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ALUMINIT IN DEN BAUXITLAGERSTATTEN
YON SzOC, UNGARN

Von
Gy. Bardossy und CS. Sajgé

GEOCHEMISCHES FORSCHUNGSLABORATORICM DER UNGARISCHEN AKADEMIE
DER WISSENSCHAFTEN, BUDAPEST

In den Bauxitlagerstatten des Sz6cer Bauxitgebietes wurden weile Aluminit-
nester gefunden. Die Authoren berichten Uber die chemische, thermische und réntgen-
diffraktometrische Untersuchung der Aluminite. Es wurden auch die Phasenumwandlun-
gen bei der Erhitzung des Aluminitsrontgenographisch bestimmt. Schlieflich beschafti-
gen sich die Authoren mit den Bildungsumstanden des Aluminits.

Es wurden unlangst im Tiefbau Nyireskdt Il im ziegelroten pelitomor-
phen Bauxit 1—3 cm groBe, weille Nester gefunden, die aus reinem Aluminit
bestellen. Im Tiefbau Felix Il fanden wir im mittleren Teil des Bauxitkdrpers
im ziegelroten Bauxit weile Ausscheidungen, die schichtartig, fast horizontal
liegend in einer mehr als 20 m langen Strecke sichtbar waren. Sie sind 1 4 cm
im Durchmesser, weil, kompakt oder pords, selten schwach faserig. Sie be-
stehen auch aus reinem Aluminit und sintl von 2- 4 mm breiten, faserigen
Gips-Adern begleitet.

Aluminit, dieses seltene Mineral ist nach den Angaben der mineralogi-
schen Handbicher aus Tonen, Mergeln und Ligniten alssekundére Ausschei-
dung bekannt. Es wurde von Gedeon (1955) aus den Hangendeschichten der
Bauxitlagerstatte Gant beschrieben. Es kommt dort zwischen braunem Ton
und Kalkstein vor. Wir haben es im Bauxit-Tagebau von Simeg-Sz6l6hegy
nachgewiesen, wo es an der Oberfliche des Liegendkalkes einige cm dicke,
lockere, weiRe Uberziige bildet (Bardossy 1959). Dieser Uberzug besteht aus
60% Aluminit und wird von Gibbsit begleitet. Im eigentlichen Bauxit war
Aluminit bisher unbekannt.

Aus Tabelle 1 ist zu ersehen, daB die chemische Zusammensetzung
des Szocer Aluminits der theoretischen Aluminit-Zusaminensetzung sehr nahe
steht. Die wesentlichste Verunreinigung ist die Kieselsédure, die wir mit Hilfe
unserer Réntgenuntersuchungen als Kaolinit bestimmen konnten. Seine aus
dem Si02berechnete Menge ist 1,5%. Der CaO-Gehalt ist an Gips gebunden.
Der rontgenographisch bestimmte Alunitgehalt ist 1%; er kann nur fir einen
Teil der chemisch nachgewiesenen Alkalien verantwortlich sein. Wir mussen
deswegen annehmen, dal der groRBere Teil der Alkalien an der Oberflache
der Mineralkérner adsorbiert ist.

Unsere rdntgenspektrographische Untersuchungen ergaben, dafl die
Aluminit-Ausscheidungen keine Spurenelemente in nachweisbarer Menge ent-
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Tabelle 1

Angaben der chemischen Zusammensetzung

Aluminit, ) ) Aluminit, . : Gibbsit-
theoretische Weile WeilRer New Huven  Aluminit, Punjab haltiger
Zusammen- Nester, Sz6e- Aluminit, (Sussex Gaal Salt-Range Aluminit,
setzung Nyireskat 11 Gant Englandy) Sachsen (India) Siimeg-
Sz616hegy
ai2o, 29,6 29,59 31,82 29,9 30,5 30,1 44,68
SO, 23,3 23,90 21,28 23,4 21,2 23,6 16,70
+H,0 % 21,58 2454 | 1 I 24,04
47,1 | 46,8 [ 46,0 } 46,4
“H .0 j 23,18 2280 4 1 12,17
SiO. 0,71 0,03 1.0 — 1,42
Fe2 3 — 0,07 0,00 — _— — 0,55
TiOj — 0,17 0,00 — _ _ 0,03
Na,0 — 0,50 0,00 — — — —
K20 — 0,20 0,00 — — — —
CaO — 0,12 0,34 — 0,8 — —
MgO — 0,01 0,29 — 0,1 — —
MnO - 0,00 0,00 — — — —
P204 — 0,00 — — — — —
CO. — 0,00 0,00 — — —
100,0 100,03 101,10 100,1 100,2 100,1 99,59

halten. Der gesamte Glithverlust ist 68,8%, in Ubereinstimmung mit den
Angaben des Derivatogramms (Abb. 1). Wir kdnnen aus dem Derivatogramm
feststellen, daR bis ungefdhr 700° W asserabgabe, dariber S03Abgabe statt-
findet. Die DTA-Kurve zeigt bei 140 °C und 210 °C starke endotherme Reak-
tionen. An der DTG-Kurve 18st sich diese Reaktionsgruppe noch besser auf,
es sind bei 130°, 175° 198 °C und 222 °C vier Teileffekte zu unterscheiden.
Der SOs-Abgabe entspricht die doppelte endotherme Reaktion, die an der
DTA-Kurve bei 920 °C und 950 °C eintritt. Die schwache exotherme Reaktion
bei 850 °C deutet eine Umkristallisation an, die wir spéter rédntgenographisch
nachweisen konnten.

W ir haben von den Aluminit-Ausscheidungen eine Reihe von Rdntgen-
diffraktometer-Aufnahmen hergestellt mit einem Philips-Diffraktometer in
CuKa-Strahlung. Die Ergebnisse sind mit den Angaben der ASTM-Kartei im
guten Einklang (Tabelle 2). Die Aufnahmen zeigen mehrere Reflexionen, die
an der ASTM-Karte nicht angegeben sind. Da diese Reflexionen an allen unse-
rer Aluminit-Aufnahmen mit denselben »d«-Werten und derselben Intensitat
auftreten, und dasie mit keinem anderen Mineral zu identifizieren sind, nehmen
wir an, daBR diese Reflexionen auch vom Aluminit herrihren. Unsere neuen
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Abb. 1. Derivatogramm eines Aluininit-Nestes (Sz6c, Nyireskat I1)
(Aufnahme E. Pécsi-Donath und D. Fejér)

Aluminit-Angaben bedeuten eine Verfeinerung der ASTM-Werte, da unsere
»d«-Werte genauer berechnet sind, und die Intensitdten statt der visuellen
Einsch&tzung auf welcher die ASTM-Karte basiert ist, auf Impulszdhlungen
beruhen, die wir mit dem Z&hlrohrgoniometer vorgenommen haben.

Wir untersuchten auch die mineralogischen Vorgédnge, die bei der Erhit-
zung des Aluminits eintreten. Wenn wir das Mineral 3 Stunden lang auf 100°
erwdarmen, erfolgt ein Gewichtsverlust von 20,9% . Sdmtliche Aluminit-Reflexio-
nen verschwinden, auch jene, die wir auf Grund der obigen Erwé&gungen dem
Aluminit zugeordnet haben. Die allgemeine Reflexionsdichte und Intensitét
der Aufnahme nimmt stark ab. Der groBte Teil der Reflexionen entspricht
dem AI.SO,, *5H2 (Tabelle 2). Dieselbe Probe, auf 200°(erwérmt, zeigt einen
totalen Gewichtsverlust von 29,74%. Dabei haben die Reflexionszahl und die
Intensitdt so abgenommen, daR wir annehmen kdénnen, dall etwa 80—90% der
Probe in einen amorphen Zustand libergegangen ist. Dem entspricht auch eine
flache Aufwdlbung des Diffraktogramms zwischen 4,8 —3,2 A, was die Anwe-
senheit amorphen Materials andeutet. Die'Reflexionen des A12SO,j « 5H 20 sind
verschwunden; es kénnen statt dessen einige Reflexionen des A12(S04)3 « 6H 20
identifiziert werden.
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Aluminit
ASTM
(8—55 Kartei
entsprechend)
d 1

9,0 100
7,8 100
6.33 80
5.40 70
5,20 30
4,96 70
4,70 80
4,18 70
3,72 100
3,54 30
3,41 70
3,31 50
3,16 50
3,06 60
3,01 60
2,86 50
2,68 60
2,60 30
2,49 30
2,38 30
2,32 30

GY. BARDOSSY und CS. SAJGO

Aluminit Durchschnitt
von 4 Proben,

(Felix 11)

Zimmertemperatur

d

9,040
7,938
6,402
5,473
5,300
5,169
5,029
4,752
4,500
4,300
4,211
3,726
3,620
3,558
3,448
3,366
3,204
3,104
3,040
2,955
2,879
2,799
2,730
2,696
2,647
2,620
2,556
2,510
2,476
2,439
2,403
2,368
2,343
2,313
2,222

1

432
480
172
181
62
44
158
362
32
89
113
320
50
44
133
58
78
70
112
11
42
10
93
90
26
27
12
36
19
12
35
36
36
17
68

Mineral

unit

>>» >»>»>»>»2>»>»>>»>>>»>>>>>>>>>>D>> >

> >

> >» > > >

Aluminit

(Nyireskut 11)
Zimmertemperatur

9,036
7,922
6,402
5,473
5,298
5,169
5,029
4,751
4,494
4,298
4,203
3,726
3,618
3,553
3,442
3,363
3,200
3,098
3,035
2,947
2,881
2,795
2,726
2,694
2,646
2,616
2,556
2,506
2,470
2,439
2,402
2,365
2,343
2,309
2,222

448
496
171
180
56
45
146
370
30
80
107
312
44
40
128
50
77
70
109
10
42
8
90
87
24
25
12
35
17
9
37
34
34
16
68
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Mineral

unit

>>»>»>»>»>»>»>»>»>»>>»>»>>>>>>>>>>> > >

> >

> >» > > >

8,420
7,570
7,332
7,036
6,486
6,146
5,901
5,288
4,971
4,507
4,392
4,187
3,983
3,767
3,682
3,490
3,431
3,320
3,108
2,959
2,928
2,846
2,767
2,695
2,629
2,606
2,569

2,435
2,396

2,346
2,265
2,229

Tabelle 2

Ergebnisse der

Aluminit 3 Stunden
lang auf 100 °C erhitzt

20
157
103
155

23

19

15

14

20

40

95

75
300

37

30

25

20

17

10
18

18

10

26
32
12

Mineral

ALSO, <5 H..O

ALSO, m5 H20
ALSO,5 H.O
ALSO, m5H.,0
ALSO, <5 H..0
ALSO, «5tLO
ALSO, 5 ILO

ALSO, 5 1LO
ALSO, «5H.,0
ALSO, «5H.,0
ALSO,5 H.O
ALSO, 5 H.O

Alunit



ALUM INIT IN DEN BAUXITLAGE«STATTEN VON SzOC

Réntgenuntersuchungen

Aluminit 3 Stunden Aluminit 3 Stunden Aluminit 3 Stunden Aluminit 2 Stunden
lang auf 200 °C erhitzt lang auf 700 °C erhitzt lang auf 945 ( erhitzt lang auf 1045 °C erhitzt
< 111 Mineral d | Mineral d 1 Mineral d 1 Mineral
9,090 6 9,584 6
8,665 5
6,910 9
6,602 15 A12(S043+6 11,0
6,245 9
5,816 8
4,924 4
4,652 8 AI(SO.).,m6 H,0 4,795 4 4,706 6
4,329 8 4,410 8
4,037 7
3,948 13
3,900 10

3,767 8 Al(SO,)., w6 H,0
3,508 5 ALXS043 3,490 6 a A1,03
3,479 70 a Al20j

3,343 5
3,204 7 3,230 6
2,946 5 Alunit 3,097 un 3,259 5
3,033 6
2,813 5 2,761 6d YALO03 2,830 11 ©AI,0,
2,760 17d VvV A1203
2,702 16 0 AlL,0,
2,630 14
2554 6 a A1,03 2551 115 a ALO,
2,503 4 2,501 5

2,387 24d Vv A1,03 2,378 67 a,/ALO:

2,278 13d y ai203 2,280 18d Y A1D 3

Acta Geologien Academiae Scientiarum Hungaricae 12, 1(bll
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Aluminit Aluminit Durchschnitt .
ASTM von 4 Proben, Aluminit Aluminit 3 Stunden
(8'55 (Felix 11) _(Ny"%k“l 1) lang auf 100 °C erhitzt
Kartei ent- Zimmertemperatur Zimmertemperatur
sprechend)
d 1 d 1 Mineral d 1 Mineral d | Mineral
2,19 60 2,203 49 A 2,203 46 A
2,13 30 2,148 31 A 2,148 30 A 2,127 6
2,08 30 2,098 31 A 2,098 30 A
2,048 30 2,068 26 A 2,067 27 A 2,056 7
1,960 60 1,990 84 A 1,988 80 A 1,982 9
1,908 30 1,917 31 A 1,916 30 A 1,963 11
1,879 30 1,897 39 A 1,895 40 A 1,890 23
1,840 30 1,857 34 A 1,856 31 A 1,851 12
1,829 18 A 1,829 12 A 1,817 7
1,810 20 1,801 22 A 1,800 24 A 1,787 10

A = Aluminit

Dreistindige Erhitzung auf 700 °C ergab 42,88% Gewichtsverlust. Der
groflte Teil des Wassergehaltes ist also entschwunden. Die Reflexions-Inten-
sitdt hat weiter abgenommen, die amorphe Aufwdlbung hat sich erweitert:
die Probe ist nunmehr fast véllig amorph. Es konnte nur wenig A12(S04)3
identifiziert werden.

Bei weiterer Erhitzung beginnt die Abgabe des S03 Gehaltes und die
Rekristallisierung des zurickbleibenden Materials. Dementsprechend erhélt
man bei 945° einen Gewichtsverlust von 67,14%. Mit breiten, diffusen Reflexio-
nen erscheint das y A120 3 und daneben wenig x A120 3. Die Erhitzung auf
1050° ergab nur 1,68% zusdtzlichen Gewichtsverlust, aber die Rekristallisation
ist stark fortgeschritten. Die Menge des x A120 3 hat stark zugenommen; seine
schmalen, spitzen Reflexionen deuten eine wohlentwickelte Kristallstruktur
an. Dagegen hat die Menge des y A120 3stark abgenommen. Wir nehmen an, daR
sich das x Al120 3 daraus bildete. Endlich konnte die Anwesenheit von einigen
Prozenten 0 Al120 3 auch nachgewiesen werden.

Die Entstehung des Aluminits wird in den mineralogischen Handbiichern
eindeutig durch die Oxydation von Pyrit oder Markasit erklart, wobei sich
Schwefelsaure bildete, die auf Alumosilikate einwirkt. Tatsachlich waren in der
oberen Bauxit-Zone der Sz6cer Lagerstatten Pyrit- und Markasit fihrende
graue Bauxite allgemein verbreitet. Da sie groBtenteils nahe zur Oberflache
liegen, wurden sie meistens epigenetisch oxydiert. Im Felix Il Tiefbau fanden
wir in etwa 4 m Hohe uUber den Aluminit-Ausscheidungen, in der oberen
Bauxit-Zone, Pyrit-Markasit-Neste. Wir nehmen an, dafl die durch die Oxy-
dation entstandene Schwefelsdure nach unten sickerte und auf den Bdhm it

Acta Geologica Academiae Scientiarum Hungaricae 12, 1968
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Aluminit 3 Stunden Aluminit 3 Stunden Aluminit 3 Standen A um nit Stunden
lang auf 200 °C erhitzt lang auf 700 °C erhitzt lang auf 945 °C erhitzt lau au 1045 °C erhitzt
d 'l Mineral < 1 Mineral d I | Mineral d 1 Mineral
2,204 4
2,025 5 2087 8 aAL03 2,086 114 «ALO3

1,977 55d YALO03 1977 40d V ALO3

1,788 5 1,740 53 a A1,03
1601 5 aAl,03 1602 94 a A1,03
1541 7 1,545 8

1517 10d YALO03 1511 15d V ALO3

bzw. Gibbsit einwirkend, Aluminit bildete. Gleichzeitig haben die schwefel-
sdurehaltigen Lo6sungen aus dem Kalzit des Bauxits Gips gebildet. Deshalb
sind die Aluminit-Ausscheidungen von Gips begleitet. Eine Voraussetzung
der Aluminitbildung war auch die Alkalien-Armut des Milieus — sonst hétte
sich Alunit gebildet, der in den Bauxitlagerstatten allgemein verbreitet ist.
Wir nehmen an, daB der in der chemischen Analyse angegebene Alkaliengellalt
der Ausscheidungen wesentlich jinger ist, als die eigentliche Aluminit-Bildung.
Er wurde aus dem durchsickernden Grundwasser an der Oberflache der Mine-
ralkérnchen adsorbiert.

Gedeon (1955) erklarte die Bildung des Ganter Aluminits als eine sieben-
stufige chemische Reaktion,wobei die Schwefelsdure auf Tonminerale einwirkte;
der Al-Gehalt stammt also aus den Tonmineralen. Die von uns beschriebene
Bildungsart des Sz6cer Aluminits ist ein anderer Prozefl, wobei die Schwefel-
sdure unmittelbar auf Al-Hydroxyde einwirkt.
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ALUMINITE IN THE BAUXITE DEPOSITS OF SzOC. HUNGARY

By
Gy. Bardossy—Cs. Sajgo

Abstract

W hite inclusions of pure aluminite were found in the bauxite mines of the Szoc region.
The authors studied their chemical composition, their thermal properties and performed their
detailed study with an X-ray diffractometer. Finally they make suggestions concerning the
origin of these minerals.

ANMIOMVHNT B BOKCUTAX CELKOIO PAVMOHA, BEHIPUSA
[b. BAPJOLULIN u Y. LANFO

Pesome
B KpacHbIX NennToMopdHbIX 60KcMTax Celkoro palioHa aBTopbl HalIW Genble rHe3ga
YMCTOro amomMmHuTa. OHU ONpefennIn XMMUYECKWIA cocTaB, TEPMUYECKNE CBOMCTBA a/llOMUHU-

TOBbIX 06Pa3sLOB U AeTa/IbHO M3YUMN UX CNOCOGOM PEHTIeHOBCKOM AndpakToMeTpun. HakoHell,
OHM 3aHMMAOTCS BOMPOCAMM TeHe3nca 3TUX a/lOMUHUTOB.
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CORRELATIONS OF RATE OF COOLING,
TEXTURE AND MINERALOGICAL COMPOSITION
IN THE PYROXENE ANDESITE COMPLEX
OF THE CSERHAT HILLS

By
P. Arkai

GEOCHEMICAL RESEARCH LABORATORY, HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST

Several methods of the quantitative examination of textures and their applica-
bility are discussed. Volume-percentage texture graphs and seed number graphs per-
mit to distinguish between quickly cooling volcanic facies on the one hand, and slowly
cooling subvolcanic facies, on the other. If rock bodies of known size are examined,
the correlations between the statistical characteristics of the texture (average grain
size of plagioclase, augite and magnetite, the total number of their nuclei), the volume-
percentage mineralogical composition and the rate of cooling, respectively, can he
calculated. On the basis of the average grain size and the time of cooling, the rate of
growth of the particular rockforming minerals can be estimated. By using the relation-
ships described herewith, the rate of cooling of any sample of similar chemical com-
position, the temperature of pre-heating of the dikes and indirectly, the extent of
denudation can be determined.

The investigations concerned with the rate of cooling of igneous rock
bodies and with the interpretation of crystallization can he subdivided into
three groups:

1. Qualitative and quantitative evaluation of rock texture.

2. Determination of the time of cooling.

3. Crystallization experiments.

The granulometry of rocks was studied among the earliest workers by
Queneau [1] and Lane [2]. First systematizers of the textural properties of
igneous rocks were Rosenbush [3] and Iddings [4]. The introduction of the
degrees of crystallinity (distinction of the particular texture types according
to the abundance of volcanic glass by Szadeczky-Kardoss [5]) was a marked
progress after the qualitative interpretations. Among the students of the ma-
them atical problems of grain size determinations in thin sections were Rosen-
feld et al. [6] and Greenman [7]. The use of cumulative texture curves based
upon the volume percentage of grain size (Szadeczky-Kardoss; Pesty [8]) is
a clear-cut method for the reconstruction of the history of crystallization.
As shown by Hermann [9], the one-peak texture graphs indicate uniform
conditions of crystallization. During the examination of textural character-
istics, the original depth of crystallization of the rocks can also be determined
(Szadeczky-Kardoss [10]). With the classification of the 17 factors respon-
sible for rock texture, grain size and crystal habit, with an analysis of their
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effects, the rock textures could be discussed upon merits (Szadeczky-Kar-
doss [11]).

During the author’s investigations in the central and southwest parts
of the Cserhat Hills the textural characteristics and volume-percentage miner-
alogical composition of the pyroxene andesitic lavas of the Lower Tortonian
volcanic complex were determined.

N oszky [12] considered the andesites of the Cserhat as uniform products
of a volcanic activity of short duration. Schafarzik [13] distinguished three
types: augite-microlitic augite andesites, augite-hypersthene and hypersthene
andesites. According to Yendl1 [14], countless transitions between the three
groups may exist. Buda [15] found three eruption phases. With his investiga-
tions in the Western and Northeastern Matra Mountains, Kubovics [16] laid the
foundations for the correlation of the andesites of the Méatra Mountains and
Cserhat Hills [17, 18]. In the present paper the terms proposed by Kubovics
are used on the basis of the nomenclature developed by Szadeczky-Kardoss
Panto—Széky-Fux [19]. The correlation of the volcanic formations of the
Central and Southwestern Cserhatwith those of the Western M atra Mountains is
presented in Table I.

Table |
Central and SW-Cserhat Western Méatra
W estern part Eastern part
andesitogenic potash
trachyte
microandesite microandesite
A 04
vesicular vesicular andesite  vesicular andesite S S
andesite % lj)
amafitic amafitic andesite amafitic andesite O
andesite
andesite with augitic
groundmass
andesite tuff, fine-grained andesite tuff 43
agglomerate
bronzitic augite bronzitic augite bronzitic pyroxene
andesite andesite andesite
43
andesite tuff? lapilli-bearing, pumiceous T
andesite tuff jj
hypersthene andesite
andesite-dacite tuff
. plagioclase-bearing
rhyolite tuff middle rhyolite tuff
hypoandesite Lower Lower
andesite tuff Andesite Volcanic
Group Complex
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The correlation can be extended over the entire Cserhat Hills. The term
amafitic andesite covers those andesites that contain very rare phenocrysts of
pyroxene or none at all (augite microlitic andesite of the earlier nomenclature).

Concerning the rocks of the Cserhat Hills to be discussed in the present
paper, the following general conclusions can he drawn: 1. the studied volcanic
complex of the Cserhat Hills can be parallelized with the Middle Andesite
Group of the Matra Mountains, representing a marginal facies; 2. the andesite
dikes and the volcanic lava sheets are formations of the same age, readily parallel-
izable with one another; 3. striking as it is, the correspondence with the Matra
volcanics can be explained by the simultaneous ascension of magmas formed
under identical geological conditions, in different places, with different inten-
sity and productivity.

Interpretation of the cumulative volume-percentage texture graphs

In studying the volume-percentage composition of the textures, two
different methods have been used. On the one hand, the average cross-sections
of the crystals measurable in thin sections, on the other hand, the lengths of
the crystal grains measured, have been taken into consideration in plotting
texture graphs. Counting was performed by using a calibrated ocular on a
cross-carriage stage. In order to reduce error in counting, the author used
oriented thin sections. It seemed reasonable to select — as equivalents of the
orientation of lava or magma movement, respectively — planes parallel with
the contemporaneous land surface (parallel with the bedding-planes and per-
pendicular to the planes of columnar jointing) for lava sheets, and planes
parallel with the dike walls for dikes. In this case, the only influencing factor
is the variation of the measure of orientation which involves a standard devia-
tion considerably lower than the error due to the use of thin sections of dif-
ferent orientation.

I. The counting of textures, relying on the average cross-sections of
crystal grains counted in thin sections, is a very useful method for distinguish-
ing volcanic and subvolcanic rock facies (of high and low rates of cooling) [17,
18]. It corresponds to the method of plotting of the longest and shortest
crystal diameters [10, 11]. A comparison of 70 cumulative texture graphs from
the Cserhat Hills and of numerous ones from the Matra Mountains [16] has
led to the following conclusions:

1. The graphs ofthe more slowly cooling subvolcanic rocks have a single
peak each and are steeper.

2. The more quickly cooling volcanic rocks have yielded two-peak
curves, which are more protracted.

Of the individual mineral constituents, it is first of all the plagioclases,
having the highest abundance of all the minerals present, that show grain size
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distributions revealing the most striking difference between volcanic and sub-
volcanic facies:

. Major, porphyr Intermediar
Facies Jgene[:atigny Y generati:)ny Groundmass
Volcanic maximum between maximum between maximum between
1000 and 5000 11 200 and 500 /n 10 and 100 %
Subvolcanic maximum between minimum between maximum between
1000 and 5000 /i 200 and 500 /n 50 and 200 /n

In some types the minimum between the major and intermediary generations
cannot be detected. The method has the advantage of indicating the changes
in habit between the crystals of the intermediary generation belonging to the
phenocrysts on the one hand, and the groundmass on the other.

Il. The grain-size distribution diagrams plotted on the basis of the
lengths of crystal grains measurable in thin sections show, in general, two
peaks, the minimum occurring within the range of 200 to 1000 /n. The single
texture graphs do not indicate the change in habit between the intermediary
generation and the groundmass, the boundary between the two being flush
(except for the samples of a very high rate of cooling). For this reason, they
are less suitable for qualitative comparative studies than the former method.
Its advantages are higher accuracy and ease in mathematical processing of
a great number of measurements.

Application of seed number graphs

From the complex granulometric curves showing the distribution of the
longest and shortest crystal diameters, one can calculate the seed number
graphs which directly reflect the main factors of crystallization. In contrast
with the distribution of grain sizes in volume percentage, what is determined
for plotting the seed number is the frequency of the individual crystals
of different size per unit volume (or, practically, unit length). By determining
the number of individual crystals = number of nuclei according to grain size
categories, we obtain values which allow us to precise the history of cooling
of igneous rocks and the differentiation of volcanologie facies as well as to
reconstruct the physico-chemical agents of differentiation. Several ways of
determining the frequency of nuclei are possible. Initially, relative seed
numbers were used [17]. Under relative seed number we understand the ratio
of the volume percentage of minerals in the individual grain size categories
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to the empirical average grain size of the respective category, multiplied by
a factor known for differential granulometric curves:

During counting, the number of crystals = nuclei per unit length in the
texture can also be determined [18]. The relationship between the seed number

Seed numberlcm
volumepercent

1000

100 1000 10000/1
.......... grainsize

Fig. 1. Variation of seed numbers per unit volume-percentage as a function of grain size

per 1 cm and the relative seed number can be approximately described in the
following form: 100 jR”™ 1 seed number/cm. Nucleus frequencies are plotted
against grain size on a bilogarithmic diagram. They can be calculated from the
volume-percentage texture analyses. The variation of plagioclase nuclei per
unit volume percentage, by grain size categories, is

Acta Geologica Academiae Scientiarum Hungaricae 12, 1908
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y = 100 x* 08

where y is the frequency of the nuclei, x the grain size (length) in y (Fig. 1).
The coefficient of correlation between the logarithm of nucleus frequencies
per unit volume percentage, on the one hand, and the logarithm of the cor-
responding grain size, on the other, is 0.96.

l. For distinguishing volcanologie facies and for the qualitative
pretation of the rate of cooling, volume-percentage granulometric and nucleus
frequency curves, calculated from counting of average cross-sections, can be
used (Fig. 2). The sharpest difference occurs in the middle, 100 to 500 fi range
of the nucleus frequency curves. The ratio of the amplitude of the minima to
the maxima is proportional to the rate of cooling of the magma that has

-volcanic
- subvdcanic

Fig. 2. Volume-percentage texture and nucleus frequeno.y curves of quickly cooling volcanic
and slowly cooling subvolcanic types

Acta Geologien Academiae Scientiarum Hungaricae 12, 1968
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reached its place of solidification [18]. The curves of subvolcanic rocks in the
middle range are sublinear.

Il. Like the volume-percentage values, the seed number curves based
upon the maximum lengths in thin sections do not reflect the difference in
habit between groundmass and phenocrysts. (Habit differences are expressed
by the complex distribution curve of the longest and shortest diameters.)
The seed number curves of plagioclases, plotted this way, are more regular,
with two maxima or, less frequently, with one maximum. One-maximum
curves are characteristic for the most part of rocks developed in dike facies.

Figs 3 to 8 illustrate the variation of the textural and mineralogical
characteristics of some typical volcanic lava flows and subvolcanic dikes as

M

Fig. 3. Variation of textural characteristics and mineralogical composition in the remnant
of an amafitic andesite lava sheet at Szanda, Central Cserhat Hills

plotted against the distance from the contact or the original lava surface,
respectively. The diagrams include the median of the volume-percentage cumu-
lative curves of the maximum lengths measured in thin sections, the arith-
metical mean of the seed number curves of the individual minerals (average
grain size), and the variation of the volume-percentage mineralogical com-
position. The following conclusions can be drawn therefrom:

1. In lava sheets the largest median and average grain sizes occur above
the contact at the height corresponding to 1/3 of total thickness. It is the

o Acta Geologien Academiae Scientiarum Hungaricae 12, 1068
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Fig. 4. Variation of textural characteristics and mineralogical composition in an amafitic
andesite lava sheet of the Central Cserhat Hills (Filagdriahegy)

Fig. 5. Variation of textural characteristics and mineralogical composition in a bronzitic
augite-andesite lava sheet, Pispokhatvan, Southwestern Cserhat Hills

material of these portions that contains least volcanic glass. In subver-
tical dikes, however, the most completely crystallized portion is the central
part of the dike (in accordance with the variation of the isotherms in time [21]).

2. The inrease of grain size and the decrease of volcanic glass, observed
in the near-contact portions, can be explained by the effect of the trans-
vaporized volatile content which accelerated crystal growth and amplified
the temperature (and time) range of crystallization. Similar changes are brought
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S
Contact middle Contact Contact

\olume per cent Volume per cent

Fig. 6. Variation of textural characteristics and raineralogical composition in the bronzitic
augite andesite dike of Bercel, Central Cserhat Hills

Fig. 7. Variation of textural characteristics and mineralogical composition in the southern
amafitic andesite dike of the Southwestern Cserhat Hills

about by the escaping volatile content close to the degasation-bound, scoria-

ceous lava surfaces [11].
3. The amount of plagioclases, augite, and in general, opague minerals

decreases, while that of the volatile-bearing minerals and of volcanic glass
increases toward the contact and the lava surface.

2% Alrta Geologien Academiae Scientiarum Hungaricae 12, 1968
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Fig. 8. Variation of textural characteristics and mineralogical composition in a microande-
sitic lava sheet of the Southwestern Cserhat Hills (Galgagyiirk)

Calculation of the time and rate of cooling

The calculation of the changes in temperature with time in different
points of magmatic bodies of different size and shape is a problem elaborated
long ago in mathematical geology, and recent approaches have become more
andmore accurate (Ingersoll —Zobel [20], Covering [21], Larsen [22],Jae-
ger [23], Szadeczky-Kardoss [11]). In the present paper, on the basis of the
size of the igneous body, the time of cooling has been calculated from Lover-
ING’s diagrams for dikes and lava flows. The data obtained correspond well
to the subsequent results [11]. For irregular forms, the corrections used by
Jaeger have been taken into consideration.

In these calculations a magma of 1150 °C and a country rock of 0 °C
initial temperature have been assumed. The crystallization intervals of plagio-
clase, augite and magnetite have been assumed to be between 1150 and 800 °C,
partly on the basis of experimental data (Yoder Tilley [24], Kopecky
Voldan [25]), partly on the basis of observations on recent volcanoes (Rich-
ter—Murata [26], Moore —E vans [27]). Average rate of cooling expressed
in °C per year units has been calculated from cooling time values per 1150
to 800 °C temperature difference.

Relationship between textural characteristics and rate of cooling

The correlation of grain size and rate of cooling was studied by Wink-
ler [28, 29] and Szadeczky-Kardoss [11] who used different methods. Rely-
ing on the crystallization of nepheline at different temperatures of supercool-
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ing Winkter plotted the changes inthe rate of crystal growth, in the formation
of nuclei and in the size of crystals against the rate of cooling and super-
cooling. Using the results of his experiments, he draw, from the grain size dis-
tribution patterns of dikes of different thickness, conclusions as to the tempera-
ture of formation of the individual mineral varieties. In interpreting near-con-
tact increase of grain size, he ignored, however, the effect of the volatiles upon
crystal growth. In studying the physico-chemical and accessory geological
factors controlling crystal size and habit, Szadeczky-Kardoss [11] found
a relationship between cooling and texture graphs, emphasizing the influence
of the volatiles and alkali promoting crystal growth. The discovery of the cor-
relation between the rate of cooling and the phenocrysts provides an explana-
tion for many volcanologie problems.

The aim of the present paper is a quantitative study of the relationship
between textural characteristics and rate of cooling. For this purpose, the
statistical values of the distribution of the thin-section crystal length based on
nucleus frequencies plotted against the grain size, have been used. Plotted in
an arithmetical system of coordinates, the frequency curves of rockforming
mineral nuclei exhibit an extremely asymmetric, J-shaped distribution. It is
in a semi-logarithmic system of coordinates (nucleus frequency versus log
grain size) that a symmetrical distribution is best approximated. This form is
the most suitable for calculations, the maximum of the phenocrysts being
insignificant. For the distinction of the stages in igneous development, the
plotting of the seed number graphs in a bilogarithmic system is the most
convenient method. In the calculations the mode-arithmetical mean-
values of the semi-logarithmically plotted seed number graphs and the total
nucleus frequency values have been used, as the quantitative knowledge of the
cooling curves of igneous bodies is given only for the phase when the magma
has already reached its place of solidification, while the segregation of a part
of the phenocrysts seems to have begun earlier. Because of the longer duration
of their growth, the few early-segregated nuclei represent high volume-per-
centage values. The consideration of the amount of phenocrysts reduces the
correlation between grain size and rate of cooling. The amount of the pheno-
crysts cannot be disregarded, as the granulometric and nucleus frequency
curves in many types are characterized by one maximum and as groundmass
and porphyric constituents cannot be distinctly separated. Accordingly, what
Yve sougth to develop was to be a method of calculation in which the pheno-
crysts in the phase of crystallization, following the arrival to the place of so-
lidification, are represented according to their importance.

The correlation of the arithmetical mean (referred to as average grain
size in the rest of the paper) of the seed number curves of plagioclase, augite,
and magnetite, on the one hand, and of the corresponding rates of cooling, on
the other, is shown in Fig. 9. With increasing rate of cooling, the average grain
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size decreases first very intensively and then at a gradually declining pace.
The grain size of augite and particularly of magnetite decreases more mark-

edly than is the case with plagioclases. The following coefficients of correlation
r have been obtained:

I log rate of cooling—log average plagioclase grain size = — 0.52
r log rate of cooling—log average augite grain size = 0.70
1 log rate of cooling -log average magnetite grain size = 0.59

Fig. 9. Relationship between the arithmetical mean (average grain size) of the seed number
graphs of plagioclase, augite and magnetite, and rate of cooling

The degree of the correlation is reduced primarily by the error of the size deter-
mination of the rock body, for a smaller part by the errors of texture counting,

by different volatile content and in case of dikes, by the effect of the pre-
heating of the country rock.

The equations of the correlation are:

yl= 80x~01lu, ya= 95 y3= 80 x~°-%

where x is the rate of cooling, yv ya, y3 respectively, represent the micron
values of the average grain size of plagioclase, augite and magnetite. The
correlation of Winkler’s [28] experimental rate of cooling versus average
grain size is approximately described, within the range of cooling rate of
103to 105°C per year, by the equationy = Ax~~0,i.

The variation of the total numbers of nuclei of the individual rockform-
ing minerals as a function of the rate of cooling is shown in Fig. 10. With the
growth of the rate of cooling the total seed numbers increase exponentially.
The calculated coefficients of correlation are as follows:

r log rate of cooling—total plagioclase nucleus frequency = 0.42
1 log rate of cooling —total augite nucleus frequency = 0.37

A CD
r log rate of cooling—total magnetite nucleus frequency ~— o0.00
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Calculation of the rate of crystal growth

Measuring of the rate of growth of the rockforming mineralsisaprob-
lem that has been given much concern in experimental petrology. After the
basic interpretation of crystallization (Tammann [30]) had been done, the
determination of the rate of growth was dealt with by numerous workers.
In a silicate melt of 56% Si02 6% Al12 3 and of high Ca and Mg contents,
Neubauer [31] measured a rate of diopside growth of 0.6 to 1.2 mm/min
a value ten times that obtained by Doelter [32]. Winkler [28] crystallized

Seed number!cm

Fig. 10. Variation of total seed number of the individual rockforming minerals as a function
of the rate of cooling

a nepheline melt by adding some LiF to it and found a value of 0.1 mm/min
magnitude for the average rate of growth. During artificial crystallization of
olivine basalts, Leontieva [33] found a maximum of 2.6 p/min for pyroxenes,
1.3 filmin for plagioclases, 0.06 /t/min for magnetite. Leontieva Volaro-
vich [34] studied the crystal growth reducing effect of pressure due to over-
burden.

