian shales at Goesdorf, worked from
1745 to 1938. Galena was exploited at Oberwampach between 1826 and 1939,
from S. Siegenian sandstones and sandy shales. An aeromagnetic survey of
the country recently showed strong anomalies in this region and across into
Belgium where galena is presently exploited. So far field checks in the Luxem-
bourg area have not been made.

Iron excepted, exploitation of the above metallics was never of great
economic significance, but the geological interest of such remains. Of the non-
metallics, gypsum has been of greatest economic importance.

Of various mineral-thermal springs, those of two localities only are
worthy of mention. At Mondorf-les-Bains, during 1841 1846 a 730 m deep
boring was put down to the Eodevonian, and for a quarter of a century,
was the deepest bore-hole in the world. In the U. Buntsandstein at depths
of 460 m and 502 m waters were encountered flowing at the rate of 872 m3
per 24 hours. In 1913 another boring (Adelheidquelle), some 100 m N of the
first, was put down to 589 m into the Vosges Sandstone, mineral waters being
encountered between 464 m and 580 m. These waters have temperatures
varying between 19° and 25 °C, and contain approx. 15 gr salts per kgm water
of which 9 gr per kgm water are sodium chloride (Table VI). In neighbouring
Lorraine several thermal-mineral springs occur in the Buntsandstein, some
with temperatures as high as 39 °C. The springs at Mondorf-les-Bains have
been commercially developed as a health resort, parks, hotels, casino, etc.
as well as the bottling and distributing of the mineral waters.

Then in 1959 the carbonated mineral water springs at Rosport were
put into commercial production, the only gaseous spring in Luxembourg.
A 67 m deep boring into the Voltzia Sandstone encountered carbon dioxide
emanating at 20 m, with 1300 cm3 gas per litre water, 1520 cm3 gas at 36 m.
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Table VI

Chemical Analysis (in gr.) of Mineral Waters, Mondorf-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
Manganous carbonate Tr
Ferrous phosphate Ti
Calcium arsenate .001
Metasilicic acid .015
Silicon dioxide Tr
Total 15.448

The gas exerts a pressure of 1.3 atmospheres, 4.2 m3water delivered per hour,
with 2650 cm3 gas per litre water below 36 m depth. Samplings show 2.99 gr.
CO02per kg water, and is to be classed as dull-alkaline carbonated water, like
those of Gerolstein, Daun, Apolinarisbrunnen, etc. Since the above date,
the “Source de Rosport” has been developed, a bottling plant built. There
are numerous carbonated springs in the Eifel, the gas originating in deep
basaltic magma chambers which gave rise to basaltic lavas, with extensive
faulting in the Rosport region, so providing channelways from depth to surface.

Conclusion

With its small area, the geology of Luxembourg represents but a regional
part of Ardenne, Lorraine and Eifel geology, the geological features of these
three areas occurring within the country.

Fortunately in geology it is not size of a region or country that stimulates
scientific interest. The somewhat jingoistic contention that on a per capita
basis, Luxembourg is the greatest steel producer in the world might impress
Chambers of Commerce, but makes little impact on the geological fraternity.
The sober reporting of the essential geological features which can he integrated
with neighbouring countries is the sole aim intended here.
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OB30P TEOro/iun TEPPUTOPUW BEJNINKOIO TEPUOICTBA JIKOKCEMBYPIT

PAYNn C. MUTHYHEN-TOM3

Pesome

TeppuTopus JlloKceMBypra COCTOMT M3 fIBYX PaiioHOB, OT/IMYAOLLMXCS MO reosoro-reo-
MOpOIOrMYecKoMy CTPOEHUIO. Ha ceBepe HaxoAnTcs paiioH SCAUHT, CNOXEHHBIA CUMBbHO CKaf-
yaTbIM1 NaNEe030MCKMMIN OTIOXKEHWSAMM C OBLLIMPHBIMU MAATO U TYBOKAMU, Y3KAMU, N3BUIUCTHIMY
JO/MHaMK; 3Tu (hopMbl penbedpa 06YCNOBMEHbI (HOPMUPOBAHUEM B HOC/IEBApPUCCKOE BPEMs Mne-
HerneHa, NPUNOAHSATOrO B MO3HEHEOreHOBOE BPeMs. Ha tore pacrnonoxeH paiioH MyTnaHaa, rae
LUIMPOKO PacnpocTpaHeHHbIe Me3olIckue 06pa3oBaHUs MOBAUSANN Ha OPMUPOBaHUE pa3HO0bpas-
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HON Tonorpadu — OTKPbITbIX WU 60Mee MOMOABIX AONVH; 30eCb PaspblBHble HapyLIEHWUs ABMfA-
toTcA 60nee BblpaXeHHbIMK Ha Mopdonorun penbeda. BnaguHa SCMHT 06pasyeT rpaHuLy Mex-
fy 06eMmn egvHMLAMK, B Heé HanpasfieHbl BCe BOAOTOKM 06OMX palioHOB, MpU4YeM CTOK OCy-
LLeCTB/IAETCA B BOCTOYHOM Harpas/IEHUMN.

[JlofeBoHCKMe, TpracoBble, fleliacoBble W [OFTepCKMe OT/IOKEHUA LUMPOKO pasBUTbl B
KOPEHHOM 3afieraHnm; TPeTUYHbIE OTMI0XKEHWS, OfHaKO, NMPefcTaBieHbl B BECbMa OrpaHN4eHHOw
mepe. Tonwa ynoMsHyTbIX OTOXEHWIA JOCTUraeT MOLYHOCTM 0Kono 4300 m.

TeKTOHNYEeCKMe CTPYKTYpbl MPUYypoUeHbl B 06LLE CA0XHOCTU K Bapucckum (CB—O3)
NN PerlHCKUM HanpasneHusam npoctupaHus (CCB—HOKO3), 06ycnoBneHHbIM KaneAoHCKUMM
N BapUCCKUMMN [BVKEHUAMU, COOTBETCTBEHHO. KpynHble CKNaAKW ABAATCA MWL YaCTAMM
CTPYKTYp, MpoCnexusatownxca B HanpasneHun Benrun wunm [epMaHuMKn, COOTBETCTBEHHO.
Mpubnmxasack K genpeccun Moses, Me3030/CK1Ee OTNI0KEHWS B 3HAYUTENbHO Mepe HapyLUeHbl,
NpUYemM paspbiBHbIE [BUKEHUA OCTAlOTCA aKTUBHLIMU [aXKe B YETBEPTUYHOE BPEMS.

Ha 06ase MecTOpOXAeHWIA Xene3HoM pyabl Ha lOro-3anage pasBMBanacb YepHas MmeTasn-
nyprua. B HacTosllee BpeMs OCYLLECTBAAeTCA pa3paboTKa TOMbKO NWLb Py TUMA «MAHETT»
(aaneHckunin apyc), xoTa pa3paboTKa 3TUX TPYTUYHbLIX PYAHbIX Te/l CKOpOo NpUBEAET K MCTOLLe-
HUIO NPOMBbILLEHHBIX 3aNacoB Cbipbs. MNpuMepHo 80% noTpe6HOCTEN CTpaHbl B XXene3e A0/MKHbI
6bITb 06ecneyeHbl VMMOPTOM XXENe3HOW pyapbl.
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OUTLINES OF THE HYDRODYNAMICS AND
HYDROCHEMISTRY OF THE PANNONIAN BASIN

By
M. Erdeétyi

RESEARCH INSTITUTE FOR WATER RESOURCES MANAGEMENT. BUDAPEST

The regional flow-region of the basin is recharged by the groundwater of the
mountains around and inside the basin (Figs 1 and 3). The intermediate flow-regions
of the sub-basins are recharged from the mountains as well as from topographic highs
inside the basin (Figs 1, 3, ¢ and 7).

The potential distribution shows the hydrodynamic characteristics. Areas of
strong positive vertical gradients coincide with the portions of cross-sections where
the equipotential lines are parallel to major geologic features. This is an indication of
stagnant deep groundwater. Other proofs of stagnant deep groundwater are the 85 m
island-like contourline and very low horizontal gradients in the deep depressions
(Fig. 2). The deep-lying undrained flats are the main natural discharges of the plains
Fig- 2).
(Fig )Highly permeable formations serve as deep recharge belts indicated by bulging
equipotential lines (Fig. 7) or by vertical equipotential lines showing the hydrostatic
conditions (Fig. 5).

The hydrodynamics of flow-regions is in harmony with hydrochemistry and
geothermics. A flow-region represents a thermal circulation system being in equi-
librium under natural conditions. The equilibrium is produced by the descending cold
bicarbonate water of the recharge area and by the ascending warmer salty water.
In the same depth in the flow-region the descending limb shows lower water temperature,
lower salinity and higher total hardness, whereas the ascending limb is of opposite
characteristics and often contains gaseous water.

Existence of large and deep groundwater flow-regions requires con-
siderable energy potential, precipitation, and extensive deep-reaching per-
meable formations outcropping over large areas.

The surface configuration of the Pannonian Basin provides for the
required differences in elevation necessary to energy potentials to maintain
deep flow-systems.

Precipitations over 500 millimetres/year and outcrops of thick and
highly pervious formations are rendering possible the continuity of the flow-
system.*

The deep groundwater flow-system of the Pannonian Basin is a conse-
quence of elevation differences in the surface configuration as well as the
lithology of the rocks there.