Taking into consideration Winkler’s [28] conclusions as to the time of
cooling, the author has calculated the variation of the rate of growth of the
individual mineral types for known average grain size and time of cooling by-
dividing the average grain size by the fraction of the time of cooling corre-
sponding to the interval of crystallization. This way, rates of growth character-
istic of the time of culmination of nucleus formation are found. W ith increasing
rate of cooling, the rate of crystal growth increases exponentially (Fig. 11).
According to Winkler, there is an exponential correlation between rate of
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cooling and supercooling so that the logarithmical rate of cooling axis is an
equivalent of the arithmetical scale of supercooling (decrease of temperature
in the present case). For comparisons, the rate of growth of plagioclases in
a tholeiitic lava lake has been calculated. The rate of growth of plagioclases is
higher than that of augite and particularly so, of magnetite. This partly contra-
dicts the data of Leontieva — according to which the rate of growth of
augite would be higher than that of plagioclase as the rocks studied are of
different chemical composition. Still of 0.0001 p/min value at low rates of cool-
ing, with accelerating rate of cooling, the rate of growth gradually increases to

fbImin.

Fis. 11. Rate of crystal growth versus rate of cooling

0.1 ju/min, approaching the results of experiments with similar durations. Beside
differences in chemical composition and/or viscosity, divergencies may be due to
the method of measurement (it is not the average values obtained by the ex-
periments that are given) and to the different interpretations of the tempera-
ture range of crystallization.

Relationship between rate of cooling and mineralogical composition

The correlation of the volume-percentage amounts of the individual
rockforming minerals and the volcanic glass as well as the separation of hypo-,
endometa- and exometamagmatic effects has been discussed in an earlier paper
[18]. If the mineralogical composition of samples of known rate of cooling is de-
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termined, the values of the coefficient of correlation between the individual
mineral constituents, on the one hand, and the logarithm of the rate of cool-
ing, on the other, can be calculated (Fig. 12).

lop rate of cooling—volume-percentage of platy, lath-shaped plagioclase -0.69
r log rate of cooling—volume-percentage of xenomlorphic plagioclase
log rate of cooling volume-percentage of augite = —025
I log rate of cooling volume-percentage of opaque minerals (magnetite) 0.11
1 log rate of cooling—volume-percentage of volcanic glass .38.
° xenomorph/c plagioclase X clay and carbonate minerals

+ augite * glass

Fig. 12. Relationship between the mineralogical composition and rate of cooling of pyroxene
andesites

W ith increasing rate of cooling, the amount of the platy, lath-shaped
plagioclases and of augite grows exponentially, while that of volcanic glass
decreases. From the slight correlation of xenomorphic plagioclases and opaque
constituents no conclusion can be drawn.

In the pyroxene andesites studied, the micro-holocrystalline texture is
connected with a facies of 1to 10 °C/year rate of cooling, the pilotaxitic texture
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with one of 10 to 10 000 °C/year, the hypo-crystalline intermediary texture
with one of > 10 000 °C/year.

Geological conclusions

Volume-percentage texture and nucleus frequency studies permit to
determine the facies of the place of solidification of the lava (magma) and to
distinguish between andesites of volcanic and subvolcanic facies.

The break (minimum) in the middle range of the nucleus frequency curve
reflects a change in the rate of cooling. In rocks of different type, the cooling
curves of the phases that followed the arrival of the magma to the place of

Fig. 13. Theoretical scheme of the cooling curves of microandesites as well as of porphyry-
impregnated volcanic andesites and subvolcanic dike-andesites

consolidation, on the one hand, and that preceded it (partly pre-effusion
phase), on the other, can be interpreted as follows (Fig. 13). In terms of Ritt-
mann’s classification, microandesite has crystallized from a superheated lava,
so that no change in the rate of cooling can be detected from the nucleus
frequency curves. Among the phenocryst-bearing rocks, two groups can be
distinguished: in the volcanic type there is a break on the cooling curve, that
can be explained by changes in environment (eruption, oxidation); in the sub-
volcanic rocks of dike type (intrusion in narrow joints) there is, as a rule, no
change in the rate of cooling, so that the cooling curve and consequently the
nucleus frequency curve are devoid of break.

Average chemical composition of the pyroxene andesites of the Cserhat
Hills in percentage [35]:
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Vo

Pyroxene phenocrysts in voi. per cent

Plagioclase phenocrysts in vol. per cent Groundmass in vol. per cent
. bronzitic augite andesite
H--mneee- —,amafitic” andesite

O ¢ ¢« emicroandesite
1 Southwest Cserhat
2 Central Cserhat

Fig. 14. Variation of the abundances of plagioclase and pyroxene phenocrysts as well as ot
the groundmass in the volcanic cycle of the Central and Southwestern Cserhat Hills

Sio,, 54.70 per cent
Ti02 1.05
AGO;, 18.09
Fe20 3 2.76
FeO 5.79
MnO 0.10
MgO 2.66
Ca0 8.08
Na20 3.37
K.,0 1.75
volatile 1.65

The diagrams presented here allow to determine the rate of cooling of any
pyroxene andesite samples of similar chemical composition, from which the
size of the volcanic body can be approximately estimated.

In case of poorly exposed, incomplete volcanic and subvolcanic profiles,
the behaviour or grain size and mineralogical composition allows conclusions
to he drawn as to the original size of the rock body.

The average grain size and mineralogical composition of samples of dike
rocks suggest a rate of cooling lower than the calculated average (Fig. 9). This
can be explained by a pre-heating ofthe country rock [11]. In the southern dike
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of the Southwestern Cserhat Hills an initial country rock temperature of
200 to 250 °C, in the dikes of the Central Cserhat Hills 150 to 200 °C, can be
assumed. Between the points of 250 m and 380 m height a.s.l. of the 6 m thick
bronzitic augite andesite dikes of Bercel (samples taken from the middle
stretch of the dike) the difference in grain size, corresponding to the 130 m
difference in elevation, is 45 /i for plagioclases, 10 fi for augite, and 17 p, for
magnetite. From these figures the depth of erosion of the dike-laden parts
can also be estimated: a maximum of 100 to 150 m in the western part of the
Central Cserhat Hills and about 200 m along the southern dike of the South-
western Cserhat Hills.

As regards the variation of volcanism in time, the unidirectional develop-
ment of volcanic rocks — both quantitative and qualitative changes in the
porphyric constituents — can be demonstrated here too, like shown for the
Middle Andesite Group of the Matra Hills [16]. The amount of porphyric
plagioclases gradually decreases. Associated with abundant porphyric augite,
bronzite occurs exclusively in the lava rock marking the first eruption. Augite
phenocrysts are sporadical in the amafitic andesite, being confined to the
groundmass in the subsequent phases. In Fig. 14 the abundance of ]> 200 //
plagioclase and pyroxene phenocrysts of certain andesites and their ground-
mass content are shown. The abundance of porphyric pyroxene in the bronzitic
augite andesites of the Southwestern Cserhat Hills is higher than in the cor-
responding rock of the Central Cserhat, which is in contrast with amafitic
andesite. In the course of the volcanic cycle, the initial decline of the abun-
dance of pyroxenic phenocrysts is followed by a decrease of the plagioclase-
porphyric constituents.

The mineralogical composition is primarily dependent on the rate of cool-
ing (Szadeczky-Kardoss [11]): at a slow cooling about 1000 °C, in dependence
of vapour tension, various types of pyroxene, at a slow cooling about 900 °C
amphibole phenocrysts, at a slow cooling about 800 °C biotite phenocrysts
will be formed. At a high rate of cooling about 800 to 1000 °C amafitic
andesite — microandesite — is formed. It was the material of the first
eruption that intruded into the coldest environment, so that crystalliza-
tion began already at a rather great depth, a fact warranted by the presence
of ortho- and clinopyroxenes and by the high abundance of porphyric
constituents. In the course of the subsequent eruptions, as a result of cross-
heating of country rock and of a rise of the isotherms, phenocrysts will be
formed at increasingly higher levels, closer and closer to the surface of effusion.
The rate of cooling increases here and amafitic andesite is formed. The final
product of volcanism, microandesite, is the result of the solidification of a lava
devoid of phenocrysts while being exposed to the atmosphere.
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SABNCMMOCTb MEXAY CKOPOCTbIO OCTbIBAHWA,
TEKCTYPON N MUHEPANTOTMYECKMM COCTABOM
B TOJIWE MMPOKCEHOBbBIX AHAE3NTOB B NOPAX YEPXAT

MN.apkawn

Pesome

B HacTosilei paboTe paccMaTpMBalOTCA HECKO/IbKO METOA0B KO/IMUYECTBEHHOIo aHanm3a
TEKCTYP W BO3MOXHOCTM MPUMEHEHUS AaHHbIX MeTOAOB. [pu NMOMOLUM rpatmKoB TEKCTYPHbIX
XapaKTepUCTUK B 06BLEMHbIX MPOLIEHTAX, C OAHON CTOPOHbI, U FPaUKOB YacTOTbl KPUCTaNIN-
YeCKUX aaep, C APYroii, MOXHO pasnnuaTb 6bICTPO OCTbIBAKOLLME BY/IKAHUYECKUe daumm U Mef-
NIEHHO OCTbiBatoLLe Cy6BY/IKaHMYecKMe aumn. TMyTeM aHanusa WM3BECTHbLIX MO pasmepy Ten
FOPHbIX TMOPO4 MOXHO HATW KOPPEeNsumMio MeXay CTaTUCTUUECKUMU XapaKTepucTuKamu
TeKCTYPHbIX CBOWCTB Nopodbl (CpedHue BenMuMHbl 3epeH Maarvuoknasa, aBruta, MarHeTuTa,
06LLege KOMMYECTBO UX KPUCTAN/IMYECKUX Afiep) U BbIPAXKEHHOM B 06bEMHbIX MPOLEHTaX MUHE-
panornyeckumM COCTaBOM, C OfHOW CTOPOHbI, 1 CKOPOCTbLIO OCTbIBaHWS Marmbl, ¢ Apyroii. Mo cpeg-
Hemy pasMepy 3epeH U MPOAO/IKUTENbHOCTU OCTbIBAHUS MOXHO OPMEHTMPOBOYHO CYAUTb O
CKOPOCTM pocTa OT/AeMbHbIX NMOPoA006pasytoLMX MUHepPanoB. OnucaHHbIe B HACTOsILLEN pa6oTe
3aBMCUMOCTU MO3BOMSIIOT OMNpeae/inTb CKOPOCTb OCTbIBaHWSI N0Goro o6pasua aHasormuHoro
XMMWYECKOro cocTaBa, TemnepaTypy NpeABapuTe/IbHOr0 HarpeBaHUsi GOKOBOV Mopodbl OKOJO

[AeK W, KOCBEHHO, Aake CTerneHb AeHyaauuu.

Acta Geologica Academicr Scienliarum Hungaricae 12, 1968



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

YOLCANISM AND PETROCHEMICAL CHARACTER
OF THE NORTHERN BORZSONY MOUNTAINS

By

Gy. Panto

GEOCHEMICAL RESEARCH LABORATORY OF THE HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST

Mountains can be divided into three major periods: 1. Introductory acid action
resulting in a strato-volcanic series of considerable thickness; 2. formation of a collapse
caldera and of subvolcanic rocks; 3. dikes and subvolcanic bodies on the caldera rim
and on the western border of the mountains. In the first two periods, development
started with acid rocks (dacite), to end with basic rocks (pyroxene andesite); basic
products failed to appear in the third. The development of volcanism proceeded from
east to west and exhibited a tendency towards the gradual concentration of initially
separate outbreaks.

The rocks result from a uniform, none too differentiated volcanism of the oro-
genic calc-alkali type. The tendencies of crystallization were the same in all three
periods, with an abrupt decrease of Mg in the “critical” range of intermediate com-
position. In spite of the trend from acid to basic within the individual periods, the devia-
tion from fractional crystallization cannot be deduced from the hypothesis of a single
magma chamber. The cause of the changes was presumably the upsurge of little dif-
ferentiated but previously hybridized magma through some of the near surface magma
chamber. The decrease of Mg at the ends of the periods coincided with the cessation
of hornblende formation; this can be explained by magma flow from a deeper chamber,
after the evacuation of the secondary magma chamber, as well as by the relevant trans-
vaporization processes.

Our knowledge concerning the composition of the groundmass of extrusive rocks
has been substantially enriched by the application of computation methods first
introduced by Szadeczky-Kardoss.

A closed relationship seems to exist between the formation and collapse of the
caldera on the one hand, and the big central source of the strato-volcanic rocks, the
probable depth of the basement rocks and the secondary magma chambers of 4 to
5 km supposed depth on the other. Conclusions as to secondary magma chambers are
to be based on features of magma tectonics, petrochemistry, mineralogy, petrology and
contamination.

The mechanism of caldera collapsing can be barely explained by the compaction
of Oligocéne rocks. The gradual collapse seems to be due to the emptying of near-sur-
face magma chambers. For the emptying of the chambers, the hypothesis based on
the displacement of limestone can be admitted.

As was shown already by previous research [11], the northern Bdrzsény
Mountains (part of the connected volcanic region of the Szentendre—Visegrad
and Borzsény Mountains, cut in two only morphologically by the Danube)
had an evolution history different from that of the rest of the region. The
southern part of the Bdérzsény Mountains largely consists of monogenic central
cones and subvolcanic bodies, as contrasted to a uniform strato-volcanic
structure in the northern part. A collapsed caldera structure with subvolcanic
rocks is situated between the two regions of different evolution. The differences
in sedimentary formations between the eastern and western rim become
apparent also in the volcanic development.
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There are only indirect indications such as xenoliths, structural features,
surface data and drillings which permit to conclude upon the pre-Tertiary
basement of the mountains. The Triassic basement supposed to underlie the
Southern Bdérzsény Mountains, should he identical in lithology with the rocks
of South Alpine facies known in the Naszaly and Pilis Mountains. Structural
data and the distribution of high-carbonate subvolcanic andesites suggest the
extent of the Triassic formations, still on the surface at the end of the Mesozoic,
to have been limited by a fault of NE-SW or possibly ENE-WSW trend passing
through Csdvanyos and Nagyinoc peaks. Little is known of the crystalline base-
ment to the north of the said line. On the basis of xenoliths of granite, gneiss,
mica schist and quartzite of various colour it is supposed to be identical with
the crystalline of the Vepor Mountains, which was on the surface till the late
Tertiary [33]. Considering the composition of the Helvetian gravel, the upper-
most part of the basement presumably consists of Triassic formations under
the northern border of the mountains or near to it. As to the composition of
the gravel apart from the material of the nearby crystalline substratum, the
sedimentary rocks of the Bikk Mountains occur in abundances up to fifty per
cent (mostly a dark grey dolomite besides dark limestone, marl, fine-grained
micaceous and calcareous sandstone and silex). The same types of rocks were
found to crop up also in the nearby volcanic region of Selmec.

The sediments preceding the Tertiary volcanism crop out mainly on the
eastern border and in the foreland of the mountains. Lower Oligocéne occurs
in more distant regions, but Upper Oligocéne only on the border proper in
a regressive facies, but without the evidence of erosion in the lower Miocene [1].
The thickness of the Upper Oligocéne can be taken for 500 m in this region
and, as Oligocene strata are known also in the SW corner of the mountains,
the existence of a continuous Oligocéne belt with deposits whose thickness
decreases westwards is probable under the volcanics. There areterrestrial gravel
beds and a transgressive marine facies above the QOligocéne, in the Helvetian
[10]. It is the subvolcanic bodies, possibly Middle Helvetian [7], that penetrat-
ed into the said Oligocéne and Miocene strata, and the forms characterized by
stratified tuff and initial lava flow that mark the beginning of volcanism.

The Tertiary sediments preceding volcanism are unknown on the western
border. Whereas it isjust on the western border that those posterior to volcan-
ism are thickest and most variegated [20]. The latter prove a marginal trans-
gression posterior to volcanism, their most characteristic rock type is litho-
thamnian Leitha limestone forming a number of separate rags of various facies
in the different embayments of the seashore. Remarkably enough, it contains
no primary andesite material on the eastern border [3]. The Tortonian sea
readed in the Sarmatian epoch and laid the region dry [21].

Volcanism is characterized by a succession of major cycles of eruption
acid at the outset; in the first two cycles, a definite increase of basicity
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is observed, whereas there is no trace of basic products in the third cycle-
In the course of this evolution volcanism was displaced towards the west,
exhibiting all the while a remarkable harmony with the basement structure.

The evolution of volcanism in the Bérzsény Mountains took a relatively
short time, it comprised the period from the oldest laccoliths of dacite and
garnctiferous biotite-andesite of the Middle Helvetian [7], appearing on the
eastern side, to the Upper Tortonian Leitha limestone that marked the end of
volcanism. Evolution took place in three phases reflected also in the chemical
composition of the products.

l. Acid subvolcanic and volcanic eruptions on the eastern border of the
mountains, with a resulting large-scale strato-volcanic development. The
oldest subvolcanic and volcanic formations on the eastern border of the moun-
tains (dacite, garnctiferous biotite-andesite, and biotite-amphibole andesite)
are closely related to each other [8]. Laccoliths and subvolcanic bodies pene-
trating into the older sediments were predominant at first to be gradually
superseded by lava flows and tuff bands in the nearby contemporaneous sedi-
ments, respectively proceeding as time passed from the present border of the
mountains toward its interior. The garnet content ubiquitous in the magmatic
bodies on the borders of the mountains indicates a lasting geochemical inter-
action with sedimentary rocks which furnished the Ca and Al required for
garnet formation. The presence of the products of acid introductory volcanic
activity in the interior of the mountains cannot, however, be proved beyond
all doubt. The garnetiferous amphibole chloroandesite traversed by the prospec
adit at Nagybdrzsény was attributed to this category by Panto and Miko
[15], on the basis of some petrographical analogies. There is structural and pet-
rographical evidence to ascribe also the amphibole-biotite andesite on the NW
slope of Goddévar peak to the phase in question, although itis in a structurally
dislocated position. The garnet content, however, is not characteristic for the
rocks in the interior ofthe mountains; even where it appears at all it is far more
scarce than in the border region. This phenomenon suggests a weakened inter-
action between the magma and the underlying sediment indicating a reduced
thickness but not the absence of clayey, sandy, gravelly and calcareous depos-
its. Earlier statements claiming that garnetiferous rocks outweigh garnetless
ones in the initial eruptions [22] proved to hold only for the marginal regions
of the mountains, rather than for their entire mass. Szabs [22] stated garnet
to be of stratigraphic value, i.e. characteristic for the oldest rocks: this is indeed
true for the marginal magmatic rock bodies of the Bdrzsény Mountains. The
situation that made possible such an intimate contact with thick sediments
was one in which volcanic vents had not yet fully developed in the sediments
in question.

The source of the introductory acid volcanics is unresolved as yet. It can
be taken for granted, however, that the volcanics in question were not pro-
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duced by a single central eruption: their origin from several minor eruptions
or penetrations is more probable.

The introductory acid volcanic activity of a more contaminated charac-
ter changed gradually into a high-energy eruption in the stricter sense of the
term. Simultaneously, the centres of eruption shifted westward and converged
to assume an increasingly central character. The transition toward the big
central strato-volcano was marked by a lithic tuff, exposed at several points
in the mountains containing xenoliths from the crystalline basement, quartz
pebbles and big amphibole and pyroxene crystals. This eruption was the first
sign of a tremendous paroxysm; its product, presumably scattered all over
the mountains, grades with increasingly coarse grain sizes into the great
agglomerate complex.

W ith the channels of eruption opening up to full size and with the
development of a big centre of eruption west of the Csdvanyos, the agglomerate
becomes coarser with restricted amounts of tuff and a very large volume of
products. The agglomerate complex is interrupted by numerous smaller lava
flows in three principal phases. From the structural point of view, this strato-
volcanic activity characterized by real pyroclastics and andesite lavas con-
stituted a single connected chain of events. The rapid succession of lava flows
and outbreaks of pyroclastics produced andesites first with a varying pro-
portion of amphibole and hypersthene, then with amphibole and some pyro-
xene and finally a pure pyroxene andesite. In this phase volcanism was al-
ready of a definitely central character in the central and northern regions. The
chemical, structural, mineralogical and textural characteristics of the material
prove convincingly enough its lava origin, as well as the circumstance that the
great strato-volcanic series of the Bdérzsony Mountains developed in a rela-
tively short time out of a deep andesitic magma, surging with considerable
force practically unchecked through a well-developed volcanic channel. The
end of the phase was characterized by decreasing energy; the eruption of py-
roxene andesite did not produce pyroclastics dispersion and volcanism attained
a period of relative quiet.

2. Formation of a central collapse caldera with a retinue of subvolcanic
rocks. At the end of the volcanic development that involved huge volumes
of material and a rapid succession of events, the main line of activity shifted
to the subvolcanic formation of hypomagmatic and partly metamagmatic
rocks and to the development of a caldera. The position of the caldera was
influenced by the disposition of the basement tracts and by the structural
limit between the Triassic and the metamorphic rocks of Yeporid character;
the caldera of about 6 by 2 km size extended NE-SW, followed a basement
structure nearly parallel to it. Recent gravity measurements [24] indicate
though that the supposed lineament in the basement is situated slightly farther
south, passing through Nd&grad, in an east-northeasterly direction.
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Fig. 1. Geological map of the Northern Bdrzsony Mountains.

A Survey by G. Panto in 1946 corrected in 1964. Southern region. Initial phase. |I. Garnetiferrous amphibole chloroandesite; I1l. Amphibole
chloroandesite. Main paroxysm: IIl. Pyroxene-amphibole andesite agglomerate; 1V. Pyroxene-amphibole andesite; Collapse: V. Biotite-
amphibole chloroandesite; VI. Biotite-amphibole andesite; VII. Biotite-amphibole chlorodacite; VIII. Amphil.ole-pyroxene andes.te; Imal

activity: 1X. Altered amphibole (+ biotite) andesite; X. Green amphibole andesite;
B. Survey by Gy. Panto in 1963—1966. Northern region. . . o Ce . ,
Initial phase and strato-volcanic series. 1. Biotite-amphibole andesite; 2. Lithic tuff; 3. Pyroxene-amphibole andesite agglomerate,
4. Hypersthene-amphibole andesite; 5. Pyroxene-amphibole andesite; 6. Amphibole-pyroxene andesite-pyroxene andesite.
Formation of a collapse caldera. 7. Kndometa-pyroxene-amphibole andesite agglomerate; 8. Rocks containing sulphide; 9. lddingsitized
and chloritized (Diabantitic) rocks; 10. Rocks of a carbonatic-argillaceous and limonitic-goethitic-argillaceous character; 11. Oxyandesites.
Dyke and subvolcanic bodies on the caldera rim and on the western border of the mountain: 12. Amphibole-biotite dacite; 13. Biotite
chlorodacite with garnet and calcite; 14. Biotite-amphibole dacite; 15. Striated biotite-amphibole andesite with garnet; 16 Ilypersthene-am-
philiole andesite; 17. Biotitic green amphibole-andesite; 18. Amphibole oxyandesite with pyroxene; 19. Biotitic green amphibole chloroandesite
with quartz; 20. Green amphibole chloroandesite with biotite and hypersthene; 21. Ilypersthene-amphibole andesite with garnet; 22. Pyroxene
amphibole chloroandesite. | . . . . . or T .
Sedimentary formations: 23. Leitha limestones, upper Tortonian; 24. Terrestrial grave| beds, upper Sarmatian; 25. Loess, Ioam, Plei-
stocene; 26. Alluvia Holocene; 27. Boundary of the northern and southern mapping areas; 28. Caldera area on the basis of Bou-
guer anomalies; 29. Diaclase and platy deavage due to cooling; 30. Distorted symbols of the formations under 12-22 for use in case of dykes.
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There is close relationship between the formation and collapse of the
caldera on the one hand, and the source of the strato-volcanic rocks, the
carbonate rocks of the basement, and the secondary magma chambers devel-
oped at a depth of 4 to 5 km along the fault separating the two basement
members on the other. The existence at that line of secondary magma chambers
under the central area of the mountains is implied by the highly variegated
petrological characteristics and the irregular course of the differentiation curve
(Fig. 4); also phenomena which can be explained only by assuming a pro-
longed stay in an intermediate volatile-rich environment, such as the increas-
ing amphibolization of already crystallized hypersthene, resorption and re-
crystallization in zonal plagioclases, H20 and CO2intake and relative enrich-
ment of Ca. All these factors played a role also in the hypo- and metamagm atic
crystallization of the subvolcanic rocks within the caldera.

The secondary magma chambers are supposed to have formed a string
along a structural lineament of the basement, parallel to the major axis of the
present caldera; H20 and CO02 intake must have been intense in them. The
caldera collapsed gradually and stepwise, as the individual magma chambers
near the surface emptied. This resulted in very complicated relationships of
juxtaposition in the arrangement of the rocks within the caldera.

Although an Oligocene tract is supposed to underlie the mountains, the
compaction of the underlying strata could hardly have played a role in the
formation of the caldera [6]. The most obvious hypothesis involves the devel-
opment of near-surface magma chambers by limestone displacement. In this
case the magma accumulates enormous energy from the released C02and the
concentration of volatile, so that the magma chamber can be evacuated almost
completely, thus producing conditions favourable for a collapse. A substantial
geostatic pressure and the loosening up and subsidence of a huge mass of
strato-volcanic rocks above the secondary magma chambers may bring about
pressure shadows suitable for receiving subvolcanic bodies. The sinking of the
mass of rocks engenders lateral pressures that put a stop to sinking at a given
level; the lower part will be able, however, to go on sinking for a while, and
thus a low pressure space can be formed, permitting the penetration of the
magma of the secondary chambers. The evacuation of the first magma chamber
that would initiate the collapse is not yet dependent upon the existence of
another empty secondary magma chamber, as the first evacuation can take
place toward the volcanic vent; nevertheless, collapse may be induced by
a minor compaction of the underlying sedimentary strata.

This disposition may give rise to intense interaction between the indi-
vidual bodies, with a profound transformation of the shattered rocks of the
strato-volcanic series. This, in turn, explains why in the mapping of rocks
within the caldera (Fig. 1), it is not so much the types characterized by the
individual dark constituents that play the main role but the types defined by
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secondary characters acquired during alteration at various subvolcanic levels.
Thus in the actual caldera, as defined topographically, the decisive factor is the
zonal arrangement, although the development from acid to basic can be
recognized, too. Depending on the distance from the shattered and loosened
up strato-volcanic rocks, the rock bodies within the caldera show a hypo-,
endometa-, or exometamagmatic evolution. In function of the secondary
products of these processes, the following zones can be distinguished:

1. Zone of rocks containing sulphides;

2. Zone of chloritized (diabantitic) or iddingsitic rocks, depending on
the predominance of oxidation or reduction;

3. Zone of carbonatizecl-argillaceous and limonitic-goethitic-argillaceous
rocks;

4. Zone of oxyandesites.

In general, caldera rocks are high in calcite. The dark constituents are
less important within the caldera and not only because of the remarkable
fluctuation in abundance within the individual rock bodies but also on account
of alteration phenomena, as the type of the alteration product depends, first
and foremost, on the nature and intensity of the processes involved and the
migration of the elements rather than upon the coloured constituents.

The chemical composition of the country rock leaves its mark on the
composition of the subvolcanic body. As a result, carbo-, hydro-, chloro-,
sulpho-, silico-, hypo- and metamagmatic rocks of various kind appear, often
with overlapping variants.

As regards rock types, there is a great variety from amphibole-biotite-
dacite through quartz andesite to amphibole-pyroxene-andesite. It is impos-
sible, however, to establish their succession, partly because some of the forma-
tions are of about the same age and partly because ofthe “intrusion mechan-
ism' that resulted in their disposition.

3. Dykes and subvolcanic bodies on the rim of the caldera and on the
western border of the mountains. After the formation of the caldera and of
the subvolcanic bodies partly overlapping the end of the second phase, a third
volcanic phase begins, likewise with a dacite. This phase does not, however,
proceed to such a degree of basicity as experienced in the two previous phases.
This final activity is characterized by a weakening of the volcanic forces, by
the formation of dykes and stocks. The late dykes in question appear on the
rim of the caldera, along radial faults, and fissures of northern mean strike,
traversing through both the strato-volcanic series and the formations within
the caldera.

Their rocks are closer in nature to the ortho-rocks but, as a matter of
course, hypo- and metamagmatic features still appear in the hotter parts of
their interior. Garnet crops up once more. At the same time, acid andesites
appear, not only on the rim of the caldera but also on the western border of
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the mountains, linked to the faults of the border region; this is a sign of the
continued westward displacement of volcanism, on the one hand, and of
structural events affecting the entire area of the mountains, on the other.
The above mentioned fault on the western border of the mountains was also
confirmed by geomagnetic measurements [24], by the abrupt cessation of
certain anomalies along the Letkés Yamosmikola line.

e

Fig. 2. Outline of the profound volcanic structure of the Borzsény Mountains

1. Former secondary magma chamber; 2. Metamorphic basement; 3. Triassic limestone base-

ment; 4. Tertiary cover preceding volcanism; 5. Initial volcanic activity on the eastern

border; 6. Strato-volcanic rocks; 7. Caldera; 8. Penetrations on the western border; 9. Terti-
ary cover following volcanism

The evolution of the three phases of volcanism is illustrated in Fig. 2 by
means of an E-W profile sketch schematically showing also the structure of
the basement.

Leaving aside local structures directly due to the volcanic and subvolcanic
evolution, the two main structural directions are about E-W and N-S in this
part of the mountains. In the interior of the mountains, the E-W direction is
represented by the Kemence brook and Csarn6 brook valleys, this latter with
a slight deflection towards NW. A considerable vertical displacement had
taken place in both cases; with that along the fault line in the Kemence brook
valley must have been the greater one. This is confirmed also by the circum-
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stance that the steep and tall agglomerate and lava wall on the northern side
of the Kemence brook is in a more elevated position than the area south of it.
The same fault resulted also in the uplifting of the products of the initial
volcanic activity on the northern side of Godovar peak. The fault line in the
Csarn6 brook valley cuts the northern part of the caldera. It may be due to it
that while the garnetiferous and garnetless amphibole-chloroandesites pro-
duced by the early initial activity are rather thoroughly exposed in the southern
regions, nothing but altered strato-volcanic elements and subvolcanic rocks
crop out in the northern region. Along the fault in question, subvolcanic bodies
and dykes are aligned (Fig. 1).

The fault in N-S direction, i.e. the Fekete brook valley, hardly younger
than contemporaneous with the E-W faults had brought about no vertical
displacement. The latest dislocations of the western border may well be due
to this fault system.

Petrochemical conditions

For the time being, 95 chemical analyses of Bérzsény Mountains rocks
are available. Bata have been condensed into an AFM diagram (A = alkalines,
F = FeO - Fe23 and M = MgO), with separate symbols for ortho- and
hypo -4- meta-rocks; the basalt-andesite-dacite-riolite sequence of crystalliza-
tion of the calc-alkali group of rocks is also shown on the basis of its Daly
mean values (Fig. 3).

The analyses cover a relatively narrow field. As for the distribution of
the ortho- and altered rocks no essential regularity could be observed; hence
alteration did not occasion profound changes, at least as regards the propor-
tions of alkalies, iron and magnesium, while impressing a hypoormeta charac-
ter on the rocks. Consequently, the alterations must have resulted largely in
the rearrangement of the elements in question into other minerals and in
changes in C02 and humidity content and in the degree of oxidation. The
only recognizable differentiation is reflected by the circumstance that the pro-
jection points of altered rocks tend to concentrate in the lower part of the field.
Another aspect of the same phenomenon is that rocks of high serial number
(i.e. high Si02content) are more frequent among the altered rocks.

As compared to the almost straight line of the Daly mean values, the
overwhelming majority of the Bdrzsdny Mountains rocks is slightly poor in
Mg and rich in Fe.

Examining the course of differentiation in an AFM triangle diagram,
a somewhat surprising critical phase is observed within the andesite field,
which cannot be explained solely on the basis of fractional crystallization.
In the cases examined thus far the critical phase of the AFM differentiation
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Fig. 3. Plots of the chemical analyses of Bdrzsény Mountains rocks in an AFM triangle diagram

Numeration in the order of increasing Si02 content. Nos. 1to 3: 44.72 to 49.47 per cent Si02 Nos. 4 to

30: 51.29 to 54.99 per cent Si02 Nos. 31 to 81: 55.05 to 59.75 per cent Si02 Nos. 82 to 92: 60.06 ito
62.59 per cent Si02 Nos. 93 to 95: 63.73 to 69.05 per cent SiOs






VULCANISM AND PETROCHEMICAL CHARACTER 3y

diagram consists in a rapid and simultaneous decrease of Fe and Mg following
the phases of decreasing Mg and increasing Fe.

Quite a few hypotheses have been put forward to solve this problem.
Let us mention as examples the direct fractional crystallization of the basaltic
magma, the fractional melting of the crystallized basalt, hybridization, con-
tamination with magmatic and sedimentary rocks, basaltization of a granitoid
magma, etc. In the course of fractional crystallization the Fe : Mg ratio ex-
hibits an increasing trend in the successive solid phases. Accordingly, as was
pointed out by Fenner, the theory of fractional crystallization requires by
the same taken the decrease of the proportion of iron in the residual liquid.
Hence, if a decrease of the iron content entails a parallel decrease of the mag-
nesium content a process other than fractional crystallization has to be
involved.

The close relationship between basalt and andesite is beyond doubt but
not yet explained genetically.

According to Tittey [32], the fractional crystallization of basalt is com-
plemented by other processes: it is by this means that orogenic andesites with
a relatively low Fe : Mg ratio and a high content of Al come to exist; he offers
the assimilation of sialic material as an explanation.

Differentiation was investigated in several classic sites, as illustrated in
the AFM diagram of Fig. 4. It was found that the differentiation of basic
magma started with a decrease of Mg and a simultaneous enrichment of Fe,
with a tendency from the point M toward the point F, a subsequent rapid
reflexion in the critical area in the intermediate field, and a simultaneous
marked decrease of both Fe and Mg toward the point A. The same result was
obtained on the Skaergaard rocks [35], the Duluth and Logan sill rocks (Min-
nesota) [32] and the Breven and Hallefors dykes [35].

In the following, we shall examine the behaviour of the three volcanic
phases of the Bdrzsény Mountains. The Bdrzsény volcanics are listed in Fig. 4,
with items 1 to 6 relating to the introductory acid and strato-volcanic phase,
items 7 to 11 to the caldera phase and items 12 to 14 to the late dyke and
subvolcanic phase.

The values plotted in the diagram are listed in Table I. These values are
the means of analyses on a given type of rock rather than analyses of partic-
ular rocks. The lack of simultaneous basaltic and rhyolitic products restricts
the curves to the intermediate phase.

The succession of eruptions established in the course of the field work
could be subdivided into three sharply distinct phases. The succession of the
rocks of the first phase can be easily followed also in the field but this is not
the case with the rocks appearing in complicated relationships of juxtaposition
in the process of caldera collapse. It was reassuring, however, that the pro-
jection points (Fig. 4, points 7 to 11) obtained for succession of rocks of the
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Fig. 4. Differentiation of the three volcanic phases indicated in Table I as shown by an AFM
triangle diagram

-------------------- 1— 6 Initial acid and strato-volcanic rocks
—_— . 7—11 Caldera rocks
............ 12— 14 Border dykes and subvolcanic bodies

second phase, made up on the basis of more scanty field data, resulted in a curve
surprisingly similar to that of the first phase (Fig. 4, points 1 to 6). The curve
of the third phase is also similar to those of the preceding two phases, with
the difference, however, that the basic terms of irregular behaviour do not
appear here any more.

The trends of differentiation given in literature are similar to those
experienced in the volcanic phases of the Bdrzsény Mountains. The latest
effusive product — the pyroxene andesite — shows a tendency contrary to
those of the investigated examples and does not fit into the intermediate
phase. The development of the contaminated magma in the magma chamber
passes through a phase with a rapid enrichment of Mg. In the case of the
rocks of the effusive and the caldera phase, the crystallizing magma was
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surging upwards: hence, we find the uppermost differentiation products of
the magma chamber among the products of the first eruptions.

In the author’s opinion eruptions derived from a secondary magma
chamber in the B6rzsény Mountains; these chambers must have affected the
formation of the collapse structure, too. Besides the phenomena of alteration,
the conditions of amphibole formation, the intake of COaand H20 and resorp-
tions, the existence of secondary magma chambers is made probable also by
the irregularities of the differentiation curve.

The rapid decrease of Mg in the final eruptions of the individual phases
coincides with the cessation of amphibole formation. The crystallization of
the magma that stayed in the higher secondary magma chambers homoge-
neous but mixed with siallic material, first produced a rock series characterized
by the increase of both Mg and Fe in the course of the eruption. On account
of the accumulated volatiles the magma held up for a longer time in the second-

Fig. 5. Variation diagram of the rock types of the three volcanic phases indicated in
Table | in the function of eruption or intrusion
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ary magma chamber showed a decidedly explosive character (strato-volcanic
group) or a heavily hypo-metamagmatic one. After its evacuation, the second-
ary magma chamber filled up with a less differentiated andesitic magma,
coming from below from a deeper magma chamber.

Some of the magma in question poured out from the secondary magma
chamber directly to the surface through the open vent. Thus the differentia-
tion of this part of the magma could not take place in the secondary magma
chamber in the way described above; the conditions for the formation of
amphibole did not persist, nor could a vehement eruption take place since the
magma passed rapidly through the volatile-rich environment.