*The basic work on the theoretical principles of a groundwater flow-system was
written by Hdabbert in 1940.

A major advance started when Téth presented his computer-developed models.

Studies on groundwater flow carried out in the last fifteen years cleared the essentials

of the hydrodynamics of regional flow-systems (Brown, Farvolden, Freeze and
Witherspoon, Le Breton and Jones, Maxey. Meyboom, Winograd, etc.).
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The character of a flow-region is shown by (a) the pressure conditions,
(b) chemical composition of groundwater, (c) geothermic anomalies, and
(d) natural isotopes.

In a multi-layer artesian flow-system there are two kinds of vertical
pressure patterns:

1. Pressure due to differences in energy potential within the same forma-
tion shows a more or less uniform increase with depth.

A uniform increase is not always found when pressures are measured in
different aquifers. Where the energy potential increases with depth there is
an upward movement of water through poorly permeable confining strata.

2. There are extensive areas where pressure in the same borehole is less
in a deeper than in a shallower aquifer. The downward increase of pressure is
less than hydrostatic.

The decline in pressure with depth shows that an aquifer is recharged
by a downward seepage of water through the overlying poorly permeable con-
fining bed. Since energy is used in this movement, energy potential decreases
with depth. The resistance to flow of the rocks should be duly considered with
regard to depth and extension of the flow-systems.

A downward decline in pressure occurs when the deeper-situated aquifer
is much more permeable than the higher-situated one.

A further explanation may be that a lower water-bearing stratum is
sealed off by an unconformable formation. It is a possibility too, that the
recharge area of the deeper-situated aquifer is less elevated than that of the
shallower one.

Short Description of the Lithology
and Geometry of the Pannonian Basin

The Pannonian Basin is a large and non-uniform flow-system and struc-
turally adeep depression formed mainly during the late Tertiary and Quaternary
(Fig- 1)

a) The Paleozoic basement consists of crystalline rocks.

b) Karstic Mezozoic limestones and dolomites occupv large areas
around and inside the basin and constitute an important factor of the hydro-
geology of the entire region.

c¢) Both basement complexes, the Paleozoic and the early Mezozoic
(Triassic - Early Jurassic) are overlain by diverse overburden formations:

1. Deposits of excellent permeability: post-Liassie hard fractured Mezo-
zoic limestones, Eocene nummulitic limestones and Miocene limestones.

2. Medium to poorly permeable deposits: thick sandy marine sequences
of the Upper Oligocene, and Lower and Middle Miocene (Schlier); Lower Eocene

Ada Geologica Academiae Scientiarum Hungaricae 20, 1976



HYDRODYNAMICS OF THE PANNONIAN BASIN 289

and Middle Miocene continental and littoral deposits, and coal measures.
Sandstones and flysch deposits of great variety exposed only in the moun-
tains outside the central hasin; continental, deltaic and littoral beds of the
Pliocene outside the central depression in the smaller intermontane basins.

3. The Tertiary volcanics mostly Middle and Upper Miocene of age
are of different permeability owing to vertically alternating lava flows and
tuffaceous beds as well as tectonic dislocations.

4. Impermeable formations: a thick sequence of post-Middle Liassic
Mezozoic, marine formations Upper Cretaceous continental clays, thick Upper
Eocene and Middle Oligocene marine clays.

The hydrogeologic boundary of the Pannonian Basin runs along the
surface divide connecting river gaps cut into impermeable bedrock (Fig. 1)
where there is no underflow, consequently the total amount of water entering
and leaving the central basin through the gaps is surface water and can there-
fore be assessed there by river discharge measurements that are necessary for
estimating the total water balance of the basin.

The boundary of the central basin runs along the surficial contact be-
tween the Pliocene deposits and older formations (Fig. 1). This is a natural
boundary showing marked differences in hydraulic conditions, in topography
and in paleogeography. The central depression was formed by rapid subsidences
during the Pliocene and Quaternary. This boundary, almost everywhere, is
also a zone of deep marginal faults. The basin fill thickens considerably,
sometimes within very short distances, away from the bounding fault zones.
The young geologic age is very well shown bv the fact that the crystalline
basement well inside the basin is covered over larger areas by deposits not
older than the Upper Pannonian (Pliocene).

The central basin can be divided into two structural storeys. The upper
one consists of surficial Pliocene deposits with or without a thin Quaternary
cover. The lower storey is the area of Quaternary subsidence (Fig. 1).

Hydrodynamics of the Pannonian Basin

Research on the hydrodynamic conditions of the Hungarian Basin has
been started comparatively early. Results of the investigations carried out
in the 1950’s were published in 1962 (Almassy in Schmidt: Hydrogeological
Atlas of Hungary).

The piezometric contour map (Fig. 2) shows the original undisturbed
pressures (pressures unaffected by withdrawal).

Plotting the piezometric contour map and the evaluation of head meas-
urements for the calculation of vertical hydrodynamic gradients have been
permitted by favourable circumstances:
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Fig. 1. Hydrodynamic and hydrogeological map of the Pannonian Basin (Erdeétyi, 1973). Recharge areas: 1. Crystalline rocks; 2. Karstic
rocks; 3. Volcanics (Neogene); 4. Recharge area. Sedimentary deposits: Eocene, Oligocéne and Miocene; 5. Recharge area. Sedimentary
deposits: Pliocene and Quaternary; e.Discharge area: 7. Large karstic springs; s. Zero hydraulic gradient at 400-600 m depth below ground;
9. Area of gaseous wells prior to hydrocarbon prospecting (depth of wells less than 100 m); 10. The same but depth between 100 and 400 metres;
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Fig. 2. Piezometric contours at depth of 150 to 400 metres below ground (Erdétyi, 1972). 1—4. Piezometric contours:
5. Boundaries of the hills; 6. Highly permeable soils (dune sand, loessy sand and sandy loess over 85 per cent of the area shown;
7. Undrained and poorly drained land
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1. The number of drilled wells of known aquifer depth with elevations
obtained by geodetic survey was about 8200 at the end of 1970.

2. Packer-tests were performed in hundreds of boreholes traversing two
or more aquifers.

3. A great number of bored wells close to each other tap different
aquifers.

The vertical hydrodynamic gradients were calculated from pressure
heads of consecutive deeper aquifers not separated by impermeable or poorly
permeable strata.

Figs 1 and 6 show the intake and discharge areas of the intermediate
and regional flow-systems. Fig. 3 shows the flow-system diagram of the Great
Hungarian Plain.

Fig. 3. Diagrammatic flow-pattern of the Great Hungarian Plain (Erdélyi, 1972). 1. Crystal-
line basement; 2. Mezozoic limestone; 3. Miocene volcanics; 4. Miocene deposits; 5. Lower
Pannonian (Pliocene); impermeable, poorly permeable; s. Upper Pannonian (Pliocene),
permeable, poorly permeable; 7. Upper Pliocene, poorly permeable; s. Upper Pliocene, highly
permeable; 9. Quaternary in general; 10. Dune sand, loessy sand; 11. Silt, clay, soda soils;
12. Loess, sandy loess; 13. Fresh-water and brine interface; 14. Recharge; 13. Discharge area

1. Unconfined Water of Mountains and Hills

The mountains and hills around and inside the basin are characterized
by an unconfined water table. The water table of the crystalline basement
follows the topography. The karstic water table of the carbonate basement
is a deep-situated regional water table which becomes confined only when
carrying a considerable overburden.
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The downward-decreasing pressure pattern in the mountains depends
on the primary and secondary porosity of the rocks. Bordering lowlands and
river valleys are the natural discharge areas of the mountains.

2. Areas with a Decreasing Energy Potential Inside the Basin

There are topographically distinct places of the central basin where the
downward increase pressure is less than hydrostatic to great depths, mostly
down to the neutral pressure zone separating the intermediate flow-regions
from the regional one.

a) A comparatively narrow belt, more or less parallel to the foot of
the mountains (Fig. 1). In this zone the shallower artesian aquifers are exposed
to the surface and recharged by the unconfined groundwater of the outcrop area.

Deeper confined beds, however, are not recharged directly, but partly
through the fractured karstic and volcanic rocks of the mountains bordering
the basin (Figs 1 and 3). This is in example of a hydrodynamic short-circuit.

b) Low undulating terrains and higher hills made up of Pliocene deposits
of continental, deltaic, littoral and lagoon origin. They are exposed over large
areas and in small outcrops in Transdanubia and along the boundary of the
Great Plain or capped only by thin Quaternary sands, sanddunes, loess and
sandy loess of various thickness (5—55 m).

c) Areas of low undulating topography in the southern pait of Trans-
danubia between Lake Balaton and the river Drave underlain by a Quaternary
alluvial sequence of a thickness between 20 and 160 in.

d) In the Hungarian Basin the most important areas where the energy
potential is declining with depth are the topographic highs inside the central
basin. These areas are underlain by thick Pleistocene alluvial deposits and
covered in more than 80 per cent by dune sand, thin loessy sand and sandy
loess, all highly permeable.

Packer-tests carried out in pilot boreholes in areas with declining
potential showed that a deeper-situated coarse-grained or cavernous carbonate
aquifer has a much lower head than expected.

The unfavourable drainage conditions may partly be due to a tectonic
process (subsidence) also affecting other areas with high sand percentage.
Possibly the major factor accounting for the unfavourable drainage conditions
has been the highly different rate of compaction between the areas of low
and high sand percentage with the same amount of subsidence.