Both my own considerations and the relevant literature [14] have led
me to the conclusion that the differentiation taking place in the vent is the
more vehement, the longer the preceding period of dormancy. If this hypo-

Table |
Average chemical composition of the 14 principal types of rocks produced

(Average reduced

No. Rock Si02 TiO, AlLO, Fe.O, FeO

l. Biotite-dacite, No6grad, eastern

border 68.26 0.30 16.23 1.76 1.39
2" Garnetiferous biotite-amphibole an-

desite, eastern border, initial phase 60.98 0.75 18.08 4.32 0.91
3. Hyposthene-amphibole andesite,

strato-volcanic group 55.03 0.82 17.78 4.43 3.55
4. Pyroxene-amphibole andesite,

strato-volcanic group 55.47 0.86 18.19 3.81 3.98
5. Ainphibole-pyroxene andesite,

strato-volcanic group 54.82 0.77 17.68 3.83 5.56
6. Pyroxene andesite, strato-volcanic

group 55.79 0.84 19.01 3.33 4.44
7. Biotite-amphibole dacite, caldera

phase 58.99 0.53 17.02 1.48 3.54
8.  Amphibole andesite, caldera phase 56.71 0.75 18.57 3.96 3.02
9. Pyroxene-amphibole andesite,

caldera phase 55.33 0.60 18.70 3.58 401
10. Amphibole-pyroxene andesite,

caldera phase 54.60 0.77 18.21 2.23 5.01
11. Pyroxene andesite, caldera phase 53.69 0.89 18.14 3.94 4.34
12. Amphibole-biotite dacite, caldera

and western border 61.98 0.63 20.98 0.40 1.97
13. Amphibole andesite, caldera and

western border 61.86 0.31 18.59 3.00 1.46
14. Pyroxene-amphibole andesite, cal-

dera and western border 58.08 0.34 18.32 3.99 1.73
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thesis were generally accepted, it would yield for the Bdrzsény Mountains
that the period between the first and the second phases was shorter than the
one between the second and the third phase.

The variation diagram (Fig. 5) plotted on the basis of the mean analysis
data shown in Table | reproduces the changes of oxydic composition in the
course of the three volcanic phases, in the function of eruption or penetration,
respectively. The content of Si02shows a gradual decrease in all three phases
in the course of the eruption; it is almost unchanged in the great uniform group
of the strato-volcanic series (Fig. 5, items 3 to 6). Similarly, the content of
Al120 3turns out to be nearly constant throughout the three phases. The enrich-
ment of iron in the more basic members is less easily traceable in the curves
of FeO and Fe20a, on account of the changes of the degree of oxidation, but
it is clearly reflected by the curve of FeO -f- Fe20 3in a tendency paralleling

hy the three volcanic phases of the Bdrzsény Mountains

to 100)
MnO MgO ca0 K2 NGB O PO, H2- H2D+ co= Ope
0.05 0.52 2.90 2.86 2.23 0.07 0.79 2.42 0.20 2.53
0.06 1.43 5.92 2.96 3.74 0.15 0.30 0.57 0.10 9.49
0.28 2.22 7.09 2.26 3.80 0.25 1.07 1.34 0.08 2.50
0.15 241 7.21 2.22 2.94 0.24 0.71 1.31 0.50 191
0.13 2.35 6.97 1.96 3.44 0.44 0.52 1.28 0.25 1.38
0.13 1.33 7.06 1.88 3.65 0.22 0.67 1.45 0.20 1.50
0.12 1.93 5.73 2.26 3.57 0.10 0.66 2.13 1.94 0.84
0.11 1.98 6.34 2.27 2.85 0.18 1.60 1.30 0.36 2.62
0.17 2.46 6.79 2.40 3.40 0.21 0.77 1.29 0.32 1.78
0.25 2.78 7.32 1.99 2.42 0.17 0.57 2.45 1.23 0.89
0.18 1.09 7.45 1.85 4.84 0.08 0.31 1.60 1.60 1.82
0.10 1.38 5.24 2.76 3.11 0.17 0.17 1.11 - 0.41
0.09 1.25 5.05 2.72 3.33 0.18 0.43 1.72 - 4.11
0.17 1.48 6.89 2.21 3.09 0.19 1.40 1.79 0.32 4.61
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that of the MgO curve apart from the aforementioned decrease in the pyroxene
andesite phase.

Considering the changes of the 0 Fe curve, it might be found surprising
that this curve reaches a maximum in the initial and final phases of volcanism.
The importance of this phenomenon in volcanology was first pointed out by
Szadeczky-Kardoss [31]; in his interpretation, the magma of an originally
low oxidation potential initially acquires a higher oxidation potential among
sediments of a higher mean oxidation potential; the subsequent increase of
the magmatic material impresses the low oxidation potential of the abyssal
magma upon the entire body; finally, with the decrease of magmatic energy,
the environment of a higher oxidation potential regains its preponderance.

As regards alkalis, no essential change in tendency can be traced. In a
general way the rocks of the Borzsény Mountains contain less alkalis than
those of the Matra or Tokaj Mountains. The CaO curve is contravariant to the
Si02curve, ranging from 2.90 (first product) to 7.45 (end of the caldera phase).

Let us state finally that the Bdrzsony Mountains is an excellent example
of orogenic calc-alkali volcanism with uniform, little differentiated products
ranging from dacite to rather basaltic andesite. Crystallization exhibits the
same general tendency in each of the three phases of eruption. The critical
Mg-poor stage in the intermediate phase is attributable to a supply of less
differentiated hybrid magma following the evacuation of some of the near-
surface magma chambers. The relatively high Ca content of the rocks and the
metamorphic xenoliths encountered at several points indicate a hybridization
with gneiss and carbonate rocks; this process took place in two stages, i.e. in
a deeper and a higher magma reservoir.

Investigation of the mineral and chemical structure
of the rocks by the recomputation method

As a basis of the theoretical computation of the mineral composition
by the method of Szadeczky-Kardoss [30] the averaged chemical analyses
were chosen (Table 1). This computation, however, has posed some problems.
One of them was the fact that the composition and the exact quantity of glass
and groundmass microliths could not be measured for the individual
types; besides, the abundance ratio of two minerals in a particular rock does
not agree with the ratio of the two common oxides in the minerals. It turned
out to be an advantage, on the other hand, that the comparatively accurate
chemical composition of the phenocrysts was known by electron microprobe
measurements, so that it was not necessary to perform the recomputation
on the basis of theoretical composition data.

Although the relevant mineral compositions were determined also by
measurement and averaged over the groups in the same way as the analysis
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Fig. 6. Computed average mineral composition. I. Plagioclase, Il. Hypersthene, I11. Augite.
IV. Amphibole, V. Biotite, VI. Opaques, VII. Quartz, VIII. Calcite, IX. Corundum,
X. Garnet. XI. Rest
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Tabic Il

Calculated chemical composition of the
(Values calculated

1 *o 3. 4 5 6

Sio, 74.4 67.7 62.4 62.4 62.1 67.1
THO, 0.3 0.7 0.9 1.0 1.5 1.6
A1,0., 125 17.3 11.7 15.7 6.4 7.1
Fe,03 2.6 4.5 6.8 3.1 6.9 6.5
FeO 14 — 2.3 3.6 9.4 4.7
MgO — _ _ _ J— _
CaOo 0.9 2.4 3.4 4.2 2.0 —
K,0 3.7 3.7 4.9 4.0 5.1 4.0
Na,o0 0.3 3.4 4.7 3.1 3.3 4.7
H.O- 3.6 0.3 2.9 2.1 3.3 4.3
co, 0.3 — 0.8

data, computation proved useful nevertheless not only as a check method but
also as a means of enhancing the characteristic tendencies of the individual
phase.

The chemical analyses were converted to phenocrystal types in the
course of computation, without taking the groundmass into account. The
result is reproduced in Fig. 6.

The three major phases of evolution of the rocks were reflected most
emphatically by the excess Si02 marked as quartz. Quartz was in excess
throughout but in a decreasing proportion from the beginning of the cycles
toward their ends in agreement with the SiOa curve of the variation diagram
(Fig. 5), with the difference, however, that the slight increase in Si02 appear-
ing in the analyses of the pyroxene andesite of the strato-volcanic group was
not reflected: the volume of excess quartz continued to decrease in the pyrox-
ene andesite. As regards excess Al120 3 it was computed in the form of garnet,
provided the appropriate oxides were available and the rock in question
actually contained garnet, or as corundum, if this was not the case. Excess
A120 3 avoided the rocks of the strato-volcanic group and increased propor-
tionally with quartz; besides, it proved to be characteristic of the subvolcanic
more pronouncedly contaminated types of rock revealing a profound inter-
action with metamorphic and sedimentary rocks.

In rocks where the decomposition of the dark ingredients was intense,
such as the subvolcanic bodies within the caldera, the computation of the
alteration products by mineral types was not performed; instead, only the
original porphyric dark ingredients were considered. The comparison of the
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groundmass of 14 types of rocks

for 100)

7 8 9 10 mn. 12 13 14
62.4 59.5 70.4 69.1 71.9 77.0 71.1 84.7
0.1 0.9 0.5 1.2 1.0 0.2 —
15.2 17.4 10.0 12.6 12.4 15.6 13.9 6.4
0.9 5.7 5.4 2.4 4.6 3.6 0.6
3.4 3.1 1.8 2.9 — —
1.4 15 1.8 2.6 — — —
5.0 4.6 15 —
2.8 3.4 5.4 4.8 4.8 3.1 4.2 3.7
3.2 2.2 3.9 1.7 3.0 2.9 3.2 1.8
2.8 1.7 0.8 2.7 2.3 1.2 2.5 2.8

2.8 — — — — _

The items 1—14. are identical with those in Table I.

computed and measured mineral compositions revealed that the main chemical
ingredients underwent no essential change of abundance in the course of
alteration; the chemical components were only rearranged as a result of the
intake of C02 and H20.

The rock computation method of Szadeczky-Kardoss [30] is suitable for
determining the theoretical chemical composition of the groundmass in effusive
rocks which cannot be treated easily otherwise. Knowing the quantity and
quality of phenocrysts and subtracting the volume of the elements bound in
them from the full chemical analysis, an approximate image of the chemical
composition of the groundmass and the changes of its composition can be
obtained. In some cases certain elements passed into the negative upon the
subtraction of the elements forming the phenocrysts. Taking into consideration
the various possibilities for substitution, shortages were compensated in such
cases by the elements in excess.

The theoretical composition of the groundmass of 14 average rock types
of the three volcanic phases is represented in a variation diagram (Fig. 7), in
the order of succession of outflow and emplacement using the data given in
Table II.

The evaluation reveals that the Si02content of the groundmass approxi-
mately varies as that of the whole rock. It is, however, the Variation of Mg
that is most surprising. In the course of computation the full quantity of Mg
went into the early porphyric dark silicates except in the rocks within the
caldera in which some Mg was left over for groundmass, too. This was due
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Fig. 7. Variation diagram of the calculated groundmass composition of the rocks of the three
volcanic phases, indicated in Table Il in the function of eruption or intrusion

partly to protracted crystallization in the subvolcanic environment and partit
to the rearrangement of decomposing dark silicates into grains of groundmass
size. The repeated defect or low value of CaO reflects an enrichment in the early
plagioclases and the frequent appearance of porphyric size calcite formed in the
course of alteration. The alkalis and water concentrated in the groundmass.

In the terms of the Rittmann terminology, the composition of the
groundmass corresponds to the components latite, quartz latite, rhyolite and
alkali rhyolite.
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BYJTKAHV3M N METPOXNMNYECKUWE YCNOBUA
B CEBEPHOW YACTW FOP BEPXXEHb

Ob. TAHTO

Pesome

BynkaHu3M CceBepHOl 4acTu rop BEp>KéHb AenuTCcst Ha TPU KPYMHbIX 3BOJTOLMOHHbIX
sTana: 1. Haua/ibHbliA KUCbIA BYIKaHW3M, CO34aBLUMI MOLLHYH CTPATOBY/IKAHUYECKYH TOJLLY.
2. dopmupoBaHve Kasbiepbl — 06Bana ¢ cy6BynKaHMYecKMMM nopojamu. 3. BHepeHWe gaek u
LUTOKOB Ha Kpat KajbAepbl 1 3anafHoM 60pTy maccuBa. [epBble iBa 3Tana CBUAETENIbCTBYOT
0 pasBMTUM BY/KaHW3Ma 0T KMCOro (4auuTbl) O OCHOBHOIO (MUPOKCEHOBbIE aHAE3UThbl) COCTaBa,
B TO BpeMsi Kak B TPeTUIA 3Tan yXKe He NOSIBNAOTCSA NPOALYKThI 60/iee 0OCHOBHOro cocTtaBa. Bynka-
HU3M pa3BMBaETCA C BOCTOKA Ha 3anaf 1 13 M30/IMPOBaHHbIX NPOSIB/IEHWI CTAHOBUTCS LieHTpaslb-
HOW BY/IKAHUYECKOW [esATe/IbHOCTbIO.

PaccmaTpriBaemble FOPHbIE MOPOAbl MPeACTaBAsSAT Co60A MPOAyKTbl OfHO06PA3HOro,
cnabo anddepeHLMPOBaHHOIO, OPOreHNYeCKOro M3BECTKOBUCTO-LLENO0YHOI0 BY/IKaHM3Ma. TeH-
JeHUMSA  KpuUcTanM3auumy MposiBNSIETCA aHa/IoTMYHO BHYTPM BCeX Tpex 3TanoB, MpuyeM B
«KPUTWMYECKOM» MOfie MPOAYKTOB CPEAHEro 3Tarna NpOUCXOAMT BHe3amnHoe yMeHblueHue Mg.
HecMoTpsi Ha To, UYTO KaXAblli 3Tan HauMHAETCS KUCIbIMU MPOAYKTaMM U KOHYAETCsl OCHOBHbIMY,
OTKJI0HEHWE 0T (PPaKLMOHNPOBAHHO KpUCTa/IIN3aLNM Hefb3st 06BbSICHUTbL UCX0AA U3 eUHCTBEH-
HOI MarmaTuyeckoil Kamepbl. Takoe M3MeHeHWe 06YC0B/IEHO BHeAPEHUEM MasioanddepeHLpo-
BaHHOW, HO yXe 3apaHee rM6pPUAN3NPOBAHHON Marmbl, GecnpepbIBHO NepeTeKasLUell Yepe3 HeKo-
TOPYH M3 MPUMOBEPXHOCTHLIX MarMaTUYecKMX Kamep. YMeHblLeHe coepxXaHusi Mg Ha KoHLe
OT[eNbHbIX 3TaroB COBMafaeT C MCYE3HOBEHWEM amdr60na, YTO 06YC/I0B/IEHO MOCTYMN/EHNEM
Marmbl 13 6onee rny6oKo nexalleil Kamepbl MOC/e OMOPOXKHEHUSI BTOPUYUHBLIX MarMaTUYecKmx
Kamep M VMEBLUMMW MpWY 3TOM MECTO MpoLieccaMmu TpaHcBaropmaaLluu.

MpumeHeHne paspaboTaHHoro 3. Cagelku-KapaoLiwomM meToga KOMYeCTBEHHOW OLEHKN
rOpHbIX MOPOA BHOCUT HOBbI BKMaj B [e/10 MO3HAaHWA cOCTaBa OCHOBHOM Maccbl 3hdy3MBOB.

dopmupoBaHue (06BanMBaHME) Kasibfepbl TECHO CBSI3aHO C KPYMHbIM 04YaromM NuTaHusi
CTPaTOBY/IKAHUYECKOW [AeATe/IbHOCTW, BEPOATHbIM MECTOMOMIOXKEHVEM TFOPHbIX Mopog (yHAaa-
MEHTa, a TakXe C NPeAnOOKEHHbIMA BTOPUYHBIMU MarmMaTUYecKMMM Kamepamu, fnexatumu
Ha rny6uHe 4—5 kM. O cyLlecTBOBaHMM BTOPUYHbBIX MarmMaTuyeckmx Kamep MOXHO CyAWUTb Mo
MarMaTeKTOHUYECKMM, MeTPOXMMUYECKMM, MUHepaoneTporpagmyeckum 1 KOHTaMMHaLMOHHbIM
npusHakam ropHbIX Mopoj.

MexaHu3m hopmmnpoBaHnst Kanbaepbl (06BasiMBaHWE) TPYAHO OO6BSACHUTb YMIOTHEHUEM
HUXeNeXxallnx O/IMroLeHOBbIX OT/IOKEeHWA. [MocTeneHHoe o6BanMBaHWe SIBASIETCS, MO-BUAW-
MOMY, Pe3y/ibTaTOM OMOPOXHEHUS MPUMNOBEPXHOCTHLIX MarMaTu4eckmx kamep. [ns o6bsiCHe-
HUSi MpoLiecca OMOPOXHEHUSI MPUMNOBEPXHOCTHLIX KaMep MOXHO WCMO0/b30BaTb TMMNOTe3y
[OpLUKOBa, OCHOBAHHYID Ha W3BECTHSIKOBOM BbITECHEHUM.
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EXPERIMENTAL SIMULATION
OF ROCK METAMORPHISM

By

E. Szadeczky-Kardoss, B. Kliburszky, L. Pesty, E. Tomor,
and 0. TOMSCHEY

GEOCHEMICAL RESEARCH LABORATORY OF THE HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST

The effects of increasing temperature up to 650 °C, of load pressure up to 10 kbar
and of vapour pressure up to 5 kbar on samples of a standard clay were separately
determined (Figs. 2—5).

The rock metamorphism of the same clay in the presence of a 5 per cent NaCl
solution was experimentally simulated by means of different types of high-pressure,
high-temperature vessels. The mineralogical composition of these products corresponded
to the different hornfels and amphibolite facies and to a new metasomatic montmoril-
lonite facies, if vapour pressures instead of load pressures were used.

However, all these products do not represent true crystalline schists with
schistosity and low porosity. The porosity of the dried and crushed clay sample is
decreased only to about 10 to 20 per cent by 8 to 15 kbar load pressure (corresponding to
30 to 50 km depth) and the filling with water of their pores remains incomplete. In such
samples, no very high vapour pressures build up.

Hence new methods for production of synchronous and measurable high load
and vapour pressure were developed. New measurements by this method are in progress

Theoretically, the main conditions of high-grade geochemical simulation
are the correct reproduction of natural processes, in regard of 1. composition,
2. temperature and pressure and 3. dimensions in time and space. These con-
ditions were reproduced in our Laboratory as follows:

1. Different kinds of rock samples rather than mixtures of chemically
pure oxides were used. Thus the samples contain 30 to 40 minor elements, too,
in their original proportions and state. As in the nature rocks influence each
other also as “secondary open systems”, different kinds of rock samples in
mutual contact were used, too.

A NaCl solution as a remainder of sea water is usually present in the
pores of the rock, also in the course of progressive metamorphism. NacCl is
the most frequent component of the inclusions in igneous rocks, too. Thus the
overwhelming majority of our experiments were performed with diluted
(5 per cent) NaCl solution.

2. To reproduce the natural conditions, special equipment was used to
control and provide changing temperature, mechanical and vapour pressure.
Autoclave vessels — mostly cold seal vessels - were also used. But to simulate
the complex temperature, mechanical and vapour pressure changes in nature,
special types of vessels were developed. A type with an extra seal, metal-
packing and piston realizes two seemingly opposite requirements: 1. a com-
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plete sealing at high vapour pressure, 2. the nearly continuous and measurable
compression of the sample by an independent load pressure. Two-chamber
vessels (see below) were used also to produce different measurable load and
vapour pressures. Different pressure and temperature gradients were produced
by elongated cold-seal vessels.

3. To approximate a simulation of the long geological spans of time the
“principle of asymptotic extrapolation” was applied. According to this
principle, the results ofthe same experiment, prolonged for different spans of
time, are represented in function oftime and the asymptote is determined. This
asymptote expresses the condition of equilibrium valid for long geological
spans of time.

Our experiments, carried out according to these principles, do evidently
not satisfy all the requirements of the simulation of natural conditions. Still
they already show the way toward a better approximation of geological
reality.

According to the opinion of many petrographers the long-distance diffu-
sion of elements through compact rock masses is impossible even during
millions of years. This opinion is based on the very low rate of diffusion of
some heavy elements found in single crystals. It contradicts, however, many
modern petrological observations. To check this point we have first of all
measured the rate of selective migrations of water vapour through different
solid, compact subvolcanic rocks (basalt, andesite, obsidian) at 250 to 550 °C
and 100 to 2000 bars of vapour pressure. The observed rate was partlv 1mm/day.
This high rate of diffusion through compact rocks is due to the migration of
the volatile elements along the grain interfaces and through lattice defects.
In this way, different endometamagmatites were produced and the miner-
alogical effects of the endometamagmatic transvaporisation by volatiles derived
from a clayey medium on acidic, neutral and basic igneous rocks could be
measured at different temperatures (Szadeczky-Kardoss et al. 1964; SzA-
deczky-Kardoss and Pesty 1965).

A systematical estimation of the temperature and pressure of rock meta-
morphism based on the maximum depth of burial of coals of various rank was
initiated in 1949—1951. Since 1952 this problem was investigated also by
experiments concerning the high-temperature and high-pressure changes of
silicate systems of one and several components (Fig. 1).

HtETANEN (1967) has already distinguished eight series of rock meta-
morphism, connected with different geothermal gradients, by the comparison
of experimental data and geological observations (Fig. 1).

In all these mineral facies systems, however, it is not unambiguously
clear whether the “pressure” in the diagrams means load (lithostatic, mechan-
ical) pressure (pi), or vapour pressure (p¢). The two pressures are regarded by
some authors as aboutequal, at least atgreatdepth (Winkler 1957, Turner and
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Vehhoogen 1960). On the contrary, other researchers suppose that load and
vapour pressure in the crust are widely different: p) <gp,, (Miyashiuo 1961,
etc.). The dissimilarities of the volcanic, subvolcanic, shallow and deep plutonic
ore formations and of the igneous rocks were explained already by P. Niggli
(1937) on the basis of supposed differences in “external” (lithostatic) and
“internal” (vapour) pressure.

Consequently the next point in our research program was to determine
separately the effect 1. of temperature, 2. of load pressure and 3. of vapour
pressure.

Two main series of experiments were performed, one on samples of
a standard carbonaceous clay, the other on a low grade brown coal. In the
present paper, the induced metamorphism of the carbonaceous clay will be
dealt with.

It was found that the original mineralogical composition of the carbon-
aceous clay (Figs 2—5) is not changed considerably either by increasing
temperature (Fig. 2), or by increasing load pressure alone (Fig. 3). However,
load pressure changes the relative areas of the diffractometric peaks of some
minerals. Also it destroys at distinct pressure levels some OH-containing min-
erals  which possessthe lowest compound potential into a disordered quasi-
amorphous phase. The appearance of this new quasi-amorphous material
affects the percentages of the crystalline minerals, too, although their quan-
tity ratios remain unchanged (Fig. 3).

It was found that most of these changes are irreversible: the quasi-
amorphous material became more stable with increasing load pressure and
reaction time.

The amount of quasi-amorphous material increases with increasing load
pressure and increasing temperature. The effect of both factors is about
additional.

Since the lattices are deformed by crushing and rubbing in the labora-
tory, too, it is likely that rocks containing quasi-amorphous material occur
also in nature, even at relatively small depth along structural surfaces.
Their determination was, however, hindered up to now by the lack of suitable
methods. (The method for the diffractometric determination of quasi-amor-
phous materials, developed in our laboratory by Bardossy, permits now to
check this assumption, too.)

The effect of vapour pressure is essentially different indeed, contrary
to that of load pressure. New crystal lattices, new mineral associations, i.e.
new rock-types come to exist in some days, indeed, within a few hours even
at relatively low vapour pressures. Mineral assemblages of metamorphic rocks
(e.g. granulitic gneiss, contact-metamorphic hornfels and sanidinite) are pro-
duced (Figs 4 5). The results of experiments performed atagiven temperature
(up to 650 °C) are largely similar even if vapour pressures are different (100 to
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Montmorillonite

Fig. 2. Effect of increasing temperature at 2500 bars of mechanical pressure (runs of 8 to 72
hours)

Fig. 3. Effect of increasing mechanical pressure at 300 °C (runs of 8 hours)

2000 bars). Within these pressure limits, the factor significantly affecting the
clayey rocks is the temperature.

Up to 300 °C, montmorillonite is formed out of dolomite, chlorite and
illite. The quantity of montmorillonite increases with decreasing porosity: 10 per
cent at 250 °C and 100 bars, 38 per cent at the same temperature but 2000 bars.
The mineral composition produced in this way is neither a zeolite facies, nor
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the greenschist lacies, nor the epidote-amphibole-hornfels facies. It represents
a new facies to be described in the next paper.

At about 450 °C and 2000 bars of vapour pressure, montmorillonite dis-
appears and phlogopite is formed. The plagioclase content increases simulta-
neously,chieflyat theexpenseof sericite-illite.This association corresponds more
or less to the biotitic subfaeies of the greenschist facies. It differs from the
mineral association of the amphibole-hornfels facies, though the applied p —t
values are equal (see Fig. 1 according to most accepted hypotheses).

A significant change takes place at about 500 °C. 8 per cent of potassium
feldspar, 23 and 28 per cent of augite and diopside respectively and 25 per cent
of plagioclase are formed at the expense of quartz, phlogopite and chlorite.
The Ca liberated from the decomposed calcite increases the anorthite content
of the plagioclase from 35 to 70 per cent. The quantity of sericite-illite de-
creases, owing to a transition largely into muscovite. This association remains
essentially stable at least up to 650 °C. Different from the pyroxene-hornfels
contact facies it rather resembles the amphibolite facies (Figs 4 —5).

These data result from 48 hour experiments and thus may deviate by
a few per cent from the equilibrium state, which could be determined from
these data by the principle of asymptotic extrapolation.

All these mineral associations produced in the laboratory differ from
true crystalline schists in the absence of schistosity. Texturally they are more
similar to contact metamorphic rocks but their grain size of about 10 microns
is very small compared even to the hornfelses. This is presumably due, in part
at least, to the short time of crystallization, but it may be partly also due to
the absence of load pressure. Although a mechanical pressure equal to the
vapour pressure is (by the principle of action-reaction) present in the normal
cold-seal and other autoclave vessels. This differs from natural load pressure.
There remains a considerable porosity even after the artificial compaction of
the sample in the autoclave vessels. In the experiments described systemati-
cally 40 per cent porosity was used at 2000 bars of vapour pressure.

Such high free porosities are, however, mostly eliminated under natural
conditions by the load pressures prevailing in the crust. Thus the correct
simulation of natural rock metamorphism requires a high load pressure acting
throughout the crystallization process.

High load stresses as coupled to high vapour pressures require, however,
some fairly sophisticated techniques and equipment not realized up to now,
at least as far as we know. This is why no true crystalline schists have pre-
sumably been produced artificially till now.

Therefore, first experiments were performed in our laboratory to produce
load pressures surpassing the vapour pressure. Dry clay samples (A) and wet
ones (containing INaCl solutions) (B) were exposed to 300 320 °C and 2000 —
3500 bars load pressure. Under these conditions, the mineral composition was
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1 atm.

25° 100° 200 w ° 500° 600°C
Effect of temperature at 100 and 2000 bars of vapour pressure (runs of 48 hours

Figs. 4. and 5.

not significantly changed, except for the appearance of about 7 per cent of
quasi-amorphous material within 48 hours (Table, p. 57).

At 550 °C and 2000 (C) and 5000 bars (D) load pressure in presence of
NaCl solution, however, phlogopite was formed, the amount of which increased
with increasing load pressure. At the same time the amount of plagioclase was
increased, that of the carbonate minerals decreased. This mineral content
corresponds approximately to the amphibole-hornfels facies.

In these experiments the vapour pressure was not constant, it decreased
slowly during the experiment. If the vapour pressure is eliminated at an earlv
stage of the experiment, the successive load pressure forms some quasi-
amorphous substance, too (A and D).
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Vs a next step, different quantities of water were added to the samples
and load pressure was increased to 12 then to 15 kilobars. It was found that
a water content up to 3 per cent promotes compressibility up to about 8 kilo-
liars load pressure. A load of more than 9 kilobars will, however, squeeze
the water exceeding 3 per cent out of the sample. A load pressure even of
12 to 15 kilobars decreases the porosity of the standard clay to about 20 per
cent only, even if the amount of added water is optimum (2 percent). (These
experiments will be described in detail in a separate paper.)

Original
composi- A B c 0
tion
Temperature, °C 20 300 320 550 550
Load (bar) 1) 3500 2000 2000 5000
(per cent without amorphous material)

Quartz 17 19 18 13 17
Plagioclase 7 8 7 19 19
Calcite 20 19 22 21 24
Dolomite 10 11 9 - -
Siderite 1 - —
Chlorite 17 12 17 6 1:
Montmorillonitc 2 1 -
Ilite-sericitc 26 30 25 -
Sericite-phlogopite - 40 40
Quasi-amorphous substance 7 8

Under such circumstances, vapour pressure does not exceed noteworthy
the normal 115 bars at 320 °C, although the simultaneous load pressure
amounts to 6 to 8 kilobars and the previous load even to 12 to 15 kilobars.

These experiments show that the natural water content of the slate is
normally not sufficient to produce the vapour pressure necessary for the
formation of crystalline schists, et'en at 5000 bar load pressure, corresponding
to 18 km of depth.

The experiments just described were performed on clay samples that
underwent epigenesis in nature. Thus the adding of water and the increasing
load pressure and temperature simulate a foundering to great depth of an
epigenetically dried and then mechanically disintegrated rock, i.e. the pro-
cesses of a complex tectonical oscillation. In such a clay it is hardly possible
to produce the low porosity known from the clay samples of deep drill cores.

It may be assumed, however, that the water added to the strongly epi-
genetized and subsequently dried clay is not absorbed into the free pores in
the same measure as the sea water filled the pores of the mud when it was first
deposited on the sea bottom. Hence, the “mud water” may produce in nature
a higher vapour pressure and load pressure at the same temperature than the
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experimental increase of the temperature and pressure acting upon a once
dried rock. On the other hand, the high vapour pressure required forthe forma-
tion of crystalline schists may be produced by the volatiles delivered by the
progressive metamorphic processes in the bottom, too. In this case, epimeta-
morphic changes at higher levels are the consequences of meso- or higher-
grade metamorphic processes deep in the crust.

To check these assumptions, two further series of experiments were
initiated. One was performed on fresh undisturbed and stabilized clay cores
from deep borings. The other will be performed in two-chamber vessels with
a special water chamber, whose vapour introduced into the system at elevated
temperature and load pressure is expected to simulate the effects of meta-
morphism in an open system with volatiles rising from the deep crust.

In contrast to the experiments with clay-samples, very high vapour
pressures and strong metamorphic changes were produced in a series of experi-
ments performed on low-rank brown coal in the same vessels as were used in
the clay experiments. In contrast to the clay-samples vapour pressure inthe
brown coal series surpassed load pressure already at 250 °C under the p —t
circumstances corresponding to a normal geothermal gradient (Szadeczky-
Kardoss 1968). High vapour pressures attained in this way are due to the
production of various hypercritical vapours (gases) by the high-pressure and
high-temperature decomposition of the organic substances. Such hypercritical
vapours do not occur in a subsiding clayey series under a normal geothermal
gradient. Consequently, no very high vapour pressures are likely to develop
in pure clay series.

The metamorphism of normal silicate rocks differs fundamentally from
the formation of coal from peat (“coalification”, “Inkohlung”). The peat-coal
transformation is a continuous process, controlled by increasing temperature,
in closed and semiclosed rock systems; this process produces extra high vapour
pressures already under the normal conditions of progressive metamorphism,
i.e. of a subsiding crust. On the contrary, the true metamorphism of silicate
rocks is presumably a stepwise process which advances only at certain fixed
levels of temperature and pressure, mostly without attaining extra high vapour
pressures. In the extensive intervals between two steps of this stepwise meta-
morphism, no essential changes seem to occur.

If these assumptions are valid, extra high vapour pressure — equal to
or surpassing load pressure at the normal geothermal gradient — is exceptional
in the earth’s crust. In the most frequent kinds of sedimentary rocks, e.g. in
clays, vapour pressure mostly does not even approximate load pressure. From
the known porosity values of clayey sediments in nature (Frazer 1930;
Athy 1939; Hedberg 1936; Skempton 1945; Weller 1959) and from the
pressure-volume—temperature relations in water and in CO02 established by
Kennedy (1950, 1954) it can be calculated that the ratio of load to vapour
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pressure is greater than one to ten, at normal geothermal gradients up to
500 °C, i.e. over most of the range of rock metamorphism.

The structural uplifting of rock bodies makes vapour pressure decrease
faster than load pressure, as a result of the decrease of temperature.

The best proof for the inequxlity of the two pressures is the existence
on the surface of rocks whose mineralogical composition reflects a depth equi-
librium. Considerable vapour pressure in the uplifted rocks would result in
tontinuous retrograde metamorphism, and deep equilibria could not exist on
ehe surface.
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OonbITbl NO MOAENVNPOBAHNIO METAMOP®UN3MA IOPHbIX MNMOPOA
3. cageukun-kapgouwi, 6. knuéypcku, E. TOMOP . o. Tomwweri

Pestwme

ABTOpbI ONpefennny BAUsSIHWE MOBbILLEHHOM TeMnepaTypbl (4o 650° C), aaBneHWs Bcneg-
cTBMe Harpyskm (go 10 kmnobap) u napoBoro fgaeneHus (Ao 5 Kunobap) B OTAENbHOCTU Ha
3TaNIoHHble 06pasybl rMuHbI (ur. 2—75).

Mpouecc mMeTamopum3ma OfHOW 1 TOH Xe caMoii FMUHbI B NpUCYTCTBUM 5%-ro pacTBopa
NaCl 6bin Bocnpom3BedeH B /1ab0paTOPHbIX YCNOBUSAX MOf AEACTBUEM pasHbIX TUMOB 60M6
BbICOKOr0 [JaBfIEHUS1 U BbICOKOW TemnepaTypbl. MUHepasnornyeckuii cocTaB MoOJyYeHHbIX Mpu
3TOM MPOAYKTOB COOTBETCTBYET Pa3/INyHbIM POrOBUKOBbLIM M aMh160NNTOBbIM (halsam, a Takxke
HOBOW (haljuym MeTacoMaTUYeCKOro MOHTMOPW/IOHUTA.

OpHako, BCe 3TV NPOAYKTbl He AB/SKTCS HACTOAWMMU KPUCTA/IMUECKMMW CNaHLaMm
C KNMBaXOM W Cnaboi nopucTocTbio. [of Harpyskoii B 8—15 Kuiobap (COOTBETCTBYHOLLEN
faBneHMo Ha rny6uHax 30—50 KM Moj 3eMHOM MOBEPXHOCTbIO) MOPUCTOCTb BbICYLLEHHbIX Y
pasmesib4eHHbIX 06pasLoB IMMHbI YMeHbLUMIACh TOMbKO A0 10%, M Nopbl NO-NPEeXHEMY 3anos-
HSNNCb He MOSIHOCTbI. B Takux obpasuax He co3faeTcsl Kakoe-nM6o oueHb BbICOKOE MapoBoe
[aBrneHue.

B cBsi3n ¢ 3TUM 6biNM paspaboTaHbl HOBblE METOAbI CO34AHNSI U CUHXPOHHOIO M3MepPeHNUs
Harpyso4yHoro M napoBOro faBfieHWiA. B HacTosilee BpemMsi U3MepeHMs MPOM3BOASATCS TaKUM
MEeTOZOM.
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ON THE MONTMORILLONITE FACIES

By
E. Szadeczky-Kardoss, Gy. Bardossy, |l. Furst, L. Pesty, B. Kliburszky,

E. Tomor and O. ToOMSCHEY

GEOCHEMICAL RESEARCH LABORATORY OF THE HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST

The authors have proved experimentally that the mineralogical composition
of clayey rocks below 550 °C depends besides temperature and vapour pressure also
on the original porosity of the rock. At agiven vapour pressure and temperature, the
mineral phases of a system are determined by porosity and volatile content. At small
porosity and low water content montinorillonite and kaolinite are converted into illite.
On the contrary, at great porosity and high water content illite changes into mont-
morillonite. The first case occurs e.g. below the sea bottom during the diagenesis and epi-
genesis of sediments. The second case is characteristic of metasomatic processes, e.g.
in hydrothermal veins and in hypo- and endometamagmatic rocks. Many metasomatic
processes represent states of equilibrium of a distinct montmorillonite facies. This
facies can, together with all the traditional facies be represented unambiguously in
a p i—c diagram. Hence, geological processes in open systems can be simulated
experimentally by high pore-volume closed systems with high concentrations of vola-
tiles. Thus the chemical potential of certain “perfectly mobile” components of the open
systems can be substituted by the concrete values of their concentrations (activities)
as determined experimentally in closed systems.

According to the experiments described in the preceding paper, mont-
morillonite develops from illite at 200 to 400 °C and 100 to 2000 bars vapour
pressure. In nature, however, the opposite process, the formation of illite from
montmorillonite, is much more frequent. In marine sediments, illite is formed
from both montmorillonite and kaolinite, as a result of diagenesis and epi-
genesis.

This paradox leads to the assumption that temperature and vapour
pressure do presumably not determine unambiguously the mineralogical com-
position of a system: the amount of volatiles or the free pore volume may
also affect the mineralogical composition.

It is known that a given vapour pressure at a given temperature may
he due on the one hand to a high water content in a highly porous system, and
on the other, to a low water content in a more compact system.