The sand percentage was calculated from the total thickness of the
clean sand and gravel beds of an individual thickness over 1,5 m.

The actual sand percentage is higher than that shown on the profiles
because not only the sand-layers less than 1,5 m of thickness but also silty and
clayey sand (“dirty sands”), are not included.
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3. Areas with an Energy Potential Increasing with Depth

The deepest parts of the Pannonian Basin are typical areas of artesian
flow (Fig. 1), where the downward increase of pressure is more than hydrostatic.

Vertical distribution of the potential

The vertical gradients were calculated from heads measured before
intensive withdrawal had begun.

Fig. 4 shows the approximate vertical change of pressure between 100
and 400 m depth below ground.

The 400 m depth is a practical limit, because:

1. Down to about 400 m depth the change in water density is negligible.

2. Depth of the intermediate flow-regions exceeds only exceptionally
400 m below ground.

3. Scarcity and areally uneven distribution of artesian head measure-
ments in wells deeper than 400 metres.

The calculation of vertical gradients out of head measurements in wells
over 400 m of aquifer depth would have distorted the picture owing to the
following geophysical conditions of the basin:

1. The average geothermal gradient of the Pannonian Basin is 0.055°
centigrade, two and a half times higher than that of areas around it.

2. The geothermal gradient varies greatly within short distances.

3. Occurrences of gaseous artesian water over large areas of the Great
Plain (Fig. 1).

4. Abrupt changes in the gas content of the water within short distances.

Conclusions Drawn from Potential Distribution

1. The areal distribution of strong positive hydrodynamic gradients
(Fig. 4) coincides broadly with those portions of the cross-sections where the
equipotential lines are parallel to major geologic features. The most striking
one of this kind is the base of the Quaternary formation. Where the ground-
w ater is stagnant the upward-moving amount of water is equal to the amount
of water pressed out due to the compaction. Water pressed out is moving
upward either locally along tectonic disturhancies or regionally by very low-
velocity seepage through the confining strata. It may be objected here that
the seepage velocity parallel to the bedding is many times higher than that
perpendicular to the layer. It is true but large amounts of water must have
moved upward considering the long time that has elapsed since surface and
subsurface geometry and lithology of the Pannonian Basin have become very
similar to the present-day pattern.
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Fig. 4. Map of the vertical hydraulic gradients, Great Hungarian Plain, referring to aquifer

depths between 100 and 400 metres below land-surface (Erdéltyi, 1973). 1. Boundary of the

hills; 2. Boundary of the Great Plain; 3. Negative vertical gradients; 4. Area of low near-
surface vertical gradients; 5. Positive vertical gradients; 6. Neutral pressure gradient

The existence of stagnant deep groundwater is also indicated by portions
of the piezometric contour map (Fig. 2). The “island” of the 85 m contour line
east ofthe Tisza river is an evidence in itself. Another proofis the 10 m difference
in potential between the contours of 95 and 95 in over a distance of 150 kin
along the middle stretch of the river Tisza. This drop in potential is equivalent
to a 0.0007 horizontal hydrodynamic gradient.

2. Low vertical gradients indicate a high seepage velocity. An extreme
case is the almost hydrostatic pressure distribution within the thick gravel
of the Danube river in the Little Plain (Fig. 5).

3. Equipotential lines indicate the small role of the rivers in the natural
discharge of the basin. The main natural discharge of the plains are not made
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Fig. 5. Hydrodynamic cross-section along the Danube, Little Hungarian Plain. 1. Quaternary
gravel; 2. Pliocene; 3. Kxploratory borehole and equipotential contour

by the rivers, they are the large deep-lying undrained or poorly drained flats,
(Fig. 2) covered by fine-grained deposits.

4. A cross-section shows how the recharge part of an intermediate flotv-
region is “floating” on the thermal water-bearing regional flow-region (Fig.
3 and 6).

5. A belt of near-surface negative vertical pressure gradients inside a
region of positive gradients coincide always with an area where:

a) The shallow groundwater-bearing sand is cropping out in long strips
and in patches from under the poorly permeable or impermeable soils. The
phreatic water infiltrates through the sand outcrops into the aquifer and
dilutes the upward-moving water. The consequence is a dynamic equilibrium
between upward- and downward-moving parts of the flow-region causing a
weakening of the artesian-bound trend, eventually changing the positive
gradient into a weak negative one in the upper portion of the section (Fig. 7).

b) The river bed has cut through the impermeable surface layer and is
draining and recharging the subsurface water-bearing beds underlying the
impermeable cover. The river drain intercepts the upward-moving highly
saline water.

Chemical Aspects of Groundwater Flow-regions
and Tracing the Path of the Subsurface Water by Means of Chemistry

Szadeczky-Kardoss started investigations into the origin and nature of
deep brines in the Pannonian Basin.