The behaviour of the standard clay sample used in the experiments
described in the previous paper is determined for different porosities and
water contents at 300, 400 and 550 °C temperature in closed vessels (Figs
1—3). It was found that the amount of illite transformed into montmorillonite
increases parallel to the amount of water added, i.e. to increasing porosity.

The effect of the added water is rather significant: the quantity of
montmorillonite increases from 1 to 38 per cent at 400 °C if the amount of
water rises from 0 to 83 per cent (Fig. 2). Indeed, this effect is more signif-
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\\/ﬁm‘pressure am.) 1 87 WO 1000
ater supply (%) )0 0 83 538 1500

Fig. 1. Effect of increasing water content and porosity partly at a given vapour pressure at
300 °C (runs of 48 hours)

Vapourpressure (atm) 1 100 2000 2000 2000 2000
Watersupplu (°L) 0 5 3% 53 83 82
Pore volume - 387 16 19 28 28

Fig. 2. Effect of increasing water content and porosity partly at a given vapour pressure, at
400 °C (runs of 48 hours)

icant than that of the increase of vapour pressure from 1 to 2000 bars.

Hence, a chief controlling factor of the hydrothermal formation of
different kinds of clay and of other minerals is the porosity of the rock.

The montmorillonite formed in this way is chiefly a 12.5 A modification
whereas in the systems low in water the normal modification with 15 A base
reflexion is largely formed.
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The concentration of volatile influences, however, the mineral composi-
tion only up to the stability field of OH-bearing minerals. Its effect decreases
at about 500 °C, and at higher temperatures the mineral composition becomes
independent of the water content (Fig. 3).

In the sediments, diagenesis and epigenesis form no montmorillonite
out of illite because under the overlaying pressure the porosity of the sedi-

Fig. 3. Effect of increasing water content and porosity partly at a given vapour pressure, at
550 °C (runs of 48'hours)

ments decreases so much as to prevent the formation of montmorillonite. In
the sediments characterized by a rapid decrease of the water content, mont-
morillonite even transforms gradually into illite.

In experiments with normal cold-seal vessels, however, extra water has
to be added to produce high vapour pressure; this is why montmorillonite
forms from other minerals. Conditions analogous to those just described exist
in nature, too. Hydrothermal alteration of rocks along fissures represents
processes in systems of high porosity, in the presence of large amounts of
moving water. Ore veins and their transformed surroundings, as well as masses
of hypo- and endometamagmatitic rocks belong to this type of rock formation.

No adequate field for these rocks exists in the simple genetic p —t
systems of the mineral facies. Similarly, no well-defined quantitative param-
eter for water percolating through open systems was found up to now.

According to Korshinsky two kinds of components, inert and “com-
pletely mobile” can be distinguished in open systems. The inert components
represent the extensive factors of the equilibrium and are expressed by their
concentrations or masses. The “completely mobile” components are intensive
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factors represented by their chemical potentials. However, a well-defined
numerical value ofthe chemical potential, suitable for use in geological practice,
too, does not exist. The definition of the chemical potential

fi, = y0-j- RT log nat a

contains the arbitrary constant fi0.

The experiments just described show, however, that the indefinite
quantity of water percolating through the open system may be expressed in
terms of water content in per cent determined experimentally in closed
systems as described above. Thus the petrologically indefinite chemical poten-
tial is expressed by a definite value of a concentration.

This substitution is of substantial interest to petrological theory. Theoret-
ically the separation of inert and “completely mobile” components was an
ingenious shortcut to the establishing of the “mineraldgical” phase rule.
In practice it leads, however, to insurmountable difficulties. E.g. in the coal-
forming process from peat to anthracite, all four main elements C, H, O, N are
in effect intermediary between inert and “completely mobile” components,
gradually changing their character in the function of temperature.

Thus an open system of strong metasomatic processes, such as mont-
morillonitization and the formation of hypo- and endometamagmatitic rocks,
may be quantitatively characterized by the concentration of volatiles deter-
mined in autoclave vessels. Even rocks not in equilibrium may also be charac-
terized quantitatively in this way.

The simplest hydrothermal metasomatism characterized by montmoril-
lonitization obviously represents a special mineral facies. This mineral facies
can. together with the other, “traditional” facies, be represented inap t ¢
diagram, where c signifies concentration of the volatiles (mostly water). Such
a three-dimensional diagram was theoretically justified in an earlier paper
(Szadeczky-Kardoss 1959). Note the way of experimentally determining
this value c¢ was found.

However, the unambiguous representation of the traditional mineral
facies requires a three-dimensional diagram, too, metamorphism being con-
trolled by three factors at least. The existence of three controlling factors
(temperature, load and vapour pressure) was expressed also by Coombs (1961).
It is, however, not decided yet which three factors shall be used in a compre-
hensive rock diagram. The factors temperature, load and vapour pressure
proposed by Coombs represent one option, but in this case the possible end
state cannot be determined. Porosity is a more unambiguous quantity than
load pressure; hence, the factors temperature, vapour pressure and porosity
may possibly be used in the diagrams. But in the geological practice the use
of the wvolatile concentration seems to be more significant than vapour
pressure and, using this value the end state can be determined, too.
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Thus ap —I—c diagram with p meaning porosity seems best suited to
represent the modes of origin of rocks and the relationships of the mineral
facies.
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O MOHTMOPUNIOHUTOBOWN ®ALMUN

3. CAAELKU-KAPAOW W, A. BAPAOW W W, N. ®OPCT, N. NEWTW, 6. KIUBYPCKMN,
3. TOMOP, n O. TOMWEN

Pesome

ABTOpbI [I0Ka3a/IM 3KCMNEPUMEHTA/IbHLIM MyTeM, YTO MWHEPasiorMyeckuii coctas Iu-
HUCTbIX MOPOA NPU TemnepaTtype Huxe 550° C3aBUCUT He TOMbLKO OT TemnepaTypbl U NapoBoro
[aBfeHNsl, HO M OT COAEPXKaHWsa NeTyumx KOMMOHEHTOB B nopofde. Mpy M3BECTHOM MapoBOM
[aBfieHNM 1 TemnepaType MUHepasibHble ()asbl CUCTEMbI OMPeaeNsoTCs MOPUCTOCTLIO U COAep-
KaHWeM NeTyuynmx KOMMOHEHTOB. MMpy HeGOMbLUOA MOPWUCTOCTU WM MasloM COAepXKaHuu Bofbl
MOHTMOPW/IOHUT W KaoNIMHWT NPEBPaLLaloTCea B HAAUT. 1 Hao60pOoT, MPU CUIbHOW NOPUCTOCTY
1 6ONbLLIOM COflePXKaHNM BOAbl MANWT NPEBPALLAETCA B MOHTMOPUIOHMUT. MepBblii cyYain umeet
MeCTO, Harmpumep, Ha [iHe Mops B MpoLiecce AvareHesa W anureHesa ocagkoB. BTopoii cnyuaii
XapaKTepeH [Ans MeTacoMaTUYecKMX MPOLIECCOB, Hanpumep, B rWApOTEePMasibHbIX >KUnax,
a TakXe B FWMo- W 3HAOMeTaMarmMaTuyecKMx Mopofax. Mhoio METACOMATUUECKHX MPOLLECCOB
npeacTaBnsioT co60it CTaguilo paBHOBECUS OMpeaesieHHO MOHTMOPWMIOHUTOBOM (auuun. 3Ta
(haums BMeCTe CO BCEMM TPAAMLIMOHHBLIMU (aLMAMU MOXET 6blTb OHO3HAYHO M306paXKeHa Ha
avarpamme p-t-c. CnefoBaTte/lbHO, reosiorMyeckre NpoLeccbl B OTKPbLITOW cMCTeMe MOFYT 6biTb
3KCMepPVMEHTaNIbHO BOCMPOU3BEAEHbI HU3KMMM, 3aKPbITbIMUA CUCTEMAaMM C MOBbILLEHHLIMA KOH-
LEHTPaUMSIMA NIeTyYnMX KOMMOHEHTOB. TakuM 06pa3oM, XMMWUUYECKMIA MOTeHLMan HeKoTOpbIX
1 COBEPLLIEHHO MO6U/bHBIX KOMMOHEHTOB OTKPbITLIX CUCTEM MOXET BbiTh 3aMeHEH KOHKPETHbIMU
3HAYEHUAMMW UX KOHLEHTpaumWii (aKTWBHOCTEIA), onpefeneHHbIX 3KCNepUMEHTaNIbHbIM MyTeM B
3aKpPbITbIX CUCTEMAX.
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PETROMETALLOGENESIS OF LATE TERTIARY
HYDROTHERMAL ORE DEPOSITS
IN THE CARPATHIAN REGION

By
Y. Széky-Fux

INSTITUTE OF PETROGRAPHY AND GEOCHEMISTRY, L. EOTVOS UNIVERSITY, BUDAPEST

A detailed investigation of the hypo- and metavolcanics associated with the
Tokaj Mountains’ ore mineralization as well as that of the ore veins has led to the con-
clusion that the metal content of the ore veins is mobilized by the same processes as are
primarily responsible for the formation of the volcanic host rocks. These so-called petro-
metallogenetic processes are classed according to their vertical trends (ascending and
descending) and to their relation to ore mineralization (pre-, syn- and post-genetic).
They have brought about a definite vertical zonality in all areas of the Carpathian
métallogénie province.

The regional relationship between ore-carrying medium, host rock and
ore distribution within the Tertiary volcanic wreath of the Carpathian range
was studied by several prominent Hungarian researchers.

It was as early as 1941 that Szadeczky-Kardoss raised the question
why some members of this wreath of volcanic mountains are rich in ore
whereas others are virtually oreless. In this investigation of the problem he
pointed out a close connection between ore content and the crystallinity of
the volcanic host rock. In the textures of volcanic rocks he distinguished five
groups according to the volume ratio of crystalline constituents to glass.
Lately he gave quantitative and diagrammatic criteria for magmatité textures
(1960) and also a thermodynamic interpretation of the problem (1967).

In the case of andesito-dacitic volcanics, Au-Ag veins and their galenito-
sphalerito-pyrito-chalcopyritic accompaniment appear as shown in a communi-
cation by Szadeczky-Kardoss (1941), at a degree of crystallinity of 4 or 5.
The crystallinity of propylitic rocks is usually 5. In the case of a rhyolitic
transport medium the crystallinity of the rock is lower, with a mean optimum
at 3.5.

The crystallinity of volcanics may also be used for determining the
intensity trends of ore supply and the optimum depth of ore mineralization,
respectively. Szadeczky-Kardoss gave the classification of Late Tertiary
volcanic mountains in the Carpathian area as shown in Table 1.

More recent research including a number of up-to-date petrographic
observations proved the presence of a significant precious-metal mineralization
also in the Vihorlat-Avas range. It was also recognized that there is a remark-
able polymetallic mineralization accompanying the precious-metal mineraliza-
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Table 1

Crystallinity of volcanics in the volcanic mountains
of the Carpathian range

. . Ore
Mountain Crystallinity mineralization

Kelemen Mts. (Mti Caliman), Har-

gita, southern part of Borzsény

Mts. 2.5—2.9 | exclusively exhalatory,
silicic iron ores

Cserhat, Dunazug, Tokaj Mts,,
Yihorlat-Avas 3.0—3.5 ! subordinate

Selmec-Kérméc Ore Range, Middle

Bdrzsdny, Matra, Gutin Mts.,

Transylvanian Ore Range 40—5.0 | Au-Ag veins, heav\m
metalsulfide
accompaniment

tion of the Tokaj Mountains, known for some centuries. The crystallinity, as
listed in Table 1, refers in the case of the Vihorlat range and of the Tokaj
Mountains to rhyolitic rocks. It has lately been shown that the crystallinity
of the ore-carrying andesites is the same in both these mountains as is in the
andesites of the Selmec range, Central Bdorzsény, Matra, Gutin and Transyl-
vanian Ore Range.

Of course, ore mineralization depends, besides the crystallinity of the
ore-bearing volcanic rock, also on a number of other factors such as geology,
tectonic control, etc.

The relationship between late rhyolito-dacito-andesitic volcanism and
the associated hydrothermal mineralization was a few years later studied by
Vendel (1947—48). In a general way, he found the volcanism that produced
the ore mineralization to have been typically Pacific, with but a slight “Medi-
terranean penchant”. (It is known today that this “penchant” is due to
potash metasomatism.) W hat Vendel emphasized as one of the most impor-
tant features is the regular relationship between the mean SiOa content of the
volcanics in an ore region on the one hand, and the intensity of ore mineraliza-
tion on the other. He classed the Late Tertiary volcanic mountains of the
Carpathian range into five groups according to the intensity of ore mineraliza-
tion. His classification, together with the mean Si0O2contents of the respective
Late Tertiary mountains (or of the rocks in the mineralized area) is presented
in Table 2.

It is apparent that, according to Vendel, the Si02 content most con-
ducive to ore mineralization in volcanics is 61 to 64 per cent. Plotting intensity
of ore mineralization vs. Si02 content yields an asymmetric graph. Decrease
of the Si02content below the optimum entails a more rapid decline of intensity
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Table 2

Mean SiO, content and intensity of ore mineralization
in the volcanic mountains of the Carpathian range

Mountain Mean Si02 content Intcneity of ore
(Ore region) of volcanic», mineralization
per cent
Avas-Gutin 61.84 5
Transylvanian Ore Range 61.91
Selmec-Kérmoc Range
(middle portion) 64.03 5
Matra Mts. 59.39 3—4
Tokaj-Presov Mts.
(middle portion) 65.75 3
Ditto (northern portion) 59.17 2
Selmec-Koérmoc Range
(western portion) 58.63 9
Borzsony Mts. 57.38 2
Selmec-Kérmoc Range
(eastern portion) 57.03 1-2
Tokaj-Presov Mts.
(southern portion) 71.46 1-2
Hargita-Kelemen Mts.
(Mti Céliman) 57.21 1-2
Dunazug Mts. 58.15 12
Cserhat Mts. 55.26 1

than does its increase above the optimum. The exact value of the optimum
mean Si02 content for the Late Tertiary rock province of the Carpathian
region was found, on the basis of the large number of rock analyses available,
to be 63 per cent.

A detailed surface mapping of the Telkibanya ore district in the Tokaj
Mountains, accompanied by a thorough geological, petrographical and petro-
logical study of all the underground workings, has led the author to form the
opinion that the main factors of a favourable ore mineralization are basement
geology, volcanotectonic conditions and first and foremost, the petrogenetic
evolution (Abdutajev 1961) of the ore-carrying rock. Ore mineralization is in
an intimate connection with the origin and evolution of the host rock; ore and
rock evolve in a parallel, indeed interwoven fashion and neither can be dis-
cussed without the other. The detailed petrographic examination, the unravel-
ing of hypo- and meta-alterations down to the level of mineral and trace-
element associations of the ore veins necessarily leads to the recognition of the
processes involved in the leaching of the volcanic basement, the evolution of
the volcanics, the mobilization of the ore-forming substances and the formation
of the ore veins.

The processes involved and the agents (factors) that activated them are
divided by their orientation in space and other features in two large groups:
(1) ascending (primary, juvenile, hypogene) and (2) descending (secondary,
supergene).
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The processes of group (1) are characterized by ascending mobilization;
those of group (2) by descending mobilization. The most important factors
of ascending mobilization are H20, C02 S, silica and K20, an indicator of very
intense mobilization in our region. The most important factors of descending
mobilization are H20, C02, 0 2 silicification connected with clay mineralization
on the surface and — as suggested by Hungarian results applying also to our
region bacterial activity.

All these factors may exert their influence before, during and/or after
ore mineralization. Thus one may speak of

1. pre-metallogenetic,

2. syn-metallogenetic and

3. post-metallogenetic processes.

In dependence of the dominant factors (substances), the main types of
the processes influencing the petro-metallogenetic evolution in the Tokaj
Mountains and also in the most important ore-bearing areas of the Carpathian
region are the following: sericitization, chloritization, propylitization, epi-
dotization, carbonatization, pyritization, potash metasomatism (“adulariza-
tion™), silicification, clay mineralization, alunitization, and, to a lesser degree,
tourmalinization, apatitization, biotitization. Processes indicative of great
depths are epidotization, tourmalinization, apatitization.

All these processes are reviewed and classified in Table 3.

As evident from the table volcanic activity in the region under con-
sideration produced a pyroxene orthoandesite.

Chloritization

Chloritization is connected with the hypo-stage of the andesitic activity.
The mafic constituents are chloritized in the last stage of crystallization.
The chloroandesite thus formed is a transition between pyroxene orthoandesite
and propylitic andesite. Its mineralogical composition is widely different from
that of the orthoandesite. The mafic constituents are almost entirely chlorit-
ized, there is partial sericitization in the place of plagioclases. Of the main
chemical components, the content of A1203, H ,0+, H2~ and, to a smaller
extent, of K20 is on the increase. The degree of oxidation decreases, the state
of iron shifts in favour of FeO.

The trace elements do not follow very sensitively the changes in the main
elements. This is particularly true of chalcophiles whose abundances do not
change significantly as compared with the orthorock. Hence, chloritization
does not profoundly mobilize the trace elements of andesite: it plays no par-
ticular role in the enrichment of the ore material either. It is most important
as an ore-indicator by virtue of the chloritization of the mafic minerals.
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Table 3

Petrometallogenetic processes in the Carpathian volcanic icreath

Factors Petrometallogenetic .
of mobilization process Resulting rock type

Pre -metallogenetic proc sses

Volcanism Formation of volcanics Pyroxene orthoandesite
Hl}ilgg-stéagez of volcanism, Chloritization Chloroandesite
' Sericitization Hydroandesite
Carbonatization Carboandesite
Hypo-stage of volcanism. Propylitization Andesitogene
H20 + S (+C02 Epidotization propylite
Hydrotherms Potash metasomatism Kalitrachyte
11,0 + K.,0 + 0, (adularization) (potash metasomatite)

Syn-metallogenetic processes

Hydrotherm Potash metasomatism Kalitrachyte

H20 -f K.o + 0, (adularization) (potash metasomatite)
Hydrotherm, H.,0 Sericitization Hydrokalitrachyte
Hydrotherm, SiO., Silicification Silicokalitrachytc
Hydrotherm. S Pyritization Sulfokalitrachyte
Hydrotherm, GO Carbonatization Carbokalitrachyte
Hydrotherm, H2 Kaolinization Hydrokalitrachyte

Post-metallogenetic processes

H,0 ( CO, Kaolinization (carbonatiza- Hydro-silicokalitrachyte
tion) with intense
Silicification Carho-silicokalitrachyte
Sulphuric postvolcanic Alunitization Alunitic volcanite
activity
H20 in vadose waters Montmorillonitization Hydrovolcanite
Bacterial activity Oxidation, reduction Oxyvolcanite, ore con-
centration

Sericitization

Sericitization is ubiquitous in the Tokaj Mountains. It is, however, fairly
difficult to find any regularity in its distribution, as the process may be pre-,
syn- and also post-metallogenetic.

As a pre-metallogenetic process, it most usually accompanies chloritiza-
tion in the deeper ore mineralization zones. It plays no particular role in the
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hypo-stage, in the mobilization and enrichment of metals, hut is a mineraliza-
tion indicator. Syn- and post-metallogenetic sericitization is possible also on
the surface, particularly in the marginal zone of the mineralization, often in
a concentrically zoned distribution pattern.

Carbonatization

Carbonatization does not usually form independent zones; it is most
frequently associated with other petrometallogenetic processes. As a pre-
metallogenetic process it occurs in deep zones, where, interlaced with pyritiza-
tion and chloritization, it is one of the main factors of propylite formation.
Syn-metallogenetically, it is an important mobilizer of precious metals, par-
ticularly in kalitrachyte. Post-metallogenetically, it appears in the ore
veins, where it produces siderite, ankerite and dolomite in a closing episode
of ore mineralization. Pre- and syn-metallogenetically, it further plays an
important role in the comminution of the rock.

Propylitization

The most important pre-metallogenetic process in the Carpathian region
is the regional propylitization (greenstone formation) which, in connection
with ore mineralization, is brought about by ascending mobilization (Inkey
1906, PALFY 1916). The propylite thus formed is predominantly a hypo-, sub-
ordinately a meta-volcanic rock. Propylitization has recently been shown to
be a metasomatic process (Korshinsky 1959), in which H20, COa K20, S and
0 2 are the controlling mobile components. The formation of hypo- and meta-
magm atites including propylitization is a metasomatic process in the broader
sense, which proceeds until the original mineral assemblage is fully digested
and a new stable polymineral assemblage is produced (Szadeczky-Kardoss
1966).

The typomorphic minerals of propylite are chlorite (clinocldore), epidote
and albite. Quartz and pyrite are typical accessories. With the progress of
propylitization, the chloritization of the mafic constituents is accompanied
by the alteration of the feldspar phenocrysts from a plagioclase of andesine-
labrador composition into one of albite-oligoclase composition, accompanied
rather often by 10 per cent or more of sanidine.

In the Telkibanya district of mineralization chlorite, epidote, albite and
sanidine are joined by calcite. As regards the chemical composition, the con-
tent of H20 +, H20 and K 20 increases as compared to the orthoandesite and
the degree of oxidation further decreases (Széeky-Fux 1964).
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In respect of trace elements, the abundances ol Cr, Ni and the most
important chalcophiles decrease against the orthoandesite. From the view-
point of ore mineralization, propylitization represents a phase of intense leach-
ing. On the other hand, the increase of the K20 content is accompanied by an
enrichment of elements sympathetic to potash (e.g. Ba).

Potash metasomatism (adularization)

This process, as regional as propylitization and intimately linked with it,
is either pre- or syn-metallogenetic in the Carpathian region. The reductive
environment of propylitization is replaced by an intensely oxidizing one owing
to the open fissure and fracture systems. The metasomatism of plagioclase is
advanced so far that all plagioclase is replaced by potash feldspar. The mafic
constituents arc entirely opacitized under the prevailing oxidizing conditions.
Owing to the low' ionic density of K, potash metasomatism is particularly
intense at the upper levels, which are the carriers of gold mineralization in the
Carpathian region. The mineralogical composition of the potash metasomatite
thus formed is conspicuous for striking dominance of potash feldspar.

According to the author’s observations, three types of potash feldspar
are produced: sanidine as a pseudomorph after plagioclase, a so-called “triclinic
adularia” (Bambauer-Laves 1960), as a transitional unstable phase between
sanidine and microcline, likewise as a pseudomorph after plagioclase, and in
the matrix anunstable monoclinic “adularia” appears. The most frequent mafic
constituent associated with potash feldspar is the opacitized brown amphibole
of mostly secondary origin.

The most prominent feature of the chemical composition is the high
K20 content, varying from 9 to 12, seldom to 14 per cent in typical kali-
trachyte. Another specific feature is the remarkably low' Na.,0 content, usually
below 1 per cent and rather often below 0.5 per cent. The CaO and MgO con-
tents are similarly low'. The iron oxidation parameter is, however, very high
(Széeky-Fux 1964).

As regards the trace elements, Ba and Li are enriched parallel to K, but
so are Pb, Zn, Cu, Hg and As, too. The enrichment of the latter is due, in many
cases, to the pyrite content, to the sulfo character of kalitrachyte. How'ever,
the dominant chalcophiles of the ore district are enriched beyond doubtin
kalitrachyte as compared to orthoandesite, whereas their abundances in
propylite are lower than those in orthoandesite. Propylite represents an episode
of leaching, loss of heavy metals. On the other hand, kalitrachyte represents
an incipient state of accumulation of chalcophiles (Széky-Fux 1968).
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Silicification

Silicification is a syn- and post-metallogenetic process. It can be due to
an ascending or a descending mobilization. It can be both primary and second-
ary: as a result of an endo-metaprocess it often precipitates with a content
of precious metals from a hydrothermal solution, or it silicifies both volcanics
and gangue with silica liberated by an intense clay mineralization. Hence, its
intensity is, like that of potash metasomatism or clay mineralization, higher
on the upper levels with a gradual decrease downward. Intense silicification
is in this andesite area primarily connected with kalitrachyte, whence the
dominant silicovolcanite is a silicokalitrachyte.

In its mineralogical composition except for the presence of a Si02
mineral silicokalitrachyte does not differ significantly from the simple
kalitrachyte. Still, in the silico variety there is a decrease in heavy metal

trace elements. This suggests that whereas potash metasomatism to some
extent concentrates the chalcophiles both in the rock and in veins developed
in it, silicification, by promoting the “leaching” of kalitrachyte, increases
the concentration of sulfochalcophiles in the ore-bearing veins.

Pyritization

Pyritization is one of the most important mobilizing processes of the
precious metals and of the sulfochalcophiles. Moreover, in the Telkibanya
district it is the most widespread petrometallogenetic process, which had
repeatedly occurred in most localities. Its pre-metallogenetic phase is con-
nected with propylitization. Syn-metallogenetically, itisthe mostimportant ore-
carrier, the carrier of precious metals in the Telkibanya mineralization. In the
ore-producing episodes of the petrometallogenetic evolution, it appears at the
deeper levels alternating with sulfidic phases, whereas on the higher levels it
is a recurring independent phase with a significant concentration of gold.
In the closing phase of the mineralization it is a low-temperature phase poor
in precious metals, often represented by marcasite.

The mineralogical composition of the sulfovulcanites produced by pro-
pylitization corresponds, as to chief constituents, to that of propylite or kali-
trachyte. The pyrite content is 10 to 15 per cent in propylite, 10 to 20 per cent
in sulfokalitrachyte. It is often a typomorphic constituent of propylite,
and appears also in ortho- and chloroandesite in the form of euhedral crystals,
sometimes of several centimetres size. In propylite, pyrite may appear as
a pseudomorph after mafic constituents. In sulfokalitrachyte it is dis-
seminated and syngenetic with the mineralization. The chemical composition
of sulfovolcanites does not essentially differ from that of the corresponding
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volcanites; it is only the S content that reveals the increased pyrite content.
The abundances of the trace elements are more sensitive, those of the sulfo-
chalcophiles show an increase.

Clay mineralization

Clay mineralization accompanying the ore mineralization is a typically
syn- and post-metallogenetic process, due to ascending or descending mobiliza-
tion (Mittot 1964, Tchoukrov 1962).

Clay mineralization appears in well-defined vertical zones. Clay mineral-
ization in the strict sense is most prominent near the surface outcrops of veins;
it gradually declines downward. On the higher levels, kaolinite is the most
widespread clay mineral with a relatively small vertical and relatively large
horizontal extent. Below the kaolinite level, montmorillonite is the dominant
clay mineral to a depth of 150 m under the surface in the rock and of 400 to
500 m under the surface in the vein fillings after a zone of mixed-structured
clay minerals, there is a lowermost zone of chlorite (Széky-Fux 1965).

In the kaolinitic, quartzy, pyritic veins the enrichment of precious metals
is insignificant. It is strikingly prominent in the montmorillonitic gangue.
The optimum levels of the ancient workings at Telkibanya are all in tbe mont-
morillonite zone.

The sulfidic heavy-metal mineralization of the deeper levels is accom-
panied by a clay mineralization in the broader sense, by the chloritic propylite
already described.

Conclusions

Reviewing the above-described pre-, syn- and post-metallogenetic pro-
cesses one may draw the following conclusions.

The feature most useful for prospecting practice of the processes pro-
voking the petrometallogenetic evolution of a rock is that they are tracers,
indicators of mineralization. The minerals thus formed (sericite, chlorite, quartz
and other Si02minerals, carbonates, adularia, albite, epidote, zoisite, alunite,
pyrite, biotite, tourmaline) indicate, by their common occurrence, an intense
hydrothermal alteration; the sort of clay mineral (kaolinite, montmorillonite)
accompanying them indicates the depth range; intense carbonatization is
indicative of a gold mineralization, the appearance of dolomite suggests the
presence of a lead mineralization. Bleached whitish rocks which have under-
gone considerable hydrolysis and silicification are also good ore indicators,
helpful to prospectors (Schwartz 1959).
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It is generally typical of these processes that, depending on the depth
preferences of the agents, the rock and ore mineral associations produced by
them occur in well-defined vertical zones. For instance, the ascending agents
H20 and CO02(cf. Table 3) produce epidotization at great depth, chloritization
(propylitization) at medium depth and kaolinitization near the surface. The
activity of the ascending factors results in a hypogenic (primary) depth zoning-
in both the host rock and the ore veins, zoning possibly superimposed by
a hypergenic (secondary) near-surface one controlled by descending agents.

As a result of the interference of these two types ofprocesses, a well-
defined vertical zonality is observed in the Telkibanya district as well as in the
Tokaj Mountains.

The rock types and the related ore zones of the Tokaj Mountains are
listed from the surface downward in Table 4.

Table 4

Hypo- and metavolcanites and the corresponding vertical zones oj ore veins
in the Telkibanya district (Tokaj Mountains)

Hypo- and metavolcanites Ore veins

Oxykalitrachyte ; Au-Ag-bearing veins with ochre-type fill-
ing, rich in clay minerals and silica

Hydrokalitrachyte (with intense clay
mineralization)

Hydro-silicoka litrachyte Au-Ag-bearing veins with pyrite and
Hydro-carbo-sulfokalitrachyte argentite, clay mineral and silica filling
Andesitogenic propvlite Heavy metal sulfides sphalerite, galena,

chalcopyrite

These vertical zones as show the most recent communications (Bohmer
1961, Fiala Pacal 1959, Giusca 1961, Janovici Giusca etc. 1961,
Kaszanitzky 1961, Koch 1966, Liffa 1955, Manilici Giusca Stiopol
1965, Panto G. Miko6 1964, Panto Gy. 1967) have validity in all areas
of ore mineralization of the Carpathian region.
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METPOMETANNOINEHE3NCI MAPOTEPMA/bHBLIX
MECTOPOXAEHWIA KAPMATCKOIO HEOIEHA

B. C3KN-dYKC
Pestome

[JeTanbHoe WcCMedoBaHWe runo- W MeTaBy/IKAHUTOB, COMYTCTBYIOLIMX OPYAEHEHUIo
ToKalickux rop, a TakXe pyAHbIX XW/, NPUBENO K MO3HaHMIO (aKTa, YTo cofepKaliuecs B
PYAHbIX XWNax MeTalbl MOBMIM3YIOTCA TeMM XKe CaMbiMX MpoLieccamu, KOTopble WUrpatoT
OCHOBHYIO pofib B (DOPMUPOBAHMI COMYTCTBYIOLMX OPYAEHEHUIO BY/NIKAHUTOB. 3TW, TaK Hasbl-
BaeMble NeTPO-MeTaN/I0reHeTUYECKIE MPOLIECCh], KACCU(PULIMPYHOTCA MO CBOEMY Harpas/eHUto
(BbIXOASALLME W HUCXOASLLME) M MO CBOEMY OTHOLLEHUIO K OpyAeHeHMto (Mpe-, CUH- U NOCTreHe-
TuYeckne). OHM Co3hanv YETKYH BEepTUKa/IbHYIO 30Ha/IbHOCTb Ha BCEX MOWAAAX PasBUTUS
KapnaTcKoro opyaeHeHus.
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87Sr/&Sr isotopic ratios of volcanic rocks of different acidity ranging from basalt
to rhyolite have been determined. The distribution of the isotopic ratio is similar to
those found by other authors in felsic volcanics, basalts yielding the lowest isotopic
ratios. Rhyolitic-rhyodacitic rocks are enriched in radiogenic strontium with respect
to rocks of intermediary composition on the average, with a considerable overlap of the
corresponding distributions of the 87Sr/8Sr isotopic ratio. The bearing of petrochemistry
on the isotopic constitution of strontium has been formulated in terms of correlation
coefficients. The evaluation of significant covariances led to the conclusion that
crustal contamination might be the only cause of the variability of the 8/Sr/&Sr ratio,
supporting recent theories on the origin and development of magmas in the Tertiary
volcanism of Hungary.

Introduction

The application of strontium isotope geochemistry to petrological studies
began on an advanced scale with the work of Faure and Hurtey [1] in 1963.
The isotope 8/Sr being partially produced by the continuous radioactive decay
of the nuclide 8/Rb, the abundance of 8Sr — conveniently expressed in terms
of the 87Sr/8Sr isotopic ratio — reflects in any rock sample the Rb/Sr ratio
characteristic of the environment from which the material of the given sample
originates. Provided the Rb/Sr ratio in the sample itself is sufficiently high
to produce a measurable increase in the amount of radiogenic strontium,
and the primary Sr isotopic composition is known, the time elapsed since the
emplacement of the rock under study can be determined. Apart from this “age
effect”, however, variations in the 8/Sr/8Sr ratio at the time of emplacement may
reflect differences in the Rb/Sr ratio of the parent system itself, and can thus
be used as a tool in elucidating some aspects of magma genetics.

The limited variation of the 8/Sr/8Sr ratio in basalts (especially in those
in an oceanic environment) found by Faure and Hurley [1] suggests that
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the source region of oceanic basalts is quite homogeneous asto the Rb/Sr ratio.
Further analyses by Hedge and Walthall [2], confirming the results of
Faure and Hurltey, supply further evidence on the uniformity and rather
low value of the Rb/Sr ratio in the environment of oceanic basalt magma
generation.

The average Rb/Sr ratio may be expected to be substantially higher in
the crust than in the source of oceanic basalts. From data published on the
geochemistry of rubidium [3] and strontium [4], an average crustal Rb/Sr
ratio of about 0.25 can be deduced, a value about five times greater than the
mean of oceanic basalts. Based on this relation Faure and Hurley [1] con-
cluded that the present average crustal 8/Sr/86Sr ratio should be about 0.725,
assuming an average age of 2 « 109years for the earth’s crust. Thus, in any rock
containing reworked crustal material the 8/Sr/§&iSr ratio should he measurably
higher than in rocks of subcrustal origin, for which an isotopic ratio not
exceeding 0.705 is characteristic.

This hypothesis found strong support in works published since 1963
although severe difficulties and contradictions did arise in the interpretation
of experimental findings. Hedge [5] presented a series of measurements on
volcanic rocks of various origin and acidity ranging from basalts to rhyolites.
Oceanic basalts show a near-uniformity of the 8/Sr/80Sr ratio, with only minor
variations, which possibly reflect Rb/Sr inhomogeneities in the upper mantle.
On the contrary, continental basalts and more acid volcanics reveal a rather
extended range of the 87Sr/8Sr ratio, and are more or less enriched in radiogenic
8/Sr, suggesting either a crustal origin or contamination with crustal material.

The assumption that crustal contamination may be a significant factor
in bringing about differences in the isotopic constitution of strontium was
proved by Summerhayes [6] for the Garabal Hill Glen Fyne igneous com-
plex, Scotland, where a clear parallelism between the 8/Sr/8Sr ratio and the
contamination ofa given rock could be established. In a suite of oceanic basalts,
a link between silica content and the 8/Sr/8Sr ratio was found by Powell,
Faure and Hurtey [7]. Although there is no unanimity in the interpretation
of intra-areal variations in the isotopic composition of strontium (for the
Hawaiian rock suite see [8]), according to any possible interpretation the
crustal origin of at least some of the excess radiogenic 8/Srseemsto be proved.

At present we cannot clearly demonstrate whether or not there is neces-
sarily a quantitative connection between strontium isotope composition and
chemical constitution within a cogenetic rock suite. As already mentioned, in
Hawaiian rocks a parallelism between silica content and the relative amount
of radiogenic strontium was established by Powet1l et al. [7]. On the other
hand, Huritey et al. [9] found no correlation between the 8/Sr/8Sr ratio and
the Rb and Sr content respectively of trachytes, leucite tephrites, leucite
basalts and leucitites of Western Italy.
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In the present study we shall attempt to obtain some information about
the distribution of strontium isotope ratios in the late Tertiary volcanic rock
suites of known chemical composition of the Tokaj Mountains, Northeastern
Hungary. A volcanic district with rock types highly varied in both petrochemi-
cal composition and facies. The studies reported in this paper are based on our
investigations on the geochemistry of strontium in the Tokaj Mountains
volcanics [10].

Geological outline

The products of Cenozoic volcanism are rather widespread in Hungary,
although they do not cover more than 8.2 per cent of the country surface.
On the other hand, drilling to depths up to 2000 m has encountered Cenozoic
volcanic formations in half of the country’s territory (45,000 km2). The total
bulk of volcanics amounts to nearly 10 per cent of the total volume of Cenozoic
formations. The greatest part (about 3/4 of all the volcanic products) can be
attributed to acid volcanism in the basin interior, which produced vast rhyo-
lite-rhyodacite flood-tuff blankets covering an area of about 35,000 km2
As a counterpart to this central volcanism, whose development is intimately
connected with the evolution of the Pannonian “median mass”, a volcanic
“festoon” of mainly andesitic-dacitic composition surrounds the basin in the
north, northeast and east, the Tokaj Mountains being part of this volcanic belt.

Previous researchers assumed a close and causal relationship between
the volcanism of this belt and the evolution of the surrounding Carpathian
orogen. According to some interpretations, the phases of Carpathian folding
coincided with those of volcanic activity. It was Balkay [11] who pointed out
that these two phenomena cannot coincide; indeed they can only alternate.
On the other hand, the peculiar features ofthe Pannonian median mass (doming
of the mantle with considerable thinning of the crust [12]) seemed to offer
a key to the understanding of the peculiar character of Cenozoic volcanism
in Hungary. Incorporating all information obtained so far on the structure
and evolution of the median mass into a comprehensive hypothesis, Szadecz-
KY-Kardoss [13, 14] proposed a model which offers a self-consistent image
of the evolution ofthe central and marginal volcanism attributed to the median
mass itself. Our recent knowledge of the development of Tertiary volcanism
in Hungary, based on the work of Szadeczky-Kardoss, was recently sum-
marized by one of the authors [15].