The formation water of most sedimentary areas increases in mineral
concentration with depth excepting the shallow groundwater.

An important source of salinity may he deep brines ascending along
faidts or other “weak” zones or through an upward seepage of low velocity
in the deep depressions.
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The high percentage of fine-grained deposits, the general low-angle dip
or horizontal bedding of the strata, consequently, low seepage velocity and
time for a high rate of dissolution, furthermore the low topography, the
comparatively large area covered by impermeable soils, and the continuous
upward movement of deep groundwater, are factors that may account for
the high salinity of the water of all horizons in most of the sub-basins.

Hydrodynamic conditions of the groundwater flow-regions are in com-
plete accord with the hydrochemical concept. Precipitation water enters the
soil of the topographic highs, recharge areas of the groundwater flow-regions”
The bicarbonate type water moves down and away from the recharge areas
(Figs 6 and 7). A zone of dynamic chemical equilibrium has been formed be-
tween the downward-moving colder bicarbonate water and the warmer salt
water ascending from greater depths (Figs 6, 7 and 8). The result of the
mixing of the two kinds of water is an intermediate sort of water in the
transition zone with lower hardness and higher salinity (Fig. 7). The depth,
shape and thickness of the transition zone is a result of many factors: geo-
metry of the layers, lithology of deposits, topography and the infiltration
capacity of soils, and climatic conditions.

Fresh-water isunderstood here to he a water containing a total of dissolved
solids not exceeding 1000 1100 mg/1, chloride 100 mg/1l and sulphate 100 mg/1.
Figs 7 and 8 are also a proof of freshwater movement to great depths.

The central sub-basin is also characterized by a very thick and highly
permeable Quaternary and Upper Pliocene (Figs 7 and 8) fluviatile sequence
deposited by a big river, the ancient Danube, in an area of rapid subsidence.
The low salinity of the thermal water of the area testifies to the existence of
a high-velocity deep groundwater flow (Figs 8 and 9).

The sub-basins of the Great Plain lie between the recharge areas outside
and inside the main basin (Fig. 1). The hydrodynamic centre of each one is
the area where all the adjacent flow-regions meet the upward-moving water
of each circulation system (Fig. 7).

Characteristics of the centres are:

1. Lack ofdrainage shown by island-like or very wide-spaced piezometric
contours.

2. Equipotential lines running parallel to the horizontal or low-angle
dipping beds.

3. High values of vertical hydraulic gradients.

4. A thin freshwater-hearing formation (Fig. 9).

5. High salinity of the artesian water.

Thickness of the fresh-water-bearing formation is exclusively a conse-
quence of the hydrodynamics of the basin. An area of poor porosity may
coincide with a thick freshwater-bearing formation and conversely, a thin
freshwater formation may be one of high porosity.
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Fig. 7. Cross-sections in S Hungary: equipotential (A), total hardness of the water (B) in
German hardness grade and chloride content of the water (C) in mg/1. 1. Drilled well; 2. Equi-
potential lines; 3. Sand percentage; 4. Recharge zone; 5. Fresh-water and brine interface

The area of the gaseous wells (depth of aquifers between 100 and 400 m
below ground) roughly coincides, as expected, with the area of downward-
increasing potential. There are no gaseous wells where the permeable surface
deposits are underlain by high-porosity fluviatile deposits because here the
gas is pushed aside by the downward moving water.

Lack of river drain or that of outcropping fluviatile sand may lead to
salt accumulation in the topsoil (soda soils) of the sub-basins characterized
by high vertical gradients. Whenever the pressure head of the groundwater
lies in the capillary fringe of the poorly permeable surface deposit during the
hot and dry months, i.e. the capillary fringe is thicker than the depth of the
ground-water table, salts are accumulating in the topsoil and on the ground.
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Fig. 8. Sketch maps of the Middle Tisza region: (A) sand percentage, (B) depth of ground-
water over 10 German hardness grade, (C) depth of groundwater over 10 mg/l chloride content,
(D) reciprocal geothermal gradients. 1. Recharge area; 2. Neutral pressure at 150-200 m depth

below ground; 3. Same at 400-600 m depth; 4. Boundary of the uniform deep flow-region

The upward-moving water of the discharge areas is of dual origin, partly
moving up in the flow-regions and partly being squeezed out of the compressed
deposits. Both parts increase the salt content of the near-surface water in an
unindirectional traffic of salt transportation.
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Fig. 9. Thickness of the fresh water-bearing deposits in Hungary (Erdélyi, 1972). 1. Bound-
ary of the mountains; 2. Western border of the Great Plain

Deep Groundwater Flow and Geothermy

A flow-region represents a thermal circulation in equilibrium under
natural conditions. The equilibrium has come into being between the descend-
ing cold bicarbonate water of the recharge area and the ascending salty water
of the flow-region (Figs 7 and 8).