The volcanic mountains of the Tokaj area extend over 1200 km2 and
continue over an area of similar dimensions in Czechoslovakia (Pregov Moun-
tains). A volcanism of countless alternations yielded both intermediary (ande-
sitic, dacitic) and acid (rhyodacitic, rhyolitic) products in nearly equal quan-
tities during the late Middle Miocene (Upper Tortonian) and Upper Miocene
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(Sarmatian) with possible overlap into the Lower Pliocene (Lower Pannonian).
In the outcrops and in the near-surface portion of the mountains, the acid
volcanics (rhyolites with strong preponderance of pyroclastics) prevail over
the intermediary ones (andesites and dacites with subordinate pyroclastics).
W hen the deeper portions of the area are considered, too, andesites gain the
upper hand owing to their wide spread and considerable thickness, not yet
fully disclosed by drillings more than 1200 m deep (Tallya 15, Baské 3, Telki-
banya 2, Flzérkajata 3).

A new stage of volcanic activity was initiated by two directly superposed
young basalt flows (Late Pliocene—Early Pleistocene), now overlain by 80 m
of unconsolidated sediment, encountered until now by a single drilling (Saros-
patak 10) close to the eastern margin of the area.

The history of the approximately 8 million years of andesitic-rhyolitic
activity is fairly vague. The andesitic (incl. dacitic) volcanism cannot be linked
together with the rhyolitic (incl. rhyodacitic) one, either in space or in time.
A loose petrochemical “consanguinity” can be established between them but
none of the andesitic or rhyolitic surges have ever formed complementary or
coordinated pairs likely to be of common origin. The respective distribution
and structural control of the intermediary and acid volcanics support the idea
of independent feed systems for each of them, tapping magma reservoirs at
different depths throughout the whole volcanic evolution: andesitic volcanism
is controlled by rather deep tangential fractures (referred to the Carpathian
orogen, at the same time subsidence fractures of the Pannonian basin); rhyo-
litic eruptions follow much shallower radial ones [16]. The immediate causes
of the mutual alternance and rare coincidence of intermediary and acid volcan-
ism could not be established as yet. Generally and regionally both the Upper
Tortonian and the Sarmatian andesitic to rhyolitic sequences triggered probably
by caldera collapse in the central area [17] are considered to represent the
aftermaths of the huge rhyolitic flood-tuff activity of the basin interior
(“middle” and “upper” rhyolitic tuff complexes).

Volcanism in the Tokaj Mountains started, according to the deepest (and
probably oldest) rock record so far, in the Upper Tortonian with submarine
andesitic outpourings, intrusions and extrusions which underwent considerable
pépéritic (pillow-lava type or hyaloclastic) alteration (drillings Tallya 15, Telki-
banya 2, Flzérkajata 3). In later stages, intrusions produced huge subvolcanic
masses of dacitic composition, grading upwards locally into fossiliferous
pépérites (Satoraljaujhely 6, Sator Hill).

A simultaneous or slightly later stage of shallow intrusions gave rise
to masses of banded rocks of rhyodacitic composition (Telkibanya 10) due
partly to epigenetic KaO—SiOa metasomatism and grading into (Tortonian)
potash metasomatites (pseudotrachytes). Upper Tortonian rhyolitic volcanism

represented by a great variety of mollusk-bearing flood tuffs of various
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degrees of welding in the northeastern part of the mountains produced but
a few “rhyolitic” stocks, whose ash-flow origin cannot, however, be excluded
(Sarospatak, Somlyéd Hill).

The Upper Miocene (Sarmatian) volcanic activity, which yielded the
bulk of the mountain rising above the plain, can be divided into an older and
a younger phase. This subdivision does not coincide with the customary sub-
stages of the Sarmatian (Volhynian Bessarabian and Chersonian) based on
the diminishing salinity of the surrounding inland lake. This proceeded in
a non-uniform way (with several oscillations) owing to the great variability
of poorly communicating lagoons in the volcanic area. The older phase
simultaneous with sedimentation of a largely brackish sea was intro-
duced by the lower rhyolitic (Nagybézsva 1) and rhyodacitic (Pusztafalu-
Tolvaj Hill) activity which furnished besides large amounts of pyroclastics also
subvolcanic bodies of tholoid and stock dimensions. Not counting some pre-
cursory dacite intrusions (Fizér-Pivotka) preceding or interfering with the
latter, the bulk ofthe (largely subsurface) andesite (Seny6 Valley, Telkibanya 2,
Basko 3, Erd6bénye 163) and dacite (Erdébénye 20, 163) production is sub-
sequent to the introductory acid volcanism. It is in its turn succeeded in the
uppermost Lower (-brackish) Sarmatian by near-surface rhyolitic extrusions,
building up high peaks (Telkibanya 4) or resting below the flood plains of the
foreland (Olaszliszka 58).

The Late Sarmatian (partly lowermost Pliocene) closing phase of the
andesitic to rhyolitic activity follows (perhaps after some general volcanic
quiescence) the great subsidence succeeding the climax of the Sarmatian activ-
ity responsible for the conspicuous subsidence of the western-central and
southern parts of the mountain. This phase — contemporaneous with fresh-
water sediments bearing only ostracods of low stratigraphic value—is ushered
in by a copious rhyolite production, resulting besides widespread pyroclastics
also in impressive volcanic edifices of extremely complicated build (Abalj-
szantd 3 and Sulyom Hill, Erdébénye 163). Marginal dacitic intrusions (Hejce
I/a) follow this phase. Thin andesite lava-flows (with laminar joints and scoria)
capping the highest elevations of the mountain are allotted without any direct
stratigraphic evidence to the end of this phase.

A closer petrographic characterization of the three-stage volcanic series
seems out of place here. The intermediary group (andesites and dacites) is
chiefly pyroxene-(both hypersthene and augite)-bearing; amphibole appears
only locally as a speciality and biotite is practically absent. The dominant
plagioclase is labradorite-andesine in twin-lamellar, zoned, inclusion-crowded
phenocrysts ill fitting the high acidity of the andesites themselves. This indi-
cates an acidization of the melt after the growth of the phenocrysts. The repre-
sentatives of this group exhibit a considerable variety of textures (crystallin-
ity), depending on the final consolidation environment as well as on syn-,
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deutero- and epigenetic hydrothermal (metasomatic) alterations leading in
some cases to a complete exchange of all primary material (pseudotrachytes).
The primary and secondary characteristics are not age-dependent, each of
them return in second phases.m

The acid group (of rhyolites and rhyodacites) is generally characterized
by the scarcity of phenocrysts (quartz, acid plagioclase, sanidine, biotite).
The glassy base due to “dry” quenching appears in the form of perlites with
more or less intense pumiceous vésiculation. Much more widespread is the case
of “wet” solidification (presence of surplus volatiles) connected syn- and epi-
genetically with the complete crystallization of the ground mass (cristobalite,
potash feldspar, albite, tridym ite, zeolites), with or without spherulitic struc-
tures.

The only basalt in the area (Sarospatak 10) represents a quite separate
volcanic episode of “final” (platform-type) character succeeding the former
episodes after a conspicuous time span (almost the entire Pliocene). From this
single find the extension of the lava-flows cannot be established. The rock is
a typical alkali-olivine basalt of intersertal texture. The lower flow exhibits
an amygdaloid structure with calcite fillings.

Experimental procedures

The sample material used in this work was essentially the same as that
used in a previous study concerning the geochemistry of strontium in the
Tokaj Mountains volcanics [10]. In choosing the samples, an effort was made
to cover the whole range of compositional trends in the area under investigation
as fully as possible. Some samples are from surface exposures, hut most of
them are drill cores of fresh, unaltered material.

The chemical analyses referred to in this report and listed in Table 1
(facing p. 86) were performed for the most part in the Hungarian Geological
Institute by the usual routine procedure.

Besides the main component data, Sr concentrations as determined by
the autho rs by stable-isotope dilution techniques have also been listed. Nor-
mative mineral compositions have been calculated according to the CIPW system,
using an ODRA 1013 electronic computer installed at the Institute of Nuclear
Research. All other calculations have also been performed on the same com-
puter.

For isotopic analysis an M1 1305 type mass spectrometer completed with
an SI1-01 type secondary electron multiplier beam detector system was used.
The single-filament surface ionization technique was used throughout this
work, filaments were prepared from tantalum tape 0.02 mm thick, 1 mm wide.
In order to ensure stable ionic emission characteristics and to raise the effi-
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cipncy of surface ionization, the filaments were coated with a thin electro-
deposited layer of tungsten trioxide. By using these filaments, stable and
undisturbed ionic currents could be achieved for rather long periods, even
if sample volumes were small.

The samples for mass spectrometry were prepared according to the
method described by Samsoni [18], whose assistance in preparing the samples
is warmly acknowledged. The crushed rock samples were completely dissolved
in a mixture of hydrofluoric and nitric acids. Following a conversion into
chlorides, they were dissolved in dilute hydrochloric acid. The quantitative
separation of Sr from Rb was performed by ion exchange chromatography
using ion exchange columns filled with Dowex 50 X 12,400-mesh ion exchange
resin. For details of the sample preparation procedure we refer to [18]. The
strontium fraction obtained from the column was transferred on to the filament
surface by some drops of diluted nitric acid, dried, and brought to red heat
for some seconds to burn out the organic contaminants and to convert the
sample into an oxide form.

The isotopic composition of strontium was determined for each sample
in at least one hundred successive scans of the mass spectrum, with a visual
recording of the peak intensities. The abundance ratios obtained from the peak
intensity values have been corrected for the mass discrimination of the second-
ary electron multiplier (confirmed through the measurement of Rb isotopic
composition) by multiplying the rough abundance ratios by the ratio of the
square roots of the corresponding atomic masses. In order to have a means
for correcting the results for the often unpredictable fractionation of the iso-
topes in the course of the evaporation process and in the ion source itself, the
measured isotopic ratios were normalized to an ~’Sr/~Sr ratio equal to 0.1194,
a value determined by Nier [19] and adopted as a common reference basis,
assuming that no variation in this isotopic ratio exists in nature. As usual, one-
half of the amount needed for the correction of the measured ~Sr/~Sr ratio was
used to correct the 87/Sr/8Sr isotopic ratio. This normalization procedure results
in a strong improvement of the reproducibility of the 8Sr/8Sr ratio, and at
the same time, reduces the internal error of individual measurements within
a single run, too.

Although the applied method of sample preparation, and a careful check-
ing and control of the parameters of the mass spectrometer throughout a single
run resulted in rather stable emission characteristics, in some cases when only
small amounts of strontium could be analysed, the total beam intensity
decreased markedly with time. In these exceptional cases an additional cor-
rection was applied to the numerical results prior to the normalization pro-
cedure, as described in a separate paper [20].

As a measure of reliability, the standard error of the mean — 1),
as calculated for the corrected and normalized isotopic ratios within a single
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run, was adopted throughout this paper. On the average, the value of this
standard error is in the range of 0.001—0.003, i.e. about 0.2—0.4%.

To check the long-run characteristics of the mass spectrometer, a sample
of reagent quality strontium used as a laboratory standard was repeatedly
measured. The measurements performed within a period of nine months show
the same minor systematic variations, which did not, however, exceed the
average standard error quoted above.

Results and discussion

Fig. 1 and Table 1 summarize our numerical results concerning the iso-
topic composition of strontium in volcanic rocks of the Tokaj Mountains,
together with the main component analyses and CIPW norms. The sam pies
were classed in two groups, on the basis of field evidence outlined in the pre-
vious parts ofthis paper, also supported by previous results [10] which indicated
a difference in the behaviour of andesitic and dacitic rocks on the one hand,
and rhyolitic and rhyodacitic rocks on the other. This difference in the dis-
tribution of the Sr and Ca contents points to the possibly different origin of
these two groups of rocks. It was shown [10] that the rhyolitic rocks of the

Alt samples

0,700 0710 5/5r/'86 Sr

Basic and intermediary
volcanics

0.700 0710 875r/86 Sr

Acid volcanics

0,700 0710  87Sr/86Sr
Fig. 1. Distribution of the 87Sr/8Sr ratios
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Sample
No.

31.
32.
34.
35.
37.
38.
44.
45.
54.
56.
58.
63.
64.
66.
73.
74.
75.
78.

33.
36.
46.
47.
48.
50.
51.
52.
53.
55.
57.
60.
61.
62.
67.

49.
76.
77.

Locality

I. Basic and intermediary samples

Dacite. Drilling Séatoraljadjhely 6, 10.2 11.2 m
Andesite. Drilling Taliya 15, 1195—1200 m

Dacite. Drilling Erd6bénye 20, 51.3—62.5 m

Andesite. Drilling Bask6-3, 646—648 m

Dacite. Drilling Hejce 1/a. 95— 100 m

Andesite. Drilling Fony 2, 33.0—-35.8 m

Pyroxene dacite. Drilling Erd6bénye 163, 23.0—25.6 m
Acid pyroxene andesite. Drilling Erd6bénye 163, 43.4 —47.1 m
Pyroxene-amphibole dacite. Sator Hill, near Satoraljatujhely
Amphibole dacite. Pivotka, near Flzér

Pyroxene andesite. Seny6 Valley

Pyroxene andesite. Quarry on Kopasz Hill, near Téallya
Pyroxene andesite. Drilling Fiizérkajata 2, 655.2—655.9 m
Hypodacite. Drilling Taliya 15, 1085.7- 1097.4 m

Basalt. Drilling Sarospatak 10, 88.1 —91.2 m

Basalt with amygdaloid filling. Drilling Sarospatak 10, 107.9—113 m

Pyroxene chloroandesite. Drilling Telkibanya 2, 153.4 —155.9 m

Pyroxene carboandesite. Drilling Telkibanya 2, 1031.8—1032.4 m

11. Acid samples

Rhyolite. Drilling Telkibéanya 4, 66.7—69.0 m

Rhyolite (perlite). Drilling Abauljszanté 3, 41.4—42.3 m
Perlitic rhyolite. Drilling Erdébénye 163, 3.0—5.0 m
Rhyolite. Drilling. Olaszliszka 58, 110.8—116.2 m
Rhyodacite. Tolvaj Hill, near Pusztafalu,

Rhyolite. Drilling Nagybézsva 1, 70.4—74.3 m

Rhyodacite. Drilling Telkibadnya 10, 56.0 —60.8 m

Rhyolite. Csattantyd Hill, near Nagyb6zsva

Rhyodacite. Drilling Telkibdnya 10, 141.5—148.0 m
Rhyolite-ignispumite. Somlyéd Hill, near Végard6-Sarospatak
Rhyodacite. Tolvaj Hill, near Pusztafalu

Perlitic rhyolite. Stlyom Hill, near Abauljszant6, upper zone
Rhyolite. Stlyom Hill, near Abaljszant6, middle zone
Rhyolite. Stlyom Hill, near Abaljszant6, lower zone
Rhyodacite. Drilling Telkibdnya 8, 48.4—51.2 m

I11. Other samples

Potash pseudotraehyte. K&nya Hill, near Telkib&nya
Propylite. Drilling Telkibdnya 2, 363.3—365.2 m

Potash pseudotrachyte. Drilling Telkihdnya 2, 288.7—289.1 m

Age

Tortonian
Tortonian
Sarmatian
Sarmatian
Upper Sarmatian
Upper Sarmatian
Sarmatian
Sarmatian
Tortonian
Sarmatian
Sarmatian
Sarmatian
Tortonian
Tortonian
Pannonian
Pannonian
Sarmatian

Tortonian

Sarmatian
Upper Sarmatian
Upper Sarmatian
Sarmatian
Sarmatian
Sarmatian
Tortonian
Sarmatian
Tortonian
Tortonian
Sarmatian
Upper Sarmatian
Upper Sarmatian
Upper Sarmatian

Sarmatian

Sarmatian
Sarmatian

Sarmatian

87ISr/MSr
0.7005 + 0.0013
0.7017 £ 0.0022
0.7067 + 0.0019
0.7030 + 0.0018
0.7024 + 0.0025
0.6990 + 0.0020
0.7078 + 0.0034
0.7049 + 0.0032
0.7019 + 0.0020
0.7090 + 0.0017
0.7115 + 0.0021
0.7114 £ 0.0012
0.7053 * 0.0019
0.6985 = 0.0016
0.6980 t 0.0036
0.7020 * 0.0022
0.7048 * 0.0023
0.7068 * 0.0013
0.7061 * 0.0016
0.7040 * 0.0030
0.7088 + 0.0025
0.7025 = 0.0022
0.7118 + 0.0015
0.7112 + 0.0022
0.7072 = 0.0028
0.7066 = 0.0026
0.7016 + 0.0021
0.7104 = 0.0041
0.7101 + 0.0017
0.7030 = 0.0016
0.7055 + 0.0041
0.7048 + 0.0017
0.7039 = 0.0013
0.7086 + 0.0018
0.7036 = 0.0020
0.7067 = 0.0008

Sr
ppin

164
207
187

95
222
255
225
275
121
153
137
226
144
184
251
192

88

80

51
87
75
68
78
73
141

89
28
96
105
65
134
132

104
29
27

Si02

63.66
58.36
60.54
58.26
53.03
60.59
60.33
55.20
61.62
61.66
57.91

55.74

49.16
48.30
51.76
61.07

75.93
71.34
70.12
72.66
68.89
76.88
55.82

69.28
76.01
68.17
69.08
71.19
68.72

61.57
56.05
57.39

Ti02

0.55
0.95
0.60
0.61
0.55
0.59
0.84
0.60
0.49
0.79
0.65

1.44
1.33
0.63
0.57

0.08
0.15
0.14
0.11
0.20
0.10
0.30

0.15
0.18
0.21
0.14
0.11
0.00

090
0.63
0.22

AlLO,
%

15.88
15.82
16.13
15.84
16.71
15.24
17.89
18.27
15.35
17.06
19.03

18.03

18.12
17.53
18.26
15.92

12.99
14.17
13.28
13.96
16.52
12.82
14.34

13.51
12.96
14.34
13.53
13.72
11.63

14.99
21.59
17.47

Fe23

1.44
1.64
4.62
3.81
3.78
2.42
3.17
2.38
3.53
4.36
0.30

2.81
5.06
3.02
2.49

1.39
0.90
1.57
1.41
1.41
0.41
5.22

2.33
0.15
3.12
1.46
2.43
1.26

6.64
2.59
3.45

FoO

9%

3.03
4.35
1.31
1.54
1.17
4.17
2.06
5.33
1.75
1.39
5.42

4.53
2.10
3.31
2.50

0.01
0.94
0.58
0.52
0.67
0.28
0.38

0.68
0.11
0.69
0.76
0.20
0.67

0.25
3.29
1.32

Table 1

Analytical data

MnO
%

0.05
0.09
0.04
0.05
0.04
0.09
0.07
0.31
0.09
0.03
0.13

0.12
0.16
0.11
0.00

0.00
0.03
0.02
0.00
0.12
0.01
0.00

0.02
0.04
0.05
0.00
0.00
0.01

0.02
0.18
0.12

Mg()
%

231
3.22
2.45
3.62
3.22
4.47
0.24
2.68
2.77
1.69
3.85

7.79
6.18
4.50
2.88

0.62
0.82
0.36
0.34
0.35
0.12
1.42

0.93
0.00
1.02
0.50
0.39
0.38

0.96
4.70
1.80

Ca0
%

5.45
7.58
6.31
6.14
5.87
6.66
4.53
6.24
6.29
5.90
6.67

6.57

8.23
10.18
8.80
6.07

0.72
0.72
1.51
1.31
1.51
1.59
6.96

3.01
0.23
2.63
2.77
1.91
2.65

0.58
2.38
1.66

Na2
%

2.78
2.38
2.24
2.07
2.43
2.22
3.15
2.73
2.70
2.98
2.10

2.81
2.48
2.18
2.42

3.57
3.52
2.78
2.04
3.27
3.19
2.67

1.34
1.58
2.64
3.12
3.21
1.86

0.97
1.98
0.36

K2
%

2.32
0.68
1.78
1.72
2.34
1.82
3.38
1.90
2.07
2.10
1.45

1.40

1.70
1.41
1.60
2.03

3.81
4.10
4.53
4.59
3.35
3.75
1.83

4.64
8.47
3.00
3.72
3.90
2.76

11.07
3.24
11.28

%.

0.03
1.98
0.00
0.37
0.00
0.15
0.07
1.23
0.00
0.00
0.14

0.10

0.00
1.07
2.61
1.90

0.00
0.00
0.03
0.02
0.00
0.02
4.58

1.73
0.00
0.00
0.62
0.00
0.00

0.00
3.01
2.72

F.0,
%

0.09
0.13
0.10
0.12
0.12
0.11
0.22
0.24
0.09
0.13
0.11

0.37
0.30
0.07
0.01

0.01
0.03
0.03
0.04
0.07
0.01
0.08

0.04
0.03
0.06
0.02
0.02
0.02

0.00
0.12
0.10

11,0+
%

2.33
2.23
1.57
2.01
0.56
1.38
3.50
1.78
1.96
1.34
2.30

2.83

2.10
2.08
2.50
2.18

0.63
3.18
4.26
1.43
1.94
0.37
2.87

1.96
0.08
2.00
2.98
1.97
6.40

1.34
3.61
1.62

HD -
%

0.19
0.25
2.54
4.06
0.17
0.59
1.07
0.82
1.53
211
0.32

3.06

1.13
2.14
1.55
0.32

0.21
0.23
0.36
1.59
1.76
0.11
0.73

0.14
0.42
1.82
0.84
0.66
3.62

0.20
1.61
0.17

qu
%

22.64
24.55
24.18
22.36
22.97
19.35
19.73
15.25
22.10
21.74
16.71

16.09

0.00
3.17
13.42
26.37

38.08
32.08
32.95
40.01
33.42
40.39
28.92

40.65
33.93
34.28
31.71
32.92
40.99

10.87
23.64
9.43

or
%

13.69

4.01
10.51
10.15
13.81
10.74
19.95
11.21
12.22
12.39

8.56

8.26

10.03
8.32
9.44

11.98

22.49
24.20
26.74
27.09
19.77
22.13
27.39

27.39
49.99
17.71
21.96
23.02
16.29

65.34
19.12
66.58

ab
%

23.50
20.12
18.94
17.50
20.54
18.77
26.63
23.08
22.83
25.19
17.75

21.81

23.76
20.97
18.43
20.46

30.18
29.76
23.50
17.25
27.64
26.97
11.33

11.33
13.36
22.32
26.38
27.14
15.72

8.20
16.74
3.03

an

23.98
24.30
28.68
27.40
27.76
26.22
20.72
21.75
23.63
26.95
31.53

31.23

31.78
32.51
26.73
18.03

3.51
3.39
7.12
6.13
7.07
7.70
3.76

3.76
0.96
12.68
9.70
9.35
13.02

2.88
0.00
0.00

0.00
2.26
0.00
0.53
0.00
0.00
1.45
3.75
0.00
0.00
2.44

0.82

0.00
0.00
3.14
3.13

171
2.70
1.19
3.39
4.92
0.69
491

491
0.84
2.10
0.81
0.79
0.81

0.36
14.83
4.67

1.89
0.00
1.57
0.00
0.50
4.20
0.00
0.00
5.47
1.19
0.00

0.00

5.43
7.35
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

8.39
12.45
5.37
9.01
7.79
13.96
0.60
14.08
4.36
3.66
18.46

9.93

12.77
11.98
13.95

8.76

1.54
2.83
0.90
0.85
0.87
0.33

2.32
0.00
2.54
1.25
0.97
1.15

2.39
14.90
4.48

2.09
2.38
2.62
3.36
231
3.52
4.44
3.46
4.52
2.29
0.44

4.66

4.08
3.44
4.39
3.62

0.00
131
1.53
1.36
1.98
0.60

0.56
0.00
1.78
2.05
0.33
1.83

0.00
0.00
4.02

%

1.05
1.81
1.14
1.16
1.05
1.12
1.60
1.14
0.93
1.50
1.24

2.74
2.53
1.20
1.08

0.02
0.29
0.27
0.21
0.38
0.19

0.29
0.32
0.40
0.27
0.21
0.00

0.57
1.20
0.42

he

0.00
0.00
2.82
1.50
2.19
0.00
0.11
0.00
0.42
2.79
0.00

0.00

0.00
2.67
0.00
0.00

1.39
0.00
0.52
0.47
0.05
0.00

1.95
0.15
1.90
0.05
221
0.00

6.65
0.00
0.69

0.20
0.28
0.22
0.26
0.26
0.24
0.48
0.52
0.20
0.28
0.24

0.81
0.66
0.15
0.02

0.02
0.07
0.07
0.09
0.15
0.02
0.17

0.09
0.07
0.13
0.04
0.04
0.04

0.00
0.26
0.22

h2

2.52
2.48
4.11
6.07
0.73
1.97
4.57
2.60
3.49
3.45
2.62

3.23
4.22
4.03
4.32

0.84
3.41
4.62
3.02
3.70
0.48
3.60

2.10
0.50
3.82
3.82
2.63
10.02

1.54
5.22
1.79

0.00
0.73
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.65
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

co

%

0.07
4.50
0.00
0.84
0.00
0.34
0.16
2.80
0.00
0.00
0.32

0.23

0.00
2.43
5.94
4.32

0.00
0.00
0.07
0.05
0.00
0.05
10.42

3.93
0.00
0.00
1.41
0.00
0.00

0.00
6.85
6.19

0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

5.63
0.00
0.00
0.00

ru 0.07
0.00
0.00
0.00
0.00
0.00

0.00
0.01
0.00
0.00
0.00
0.00

0.60
0.00
0.00
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mountain cannot represent residual melts left over by the prolonged crystalliza-
tion differentiation of andesitic magmas, since such processes would have pro-
duced Sr/Ca ratios higher by an order of magnitude than the ones actually
observed. Taking into account the uniformity of central and “festoon” volcan-
ism, volume considerations also contradict such an assumption.

The 8/Sr/8Sr ratio as measured on samples of the basic and intermediary
group including basaltic, andesitic and dacitic members of the volcanic suites
ranges from 0.698 to 0.712, with an average value of 0.7041. The range of the
same ratios found in samples of the acid group extends from 0.703 to 0.712,
the average being 0.7067. The overall mean, including two pseudotrachytes
and an andesitogenic propylite, turns out to he 0.7053.

The measured values below 0.700 may indicate a systematic under-
estimation in our measurements. As we had no international standard at our
disposal, we can only assume that our results might he low by about 0.003 on
an absolute scale. This underestimation, whose systematic character is establish-
ed by repeated measurements on the laboratory standard has, however, no
hearing upon our general statements which are based on the distribution of
the 87Sr/&Sr ratio rather than on the numerical values, to which a correction
of about 0.003 should possibly be added.

The rather low age of volcanics in the mountain (oldest age: Late Middle
Miocene, about 15 million years) renders it probable that no significant enrich-
ment of the 8/Sr isotope has occurred after the solidification of the volcanics.
A rough estimation based on Rb/Sr ratios as observed in rocks of intermediary
character indicates that in the group of basic and intermediary rocks (ande-
sites, dacites) the highest contribution from additional radiogenic enrich-
ment cannot exceed 0.0004 in the 8/Sr/86r ratio. As regards the acid group,
this increment could reach a maximal value of about 0.0015, i.e. the radiogenic
contribution coidd be reflected by an elevated 8/Sr/8Sr ratio as compared with
samples of intermediary composition, but this additional term in the ~Sr/ASr
ratio is still within the limits of measurement errors. The large relative spread
in time (exceeding probably 50%) of the acid volcanic activity on the one
hand, and the scarcity of well-dated eruptions (even if a relative age as referred
to the other members of the sequence could be established) on the other renders
it probable that a correction for additional radiogenic Sr enhancement (based
e.g. on the average age of volcanics) would not increase the reliability of our
results. The superfluity of such a correction finds further support in the fact
that the correlation between the alkalis and the 87Sr/8Sr ratio is not significant
on the 80% probability level even within the acid group, and is by no means
more expressive than in samples of basic and intermediary composition. In any
case, a correction based on even the highest Rb/Sr ratio found in the acid
samples would not blot out the difference between the average isotopic ratios
of the two groups, which difference, by the t-test for the significance of the
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difference between two means, is significant on the 99% probability level,
This again indicates that the two groups cannot originate from the same popu-
lation.

No significant enrichment of radiogenic 87Sr has occurred after solidifica-
tion; this is supported by the time distribution of the measured strontium
isotopic ratios as expressed by a comparison of the average ratios of the
individual age groups (Upper Tortonian, Sarmatian, Uppermost Sarmatian,
Pannonian) in Fig. 2. In the acid group, no significant time variation of the

0,700 -

Upper. . Uppermost .
TorFoman Sarmatian SaPr%anan Pannonian

Fig. 2. Distribution of the mean 8/Sr/8Sr ratios with volcanic phases

average isotopic composition can be established. In the intermediary group,
however, a marked decrease of radiogeneity can be observed during the
Sarmatian phase of volcanism, which supplied the greatest part of volcanic
products and was accompanied by the subsidence of the volcanic area. Fig.
2 suggests that the radiogenic enrichment in the isotopic composition of stron-
tium might be connected in some way with the evolution of the volcanic par-
oxysm, as the intermediary rocks ofthe (introductory) Tortonian phase exhibit
an average 8/Sr/8Sr ratio, which then increases to a maximum in the phase
of most intense volcanic activity in the Sarmatian, and drops to a low (basaltic)
level in the final phases. One should emphasize, however, that the limited
number of samples in each age group, the scarcity of direct stratigraphic
evidence to lend an indisputable basis to the supposed relations in time and
space between individual products of volcanic activity and the resulting
incertitude in the attributed ages [23] considerably reduces the reliability of
the conclusions involving the distribution of Sr isotopes over the stratigraphic
ages. Purther, the precision level of the individual measurements as reflected
by the standard errors given in Table 1 does not allow any conclusion as to
whether or not the standard errors of the group means shown in Fig. 2 —
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calculated under the assumption of a “consanguinity” within each age group
can serve as a basis of deciding on the significance of the age trend observed.
It should he mentioned, however, that our preliminary results on intermediary
rocks of the Bdrzsény Mts [24] indicate a similar link with the individual
phases of volcanic activity.

An attempt at finding a significant connection with the geographical po-
sition (see Fig. 3) proved unsuccessful. Although linear trend surface fitting
indicated a slight increase of the 8/Sr/&Sr ratio in about W-E direction for the
acid group, whereas within the intermediary group a slight decrease in about
the same direction could be observed, the high values of the higher order

Fig. 3. Geographic distribution of sampled localities
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residuals make conclusions about the distribution of radiogenic 8/Sr in space
within the volcanic district unreliable.

Possible links and connections with chemical composition have been
investigated by forming the correlation coefficients of the 8/Sr/8Sr ratio with
the data of chemical analyses and norms (CIPW); the resulting correlation
coefficients are listed in Table 2. The diversity of the petrochemistry of the
volcanics in the Tokaj Mountains, their manifold origin, advanced secondary
alterations including near-surface potassium metasomatism [25], as well as the
effect of measurement errors masking minor variations in the isotopic com-
position of Sr, made it probable in advance that variation diagrams would be
of little real use. Correlation studies based on aproper choice of levels of signif-
icance might, however, be useful in tracing possible links which could be
hidden by the scatter of points in variation diagrams.

Table 2

Correlation coefficients of the 87Sr/86Sr

Sio, Al,0y Fe,03 FeO MgO Ca0
All samples2 -+0.353 0.112 -0.107 0.355 0.549 0.422
0.446) (-0.034) ( 0.346) - 0.576) (- 0.418)
Intermediary volcanics3  +0.211 0.437 0.069 0.087 -0.547 0.329
(+0.599) (+0.007) ( 0.054) 0.590) (-0.361)
Acid volcanics3 +0.109 +0.271 0.100 -0.310 0.272 - 0.131
(-0.324) ( 0177) ( 0309) (-0.369) (-0.183)
qu or ab an c di
All samples2 +0.281 +0.312 +0.038 0.332 +0.075 -0.524
Intermediary volcanics3  + 0.309 +0.172 -0.803 0.101 + 0.423 -0.582
Acid volcanics3 0.224 +0.088 +0.234 +0.050 0.112 —
alkl Sr Opes M/» F.l.6
All samples2 +0.373 -0.447 +0.216 +0.583 4 0.409
(+0.425)
Intermediary volcanics3  +0.122 -0.415 +0.017 +0.512 +0.243
(+ 0.164)
Acid volcanics3 +0.231 0.258 -0.094 + 0.436 +0.167
(+0.262)

Chaves [21] called attention to the fact that the closed-system charac-

ter of analytical data caused by the normalization to one hundred (or near
one hundred) per cent gives rise to “spurious” correlations generated purely
by the closure effect, resulting in the preponderance of correlation coefficients
less than zero, and in a “dispersion” of the variances of the dominating com-
ponents (in most cases Si02) to the other variables. This is easy to see if we
take into considerationthat an increase in the percentage of a single component
entails a decrease in the percentages of all the other constituents. It is sug-
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gested therefore to exclude the effect of this dominating component (in our
case of Si02) and to refer all analytical data to a silica-free hasis by dividing
all concentrations by 100-SiOg (if the component concentrations are expressed
in percentages) [21]. Numbers in parentheses are correlation coefficients
calculated in this way and are thus more commensurable with the expected
zero value for no covariance, than the correlation coefficients calculated from
the raw analytical data. In the case of normative compositions no such
procedure was found necessary, since the percentual composition of the norm
is not controlled by a single constituent.

Correlation coefficients as listed in Table 2 have been calculated for
rocks of basic and intermediary composition taken as one group, and for acid
volcanics as a second one. Also, coefficients have been calculated for all
samples taken together, and including three additional samples, products of

ratio with analytical data’

NaaD K,0 MO Tio, Co. H.O+ 11,0-
+ 0.038 4-0.314 0.135 0.346 0.394 0.089 -0.101 0.059
(4- 0.236) (4 0.376) (-0.046) ( 0.286) ( 0.361) (- 0.107) (- 0.032) (+0.010)

0.003 +0.172 0.070 -0.306 -0.326 +0.027 +0.224 +0.096
(4-0.116) (4-0.181) ( 0.048) ( 0.250) (-0.285) (+0.038) (+0.279) (+0.139)
4-0.234 4-0.098 4 0.582 +0.324 + 0.246 0.159 —0.298 0.012
(4 0.254) (4-0.174) (4 0.608) (4 0.458) (+0.297) ( 0.233) (-0.323) (-0.027)

hy lilt il he ap H,0 cc AlA -c
- 0.379 0.411 0.209 + 0.167 - 0.397 -0.098 -0.089 0.234
- 0.143 0.337 0.307 +0.152 0.330 +0.186 +0.028 0.032
-0.312 0.042 4 0.296 0.072 + 0.241 - 0.213 0.158 + 0.351

1Bold face numbers denote correlation coefficients significant on the 95% probability
level. Numbers in italics are correlation coefficients whose probability level of significance
does not exceed 80% against zero.

All norms are CIPW.

2Including two andesitogenic pseudotrachytes and an andesitogenic propylite, not taken
into consideration either in the intermediary or in the acid group.

3Sample classification based on the behaviour of the Sr/Ca ratio. For details see [10]
and the text.

*alk = sum of the Na,0 and K2 content in per cents.

'O h, = atomic iron oxidation ratio Fe3+/Fe3+ + Fe2+ calculated as 0'9—"‘2620'

rt 0.9 Fe203+ PeO
6M.1. and F.l.: Mafic and felsic indices calculated after Simpson [23].

near-surface potassium metasomatism, not listed before in either preceding
group.

Considering the case when all samples are taken together, we can only
conclude that the correlation coefficients agree with a general tendency for
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radiogenic 8/Sr to concentrate in the more acid volcanics. The positive covari-
ance with silica corresponds to the significant difference between the mean
87Sr/86Sr ratios of the basic-intermediary and acid groups, respectively. The
covariance with A120 3 seems insignificant, but considered on a silica-free
basis, it turns out to be significant even on the 99% probability level, in
keeping with the enhanced Al20 JSi02ratio in acid volcanics as compared to
basic and intermediary rock types. A similar explanation can be given for
the positive covariance found with total alkalis and with potassium. Sodium
is partly bound in plagioclase: thus — in spite of the increase of Na20 content
with increasing acidity the covariance is less expressed than in the case
of potassium, owing to the link between (basic) plagioclase and mafic minerals,
whose chemical constituents show a marked negative covariance. The highly
significant negative covariances with FeO, MgO and CaO, as well as with
titanium and phosphorus can be easily correlated with the decrease of the
named components with increasing acidity.

The positive correlation of the Sr isotope ratio with aluminium in both
the intermediary and the acid groups can be attributed either to the correla-
tion of radiogenic Sr with varying amounts of feldspars, or — more likely
to sedimentary contamination. A detailed inspection of our results indicates
that the second possibility might be the real cause of varying radiogeneity,
at least in the samples of intermediary composition. In this group, a positive
correlation with A120 3has resulted, with a coefficient of -(-0.437. The presence
of corundum in the norms of about half of the samples in this group indicates
sedimentary contamination: the amount of radiogenic Sr increases with the
amount of normative corundum, with a correlation coefficient of -(-0.423.
At the same time, the amount of A1203 bound in normative feldspars and
feldspathoids shows no covariance with strontium isotope composition. The
positive covariance with excess silica leads to the same conclusion. In the case
of the acid group, where the excess silica forming normative quartz is for the
most part of magmatic-hydrothermal origin, an insignificant but negative
correlation could be established, in contrast to the group of basic-intermediary
rocks, where excess silica might be due to contamination, reflected by a posi-
tive correlation coefficient.

The negative correlation with FeO, MgO and CaO points to an inverse
relationship between mafic minerals and radiogenic strontium. In the basic-
intermediary group the negative covariance with MgO and CaO is more
expressive than the one with FeO as diopsidic pyroxenes are most abundant
among the mafic constituents. In the acid group with hypersthene in the
mode, negative covariance with FeO and MgO becomes dominant, reflected
also by the correlation coefficients formed with the corresponding normative
minerals. Negative covariances with Ti02 P20 5and the corresponding norms,
as well as with magnetite found in the intermediary group show that minerals
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representing the early phase of crystallization contain less radiogenic stron-
tium than the felsic components.

The lack of significant correlation with alkalis possibly reflects the fact
that near-surface potassium metasomatism widespread in the mountain
[25] did not induce considerable changes in the isotope composition of stron-
tium. This could be established also on samples No. 75, 76 and 77 which form
a continuous metasomatic series (with pyroxene andesite as the common
starting material) from a slightly chloritized pyroxene andesite (No. 75)
through a propylite (No. 76) to a highly metasomatized andesitogenic “pseudo-
trachyte” (No. 77, normative orthoclase about 50%) with no change in the
87Sr/86Sr ratio exceeding the measurement errors (the Sr isotopic ratios being
0.704 ~ 0.002, 0.704 ~ 0.002 and 0.707 = 0.001 respectively). The possibility
of a slight increase of radiogenity with the progress of potassium metasomat-
ism cannot, however, be excluded.

Secondary processes do not coincide with an enrichment of radiogenic
8/Sr; this is further supported by the observed invariance of the 8/Sr/8Sr ratio
with carbon dioxide, H20 and Fe20 3, as well as with the iron oxidation
ratio 0 Fc (the positive covariance with the iron oxidation ratio observed
when all samples are taken together is due to the marked difference in the
grade of oxidation between the basic-intermediary and the acid groups).

Significant positive correlation has been established with the mafic and
felsic indices

“ FcO Na20 + K2
A 100 and 0 100

Fe.,0,+ FcO MgO \a.,0 + K20 J CaO

According to the original interpretation given hy Simpson [22], these indices

similar in character and usefulness to the iron and albite ratios introduced
by Wager [26] may serve as an indicator of subsequent stages of fractional
crystallization of a homogeneous magma. In this interpretation, the increase
in the ratios in question, indicating a progress in fractional crystallization,
may be taken to indicate a time sequence. It was already shown [16] that
the general lack of such a correlation, inthe Tokaj Mts volcanics, restricts the
validity of the original interpretation in our case to the general progress in
magma evolution, not necessarily reflecting different stages of a fractional
crystallization process.

The correlation with the above named evolutionary indices is most con-
spicuous in the case of the basic and intermediary rocks. If we are to inter-
préte the variation of the mafic and felsic indices purely as a result of pro-
gressing fractional crystallization, this would mean that the enrichment of
radiogenic 8/Sr has happened in the course of one and the same fractionation
process. Since crystallization processes cannot according to our knowl-
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edge — produce significant fractionation in the isotopes of strontium (if such
a process occurred, the normalization of the measured isotopic ratios to a
common 8Sr/8Sr basis would have cancelled this effect), the parallelism with
crystal fractionation can be due only to the enrichment of Rb relative to
strontium in the residual liquid. The Rb/Sr ratios found in intermediary rocks
lead to the conclusion that in this case atime span of at least 100 150 million
years would be necessary to produce the observed distribution of the radio-
genic 87Sr isotope, involving similar time span for the fractionation process
itself. The perseverance of a differentiating (and consequently cooling) magma
in the liquid state for such a long time would again involve large sizes both
in the horizontal and vertical [27] sense.

An alternative to this hypothesis is the assumption of deep-seated
differentiated intrusions of an assumed Cretaceous age, which could serve an
a basis for intracrustal magma generation. Such intrusions are well knows
in the southern part of the Carpathian basin, but the lack of any indication
of the presence of synchronous intrusive masses in the basement of the area
under investigation renders these conclusions speculative.

The negative covariance with the elemental concentration of strontium
itself is compatible with both principal hypotheses discussed above. Assuming
crystallization differentiation as a principal cause of variances in radiogenic
strontium, the negative covariance can be due to the tendency of Sr to con-
centrate in the early crystallization phase, producing a low Rb/Sr ratio there.
In an assumed contamination process the negative covariance would only
imply that strontium in the pre-existing material supplying Sr enriched in the
radiogenic isotope would be present in lower concentrations than in the intrud-
ing magma being contaminated by transvaporization [28, 29] or assimilation.

It should be noted, however, that the observed negative correlation
with strontium might — at least in the acid group — be partly due to an
effect induced by the correlation of Sr with Ca as noted in a previous paper
[10.] In the acid group, a strong positive correlation between Sr and Ca was
established, with a correlation coefficient of -|-0.863. In the group of basic
and intermediary rocks, however, an opposite tendency seems to prevail, as
the concentration of Sr decreases with increasing CaO content; the correspond-
ing correlation coefficient —0.696 is significant on the 98% confidence level
[10]. This means that in the basic-intermediary group, the negative cor-
relation between radiogenic Sr and Sr concentration must be even more pro-
nounced than it is reflected by the value of the corresponding correlation
coefficient.

The previous discussion has already pointed out some differences in the
behaviour of intermediary and acid rocks as regards the correlations between
the 87Sr/8Sr ratio and component concentration values. The most striking,
however, is the controversial behaviour of MnO, Ti0O2and P A when the two
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groups are compared. In the basic-intermediary group, all three components
reveal more or less significant negative covariance with the relative amount
of radiogenic strontium, in accordance with the conclusion drawn from cor-
relations with other constituents. In the acid group an opposite tendency
appears: a strong covariance with MnO and Ti02 and a less expressive but
still positive one with P20 5. Although unsupported by other evidences, this
behaviour strongly contradicts the theories of continuous accumulation of
radiogenic strontium in a differentiated (or continuously differentiating)
system, and supports the theory of sediment assimilation, presupposing only
that the contaminating sediment should contain the named elements in
higher proportions than the magma involved. Argillaceous sediments for
instance may satisfy this condition, just like arkoses whose presence in the
basement in an unknown extent was established as early as 1869 in the
northeastern foreground of the volcanic area. The possibility of sandstone
assimilation is demonstrated by sandstone and quartz inclusions in the dacite
of the Kopasz Hill near Tokaj in the southernmost part of the mountains
[23, p. 84].

A similar contradiction is observed in the behaviour of aluminium
oxide. Excess alumina yielding normative corundum correlates in a positive
sense with the 87Sr/8iSr ratio in the intermediary group; indeed, the total cor-
relation with Al20 iis due to the correlation with excess alumina. In the acid
group, however, the reverse seems to he the case, as no correlation with
normative corundum has been found, whereas aluminium oxide bound in the
feldspars and feldspathoids of the norm reveals a positive correlation with
radiogenic strontium. This behaviour is again in keeping with the assimilation
hypothesis, assuming that aluminium in intermediary rocks is derived for
the most part from the intruding magma, and that contamination introduces
but a minor amount appearing as excess A1,03. In the case of the acid group,
where the protruding magma might be of a volatile-rich, hydrothermal type
poor in aluminium, the overwhelming part of total aluminium can originate
from digested sediments containing clay minerals. The different behaviour
of the two groups can thus be due (partly) to the difference in weight and
type of components of early (deep), resp. late (shallow) origin.

As a final conclusion we may also state that the results reported in the
paper support in general the theory of crustal contamination as a source
of excess radiogenic 87/Sr found.in intermediary and acid volcanics, when com-
pared with the radiogenity of strontium found in relatively uncontaminated
rocks of a possible subcrustal origin. The diversity of petrochemical evolution,
as regards the geochemical behaviour of strontium, between rocks of inter-
mediary and acid composition [10] was further confirmed by our work, which
showed that although crustal contamination plays an equally significant role
in the evolution of intermediate and acid magmas, too, their development
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into two more or less separate sequences cannot be explained solely
by quantitative differences in the amount of contaminating material. The
fundamental causes of this separation might he looked for either in processes
preceding contamination (reflected by variations in the relative content of
radiogenic strontium) or, more likely, within the process involving contamina-
tion itself. In this respect our results support some recent theories on the
remote origin and variable crustal development of magmas in the Tertiary
volcanism of Hungary.
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COOTHOLUEHME MN30TOIMNOB CTPOHUMA B TPETUYHbLIX BYJIKAHUTAX
TOKAWNCKWX TOP B CEBEPO-BOCTOYHOW BEHIPUW

A. KOBAY, K. BAJIOT n I MAHTO

Pesome

ABTOpamu onpefenieHo COOTHOLLIEHME U30TOMOB 87Sr/8Sr BY/IKAHUTOB Pas/IMyHON KMCOT-
HOCTW, BapbupytoLLiel 0T 6a3anbTOB 10 PUONUTOB. PacnpeaenieHne 3Ha4eHWiA COOTHOLLIEHWSI pac-
CMaTPMBaEMbIX M30TOMOB ABNSIETCA aHANOMMUYHbIM Pacnpefe/ieHnto, YCTaHOBAEHHOMY ApYrUMU
aBTopaMy B (DENIbCUYECKUX BY/IKAHUTAX, MpuyeM 6asanbTbl XapaKTepusyloTcs HaUMEHbLUUM
3HaYeHMEM W30TOMHOr0 COOTHOLLUEHWS. PHOMMTO-PUOAALIMTOBbLIE MOPOAbl 3HAUUTENbHO o60ra-
LLEHbI PaAVOreHHbIM CTPOHLIMEM MO CPABHEHWMIO C NOPOJaMUM CPEAHEro cocTaBa, CO 3HAUUTE/IbHbIM
NepeKpbITUEM COOTBETCTBYHOLLMX 3HAYEHWI COOTHOLLEHWSI U30TOMNOB arSr/HSr. BnusHue netpo-
XUMUW Ha M30TOMHOE CTPOEHME CTPOHLMS 6bII0 CHOPMYIMPOBAHO B BULE KOI(M(MLIMEHTOB KOp-
pensiummn. OLeHKa 3HaUMTeNbHbIX COM3MEHennii (Ko-Bapuauuii) npuBena K BbiBOAY, UTO KOHTA-
MUHALMA 3eMHOV KOpbl MOrna 6biTb €AVHCTBEHHOW MPUUMHOM W3MEHUMBOCTM COOTHOLLEHUSA
87Sr/gSr, UTo MOATBEPXKAAET COBPEMEHHbIE TEOPUM O MPOUCXOXKAEHWUU W PasBUTUN MarMbl B
npovecce TPETUYHOIO BY/NKaHM3Ma BeHrpuu.
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VERGLEICHENDE GEOCHEMISCHE
UNTERSUCHUNGEN AN GRANITEN AUS UNGARN

Von

M. Foldvari-Vogl und K. Bojtos-Varrok

UNGARISCHE GEOLOGISCHE ANSTALT, BUDAPEST

Die Verfasser haben nach statistischen geochemischen Methoden die unterschied-
lichen (migmatitischen und magmatischen) Genesen der Gesteine zweier ungarischer
Granitvorkommen geklart. Die angewandten statistischen Methoden kénnen auch zur
Klarung der Genetik granitischer Gesteine aus anderen Gebieten beitragen.

In Ungarn sind zwei Uber-Tage-Granitvorkommen im Velence-
Gebirge und in der Gegend von Fazekasboda—Madragy — bekannt.

Die Fachliteratur uUber diese beiden Granitvorkommen leitete friher
beide Granitgebilde aus einem wdahrend der variszischen Orogenese entstan-
denen syngenetischen Granitpluton ab. Szadeczky-Kardoss wies 1959 darauf
hin, daB die granitischen Gesteine des Vorkommens von Fazekasboda—Mor-
agy fur altere metasomatische Gebilde migmatitischen Ursprungs gehalten
werden kdnnen, wogegen es sich bei den granitischen Gesteinen des Velence-
Gebirges um solche echten magmatischen Ursprungs handelt. Diese Fest-
stellung wurde auch von Jantsky und Csalagovits bestdtigt und weiter-
entwickelt.

Im Laufe unserer geochemischen Untersuchungen wurde von beiden
Gebieten zahlreiche chemische Analysen durchgefihrt. Die Ergebnisse dieser
Untersuchungen ermdglichten es uns, den geochemischen Charakter der bei-
den auf unterschiedliche Weise entstandenen Granitmassen durch statistische
Auswertung zu vergleichen.

Von den beiden Vorkommen standen uns mehrere hundert komplette
chemische Analysen sowie Spektralanalysen von ungefédhr 2000 Proben zur
Verfligung. Aus diesen Analysen wadahlten wir die Daten der unzersetzten
granitischen Gesteine aus, und die in der spdteren Phase des Granit-
magmatismus entstandenen Gesteinsvarietdten (Granitporphyr, Aplit, usw.)
blieben unbericksichtigt. Nach dieser Auswahl standen uns fir die Auswer-
tung der Gesteinsanalysen insgesamt 66 Gesteinsproben zur Verfliigung, die
sich zu gleichen Teilen auf die beiden Vorkommen verteilten.

Bei unseren Untersuchungen gingen wir von der Voraussetzung aus,
daR die statistische Auswertung der geochemischen Untersuchungen an den
aus unterschiedlicher (migmatitischer und magmatischer) Genese stammenden
Gesteinen verschiedene Resultate ergeben muR.

Aus den Ergebnissen der chemischen Analysen an den beiden Granit-
typen berechneten wir die Durchschnittswerte der Haupt- und Spurenele-
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mente. Ferner ermittelten wir den Wertebereich, innerhalb dessen die einzel-
nen Hauptelemente der beiden Vorkommen schwanken, d. h. auch die M axi-
mal- und Minimalwerte der Hauptelemente.

Durchschnittswerte und Wertebereich der Hauptelemente

Durchschnitts- Minimal- und Durchschnitts- Minimal- und
werte Maximalwerte werte Maximalwerte
Oxyde der % o o
Hauptelemente
der Gesteine der jesteine
des Velence-Gebirges von Moragy
Si02 72,10 68.5 - 75,9 62,08 50,88- 71.81
TiO, 0,18 0.01- 0,40 0.75 0,00 1,48
Al1,03 14,37 12.6 15,8 15,21 10,20 18.32
Fe20 3 0.84 0.02- 2,75 1,62 0,30 4.97
FeO 1,53 0,17— 2.87 2,76 0,87 6,20
MnO 0,06 0.00- 0,30 0,06 0,00 0,12
MgO 0,56 0.00— 2,00 3,34 0,50 12.20
CaO 1,29 0,30— 2,40 3,38 0,55 8,66
Na,,0 3,28 1,70— 5,20 2,68 0,14 3,45
K2 4,47 2,50- 6,05 4,58 2,27 6,54
H2D + 1,06 0,50- 1,75 1.68 0,76 3,22
HD - 0,23 0,02 - 1,10 0,27 0,05- 1,21
co2 0,13 0,00— 0,76 1,14 0,00— 5,76
PO, 0,04 0,00 0,11 0.47 0.00 1,59

Die Durchschnittszusammensetzung des Granits im Gebirge von Velence
steht unter den — von Nockolds 1954 publizierten W elt-Durchschnitts-
werten denjenigen der Alkaligranite am néchsten. Ein Unterschied besteht
nur insofern, als der Durchschnittswert fir das K20 des Granits aus dem
Velence-Gebirge um etwa 1% kleiner ist als der Durchschnittswert von
Nockolds, wogegen die Werte fiir das Ala0 3 und das NaaO etwas hoher
liegen. Der von Nockolds angegebene Alkaligranit hat folgende prozen-
tuale Durchschnittszusammensetzung:

Sio., 72,08%
Tio., 0,37
ai26 3 13,86
Fe20 3 0,86
FeO 1,67
MnO 0.06
MgO 0,52
Ca0 1,33
Na-0 3,08
K,,O 5,46
H, 0+ 0,53
p 2. 0,18
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Die Durchschnittszusammensetzung des Gesteinstyps von Fazekas-
boda Moragy kommt unter den NocKOLDSschen Durchschnittswerten den-
jenigen des »hyperstenfihrenden Granodiorit« am ndchsten. Es muB aber
berticksichtigt werden, daB die Analysenergebnisse bei diesem Gesteinstypus
so starke Streuungen aufweisen (die SiO.,-Werte z. B. solche bis 20%), daR
der aus diesen Daten berechnete Durchschnittswert fiir dieses Gebiet nicht
als charakteristisch betrachtet werden kann.

Der erste wichtige Unterschied im Chemismus der beiden Granitvor-
kommen besteht also in den innerhalb weiter Grenzen variierenden Konzen-
trationen der Hauptelemente des Fazekasboda Moragy Vorkommens.

Fir beide Vorkommen ermittelten wir auch die Durchschnittswerte der
Spurenelemente. Die Durchschnittswerte der wichtigsten und typischsten
Spurenelemente (in ppm) sind die folgenden:

Tk B BH Co Cr Cn Gu Li Ni Pb Sn Sr \%
Granite des Velence-
Gebirges 0,6 16 300 2.7 4 12 10 60 6 20 2,0 80 8
Granite von Fazekas-
boda-Moéragy 6 130 6 204 47 21 59 34 74 2,4 558 16

Die charakteristischesten Unterschiede zwischen den Durchschnitts-
werten der Spurenelemente erscheinen im Gehalt an Cr, Ni, Co, V, Cu; alle
finf Elemente sind in den Gesteinen des Velence-Gebirges in viel kleineren
Konzentrationen vertreten als in den Gesteinen des Mdragyer Gebietes. Ein
wesentlicher Unterschied zeigt sich weiterhin im Gehalt an Sr, der in den
Graniten von Velence geringer ist. Das Ba und das Sn sowie das Ag sind
dagegen eher in den Gesteinen von Velence angereichert. Durch die ange-
nommenen zweierlei Genesen kdnnen die Unterschiede in den Durchschnitts-
werten der Spurenelemente eindeutig erklart werden.

Die Haufigkeitshystogramme und die kumulativen H&aufigkeitskurven
der Hauptelemente sind fir beide granitische Vorkommen in den Abbildun-
gen 1—10 und 11 19 aufgetragen.

Die Haufigkeitshystogramme der Hauptelemente fuhren bei den beiden
Granittypen zu folgenden Feststellungen:

Bei den granitischen Gesteinen des Vorkommens von Fazekasboda
Méragy zeichnet sich natirlich in jeder Abbildung charakteristisch die Streu-
ung der Hauptelemente innerhalb weiter Grenzen ab. Die Verteilung der
Hauptelemente in den Graniten des Velence-Gebirges ist mehr oder minder
regelmé&Rig normal oder lognormal. Die typischeste lognormale Verteilung
weist das Hystogramm des MgO auf.

Die Verteilungskurven der Gesteine des Fazekasboda Moragy-Gebhietes
sind (Uberdies auch dadurch gekennzeichnet, daB sie weit unregelmé&Riger
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Abb. 1. Héaufigkeitsverteilung des SiO.,

- Faiekasboda-Mdragy
- ke/enceer Gebirge

S B
0_.01 02 03 04 05 06 07 QS 00 10 11 72 13 74 75 76
Ti0g %
Abb. 2. Haufigkeitsverteilung des TiO.,

Abb. 3. Haufigkeitsverteilung des Al20

sind, als die soeben besprochenen, ein Umstand der unbedingt auf eine

gestdrte Vorgeschichte hinweist.
Auffallend sind noch die beiden Maxima an der Verteilungskurve des

K20 bei den Gesteinen von Fazekasboda Modéragy. Es kann angenommen
werden, dall diese beiden Maxima der Kalium-Verteilungskurve auf eine nach-
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1 7 3 4 5 6 7 8 9 10
Gesamieisen m

in Fe20? %

Abb. 4. Haufigkeitsverteilung des Gesamteisens

Abb. 5. Haufigkeitsverteilung des MgO

Abb. 6. Iléaufigkeitsverteilung des CaO

tragliche Kalimetasomatose hindeutet, die von Szadeczky-Kardoss auch

schon in seinem zitierten Vortrag auf Grund anderer Uberlegungen angenom-
men worden war.

Aus den kumulativen Hé&ufigkeitskurven kénnen dieselben Charakte-

ristika und Unterschiede abgelesen werden, wie auch aus den Hd&ufigkeits-
hystogrammen.
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60- -Fazekasboda-Mérogy
el/elenceer Gebirge

Na?0 %

Abb. 7. Haufigkeitsverteilung des Na,O

Abb. 8. Héaufigkeitsverteilung des K,O

Abb. 9. Haufigkeitsverteilung des H.,O

Fur beide Gesteinstypen berechneten wir auch den Oxydationsgrad,
in den Gesteinen der beiden

genauer die Verteilung der Fe™/Fe"-W erte

Gebiete.
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Abb. 10. Haufigkeitsverteilung des HZ20

Abb. 11. Kumulative Hé&ufigkeitsverteilung des Si02

Der Durchschnittswert des Quotienten Fe”"C"/FeO betrdgt hei den
Gesteinen aus Velence 1,24, bei den Gesteinen von Fazekasboda- Mdragy
1,05. Die Werte zeigen bei beiden Vorkommen eine Streuung innerhalb weiter
Grenzen, ndmlich zwischen 0,10 und 9,9. Die Haufigkeitsverteilungen der
Werte Fe30 JFe0 sind in der Abb. 20 fur beide Gesteinstypen dargestellt.

W eiterhin kann festgestellt werden, dall bei diesen zwei Gesteinen in der
Verteilung des Oxydationsgrades kein wesentlicher Unterschied besteht, ein
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Abb. 12. Kumulative Haufigkeitsverteilung des Ti02

Abb. 13. Kumulative Haufigkeitsverteilung des Al120 3

Beweis daflir, daB bei beiden Gesteinstypen nachtrdgliche Einwirkungen die

&hnlichen Oxydationsgrade herbeigefihrt haben.
Untersucht wurden ferner die Alkalianteile und ebenso wurden die k-

L K,0 1 . . .
Werte K = - memeemee- der Gestelnsprloben beider Gebiete nach Burri

Niggli berechnet.
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Abb. 14. Kumulative Haufigkeitsverteilung des MgO

Abb. 15. Kumulative Haufigkeitsverteilung des CaO

Fir die Gesteine der beiden Vorkommen wurden folgende durch-
chnittliche sowie minimale und maximale k-W erte ermittelt:
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Gesteine Gesteine
des Velence-Gebirges von Fazekasboda—Mdragy
~Durchschn. 0,48 ~Durchschn. 0,53
Jemin 0,33 kmin 0,39
~max 0,63 "'max 0,94

Abb. 16. Kumulative Haufigkeitsverteilung des Na,0

Abb. 17. Kumulative Haufigkeitsverteilung des K,0
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Abb. 18. Kumulative Haufigkeitsverteilung des +H;0

------- AMH 20%

Abb. 19. Kumulative Haufigkeitsverteilung des ~H 20

Die Haufigkeitsverteilung der Alkalianteile ist in der Abb. 21 dar-
gestellt.

Der Durchschnitt der fc-Werte liegt bei den Gesteinen des Fazekas-
boda—Madragy-Gebietes etwas hoher als bei den Gesteinen von Velence und

Acta Geologica Academiae Scientiarum Hungaricae 12, 1968



no M. FOLDVARI-VOGL und K. BOJTOS-VARROK

Abb. 20. Héaufigkeitsverteilung des Fe20 IFe0

Abb. 21. Haufigkeitsverteilung der k-Werte, berechnet nach Burri—Niggti

verteilt sich auf einen weiteren Wertebereich. An der Haufigkeitsverteilungs-
kurve der Alkalianteile treten die beiden Maxima, die an der H&aufigkeits-
verteilungskurve des KaO schon zu beobachten waren, wieder auf. Dies
beweist auch, daB die Nachwirkung die das zweite Maximum verursacht, nur
den Gehalt an K, nicht aber die Konzentration des Natriums beeinflufRte.

Die Variationsdiagramme einiger Hauptelemente — in Abhédngigkeit
vom SiOa-Gehalt — sind aus den Abbildungen 22—26 ersichtlich. Die Grenz-
linien des Variationsfeldes wurden von uns so festgelegt, dall sie die ent-
ferntesten Punkte verbinden, d. h. daB alle Variationspunkte innerhalb der
Grenzen des Feldes zu liegen kommen.

Acta Geologica Acadcmiae Scientiarum Hungaricae 12, 1968



VERGLEICHENDE GEOCHEMISCHE UNTERSUCHEN«,EN AN GRANITEN 111

Abb. 22. Variatioiisdiagramm des A120 3—Si02

—-—3S8i02%

Abb. 23. Variationsdiagramm des MgO—Si0.2

Die Variationsdiagramme der Proben aus dem Velence-Gebirge sind
denjenigen &hnlich, die fur granitische Gesteine auch von anderen Verfassern
gefunden wurden (z. B. von Hattori und M itarbeitern 1960). Die Diagramme
fir die Gesteine von Fazekasbhoda Maoragy zeigen wieder Streuungen inner-
halb weiter Grenzen. Sie folgen nicht nur aus der groBen Mannigfaltigkeit der
SiOa-Werte, sondern ergeben sich aus den lockeren, einander sogar 6fter wider-
sprechenden Arten der Zusammenhdnge. Besonders der Zusammenhang
Al120 3—Si02scheint aulRerordentlich locker zu sein (Abb. 22). Dagegen zeigte
sich, dall die negative Korrelation des Gesamteisens und des Si02bei beiden
Gesteinstypen gentigend eindeutig ist.
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Sn

Abb. 24. Variationsdiagramm des CaO—Si02

Abb. 25. Variationsdiagrainm des K20 —Si02

Abb. 26. Variationsdiagramm des Gesamteisens (in Fe2 3) und des SiO
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Von Proben aus beiden Vorkommen wurden sodann auch die gesteins-
bildenden Hauptminerale abgesondert und auch an diesen spektralanalytische
Untersuchungen durchgefiihrt. Da im allgemein die spektralanalytischen
Untersuchungen der Biotite die charakteristischesten Spurenelementwerte
liefern, wéhlten wir fir den Vergleich diese.

Die interessanteren Ergebnisse der Spurenanalysen an den aus beiden
Granittypen stammenden 9 Biotitkonzentraten veranschaulicht an Hand
der Untersuchungen von P. Zentai die auf Seiten 116 117 folgende Tabelle
(Werte in ppm).

Wie aus dieser Tabelle ersichtlich, weisen die Ergebnisse der Spuren-
analysen an den Biotiten je nach Granittypus wesentliche Unterschiede auf.
Der Gehalt des Biotits des Velence-Granits an Sn, Zr, Y, Sc, Mo, Ag, Ce und
Li ist gréBRer als der des Biotits aus dem Granit von Fazekasboda -M 6ragy.
Hingegen enthdlt der Biotit des Granits von Fazekasboda Mdéragy mehr
Rh, Co, Ni, Cr, Mn, V und Ba. Diese Unterschiede im Spurenelementgehalt
der beiden Biotittypen bilden einen weiteren Beweis fir die unterschiedliche
Genese der beiden Granitgesteine.

Unsere Untersuchungen haben die unterschiedliche Genese der Gesteine
aus den beiden Granitvorkommen einwandfrei nachgewiesen. Die im Laufe
der geologischen Kartierung gewonnenen in vielen Fdllen unsicheren
Beobachtungsergebnisse haben durch die statistische Untersuchung des
Gesteinschemismus eine eindeutige Verifikation erfahren.

Von den angewandten Arten der statistischen Verfahren haben sich fur
die Unterscheidung nach der Entstehung die Haufigkeits- und die kumulative
Verteilung, die Variationsdiagramme, die Verteilung der Alkaliquotienten,
die Unterschiede in den Durchschnittswerten der Spurenelemente und die
Unterschiede im Spurenelementgehalt der Biotite als gut geeignet erwiesen.
Die Untersuchung des Oxydationsgrades war fir diesen Zweck nicht bewahrt.

Unsere Diagramme veranschaulichen jene Unterschiede, diein der stati-
stischen Elementverteilung einerseits bei den aus einmaliger Magmaintrusion
stammenden echten Graniten des Velence-Gebirges und andererseits bei den
Granitgesteinen von Fazekasboda Moragy bestehen, die aus einer unter
Umstédnden in mehreren Etappen erfolgten Migmatisierung des unterschied-
lichen Sedimentmaterials sowie aus der Kalimetasomatose hervorgegangen
sind.

Zusammenfassend scheint das hier angewandte statistische Verfahren
auch in anderen Féllen problematischer Granitgenesen ein geeignetes Instru-
ment zu bieten.
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Bezeichnung der Probe Be Nb Ce La Sc Y Zr

Biotite aus dem Gestein
von Fazekasboda—Moragy

I 2,6 _ 920 - 49 - 260
2. 4,4 - 2900 - 53 - 550
3. 35 - 1200 - 22 - 980
4, 9 - 630 - 33 - 91
5. 10,5 - 430 - 63 21.5 122
6. 39 — 740 39 — 1350
Biotite aus dem Granit
von Velence
1. 45 - 1600 - 88 300 8 000
2. 14 - 1080 - 109 390 8 500
3. 15 — 3800 — 77 390 10 000
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Sn \% Alt Li Bu Rb Co Ni Cr Mo

6 250 14 400 330 40 40 250
- 160 - 38 600 290 25 15 160 -
10 160 - 43 103 40 25 100 -
- 250 — 43 1600 110 16 15 40 -
6 100 — 49 60 15 25 40 60 -
250 60 1000 420 25 40 250 —

10 40 0,6 54 250 35 10 2 10
16 60 0,6 190 250 62 16 3 10 10
25 100 0,6 100 250 80 16 2 10 16

COMPARATIVE GEOCHEMICAL INVESTIGATION OF GRANITES

By
M. Foldvari-Vogl and K. BolJTos-Varrok

Abstract

The different (migmatic and magmatic) genesis of the rocks of two granite areas of
Hungary has been studied by geochemical methods. The statistical methods used by the
authors may contribute to the clarification of the genesisof granitic rocks in other regions, too.

CPABHUTENBbHOE TEOXMMWMNYECKOE WCC/NEAOBAHWE TPAHUNTOB
M. ®ENbABAPUN-®dOI1b U K. BEWTe W-BAPPOK
Pesome

ABTOpPbI HACTOSAILLEN PaBOThI BbISICHWUIN pPas/finume B reHeance (MUrMaTUHecKuii U MarmaTiu-
yeckuit) AByx o6nacTeil pasBMTUSI TPaHUTOB B BeHrpuu. MpUMeHeHHble VMU CTaTUCTUYecKue
MeTOfbl MO3BOMISIIOT BbISCHATL EHE3NC FPAHUTOBbLIX MOPOA U B APYrUX paiioHax.
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HYDROGEOCHEMICAL INVESTIGATIONS
IN THE TOKAJ MOUNTAINS

By
I. Barta

INSTITUTE OF MINERALOGY AND GEOLOGY, KOSSUTH LAJOS UNIVERSITY, DEBRECEN

Samples from the surface watercourses of the Tokaj Mountains were subjected
for a year to regular, monthly, chemical analyses. The essential dissolved components
and other physico-chemical characteristics of the waters were studied.

1. A survey of the amounts of water drained by the streams permitted to draw
up a hydrochemical balance for the area, in terms of the inorganic constituents removed
in solution. The dissolved matter carried away in a year by the watercourses front some
1300 km2 of neovolcanic area (and adjacent sedimentary areas) can be estimated at

27,000 metric tons.
2. Relationships were established between the chemical composition of running

waters, on the one hand, and of the contacting rhyolitic tuffs, andesites, and rhyolites,

on the other.
The K to Na ratio in the waters compares well with the alkali contents of the

rocks of the catchment area. In waters flowing off rhyolite tuff, rhyolite, and pseudo-
trachyte areas, characterized by a higher K content, the K/Na ratio is also higher.
The comparatively high K/Na ratio (1.65) of rocks in the Tokaj Mountains, is reflected
in the surface waters (0.44), too.

Because of the highly acid mean composition of the eruptive rocks of the region
(of their high Si02content), the running waters are also very high in silica. The waters

are soft or slightly hard.
The sulfidic ore mineralization of the Telkibdnya area is apparent in the high

sulfate ion content of the drainage.

3. Seasonal changes in water composition are better reflected by the anions,
than by the cations. The concentration of hydrogen-carbonate ions is higher at low
water level; the variation of sulfate ions shows an opposite trend, particularly in terms

of equivalent percentages.

The equivalent percentages of cations remain fairly constant throughout the
year. At floodtimes the K/Na and Ca/Mg ratios are somewhat higher.

Silica concentration is rather steady round the year.

The annual average of water composition is best approximated by the February
and October samples.

The Institute of Mineralogy and Geology of the Kossuth Lajos University
has participated in a Tokaj Mountains geological research project.

Professor Foldvari entrusted the author with the regular monthly
chemical examination for a year of the mountains’ watercourses. The aim of
this activity was the drawing up of a hydrogeochemical balance for the area,
based on the mean discharge data of the Research Institute for W ater
Resources [19].

The Tokaj Mountains form a neovolcanic range of roughly north-south
trend 40 to 55 km long and 20 to 30 km wide.

The points of sampling were selected conformably to suggestions by
Foldvari. They are shown on the map (Fig. 1).
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The cation and anion equivalents computed from the analyses show a
good agreement.

The water analyses were performed for the most part using standard
methods advocated by the Hungarian Bureau of Standards [20]. Divergences
from the standard were allowed for the flame-photometric assaying of alkalis
and for the gravimetric assaying of silica.

Information from the Central Meteorological Institute reveals the central
and northern part of the mountains to be richest in precipitations. Towards
the east, west and south borders, precipitations gradually grow scarcer [10].

Vowo ova ovm X X X XL LI W IV month

Fig. 2. Monthly distribution of precipitations in the Tokaj Mountains
V. 1964. — IV. 1965. --------- long-term average (1901—1950)

Fig. 2 shows the monthly distribution of precipitations over the entire area
of the Tokaj Mountains, as calculated from the data of 25 pluviométrie sta-
tions [1], in the year under consideration (May 1964 to April 1965). For compari-
son, the long-term (1901 —1950) averages of the monthly distribution of
precipitations were also indicated.

Although there is some deviation from the long-term average in certain
months, the mean annual precipitation in the respective period (599 m) is
virtually equal to the long-term average (602 mm) [1]. Hence, it is not far-
fetched to rely on the long-term averages in assessing the rate of runoff [19].
The figures for the minor watercourses were obtained in this way. For points
with no measured hydrographic data, the mean discharge values were deter-
mined from the map showing the long-term averages ofeach specific runoff [19].
This calculation was based on the difference between the mean annual precipi-
tations in the catchment area, on the one hand, and evaporation loss on the
other.

Table 1 lists some hydrological data concerning the catchment areas
of the studied watercourses [6], [7], [10], [19].
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Fig. 1. Geological and hydrographic map of the Tokaj Mountains
1. andesite; 2. rhyolitic tuff; 3. rhyolite; 4. dacite; 5. rhyodacite; 6. alluvium; 7. pseudo-
rachyte; 8. loess; 9. clay, sand; 10. frontier; 11. main watershed; 12. secondary watershed
13. water sampling points; 14. rock boundary, contact; 15 watercourses
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Table 1

Some hydrological data of the catchment areas of the examined surface uatercourses

Long-term average

Long-term of precipitations Long-tern» average
Serial Names Catchment average of in the catchment area of the rate
number of watercourses alzema*’ meanmg/iesecglarge, (1901—1950) rol']ferl;Lljnaorfefaﬂ[))ll;rca\ltggi-,
1000 m*
mm 1000 m3
I Hosdat riv. 14.2 0.035 616 8 747.2 12614
2. Csenkd riv. 38.4 0.11 631 24 230.4 3 468.9
3. Gonci riv. 63.4 0.15 619 39 244.6 4 730.4
4. Tekeres riv. 26.6 0.063 604 16 066.4 1986.8
5. Aranyos riv. 54.4 0.13 608 33 075.2 4 099.7
6.  Szerencs riv. 347.2 0.80 587 203 806.4 25 228.8
7. Bo6zsva riv. (1) 158 0.54 639 100 962.0 17 029.4
8. Bo6zsva riv. (II) 233.6 0.69 627 146 267.2 21 759.8
9. Ronyva riv. 521.8 2.25 — 70 956.0
10. Hotyka riv. 32.7 0.09 633 21 680.1 2 838.2
11. Radvany riv. 24.8 0.07 631 15 648.8 2 2075
12. Tolcsva riv. 137.0 0.28 649 88 913.0 8 830.1
13. Bényei riv. 59.0 0.12 599 35 341.0 37843
14. Bodrop riv. (1) 12 386 111 — — 3500 496.0
15. Bodrop riv. (11) 13 579 115 — — 3626 640.0

For drawing up the hydrogeochemical balance of water-soluble substance,
the amounts of water drained by the streams during the year (as shown in
the last column of Table 1), and the annual mean hydrochemical compositions
listed in Table 10 were used. The water-dissolved substances removed in a
year by the studied watercourses during a year were presented in Table 2.