The descending limb of the thermal circulation system in the Middle-
Tisza region lies on the Danube Tisza watershed which is the outcrop area
of a thick and highly permeable aquifer formation (Fig. 8). The large quantity
of cold water seeps to great depths and pushes the warmer water toward the
eastern half of the region.

The discharge belt of the upper fewr hundred metres of the flow-region
is manifested by a zone of high vertical hydraulic gradients parallel to the
Tisza river (Fig. 4). The water in the deep lower part of the flow-region is
being forced to ascend owing to both the eastwardly decreasing grain-size
shown in lower sand percentages (Fig. 8A) and the structural elevation of the
deep underground which separates this sub-basin from the Eastern one (Fig.
11 A). The eastern belt of the Middle Tisza flow-region is also the area of an
ascending deep-flow coming from the Transylvanian margin of the Great
Plain (Fig. 11D). The merging of both ascending limbs is manifested in high
salinity (Figs 7, 8 B C and 9), in natural gas occurrences (Figs 1 and 11) and
higher temperatures of the deep groundwater (Fig. 8D). The positive thermal
(Fig. 8D) and chemical anomaly (Figs 9 and 11) is here locally higher along
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e thermal well and exploratory borehole

Fig. 10. Cross-sections of the strong positive geothermal anomaly in the Middle Tisza region
(Tiszakécske). A: Potential distribution; B; Total hardness in German hardness grade;
C: Chloride content of the water (mg/l); D; Temperature distribution

the NNE margin of the flow-region where thermal water is forced up by the
strong artesian pressure from under the confining regional Upper-Pliocene
formation (Fig. 4). An exceptionally strong thermal circulation around the
village of Tiszakécske, well known since the 1920’s (Sumeghy), is shown in
Fig. 10.

Deep Groundwater Flow and Locating Hydrocarbon Occurrences

Hydrodynamics is becoming more and more an important tool for locat-
ing not only ground-water but also hydrocarbon resources.

Study of regional ground-water hydrology prior to drilling may greatly
reduce the cost of hydrocarbon explorations. Notably, the existing distribution
of hydrocarbon accumulations is related to the present pattern of groundwater
flow, which, in turn, can be realistically approximated by relying on the
configuration of the water table and on the principle of regional hydraulic
continuity.

Results of studies indicate that the relative probabilities of hydrocarbons
being associated with the most important identifiable flow-pattern features
are as follows: ascending limbs and stagnant zones (T6th, 1970).

Hydrocarbon deposits in the Great Plain are associated with ascending
limbs of the flow-systems (Figs 6, 8 and 11).

Relying on practical results ofthe hydrodynamic approach in hydrocarbon
prospecting, we may formulate some conclusions as to the Pannonian Basin, too.

There are great vertical differences, even within short distances, in the
configuration of the basement complex in the Pannonian Basin both in out-
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Fig. 11. Diagrammatic cross-sections summarizing structural features, water chemistry and

deep groundwater flow of the Great Hungarian Plain. 1. Strong concentration of natural

gas in drilled wells; 2. Known hydrocarbon occurrences; 3. Crossing of the hydrodynamic

axis of the regional flow-system; 4. Recharge zone; 5. Fresh-water and brine interface; 6.

Quaternary; 7. Upper Pliocene; 8. Upper Pannonian; 9. Lower Pliocene, practically imper-
meable; 10. Basement complex
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crop areas and basins to depths about 1000 metres evidenced by coal, ore and
hydrocarbon prospecting. It is highly probable that the same geometry of the
basement prevails in the deepest parts of the sub-basins where the basin fill
has not yet been penetrated by exploratory boreholes. We may suppose that
the cover formations, first of all the thick Pliocene deposits, are more or less
indistinctly parallel to the topography of the very deep-lying basement because
of the differential compaction due to differences in thickness and lithology.
Compaction anticlines and synclines are characteristic features in the Pannonian
Basin (Kérossy). There are many known examples of this phenomenon from
shallower depths of the Pannonian Basin. We may see this when we look at
the great vertical differences in the top of the Lower Pannonian unit in places
where many deep boreholes were put down for thermal water utilization, e.g.
at Szeged (Fig. 11). There may be many deeper-situated structural features
similar to those of Szeged in both sub-basins partly evidenced by a major
hydrocarbon deposit at the western border of the deepest part of the Middle-
Tisza region. Here the topography of each stratigraphic horizon is a subdued
replica of the basement here known from drilling (Fig. 11). Both deep sub-
basins are located in areas of the ascending limbs in the regional flow-system
of the Great Plain (Fig. 11).

Stagnant zones (“dead cells” or “saddles” located between flow-regions)
may exist in a flow-system complex where velocities approach to zero (Fig. 12).