In dry periods, some minor streams (rivulets) had run dry at the selected
sampling points and dates. In such cases for the calculation of the annual
mean content of dissolved substances in the respective rivulets, the figure
ofthe respective month was taken to be zero, for no material was transported on
the surface at that time. Although the upper reaches of these rivulets had not
dried up, the sampling points were not changed, in order to assure the
uniformity of conditions.

It is of course impossible to give quite accurately the amounts of water-
transported substances. Both quality and quantity of water had shown rather
wide a range of variation over the time interval studied. The variation in the
quality of surface waters is in many cases due to human interference. It is
hoped that averaging the regular monthly results obtained during a year
has yielded a rather comprehensive image of the situation.
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Table 2

Tonnages of dissolved substances transported by the examined watercourses during a year

Hosdat riv. Csenkd riv. Génci riv. Tekeres riv. Aranyos riv.
Cat- Na + tlyear 6.93 38.61 37.75 15.44 36.49
ions K.+ T 3.49 25.01 16.41 9.38 12.18
Ca+ + » 38.46 181.50 113.81 50.30 119.75
Mg++ » 13.12 63.62 34.39 16.69 39.48
Fe ++ » 0.12 1.98 0.66 0.18 0.41
Mn+ + » 0.01 0.69 0.19 0.00 0.00
Total " 62.13 311.41 203.21 91.99 208.31
An- he< tlyear 91.56 452.87 359.46 178.31 460.80
ions S04— T 84.07 400.98 197.92 68.01 135.58
Cl- T 2.58 17.17 12.68 12.97 16.07
POT - ” 0.01 1.70 0.52 0.32 0.12
Total 178.22 872.72 570.58 259.61 612.57
Cations +
anions tlyear 240.35 1184.13 773.79 351.60 820.88
H,SiO, 32.85 252.44 240.87 74.92 198.55
Total dissolved
substance 0 273.20 1436.57 1014.66 426.52 1019.43
Szerencs riv. Bozsva riv. () Boézsva riv. (1) Ronyva riv. Hotyka riv.
Cat- Na+ tlyear 669.82 220.87 272.00 1920.78 18.25
ions K + 219.49 104.90 138.61 704.59 7.66
Ca++ » 1382.29 558.57 701.32 3045.43 48.42
Mg ++ » 525.52 144.24 178.65 810.32 12.43
Fe ++ 9.08 7.66 11.97 46.83 1.42
Mn+ + il 2.52 341 4.79 20.58 0.57
Total ” 2 808.72 1039.65 1307.34 6 548.53 88.75
An- HCO,- tlyear 6 655.36 2207.53 2749.79 12 411.62 173.13
ions S0 4— 1122.43 580.70 691.09 2 868.04 55.20
Cl- " 355.22 95.19 133.39 1942.06 14.25
P04 8.33 4.26 5.87 168.17 0.40
Total 1 8 141.34 2887.68 3580.14 17 389.89 242.98
Cations +
anions t/year 10 950.06 3927.33 4887.48 23 938.42 331.73
H,SiO, 1564.43 1101.97 1357.38 3542.83 73.79
Total dissolved
substance _ 12 514.49 5029.30 6244.86 27 481.25 405.52

In drawing up the hydrochemical balance of the Tokaj Mountains we
can take into account the following rivulets: Hosdat, Csenkd, Gonci, Szerencs,
Bozsva (Il), Hotyka, Radvany, Tolcsva, Bényei riv.

As regards the minor marginal areas which were necessarily neglected
by the sampler, their contribution to surface runoff presumably is both insig-
nificant and occasional.
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Table 2 continued
Radvany riv. Tolceva riv. Bényei riv. Bodrog (1) Bodrog (I1)
Cat- Na + tlyear 7.15 111.26 66.04 35 179.98 33 727.75
ions K* 1.85 50.51 36.06 11 166.58 11 387.65
Cae+ » 17.04 432.94 149.67 139 249.73 140 278.43
Mg f + " 4.88 119.65 33.72 29 964.25 30 028.58
Fe ++ . 0.26 4.50 1.97 2 100.30 2 611.18
Mn++ 0.04 3.97 0.42 455.06 544.00
Total 31.22 722.83 287.88 218 115.90 218 577.59
An- HCO,- tlyear 46.00 1715.15 582.90 517 653.35 510 195.71
ions SO,-- 37.51 304.46 131.05 81 071.49 87 365.76
Cl- 1.96 86.27 48.40 29 754.22 28 469.12
P04 0.07 3.53 2.54 105.01 108.80
Total B 85.54 2109.41 764.89 628 584.07 626 139.39
Cations +
anions tlyear 116.76 2832.24 1052.77 846 699.97 844 716.98
H.SiO., n 28.52 415.19 269.78 55 727.90 51 607.09
Total dissolved
substance 145.28 3247.43 1322.55 902 427.87 896 324.07

The tonnages of dissolved substances removed from the area of the Tokaj
Mountains in a year are listed in Table 3.

The fact that much of the transported hydrogen carbonate had formed
from the carbon dioxide of the air has been disregarded.

The authors of the volume “Sketches and Essays to the Hydrogeological
Atlas of Hungary” had given chemical analyses of hundreds of springs
and wells, indicating the respective aquifers [14]. In general there is a
very close relationship in chemical composition between the water-bearing
strata and the waters. Because of their poor solubility, igneous rocks, crystal-
line schists, quartz gravels and sandstones yield poorly mineralized soft-
waters. The waters issuing from areas made up of limestones, dolbmites,
marls, and loesses are harder (richer in salts) [11]. The best tracer of ore-
bearing areas is the high SOj content of the drainage. The waters of areas
composed of granites or other potassium-rich rocks are comparatively high
in potassium, etc.

The geology and hydrography of the Tokaj Mountains are outlined on
the annexed map (Fig. 1) based on a recently issued geological map of
1 :200 000 scale [8]. The explanatory note to the map [9] contains a compre-
hensive bibliography of relevant literature. Predominant rocks are: rhyolite
tuffs 1> andesites /> rhyolites. The average chemical compositions of the com-
mon rock types (volcanics) are shown in Table 4. For the calculation of aver-
ages, the chemical analyses of 139 rocks were used ([5], [9]).
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Table 3

Tonnages of dissolved substances removed
from the Tokaj Mountains
by surface watercourses during a year

tlyear

Cations Na+ 1227.8
K + 499.1

Ca++ 3065.4

Mg ++ 986.0

Fe++ 32.0

Mn ++ 13.2

Total 58235

Anions . HCOS- 12 826.2
SO - 3024.7

ci- 671.9

@g A 23.0

. Total 16 545.8

Cations -f anions 22 369.3
H3Si03 4 235.2
Total dissolved substance 26 604.5

From Table 4 and from the percentage distribution of the individual
rock types on the surface (Table 5), the average petrochemical compositions
of the particular catchment areas were calculated (Table 6).

The Quaternary sediments occurring in the catchment areas, primarily
on the borders of the mountains, were assumed to be equal in petrochemical
composition to the average of the area. Areal increments due to relief have been
ignored.

The average chemical compositions of river waters were presented in
Table 7; the conventional p.p.m. values, equivalent percentages, and other
hydrochemical characteristics were assembled in Table 10.

A characteristic feature of the volcanics of the area is a high K/Na
ratio. According to Zentai [21], it averages 1.65 for the entire Tokaj
Mountains.

The percentages of ions in the rocks are of course not the same as in
the waters contacting them (see Table 8). Weighed by the size of the catch-
ment areas, the average K/Na ratio of the examined watercourses of the
entire area is 0.44, rather high a value for surface waters. The ratio of total
K ' to total Na‘T,removed from the entire mountains in a year is 0.41. This
is largely due to the high discharge and relatively low K r ion content of the
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Table 4

Average chemical compositions of the common rock types
(volcanics) of the Tokaj Mountains

e, RIOF Rhyolite  Rhvodacite  Dacite

6i %o 30.43 34.32 34.83 32.52 29.70
Ti 0.50 0.06 0.06 0.15 0.35
Al 8.49 6.69 7.09 8.35 8.89
Fe,H 2.18 0.67 0.66 0.93 1.63
Fell 0.24 0.33 0.40 0.83 1.77
Mn 0.03 0.04 0.03 0.10 0.09
Mp 0.25 0.32 0.05 0.43 1.22
Ca 0.88 0.96 0.73 1.64 3.65
Na 0.46 121 2.28 2.09 2.14
K 8.87 3.87 3.63 2.98 2.19
P 0.02 0.01 0.02 0.03 0.08
0.17 0.47 0.21 0.26 0.17

0 47.48 51.05 50.01 49.69 48.12
Total % 100.00 100.00 100.00 100.00 100.00

* Resulting from chemically hound (of >-f-110°C) water.

Table 5

Share of exposed Tokaj Mountain rocks by catchment areas

Name of Sclaztecho-f Pseudo- Rhyolitic Rhyolite Rhyo- Dacite Pyroxe_ne
watercourse ment trachyte tuff dacite andesite
e % % % o % %

Hosdat riv. 142 13.62 37.40 11.99 - 2.19 17.26
Csenk6 riv. 38.4 9.58 24.39 35.59 — 6.47 11.43
Gonci riv. 63.4 — 5.76 11.45 — 3.07 37.60
Tekeres riv. 26.6 — 5.95 — — — 94.05
Aranyos riv. 54.4 — 21.09 10.33 — — 68.58
Szerencs riv. 303.6 - 48.23 3.61 — — 41.80
Bo6zsva riv. (1) 158 1.48 33.93 31.90 8.58  9.06 10.18
Bé6zsva riv. (11)  233.6 1.01 39.35 25.20 5.85 9.36 6.94
Hotyka riv. 32.7 — 54.93 3.08 — — 41.98
Radvény riv. 24.8 — 89.15 4.60 — — 6.24
Tolcsva riv. 137.0 — 16.16 8.16 — 3.89 71.79
Bényei riv. 59.0 — 72.87 10.90 — 8.40 7.83

Pyroxene
andesite

28.32
0.31
9.20
1.75
2.29
0.09
2.09
4.75
1.78
1.63
0.07
0.15

47.57

100.00

Sedi-

mentary-

rocks

17.54
12.53
42.11

6.36
4.87
12.29

Total

100.01
99.99
99.99

100.01

100.01

100.01

100.01

100.01
99.99
99.99

100.01

100.01
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Table 6

Average petrochemical compositions (in terms of concentrations by elements)

Hosdét riv. 1 Csenké riv. Gonci riv. Tekeres riv. Aranyos riv.
Si % 32.37 32.97 30.28 28.67 30.25
Ti 0.19 0.16 0.23 0.29 0.23
Al 7.63 7.54 8.52 9.05 8.45
Fem 1.17 1.04 1.42 1.69 141
Fell 0.78 0.72 1.69 2.18 1.69
Mn 0.05 0.05 0.08 0.09 0.08
Mg 0.66 0.50 1.46 1.98 1.50
Ca 1.78 1.55 3.52 4.52 3.54
Na 1.39 171 1.84 1.74 1.71
K 4.15 3.90 2.28 1.77 2.32
P 0.03 0.03 0.06 0.07 0.06
H 0.31 0.27 0.19 0.16 0.22
0 49.49 49.56 48.43 47.79 48.54
Total % 100.00 100.00 100.00 100.00 100.00

Szerencs rivulet (see below). If the Szerencs rivulet is disregarded and only
the rivulets Tekeres and Aranyos are taken into consideration, the K/Na
ratio increases to 0.49. A computation of the global average of K/Na in river
waters according to the above principle from Crlarke’s data [3] yielded a
value as low as 0.36.

The K/Na ratios of river waters reflect as a rule the petrochemical
composition of the catchment areas.

The hydrochemical averages of the Hotyka and Radvany rivulets
cannot be taken into full consideration as these drained no water for a consid-
erable part of the year.

Of the watercourses examined, the Csenkd rivulet has the highest rela-
tive ion content (0.65), which is accounted for by the wide spread of
potassium-rich rocks in its catchment area—rhyolites, rhyolitic tuffs, and
pseudotrachytes, first of all. In the case of the Hosdat rivulet, the influence
of the andesite areas adjacent to the sampling locality is also felt; the relative
abundance of K+ ions is somewhat reduced (0.50). The area drained
by the rivulets Goénci, Tolcsva and Aranyos is, in this turn largely
made up of andesites and the K/Na values of the waters are correspondingly
lower (0.43, 0.45 and 0.33 respectively). One of the lowest values was observed
in the Aranyos rivulet, even though some rhyolites and rhyolitic tuffs occur
in the upper reaches of the stream. It is well known, however, that, unlike
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of the examined catchment areas of the Tokaj Mountains

Szerencs riv. BYSW riv. () Bézsva riv. (1) Hotyku riv. Radvany riv. Tolcsva riv. Bényei riv.
31.66 33.18 33.33 31.81 33.96 29.87 33.51
0.17 0.13 0.12 0.16 0.08 0.25 0.10
7.83 7.48 7.37 7.76 6.87 8.61 7.12
1.15 0.92 0.89 1.13 0.74 1.48 0.83
1.20 0.75 0.69 1.16 0.45 1.80 0.61
0.06 0.05 0.05 0.06 0.04 0.08 0.05
1.10 0.51 0.48 1.06 0.42 1.60 0.51
2.64 1.61 1.5? 2.55 1.19 3.77 1.47
1.51 1.79 1.71 1.48 1.30 1.74 1.45
2.86 3.39 3.45 2.92 3.72 2.18 3.53
0.04 0.03 0.03 0.04 0.01 0.06 0.02
0.32 0.30 0.32 0.33 0.44 0.20 0.39
49.46 49.86 50.03 49.54 50.78 48.36 50.41
100.00 100.00 100.00 100.00 100.00 100.00 100.00

J\a+ ions, the leached K ions because of the reduction of the ionic ra-

dius in solution are likely to be bound by the clay minerals in the soils or in
the river bed; on the other hand, they enter the tissues of plants. Hence,
in want of a sufficient recharge, the K ! ion content of a river water will
gradually decrease with distance or, to be more precise, the water composition
will adjust to the changes in environment. Accordingly, the influence of the
andesitic surfaces predominating in the lower reaches of the catchment area
is stronger. An opposite effect is found in the case of the Tolcsva and Gonci
rivulets. The bed of the Gonci rivulet is incised in rhyolites and in the lower
parts of the catchment area of the Tolcsva rivulet there are potassium-rich
rocks, whose effect can better be detected at the sampling points.

The water of the Bényei rivulet compares well with the average petro-
chemical composition of the area, K 1 ions being relatively abundant in it
(K/Na = 0.55). Its annual mean K content in absolute and equivalent
percentages is highest among all the examined watercourses.

In the Bozsva rivulet, the high K/Na ratio both inthe upper (1) and the
lower (I1) reaches of the stream is in good agreement with the petrochemistry
of the catchment area. The slight increase of K content in the lower part of
the area is also reflected by the waters (K/Na, I: 0.48; I1: 0.51).

The Szerencs rivulet — most important in the western part of the
mountains drains areas of a varied petrographic composition — andesites,

Ada Gvologica Academiae Scientiarum Hungaricae 12, 1968



126 I. BARTA

Table 7

Annual average chemical compositions (in terms of concentrations

LTSN g ok Ames s Dersar

Na % 2.54 2.69 3.72 3.62 3.58 5.35 4.39
K 1.28 1.74 1.62 2.20 1.19 1.75 2.09
Ca 14.08 12.63 11.22 11.80 11.75 11.05 11.11
Mg 4.80 4.43 3.39 3.91 3.87 4.20 2.87
Fe 0.04 0.14 0.07 0.04 0.04 0.07 0.15
Mn 0.00 0.05 0.02 0.00 0.00 0.02 0.07
C 6.60 6.21 6.97 8.23 8.90 10.47 8.64
S 10.27 9.32 6.51 5.32 4.44 2.99 3.85
Cl 0.95 1.20 1.25 3.04 1.58 2.84 1.89
p 0.00 0.04 0.02 0.02 0.00 0.02 0.02
Si 4.32 6.32 8.54 6.32 7.00 4.50 7.87
*H 0.86 0.98 1.20 1.14 1.25 1.20 1.29
*0 54.26 54.25 55.47 54.36 56.40 55.54 55.76
Total % 100.00 100.00 100.00 100.00 100.00 100.00 100.00

*H and 0 chemically bound in water-dissolved ions.

rhyolites, and rhyolitic tuffs. The immediate environment of the stream is
largely made up of a variety of rhyolite tuffs covered over vast areas by loessic
and loamy beds ofvarious thickness. The absolute K+ ion content of the stream
is rather high, but the K/Na ratio is as low as 0.33. This seems to be largely
due to the abundance of Na+ exsolved from the ambient loessic-loamy strataf
which reduces the relative abundance of K+ ions. In summer the water o-
the stream is often alkaline. The comparatively low Ca/Mg ratio — a character,
istic feature of loess areas is also present in the Szerencsrivulet (see Table 8)

The catchment area of the Tekeres rivulet is made up of pyroxene
andesites, but the K/Na ratio in the water is very high (0.61). It is probable
that certain deep-seated aquifers of the catchment area are rocks comparatively
high in K content, for, at floodtimes (in March, April), the K/Na ratio becomes
lower (0.54). In the other watercourses, the K/Na ratio was found to increase
at the same time. This increase was particularly striking in the case of the
Csenkd (0.93), Hosdat (0.73), and Bozsva (0.65; 0.63). Accordingly, water
analyses after heavy rains or snow-melt may yield more pertinent information
about the area under consideration, as — owing to the increased contribution
by the more mineralized ground-waters from deeper-seated strata, and to the
more abundant runoff the river waters are less influenced by the chemical
composition of the rocks.
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by elements) of the surface watercourses examined

Bdzeva riv. Ronyva Hotyka Radvany Tolcsva Bényei Bodrog Bodrog
<") riv. riv. riv. riv. riv. G H)
4.36 6.99 4.50 4.77 3.43 4.99 3.90 3.76
2.22 2.56 1.89 1.23 1.56 2.73 1.24 1.27
11.23 11.08 11.94 11.39 13.33 11.32 15.43 15.65
2.86 2.95 3.07 3.25 3.68 2.55 3.32 3.35
0.19 0.17 0.36 0.18 0.14 0.15 0.23 0.29
0.08 0.07 0.14 0.03 0.12 0.03 0.05 0.06
8.67 8.89 8.40 6.05 10.40 8.68 11.29 11.20
3.69 3.48 4.54 8.36 3.13 3.31 3.00 3.25
2.14 7.07 3.51 1.31 2.66 3.66 3.30 3.18
0.03 0.20 0.03 0.01 0.04 0.06 0.00 0.00
7.82 4.64 6.54 7.92 4.60 7.34 2.22 2.07
1.29 1.08 1.18 1.08 1.20 1.25 1.11 1.09
55.42 50.82 53.90 54.42 55.71 53.93 54.91 54.83
100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

A few measurements showed the water of the Radvany rivulet running
off from rhyolitic tuff areas to be in contrast to the former - comparatively
low in K ions (0.26).

Higher ion contents are concomitant to higher degrees of oxidation
(Ope) [15], in the drainage areas as shown in Table 8.

No substantial difference in Ca/Mg between the rocks and the waters of
the mountains could be observed; the values obtained for waters are slightly
higher, though without any direct, consistent correlation.

The river waters of the Tokaj Mountains are usually soft, or slightly
hard, despite the very marked concentration in the summer season of the
waters of minor rivulets. Annual mean hardness is least in the Gdnci rivulet
(5.05° scale) and in the Bo6zsva, the main drain of the eastern part of the
mountains (6.40°). The waters of the Radvany, Hotyka and Szerencs are
very soft, too. At 12.44°, the water of the Szerencs rivulet is somewhat of
an exception probably owing to poor conditions of runoff in the “Szerencs
Embayment” and to interaction with the mixed loessic-loamy strata overlying
the volcanics. For this reason, the water of the Szerencs rivulet is not very
characteristic of the volcanic area under consideration. The ground-waters
of the “Szerencs Emhayment” are often alkaline [9]. The increase of hardness
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Table 8
lonic ratios of the annual lonic ratios and Ope values of the average
Serial Name of avecrgr%epsosz?{iowngter petrochemical comp<)asrLtia<;ns of the catchment
number watercourse
K Ca K + Na K Ca K + Na 1
Na Mg Ca+ Mg Na Mg ca-fmg j ©Or
1. Hosdat riv. 0.50 2.93 0.20 2.99 2.69 2.27 3.34
2. Csenk6 riv. 0.65 2.85 0.26 2.28 3.10 2.74 3.24
3. Gonci riv. 0.43 3.31 0.37 1.24 2.41 0.83 1.86
4. Tekeres riv. 0.61 3.02 0.37 1.01 2.28 0.54 1.72
5. Aranyos riv. 0.33 3.03 0.31 1.35 2.36 0.80 1.85
6. Szerencs riv. 0.33 2.63 0.47 1.89 2.40 1.17 2.13
7. Bédzsva riv. (1) 0.48 3.87 0.46 1.89 3.15 2.44 2.75
8. Bdzsva riv. (I1) 0.51 3.92 0.47 2.01 3.18 2.57 2.85
9. Ronyva riv. 0.37 3.76 0.64 — — — —
10. Hotyka riv. 0.42 3.89 0.43 1.97 241 1.22 2.16
11. Radvany riv. 0.26 3.50 0.41 2.86 2.83 3.12 3.65
12. Tolcsva riv. 0.45 3.62 0.29 1.25 2.36 0.73 1.83
13. Bényei riv. 0.55 4.44 0.56 2.43 2.88 2.52 3.01
14. Bodrog (1) 0.32 4.65 0.27 — — — —
15. Bodrog (II) 0.34 4.67 0.27 - — —

in the Csenkd and Hosdat rivulets can he ascribed to higher sulphate contents
due to the rather intensive weathering of sulphide ores.

The annual mean total dissolved matter was found to be 200 to 300 p.p.m.
The highest value was found in the Szerencs (434 p.p.m.), the lowest in the
Gonci (163 p.p.m.).

The sulphide ore mineralization ofthe Telkibanya area is clearly indicated
by the sulphate content of the Csenk6 and Hosdat rivulets draining the area,
strikingly high in both absolute and equivalent percentage values. The main
anion in these waters is the sulphate ion, outmatching even hydrogen carbonate.
The same may be the case with the Bdzsva, too. The tributaries of the upper
reaches of the rivulet drain ore-mineralized areas, and the average sulphate
ion content over this stream section is, correspondingly, somewhat higher
(1: 34.10; 11: 31.76).

Silica is highly enriched in the watercourses of the mountains. This is
in good agreement with the marked acidity of most eruptive rocks of the
area. There is however, no straightforward relationship between acidity of
rocks and silica in the waters. One reason for this may be that the rock types
occurring here do not substantially differ in Si content. On the other hand
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Si02in the waters is but partly ionized, mostly colloidal, of low stability,
inclined to coagulation and deposition, so that its concentration may be
influenced by anumber of factors. The percentage of silica in the water of the
Bodrog river is, on the average, 3 to 4 times less than in the minor rivulets
examined. This fact, too, can be ascribed for the most part to colloidal proper-
ties; longer transport and greater depth of water are conducive of silica
precipitation.

The influence of the eastern part of the Tokaj Mountains upon the water
composition of the Bodrog is insignificant, as the Bodrog-drained part of the
mountains is but a few per cent of the total catchment area of the river, also
it is in this section that the water of the Bodrogkdz on the south also enters
the river. The slight changes in water composition over the river section ex-
amined are, however, in no contradiction to the aforementioned features of
the mountains. Thus, a slight decrease of annual average salinity and conse-
quently of hardness is observed (dissolved ions: 1. 241.88 p.p.m., Il. 232.92
p.p.m.; total hardness: 1. 7.54°, Il. 7.32°). The average sulphate ion content
and the relative abundance of potassium show, in their turn, a slight increase
(sulphate ion: 1. 23.16 p.p.m., Il. 24.09 p.p.m.; K/Na ratio: 1. 0.32, II.
0.34) [12].

From the quantitative data of the dissolved substances removed from
the Tokaj Mountains in a year (Table 3) average chemical compositions of the

waters drained from the area can be calculated (column I, Table 9). For
comparison the global averages of river waters, based on Crarke’s values [3],
can be calculated in the same way (column Il, Table 9).

Table 9

| u "

Weight per cent

Na 4.83 5.79 413
K 1.97 212 2.04
ca 12.06 20.39 1257
Mg 3.88 341 3.50
(Fe, A1),03 0.25 2.75 0.32
co3 49.65 35.15 45.44
50, 11.90 12.14 14.29
a 2.64 5.68 2.34
NO3 — 0.90 —

Si02 12.82 11.67 15.37
Total % 100.00 100.00 100.00
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Deviation from the global average is found greatest for the Ca ,
COa and CD ions. The Ca/Mg ratio is substantially lower, the K/Na ratio
higher in the Tokaj Mountains. The Tokaj Mountains waters are, as a rule,
poor in chloride.

Excluding the Szerencs rivulet the percentage ratios undergo slight
changes (column 111, Table 9). The concentration of S04 ,Si02the K/Na and
Ca/Mg ratios increase, the percentages of C03 and CIl- decrease.

In all, it can be concluded that the quality of surface waters is essentially
defined, also in the Tokaj Mountains, by the petrographic composition of the
environment. Correlations between water quality and rock composition are,
however, in most cases rather general. For all the profound and extensive
researcn into this topic, there still are some factors that cannot quite satis-
factorily be accounted for.

The chemical composition of surface waters evolves through a chain
of intricate, complex, chemical, physico-chemical, and colloid-chemical inter-
actions rather difficult to fathom with the means at our disposal.

The catchment areas include a wide variety of geological structures
and chemical compositions, and what is reflected by the waters is a cumulative
effect. Of course, selectivity and precision can be improved by reducing the
areas investigated, i.e. by selecting short sections of watercourses for detailed
examination.

W ater quality is controlled not only by the absolute chemical composi-
tion of the individual formations. The solubilities of the mineral constituents,
their resistance to weathering, are extremely important. The minerals called
variable components by Szadeczky-Kardoss are comparatively more liable
to weather [17]. The structure, porosity, grain size of the rock etc. are also of
importance.

A handicap to the solution of the problem is that, particularly in the
case of deeper-seated strata, even the lithologic or petrographic composition
is not known in every case.

The quality of surface waters may be strongly influenced by human
and animal activity and by vegetation, too.

The chemical compositions of surface waters show marked seasonal
changes, particularly striking in minor watercourses. In the dry and warm
seasons, their waters are more concentrated, containing plenty of dissolved
salts. At the same time, some salts of lower solubility will precipitate. In
this connection even hydrogen carbonate ions bound to sodium (alkalization !)
have been encountered in some rivulets. On the other hand, in the humid
seasons or at snowmelt, the small watercourses are strongly diluted. In larger
rivers, e.g. in the Bodrog, these influences are rather well-balanced. The
changes of salt content reflect the differences in water level: the passing of
floods.
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The changes in water quality over a year are listed in tables annexed
to the paper (see Tables 11 to 25).

The equivalent percentages of the individual cations are — apart from
the extreme cases nearly constant independently of the seasons. Accord-
ingly, the ratios of the main cations in the waters are nearly constant typical
of the respective watercourses. Hence, it is merely the discharge that changes
during the year; the relative amounts of the cations do not change substan-
tially.

The Ca/Mg ratio shows but slight changes. At floods, probably because
of the higher solubility of Mg salts, this figure is somewhat higher than at
low water.

The variation of the K/Na ratio is slightly more marked. At floods,
the relative amount of K is higher.

In the case of anions, seasonal changes are more striking. Fluctuations
round the year are particularly strong in the cases ofthe sulphate and hydrogen
carbonate ions.

Hydrogen carbonate values (both absolute and equivalent percentages)
are higher in the dry season, at low water. The variation of the sulphate ion
content is usually of an opposite trend. After extensive rains and after snow-
melt — i.e. in diluted waters — sulphate ions are enriched, particularly in
the relative sense. This is probably due to a more comprehensive sheetwash.
Also exposed to the oxygen of the air scattered sulphide minerals are more
intensively weathered on exposed surfaces; after being oxidized into more
soluble sulphates, they are directly washed into the watercourses. On the other
hand, heavy rains expel the more concentrated groundwaters in long inter-
action with the deeper seated strata. The equivalent percentage sulphate ion
content of the March and April water samples isin many cases nearly the same
as, or even higher than, the figure for the hydrogen-carbonate ion.

The amount of silica is rather steady round the year.

In the area examined the October and February samples are closest
to the annual average water composition.

*

It is a pleasant duty to thank Professor Feirdvari for the selection of the subject and
for his advice in the solution of some problems the author had to face during this work.
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Hosdat

rv.
p.p.m. 8.37
Na+ Than’s eq.% 8.78
K p.p.m. 421
Than’s eq.% 2.68
p.p.m. 46.45
Cats  Than's eq.°G 56.59
o p.p.m. 15.85
M9 Than's eq.% 31.71
p.p.m. 0.14
Fe++ Than’s eq.% 0.24
p.p.m. 0.01

Mn++ Than’s eq.% —
p.p.m. 75.03
Total  Than's eq.% 100.00
p.p.m. 110.60
HCO3 Than’s eq.% 45.14
. p.p.m. 101.56
SOj- Than’s eq.% 52.62
cl p.p.m. 3.12
) Than’s eq.% 2.24
p.p.m. 0.02

POT Than’s eq.%

p.p.m. 215.30
Total Than’s eq.% 100.00
Cations + anions, p.p.ra. 290.33
H2Si03 p.p.m. 39.68
Total dissolved substance, p.p.m. 330.01
Alkalinity. W? 1.81
Total hardness0: (German scale) 10.14
Carbonate hardness0: (German scale) 5.08
Dissolved oxygen, p.p.m. 11.00
PH colorimetrically 7.41
PH electrically 7.43

Csenké
riv.

11.13
9.98

7.21
3.74

52.32
54.26

18.34
31.39

0.57
0.42

0.20
0.21

89.77
100.00

130.55
45.44

115.59
51.17

4.95
2.97

0.49
0.42

251.58
100.00

341.35

72.77
414.12

2.14
11.55
6.00
10.69
7.66
7.66
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Annual average water qualities of

Gonci Tekeres
riv. riv.
7.98 9.32

15.56 13.84
3.47 5.66
4.00 4.84

24.06 30.39

53.33 52.60
7.27 10.07

26.67 28.72
0.14 0.11
0.44 —
0.04 0.00

42.96 55.55

100.00 100.00

75.99 107.70
56.82 61.75

41.84 41.07
39.55 30.18
2.68 7.84
3.63 7.72
0.11 0.19
0.35

120.62 156.80
100.00 100.00

163.58 212.35
50.92 45.25
214.50 257.60

1.25 1.77
5.05 6.57
3.48 4.95
10.18 10.89
7.48 7.70
7.55 7.75

Table 10
(June 1964
Aranvos Szerencs
riv. riv.
10.68 26.55
14.15 19.76
3.56 8.70
2.77 3.78
35.05 54.79
53.85 46.91
11.55 20.83
29.23 29.38
0.12 0.36
— 0.17
0.00 0.10
60.96 111.33
100.00 100.00
134.88 263.80
69.72 76.33
39.68 44.49
26.18 16.43
4.70 14.08
4.10 7.07
0.04 0.33
— 0.17
179.30 322.70
100.00 100.00
240.26 434.03
58.12 62.01
298.38 496.04
2.21 4.32
7.57 12.47
6.20 11.75
10.57 11.62
7.56 8.01
7.57 8.01
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to April 1965)

BO.SWH riv.

0]

12.97
18.12

6.16
5.18

32.80
53.07

8.47
22.65

0.45
0.65

0.20
0.32

61.05
99.99

129.63
70.67

34.10
23.67

5.59
5.33

0.25
0.33

169.57
100.00

230.62

64.71
295.33

2.13
6.54
5.85
11.23
7.85
7.88

Bézsva riv.

(io
12.50

17.94

6.37
5.32

32.23
53.49

8.21
22.26

0.55
0.66

0.22
0.33

60.08
100.00

126.37
71.13

31.76
22.68

6.13
5.84

0.27
0.34

164.53
99.99

224.61

62.38
286.99

2.07
6.40
5.72
11.80
7.95
8.00

Konyva
riv.

27.07
25.99

9.93
5.51

42.92
47.13

11.42
20.71

0.66
0.44

0.29
0.22

92.29
100.00

174.92
63.08

40.42
18.46

27.37
16.92

2.37
1.54

245.08
100.00

337.37
49.93
387.30

2.87
8.64
7.77
6.12
7.41
7.42

Hotyka
riv.

11.03
17.65

4.63
441

29.25
53.68

7.52
22.79

0.87
1.10

0.35
0.37

53.65
100.00

104.57
64.53

33.34
26.04

8.61
9.06

0.25
0.37

146.77
100.00

200.42

44.57
244.99

1.71
5.82
4.80
10.67
7.46
741

Hadvény
riv.

8.90
19.31

2.30
2.97

21.24
52.47

6.07
24.75

0.33
0.50

0.06

38.90
100.00

57.32
47.47

46.72
48.99

2.45
3.54

0.09

106.58
100.00

145.48
41.07
186.55

0.94
4.37
2.63
11.55
7.66
7.64

TolcRva
riv.

12.60
12.79

5.72
3.49

49.03
56.98

13.55
25.81

0.51
0.47

0.45
0.47

81.86
100.01

194.24
75.89

34.48
17.18

9.77
6.68

0.40
0.24

238.89
99.99
320.75
47.02
367.77

3.18
9.98
8.88
9.34
7.60
7.59

Bényci
riv.

17.45
20.43

9.53
6.45

39.55
52.96

8.91
19.62

0.52
0.54

0.11

76.07
100.00

154.03
69.61

34.63
19.89

12.79
9.94

0.67
0.55

202.12
99.99

278.19
71.29
349.48

2.53
7.59
6.89
10.54
7.71
7.73

Bodrog

0]

10.05
13.66

3.19
2.48

39.78
61.49

8.56
21.74

0.60
0.62

0.13

62.31
99.99

147.88
77.07

23.16
15.29

8.50
7.64

0.03

179.57
100.00

241.88

15.92
257.80

2.42
7.54
6.74
7.14
7.47
7.49

133

Bodrog

(n)

9.30
12.78

3.14
2.56

38.68
61.66

8.28
21.72

0.72
0.96

0.15
0.32

60.27
100.00

140.68
76.24

24.09
16.50

7.85
7.26

0.03

172.65
100.00

232.92
14.23
247.15

2.30
7.32
6.46
7.57
7.50
7.54
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Table 11
7. Hosdat
1 2 3 4
Na+ p.p.m. 10.0 9.8 dried up dried up
Than’s eq.% 8.79 9.07
K+ p.p.m. 58 5.7
Than’s eq.% 3.07 3.16
p.p.m. 55.38 54.37
Catt  Than's eq.% 56.44 57.17
#g p.p.m. 18.61 17.62
a M@* +  Than's eq.% 31.29 30.59
U
p.p.m. 0.43 0.11
Fe++ Than’s eq.% 0.4!
p.p.m. 0.00 0.00
Mn+ + Than’s eq.%
p.p.m. 90.22 87.60
Total  Than's eq.% 100.00 99.99
p.p.m. 148.2 142.8
HCO3 Than’s eq.% 51.26 50.77
SO* ~ p.p.m. 107.5 103.2
Than’s eq.% 47.26 47.05
g oL p.p.m. 26 37
E—: Than’s eq.% 1.48 2.19
“ p.p.m. 0.07 0.06
P04 Than’s eq.%
p.p.m. 258.37 249.76
Total Than's eq.% 100.00 100.01
Cations -f* anions, p.p.m. 348.59 337.36
H2Si03, p.p.m 41.3 54.1
Total dissolved substance, p.p.m. 389.89 391.46
Alkalinity, W° 2.43 2.32
Total hardnessO(German scale) 12.03 11.66
Carbonate hardness" (German scale) 6.81 6.52
Dissolved oxygen, p.p.m. 7.75 5.38
PH colorimetrically 7.7 6.95
PNl electrically 7.55 6.94
Air temperature, °C 24.1 22.0
W ater temperature, °C 21.5 18.7
Date of sampling \. 29. V1. 29. VIl 29. VIl 28.
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river

dried up 11.9
8.40

4.8

1.98
69.71
57.33

23.88
32.29

0.03
0.04

110.36
100.00

178.2
48.83

141.8
49.33

3.9
1.84

0.00

323.90
100.00

434.26
32.0
466.26

2.92
15.26
8.19
10.71
7.7
7.79
13.2
9.3

IX. 28. X. 28.

11.3
7.98

4.4

1.79
71.88
58.47

23.78
31.76

0.01
0.00

111.37
100.00

181.1
49.09

142.8
49.09

4.0
1.82
0.00

327.90
100.00

439.27
36.1
475.37

2.97
15.54
8.32
14.11
7.8
7.90
3.5
1.8

X1, 27.

6.9
9.01

4.0

3.00
36.03
54.05

13.62
33.63

0.28
0.30

0.04

60.87
99.99

62.1
31.78

101.8
66.04

2.6
2.18
0.00

166.50
100.00
227.37
58.2
285.57

1.02
8.18
2.85
13.62
7.3
7.53
-1.1
0.0

X1, 21,

9.0
7.94
3.9
2.04
56.37
57.23

19.59
32.79

0.03
0.00

88.89
100.00

124.1
42.03

129.8
55.90

3.4
2.07
0.00

257.30
100.00

346.19
34.8
380.99

2.03
12.40
5.70
13.65
7.6
7.45
0.1
0.3

10.