Fig. 12. Examples of stagnant zones in flow-systems
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Stagnant zones for hydrocarbon accumulation may have lesser importance
in the Pannonian Basin, however, the probability of their existence in the
deep south-western Transdanubian basin deserves a new careful appraisal of
the hydrodynamic data of the area concerned.

Emplacement in stagnant zones might well mean permanent disposal
of some radioactive and toxic industrial wastes as well as saline water.

Interdisciplinary approaches in the evaluation of lithologic, structural,
pressure, hydrochemical and geothermal data are indispensable for the under-
standing of ground-water flow under deep and large sedimentary basins. The
author hopes to have given evidence of this concept in this paper abridged
from a monograph made ready for publication in 1973.
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OUYEPK TUAPOAVHAMUKU N TUAPOXUMWUWN MAHHOHCKOIO BACCEWHA
M. 3PAENU

Pesome

PervmoHanbHas rugpofyHaMnyeckas cucTema 6acceiiHa NUTaeTcs MoA3eMHbIMK BOZaMM
OKpYXXaloLWmnX 1 BHYTpMOacceliHOBbIX FOPHbIX MAaccMBOB. BocnoneHwe BOLOW MPOMEXYTOYHbIX
rMAPOAMHAMMUYECKMX PErMOHOB YacTUYHbIX bacceiiHoB (puc. 1 u 3) ocyluecTBniseTca 3a cyeT
Fecypcos MpuneralvLwmnx ropHbiX obnacteid M NPUNOAHATLIX Y4acTKOB B npefenax 6acceilHa

uc. 1,3,7).

P angop,MHammquKme 0C06EHHOCTM paccMaTpUBaeMbIX MOLLaAel 0TPaXarTCs pacnpege-
NeHWeM KX NoTeHUManoB. CUIbHON MOMOXWTeNbHbIe BEPTUKANbHbIE FPagueHTbl COOTBETCTBYHOT
TeM y4yacTKaM pa3pesoB, rie KpyBble SKBUMOTEHLMANIOB MapaniefibHbl MM1aBHbIM re0/10rMyeckum
NOrpaHNyYHbIM ropu3oHTaM. 3TO OAMH M3 MPWU3HAKOB HanM4Ms 3aCTOMHbLIX NOA3EMHbIX BOA. Apy-
rve [okasaTenbcTBa: 1 OCTPOBOMOAOGHOE MONOXeHWe 85-METPOBOA MHWM U 2. BeCbMa 3aHu-
XKEHHbIE TOPU30OHTaTbHbIE TPaneHTbl FNyBOKMX Aenpeccuii (puc. 2). 3Tu rnybokonexatiue
[lenpeccun ABNAKTCA eCTECTBEHHLIMU FNaBHLIMU (hakTopaMmn pa3paga rmapoauHaMUYecKnx cuc-
TeM HM3MeHHoCTell (puc. 2).

BbicoKkonpoHWLaemble opmaLmmy NpeacTasnaoT co60K 30HbI FNYOGUHHOrO BOCMONHEHUA
noa3eMHbIX Bog. O6 3TOM CBUAETENLCTBYIOT BbINYK/IOCTY 3KBUMOTEHLMABHBIX KPbIBbIX (pUC. 7)
WUNN BepTUKa/bHble 3KBUMOTEHUMA/bHbIE NIMHWW (pUC. 7), OTpaXalolime TuapocTaTUYecKoe
COCTOSIHVE PeXumMa MOfA3eMHbIX BOJ,

MMapoAaMHaMmMKa CUCTEM BOJOTOKOB HAaxOAWUTCA B MOMHOM efuHOrnacuuu ¢ rugpoxu-
Mueii 1 reotepmuieid. M'apogMHamMmyeckas cucteMa aTo — LMPKYNAUKs Tenna, Haxoaaiwascs, B
NPUPOAHbLIX YCMOBUAX, B COCTOSIHUM PaBHOBECWS. PaBHOBECWME YCTaHOBMNOCH MeXAY rugpo-
KapOOHaTHLIMW NPOXNafHbLIMW BOLAMM, ABVXYLLMMUCA CBEPXY BHU3 U 60/MEe CUMBHO MUHepanu-
30BaHHbIMM TEM/bIMKU, BOCXOAALMMY Bofamu. Ha Toi Xe r1ybuHe B HUCXOAgILLEN BETBN CUCTEM
CTOKa BOfja CpaBHUTENLHO 60ee X0NnoaHas, TBEpAAasa 1 COAEPXKUT MeHbLLE COMeN, YeM B BOCXOASA-
LLeil BETBW, FAe OHA COLEPXWUT TakXkKe U rasbl.

Acta Geologien Academiae Scientiarum Hungaricae 20, 1976
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