9.0
9.15
3.9
2.35
48.96
57.28

16.13
31.22

0.01
0.00

78.00
100.00

110.2
43.30

108.4
53.83

4.1
2.87
0.03

222.73
100.00

300.73
28.3
329.03

1.81
10.57
5.06
12.62
7.3
7.31
-2.5
0.7
1. 25.

11

3.2
12.84

2.7

6.42
10.86
49.54

3.98
30.28

0.18
0.92

0.02

20.94
100.00

19.6
28.83

35.6
66.67

1.9
4.50

0.00

57.10
100.00

78.04
33.8
111.84

0.32
2.33
0.90
11.32
7.1
7.10
10.7
6.7

1. 29.

12.

4.2
12.59

2.7

4.90
14.48
50.35

5.45
31.47

0.20
0.70

0.02

27.05
100.01

29.1
33.57

43.1
62.94

1.9
3.50

0.00

74.10
100.01

101.15
38.5
139.65

0.48
3.28
1.33
9.83
7.25
7.26
125
12.6
V. 27.
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p.p.m.

Na + Than’s eq.%
p.p.m

K+ Than’s eq.%
p.p.m.

J1 Than’s eq.%
0 p.p.m.

B Mg *+ Than’s eq.%
p.p.m.

Than’s eq.%
p.p.m.

Mn ++ Than’s eq.%
p.p.m.

Total Than’s eq.%
p.p.m.

HCO3 Than’s eq.%
p.p.m.

s0%_ Than’s eq.%
= ) p.p.m.

cl Than’s eq.%
p.p.m.

PO7—  Than's eq.%
p.p.m.

Total Than’s eq.%

Cations -j- anions, p.p.m.
H2Si03, p.p.m.
lota dissolved substance, p.p.m.

Alkalinity, W?

Total hardness0 (German scale)
Carbonate hardnessO (German scale)
Dissolved oxygen, p.p.m.

Pjj colorimetrically

PH electrically

Air temperature, °C

W ater temperature, °C

Date of sampling

I. BAHTA

12.3
9.67

7.2

3.28
59.88
54.56

20.93
31.39

1.52
0.91

0.37
0.18

102.20
99.99

152.8
46.64

129.5
50.37

4.9

2.61
0.51
0.37

287.71
99.99

389.91
77.0
466.91

2.50
13.20
7.01
8.68
7.8
7.74
243
17.1
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14.9
10.03

8.8

3.55
70.76
54.48

24.65
31.33

0.91
0.46

0.29
0.15

120.31
100.00

188.2
48.66

148.8
48.97

4.3
1.90

0.94
0.47

342.24
100.00

462.55
84.5
547.05

3.08
15.58
8.64
7.54
7.8
7.80
26.5
20.4
VI, 29.

9.05
8.7
321

75.50
55.04

26.92
32.26

0.47
0.29

0.20
0.15

125.99
100.00

188.7
46.05

166.5
51.71

4.2

1.79
0.96
0.45

360.36
100.00

486.35
81.9
568.25

3.09
16.76
8.67
8.41
7.9
7.92
24.5
19.6

VIl 29.

Table 12

2. Csenk6

12.9
9.61

7.6
3.26

63.44
54.20

22.94
32.42

0.49
0.34

0.15
0.17

107.52
100.00

163.7
47.10

136.6
49.91

4.9
2.46

0.88
0.53

306.08
100.00

413.60

81.4
495.00

2.68
14.16
7.52
8.95
7.9
8.01
23.3
16.4
VIl 28.



river

13.7
9.69

8.4
3.45

66.88
54.84

23.57
31.86

0.40
0.16

0.11

113.06
100.00

1725
47.40

143.1
49.92

4.8

2.35
0.72
0.33

321.12
100.00

434.18
80.9
515.08

2.83
14.79
7.93
9.52
7.7
7.81
18.1
12.1

IX. 28.
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11.6
10.06

7.9
4.02

53.78
53.92

18.96
31.39

0.56
0.40

0.22
0.20

93.02
99.99

135.8
45.98

116.8
50.10

5.9
3.51

0.76
0.41

259.26
100.00

352.28
77.0
429.28

2.23
11.90
6.24
9.94
7.55
7.62
14.6
9.3

12.8
9.95

8.1

3.73
61.20
54.17

21.68
31.62

0.52
0.35

0.24
0.18

104.54
100.00

157.7
46.32

135.5
50.63

5.7
2.87

0.40
0.18

299.30
100.00

403.84
77.0
480.84

2.58
13.56
7.25
13.01
8.0
7.70
3.5
1.8
X1. 27.

7.7
11.62

6.4
5.63

29.99
52.82

9.95
28.87

0.53
0.70

0.26
0.35

54.83
99.99

67.8
40.07

72.0
54.15

5.7
5.78
0.15

145.65
100.00

200.48
68.6
269.08

1.11
6.49
3.11
13.00
7.4
7.47
0.9
0.3

X1, 21.

11.0
10.48

6.7

3.71
48.96
53.28

17.81
31.88

0.47
0.44

0.18
0.22

85.12
100.01

124.1
46.03

106.2
50.11

5.9
3.85
0.14

236.34
99.99

321.46
70.7
392.16

2.03
10.95
5.70
13.96
7.75
7.75
0.1
0.3
1. 27.

10.

11.6
9.73

6.5
3.31

56.88
55.25

19.59
31.32

0.37
0.19

0.18
0.19

95.12
99.99

1254
41.16

131.5
55.02

6.2
3.61

0.18
0.20

263.28
99.99

358.40
69.2
427.60

2.05
12.47
5.76
13.39
7.45
7.42
0.5
0.0

11. 25.

11

5.0
12.72

4.6

6.94
18.10
52.60

5.76
27.17

0.29
0.58

0.11

33.86
100.01

38.0
36.69

46.4
57.40

3.5
5.92
0.08

87.98
100.01

121.84
49.9
171.74

0.62
3.86
1.75
11.40
7.15
7.23
12.5
5.4
111.29.

137

12

5.9
12.21

5.6
6.57

22.41
52.58

7.33
28.17

0.29
0.47

0.09

41.62
100.00

51.9
40.87

54.2
54.33

3.4
4.81

0.12

109.62
100.01

151.24
55.1
206.34

0.85
4.83
2.38
10.43
7.55
7.50
155
11.6
V. 27.
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Nat  Fiits eq.%
K> 'FI)'r?arr?s eq.%
Cat+  Tits eq.o
2 Mo Than's eq .9
Fe++ p.p.m.

Than’s eq.%

p.p.m.
Mn ++ Than’s eq.%

p.p.m.
Total Than’s eq.%
3 p.p.m.

HCO5 Than’s eq.%

. p.p.m.
SOj Than’s eq.%

)
3 o p.p.m.
< Than’s eq.%
p.p.m.
POT- Than’s eq.%
Total p.p.m.

Than’s eq.%

Cations + anions, p.p.m.
H 2Si0g , p.p.m.
Total dissolved substance, p.p.m.

Alkalinity, W-°

Total hardnessO (German scale)
Carbonate hardnessO (German scale)
Dissolved oxygen, p.p.m.

PH colorimetrically

PH electrically

Air temperature °C

W ater temperature, °C

Date of sampliny

I. BAHTA

7.3
15.92

3.6
4.48

21.37
52.74

6.47
26.37

0.24
0.50

0.00

38.98
100.01

70.3
57.79

37.8
39.70

1.7
2.51
0.09

109.89
100.00

148.87
45.2
194.07

1.15
4.48
3.23
6.59
7.3
7.43
25.3
24.8

V. 29.
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13.9
17.54

6.0
4.39

36.24
52.63

10.38
24.85

0.29
0.29

0.22
0.29

67.03
99.99

146.3
73.39

34.9
22.32

4.7
3.98

0.37
0.31

186.27
100.00

253.30
55.1
308.40

2.40
7.46
6.72
6.01
7.05
7.09
26.5
27.2

V1. 29.

14.2
12.42

6.8
3.41

57.75
57.72

15.82
26.05

0.26
0.20

0.18
0.20

95.01
100.00

258.0
86.50

24.4
10.43

5.0
2.86
0.44
0.20

287.84
99.99

382.85
74.9
457.75

4.23
11.73
11.73

5.70

7.1

7.14
28.8
22.9

VII. 29.

Table 13

3. Gonci

10.4
17.51

4.6
4.67

26.37
50.97

8.38
26.85

0.10
0.00

49.85
100.00

76.0
50.61

54.3
45.75

2.7

3.24
0.24
0.40

133.24
100.00

183.09
50.4
233.49

1.25
5.62
3.49
8.02
8.35
8.44
26.2
28.9
VIl 28.



river

9.0
15.79

4.0

4.05
26.55
53.44

8.07
26.72

0.10
0.02

47.74
100.00

80.7
53.23

52.0
43.55

2.9
3.22
0.02

135.62
100.00

183.36
51.0
234.36

1.32
5.57
3.71
9.26
7.7
7.89
20.7
20.2

IX. 28.

HYDROCHEMICAL INVESTIGATIONS IN THE TOKAJ MOUNTAINS

8.4
17.62

3.2
3.81

21.20
50.48

7.12
28.10

0.06
0.00

39.98
100.01

55.7
45.27

49.4
51.24

2.6
3.48
0.06

107.76
99.99

147.74
46.0
193.74

0.91
4.61
2.56
11.30
8.3
8.32
15.4
13.4

X . 28.

8.2
15.86

2.9

3.08
23.79
52.42

7.86
28.63

0.09
0.00

42.84
99.99

62.7
46.19

53.8
50.22

2.8
3.59

0.06

119.36
100.00

162.20
44.7
206.90

1.03
5.14
2.88
14.36
8.3
8.25
4.0
1.8

4.6
16.00

2.1
4.00

13.27
52.80

4.08
26.40

0.17
0.80

0.00

24.22
100.00

24.1
32.77

36.6
63.87

13
3.36
0.00

62.00
100.00

86.22
57.2
143.42

0.39
2.80
1.11
12.89
7.1
7.20
-0.6
1.2

X1, 21

6.2
14.29

2.5
3.17

20.51
54.50

6.39
27.51

0.17
0.53

0.07

35.84
100.00

51.3
45.41

45.2
50.81

2.4
3.78
0.06

98.96
100.00

134.80
52.8
187.60

0.84
434
2.36

14.04
7.3
7.30
11
0.1

10.

6.3
15.43

2.4

3.43
19.31
54.86

5.66
26.29

0.04

33.71
100.01

47.5
44.32

43.1
51.14

2.8
4.54

0.03

93.43
100.00

127.14
48.9
176.04

0.78
4.00
2.18
13.13
7.15
7.20
0.0
0.2
1. 25.

11

3.3
14.29

15
4.08

10.51
53.06

3.35
28.57

0.10
0.02

18.78
100.00

16.5
26.47

34.0
69.61

1.4
3.92
0.00

51.90
100.00

70.68
37.7
108.38

0.27
2.24
0.76
11.37
7.0
7.06
11.8
6.8

1. 29.

12.

4.0
15.32

2.0
4.50

11.89
53.15

3.70
27.03

0.08
0.00

21.67
100.00

22.8
31.36

36.6
64.41

1.8
4.24
0.00

61.20
100.01

82.87
47.1
129.97

0.37
2.56
1.05
9.49
7.15
7.26
14.8
135
1v. 27.
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140 . BARTA
Table 14
4. Tekeres
1 2. 3. 4.
Na+ p.p.m. 10.3 dried up dried up 11.7
Than’s eq.% 13.27 14.96
K+ p.p.m. 7.8 8.4
Than’s eq.% 5.90 6.16
p.p.m. 35.99 34.65
" Car* Than's eq.% 53.10 50.73
p.p.m. 11.30 11.73
A MI**  Than's eq.% 27.43 28.15
p.p.m. 0.30 0.00
Fe++ Than’s eq.% 0.30
p.p.m. 0.00 0.00
Mn ++ Than’s eq.%
Total p.p.m. 65.69 66.48
Than’s eq.% 100.00 100.00
p.p.m. 145.0 133.6
HCO3  Than's eq.% 71.69 65.18
p.p.m. 34.3 42.6
SOP  Than's eq.% 21.69 26.49
| Cl- p.p.m. 7.6 9.5
Than’s eq.% 6.32 8.03
—.—  p.p.m. 0.44 0.40
< ‘I'han’s eq.% 0.30 0.30
Total p.p.m. 187.34 186.10
Than’s eq.% 100.00 100.00
Cations -p anions, p.p.m. 253.03 252.58
HoSiOj, p.p.m. 41.3 50.4
Total dissolved substance, p.p.m. 294.33 302.98
Alkalinity, W° 2.38 2.19
Total hardness (German scale) 7.64 7.55
Carbonate hardness (German scale) 6.66 6.14
Dissolved oxygen, p.p.m. 7.33 8.22
py colorimetrically 7.7 7.55
pi-j electrically 7.74 7.61
Air temperature, C 245 27.2
W ater temperature, C 18.2 20.5
Date of sampling V. 29. VI. 29. VII. 29. VIl 28.

-4cta Geologien Academiae Scientiarum
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IlYDHOCH KM ICAI. INVESTIGATIONS IN THE TOKAJ MOUNTAINS 141

5. 6. 7 8 9. 10 12
n
11.0 12.0 10.8 7.0 9.9 8.4 55 6.6
13.91 15.43 13.47 14.35 13.23 12.63 14.20 14.87
7.7 6.8 5.9 4.2 5.0 4.5 3.0 3.3
5.80 5.04 4.30 5.26 4.00 3.86 4.73 4.10
35.17 35.17 37.06 21.55 34.82 31.03 17.75 20.68
51.01 51.93 53.01 51.20 53.23 54.39 52.66 52.82
12.26 11.31 12.47 7.33 11.73 10.05 5.87 6.70
29.28 27.60 29.23 28.71 29.54 29.12 28.40 28.21
0.00 0.08 0.02 0.32 0.06 0.02 0.12 0.13
— — —_ 0.48 — — —
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
66.13 65.36 66.25 40.40 61.51 54.00 32.24 37.41
100.00 100.00 100.01 100.00 100.00 100.00 99.99 100.00
140.2 133.0 150.4 53.2 120.3 101.9 44.3 55.1
66.67 66.46 70.69 43.72 61.95 60.29 42.20 47.37
42.1 39.1 34.8 46.5 43.4 41.7 42.6 43.6
25.51 24.70 20.69 48.74 28.30 31.41 51.44 47.89
9.4 10.0 10.3 5.3 10.8 8.3 3.9 3.3
7.54 8.54 8.33 7.54 9.75 8.30 6.36 4.74
0.41 0.16 0.16 0.00 0.14 0.14 0.04 0.01
0.29 0.30 0.29 — n — — —
192.11 182.26 195.66 105.00 174.64 152.04 90.84 102.01
100.01 100.00 100.00 100.00 100.00 100.00 100.00 100.00
258.24 247.62 261.91 145.40 236.15 206.04 123.08 139.42
37.7 40.0 34.3 72.5 41.1 38.7 46.3 50.2
295.94 287.62 296.21 217.90 277.25 244.74 169.38 189.62
2.30 2.18 2.46 0.87 1.97 1.67 0.73 0.90
7.74 7.53 8.06 4.70 7.58 6.66 3.84 4.44
6.45 6.11 6.91 2.44 5.53 4.69 2.04 2.53
10.11 10.44 12.78 12.42 13.77 13.50 11.04 9.26
7.7 8.1 7.9 7.5 7.7 7.6 7.3 7.9
7.61 8.11 8.04 7.52 7.70 7.62 7.52 8.07
22.9 16.6 7.0 1.3 0.7 11 12.4 14.9
17.3 12.3 5.2 2.5 0.6 0.2 7.8 14.5
I1X. 28. X. 28. X1, 27. X1, 21. 1. 27. 1. 25. 1. 29. 1v. 27.
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142 I. BARTA

Table 15
5. Aranyos
1 2 3. 4
NP p.p.m. 10.9 dried up dried up 15.7
Than’s eq.% 14.20 14.78
Ko+ p.p.m. 3.8 5.1
Than’s eq.% 3.02 2.83
p.p.m. 35.56 48.27
Cars  Thans eq.% 53.47 52.39
8 p.p.m. 11.51 16.76
Mg++ Than’s eq.% 28.70 30.00
u
p.p.m. 0.47 0.02
Fett Than’s eq.% 0.60 —
p.p.m. 0.00 0.00
Mns s Than’s eq.% — —
p.p.m. 62.24 85.85
Total Than’s eq.% 99.99 100.00
HC.O* p.p.m. 146.3 195.7
Than’s eq.% 74.77 72.62
sor - p.p.m. 335 48.0
Than’s eq.% 21.81 22.62
o cl- p.p.m. 3.8 7.6
*0 Than’s eq.% 3.43 4.75
o A p.p.m. 0.14 0.06
©e Than’s eq.% _ _
p.p.m. 183.74 251.36
Total  Than's eq.% 100.01 99.99
Cations + anions, p.p.m. 245.98 337.21
H2Si03 > P-P.m. 57.7 715
Total dissolved substance, p.p.m. 303.68 408.71
Alkalinity, we 2.40 3.21
Total hardness (German scale) 7.62 10.62
Carbonate hardness (German scale) 6.72 8.99
Dissolved oxygen, p.p.m. 8.44 7.06
PH colorimetrically 7.7 7.5
PH electrically 7.81 7.52
Air temperature. C° 25.0 23.9
W ater temperature, C 16.5 17.9
Date of sampling V. 28. VI, 27. VII. 29. VIl 28.
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14.9
14.61

4.7

2.70
47.92
53.71

15.71
28.99

0.02
0.00

83.25
100.01

206.7
78.65

35.1
16.94

6.8
4.41

0.09

248.69
100.00

331.94
55.1
387.04

3.39
10.33
9.50
7.88
75
7.54
22.8
14.4

I1X. 28.

HYDROCHEMICAL INVESTIGATIONS IN THE TOKAJ

12.8
14.21

4.1
2.54

41.72
52.79

14.56
30.46

0.02
0.00

73.20
100.00

180.8
76.49

35.9
19.38

5.8
4.13
0.03

222.53
100.00

295.73
54.9
350.63

2.96
9.19
8.31
9.46
7.65
7.66
13.7
10.7

X. 28.

12.4
13.88

3.7
2.31

41.89
53.73

14.25
30.08

0.01
0.00

72.25
100.00

185.5
79.37

30.1
16.45

5.7
4.18
0.03

221.33
100.00

293.58
53.0
346.58

3.04
9.14
8.53
12.16
7.7
7.72
4.3
4.8

8.8
14.73

3.0

3.10
27.41
53.10

9.01
28.68

0.37
0.39

0.00

48.59
100.00

84.2
55.65

48.2
40.32

3.6
4.03

0.00

136.00
100.00

184.59
88.7
273.29

1.38
5.91
3.87
12.20
7.5
7.51
11
2.7

X1l 21.

Acta

9.4
13.31

3.0

2.60
33.96
54.87

11.00
29.22

0.02
0.00

57.38
100.00

129.2
71.38

34.8
24.58

4.3
4.04
0.00

168.30
100.00

225.68

48.4
274.08

2.12
7.29
5.94
14.00
7.7
7.73
0.8
1.1

10.

9.8
13.92

3.0

2.59
34.48
55.66

10.48
27.83

0.03
0.00

57.79
100.00

125.4
68.79

38.3
26.85

4.6
4.36
0.05

168.35
100.00

226.14
49.7
275.84

2.05
7.24
5.76
13.33
7.5
7.52
-0.3
0.4
1. 25.

MOUNTAINS

11

5.9
15.20

2.5

3.51
18.44
53.80

5.76
27.49

0.13

32.73
100.00

42.4
40.70

45.4
55.23

2.4
4.07
0.02

90.22
100.00

122.95
53.6
176.55

0.70
3.91
1.95
11.09
7.3
7.30
10.5
6.5

1. 29.

143

12.

6.2
14.14

2.7
3.66

20.86
54.45

6.49
27.75

0.14
0.00

36.39
100.00

52.6
44.79

47.5
51.56

2.4
3.65

0.01

102.51
100.00

138.90
48.6
187.50

0.86
4.42
2.41
10.10
7.55
7.42
14.6
12.2
V. 27.
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p.p.m.
Na+ Than’s eq.%
p.p.m.
K+ Thanks eq.%
p.p.m.
ot Than’s eq.%
p.p.m.
= M3++  Than’s eq.%
O
p.p.m.
Fe ++ Than’s eq.%
p.p.m.
Mn ++ Than’s eq.%
p.p.m
Total Than’s eq.%
. p.p.m.
HCO-3 Than’s eq.%
i p.p-m.
SOJ Than’s eq.%
o p.p.m.
c Than’s eq.%
p.p.m.
PO-4—  Than's eq.%
p.p.m.
Total Than’s eq.%

Cations -f- anions, p.p.m.
H2Si03, p.p.m.
Total dissolved substance, p.p.m.

Alkalinity, W°

Total hardness (German scale)
Carbonate hardness (German scale)
Dissolved oxygen, p.p.m.

PH colorimetrically

PH electrically

Air temperature, °C

W ater temperature, °C

Date of sampling

I. BARTA

34.8
25.17

11.2
4.83

45.60
37.83

23.29
31.83

0.50
0.33

0.13

115.52
99.99

268.5
75.08

41.6
14.85

20.6
9.90

0.33
0.17

331.03
100.00

446.55
62.7
509.25

4.40
11.74
11.74
11.81

8.5

8.58
23.6
26.7
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33.0
24.74

10.8
4.84

44.62
38.41

22.39
31.83

0.21
0.17

0.04

111.06
99.99

270.4
78.55

34.8
12.77

17.0
851

0.28
0.18

322.48
100.01

433.54
47.6
481.14

4.43
11.40
11.40
11.91

8.5

8.51
27.1
29.6

VI. 27.

32.7
21.07

10.9
4.15

59.30
43.92

25.14
30.56

0.41
0.15

0.18
0.15

128.63
100.00

326.4
81.55

34.9
11.13

16.6
7.16

0.29
0.15

378.19
99.99

506.82
64.7

571.52

5.35
14.09
14.09
11.30

8.25

8.23
28.1
25.7

VII. 29.

Table 16

6. Szerencs

4-

34.0
21.51

10.6
4.07

61.20
44.33

25.03
29.94

0.22
0.15

0.11

131.16
100.00

338.1
82.32

34.8
10.85

16.1
6.69

0.24
0.15

389.24
100.01

520.40
76.7
597.10

5.54
14.33
14.33

8.07

8.25

8.31
25.0
25.2

VIl 28.



river

32.6
20.67

10.5
3.93

61.88
44.98

25.35
30.28

0.15
0.14

0.08

130.56
100.00

331.8
80.35

36.4
12.85

15.8
6.65

0.40
0.15

384.40
100.00

514.96

65.5
580.46

5.44
14.50
14.50
10.97

8.4

8.51
20.5
19.0

I1X. 28.
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31.1
18.70

9.9

3.46
69.81
48.20

25.98
29.50

0.36
0.14

0.11

137.26
100.00

324.2
80.22

46.7
13.60

15.0
5.89

0.52
0.28

386.42
99.99

523.68
66.0
589.68

5.31
15.75
14.90
11.85

7.9

7.88
11.0

9.0

30.9
18.23

9.9
3.40

72.74
49.39

25.66
28.71

0.42
0.14

0.15
0.14

139.77
100.01

348.9
80.45

44.9
13.22

15.7
6.19

0.34
0.14

409.84
100.00

549.61
68.4
618.01

5.72
16.09
16.03
12.84

8.0

7.84

2.0

4.0

X1. 28.

12.8
14.81

51

3.44
40.34
53.17

12.78
27.78

1.02
0.79

0.15

72.19
99.99

131.7
59.02

60.3
34.43

8.2
6.28

0.32
0.27

200.52
100.00

272.71
63.7
336.41

2.16
8.59
6.05
12.53
7.55
7.57
1.2
1.7

X1l 22.

24.2
17.02

8.4

3.40
63.26
51.22

21.16
28.20

0.20
0.16

0.07

117.29
100.00

271.0
73.39

56.3
19.34

14.8
6.94

0.52
0.33

342.62
100.00

459.91
63.7
523.61

4.44
13.73
12.45
13.14
7.75
7.76
1.2
2.7

10.

29.5
18.50

9.0

3.32
70.33
50.72

23.05
27.31

0.27
0.14

0.04

132.19
99.99

322.9
78.25

46.8
14.50

16.8
6.95

0.48
0.30

386.98
100.00

519.17
67.9
587.07

5.29
15.15
14.84
13.44

7.8

7.73

-4.8

0.0

11. 26.

MOUNTAINS

11.3
16.44

3.8
3.36

32.41
54.36

9.32
25.50

0.32
0.34

0.07

57.22
100.00

106.4
59.79

47.7
34.02

6.0

5.84
0.18
0.34

160.28
99.99

217.50
52.0
269.50

1.74
6.68
4.89
10.89
7.6
7.62
10.2
7.8

11, 30.

145

12.

11.7
15.36

4.3

3.31
36.03
54.22

10.79
26.81

0.29
0.30

0.07

63.18
100.00

125.4
63.38

48.7
31.08

6.3
5.54
0.08

180.48
100.00

243.66
45.2
288.86

2.06
7.53
5.76
10.71
7.65
7.64
10.2
9.9
V. 28.
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'Flj'r?arr?s eq.%

K+ 'Ithéw’.s eq.%

" Ca++ 'T'r?arr?s eq.%
Mg+ 'FI)"r?érr?;s eq.%

’ Fe++ '?'r?a?s eq.%
Mn ++ ?’f?arr?s eq.%

Total Tpr?arr?s eq.%

. p.p.m.
HCOI  Than’s eq.%

p.p.m.
sor Than’s eq.%
c
cl- p.p.m.

Than’s eq.%
. p.p.m.
PO: Than’s eq.%

p.p.m.
Total Than’s eq.%

Cations + anions, p.p.m.

H 2SiOs, p.p.m.

Total dissolved substance, p.p.m.

Alkalinity, w-°

Total hardness (German scale)
Carbonate hardness (German scale)
Dissolved oxygen, p.p.m.

PH colorimetrically

PH electrically

Air temperature, C

W ater temperature, C

Date of sampling

I. RARTA

12.8
18.01

5.8

4.82
32.88
52.73

8.83
23.47

0.51
0.64

0.22
0.32

61.04
99.99

136.1
73.60

315
21.78

4.6

4.29
0.38
0.33

172.58
100.00

233.62
61.6
295.22

2.23
6.63
6.26
7.90
8.0
8.29
23.3
21.6
V. 27.

Acta Geologien Academiae Scientiarum Hungaricae 12, 1968

17.1
19.02

7.6
4.88

40.73
52.19

10.70
22.62

0.91
0.77

0.45
0.51

77.49
99.99

179.8
78.67

29.8
16.53

5.8
4.27

0.66
0.53

216.06
100.00

293.55
68.4
361.95

2.95
8.16
8.16
9.17
7.7
7.72
26.1
24.4
VI. 26.

19.3
20.79

8.0

4.95
41.89
51.73

10.89
22.03

0.44
0.50

0.13

80.65
100.00

202.6
84.05

21.0
11.14

5.9
4.30

0.68
0.51

230.18
100.00

310.83
68.4
379.23

3.32
8.37
8.37
11.63
8.55
8.58
25.2
21.2

VII. 31

Table 17

7. Bozsua

15.2
19.76

6.4

4.79
36.37
54.19

8.59
20.96

0.31
0.30

0.09

66.96
100.00

155.4
77.51

27.8
17.63

5.5
4.86

0.08

188.78
100.00

255.74
75.9
331.64

2.55
7.07
7.07
12.15
8.35
8.41
18.0
16.4
VI 31.



river |

16.0
20.05

7.3

5.44
36.03
51.58

9.32
22.06

0.49
0.57

0.26
0.29

69.40
99.99

161.5
77.26

29.5
17.78

5.5

4.66
0.36
0.29

196.86
99.99

266.26
70.2
336.46

2.65
7.19
7.19
9.56
7.8
7.79
18.9
145

1X. 30.

10*
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12.9
17.95

6.4

5.45
32.75
52.24

8.90
23.40

0.56
0.64

0.26
0.32

61.77
100.00

128.5
69.41

35.3
24.34

6.2
5.92

0.16
0.33

170.16
100.00

231.93
69.7
301.63

2.11
6.63
5.91
12.28
7.6
7.71
9.7
6.5

X. 30.

13.3
18.24

5.7

4.72
33.18
52.20

9.27
23.90

0.54
0.63

0.20
0.31

62.19
100.00

133.9
70.06

36.8
24.52

5.7

5.10
0.26
0.32

176.66
100.00
238.85
65.0
303.85

2.20
6.78
6.15
12.13
7.8
7.77
9.8
5.9

X1. 30.

non
15.89

6.0
4.97

33.44
55.30

8.59
23.18

0.39
0.33

0.22
0.33

59.74
100.00

104.5
58.97

47.5
34.14

7.2
6.90
0.03

159.23
100.01

218.97
67.3
286.27

1.71
6.66
4.80

12.66
7.55
7.49
0.7
0.0

X1, 23.

115
16.50

6.1
5.28

33.10
54.46

8.38
22.77

0.53
0.66

0.22
0.33

59.83
100.00

119.0
65.44

39.9
27.85

6.9

6.38
0.22
0.33

166.02
100.00

225.85
56.4
282.25

1.95
6.56
5.47
13.14
7.65
7.68
3.0
1.3

10.

12.3
17.21

5.5
4.55

33.79
54.55

8.59
23.05

0.27
0.32

0.15
0.32

60.60
100.00

119.7
66.44

38.8
27.46

6.3
6.10
0.08

164.88
100.00

225.48
64.2
289.68

1.96
6.71
5.50

12.07
7.5
7.40

-1.6
0.0
1. 27.

11

6.5
16.28

4.2

6.40
19.13
55.23

4.50
21.51

0.26
0.58

0.07

34.66
100.00

50.0
49.10

35.4
44.31

3.8
6.59
0.03

89.23
100.00

123.89
54.3
178.19

0.82
3.72
2.30
11.09
7.35
7.38
9.0
7.4

111. 31.

147

12.

7.6
17.37

4.9

6.84
20.34
53.16

5.13
22.10

0.24
0.53

0.11

38.32
100.00

64.6
55.50

35.9
39.27

3.7
5.23

0.02

104.22
100.00

142.54
55.1
197.64

1.06
4.03
2.97
10.97
8.3
8.29
12.7
14.8
V. 29.
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148 I. BARTA

Table 18
8. Bdzsva
1 2 3 4
Na+ p.p.m. 13.0 16.0 17.6 14.1
Than’s eq-% 17.95 19.44 20.27 18.65
K + p.p.m. 6.7 9.1 9.4 7.2
Than’s eq-% 5.45 6.48 6.40 5.50
Ca++ p.p.m. 33.31 36.50 38.18 35.17
X Than’s T 0 53.21 51.27 50.67 53.52
° Mg ++ p.p.m. 8.46 9.23 9.79 8.80
o 9 Than’s eq-o 22.44 21.41 21.33 22.02
Fet+ p.p.m. 0.55 0.91 0.77 0.38
Than’s eq-9 0.64 0.84 0.80 0.31
p.p.m. 0.22 0.51 0.61 0.13
Mn++ Than's eq-% 0.32 0.56 0.53 —
Total p.p.m. 62.24 72.25 76.35 65.78
Than’s eq-% 100.01 100.00 100.00 100.00
p.p.m. 138.0 163.0 181.1 153.2
ncos Than’s eq-% 74.10 78.76 82.04 78.44
S07- p.p.m. 28.8 25.5 20.6 23.9
X Than’s eq-% 19.67 15.63 11.88 15.63
o cl- p.p.m. 6.0 6.0 7.2 6.4
45 Than’s ¢q-% 5.57 5.01 5,52 5.63
POT - p.p.m. 0.72 0.48 0.76 0.24
Than’s eq-% 0.66 0.59 0.55 0.31
Total p.p.m. 173.52 194.98 209.66 183.74
Than’s eq-% 100.00 99.99 99.99 100.01
Cations -f- anions, p.p.m. 235.76 267.23 286.01 249.52
H25i03, p.p.m. 57.7 71.2 59.0 70.5
Total dissolved substance, p.p.m. 293.46 338.43 345.01 320.02
Alkalinity, W-° 2.26 2.67 2.97 2.51
Total hardness (German scale) 6.61 7.23 7.60 6.95
Carbonate hardness (German scale) 6.34 7.23 7.60 6.95
Dissolved oxygen, p.p.m. 9.81 10.32 11.94 10.01
pH colorimetrically 8.4 8.0 8.55 8.15
pH electrically 8.49 8.09 8.58 8.21
Air temperature °C 23.5 30.3 26.0 16.3
W ater temperature, °C 26.8 27.3 25.3 15.1
Date of sampling V. 27. V1. 26. Vil 31 VIl 31,
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river 1l.

14.9
19.35

7.1

5.36
35.34
52.38

9.11
22.32

0.37
0.30

0.15
0.30

66.97
100.01

152.0
76.15

28.3
18.04

6.2

5.50
0.32
0.31

186.82
100.00

253.79
62.4
316.19

2.49
7.05
6.98
10.97
8.5
8.68
20.1
18.2
1X. 30.

HYDROCHEMICAL INVESTIGATIONS IN THE TOKAJ MOUNTAINS

13.1
18.27

6.4
5.13

33.10
52.88

8.59
22.44

0.79
0.96

0.15
0.32

62.13
100.00

128.5
71.04

32.8
22.90

6.5
6.06

0.14

167.94
100.00

230.07
70.5
300.57

211
6.61
591
12.50
81
8.29
10.0
9.8
X. 30.

13.3
18.24

5.8

4.72
33.10
51.89

9.32
24.21

0.63
0.63

0.15
0.31

62.30
100.00

135.2
71.38

33.8
22.51

6.4
5.79

0.16
0.32

175.56
100.00

237.86
58.5
296.36

2.22
6.78
6.21
13.16
8.05
8.05
9.9
6.0
X1. 30.

10.6
15.07

5.7

5.14
32.58
55.48

8.27
23.29

0.67
0.68

0.26
0.34

58.08
100.00

101.3
59.07

45.0
33.45

7.3
7.47
0.14

153.74
99.99

211.82
68.9
280.72

1.66
6.47
4.65
13.56
7.6
7.56
0.4
0.0

X1 23.

11.4
16.33

5.2

4.33
33.10
55.00

8.69
23.67

0.39
0.33

0.15
0.33

58.93
99.99

120.3
67.47

36.4
26.03

6.9
6.51
0.08

163.68
100.01

222.61
57.2
279.81

1.97
6.63
5.53
13.14
7.65
7.68
2.0
0.0

10.

11.9
17.81

4.9
411

32.23
55.14

8.06
22.60

0.27
0.34

0.07

57.43
100.00

114.0
66.55

35.8
26.69

6.7
6.76

0.12

156.62
100.00

214.05
60.1
274.15

1.87
6.37
5.24
13.62
7.3
7.30
- 20
0.0
1. 27.

11.

6.8
15.87

4.3

5.82
21.89
57.67

4.50
19.58

0.53
1.06

0.13

38.15
100.00

59.5
52.97

36.6
41.08

4.0
5.95
0.06

100.16
100.00

138.31
55.4
193.71

0.98
4.10
2.74
11.30
7.4
7.40
9.7
7.0

1. 31.

149

12.

7.3
15.84

4.6

5.94
22.24
54.95

5.65
22.77

0.34
0.50

0.11

40.24
100.00

70.3
58.67

33.6
35.71

4.0
5.61
0.01

107.91
99.99

148.15
57.2
205.35

1.15
4.42
3.23
11.24
7.75
7.70
13.6
10.2
V. 29.
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Na+ R
K> Thans ..
. Care  RROL L
0
@ Marr DR
Ferr  Fols oL,
M
Total p.p.m.

Than’s ,

HCOj p.p.m.

Than’s . o,
SO Tians L
g cr Than's .. .
POr  Than's ..
Total p.p-m.

Than’s .q .

Cations -f- anions, p.p.m.
HjSi0O 3 p.p.m.
Total dissolved substance, p.p.m.

Alkalinity, W°

Total hardness (German cale)
Carbonate hardness (German scale)
Dissolved oxygen, p.p.m.

pj-l colorimetrically

PH electrically

Air temperature °C

W ater temperature, °C

Date of sampling

I. BARTA

20.4
19.87

82

4.69
45.94
51.12

12.51
22.99

112
0.89

0.43
0.44

88.60
100.00

203.9
74.06

30.6
14.19

17.8
11.09

0.91
0.66

253.21
100.00

341.81
26.5
368.31

3.34
9.31
9.31
6.83
7.7
7.77
23.4
235

Acta Geologica Academiae Scientiarum Hungaricae 12, 1968

27.8
24.49

11.9
6.12

47.29
48.16

12.17
20.41

0.80
0.61

0.31
0.20

100.27
99.99

193.8
65.43

41.6
17.90

27.0
15.64

1.45
1.03

263.85
100.00

364.12
37.2
401.32

3.18
9.42
8.90
3.52
7.2
7.13
30.4
26.6
VI. 28.

76.5
38.28

22,6
6.67

66.88
38.39

16.76
15.86

0.71
0.34

1.24
0.46

184.69
100.00

339.4
62.12

315
7.37

81.8
25.81

13.20
4.69

465.90
99.99

650.59
60.1
710.69

5.56
13.22
13.22
14.71

81

8.13
26.1
22.0

VIl 30.

Table 19

9. Ronyva

29.5
28.96

11.8
6.79

39.82
45.02

9.74
18.10

111
0.90

0.41
0.23

92.38
100.00

176.3
63.94

36.1
16.59

27.9
17.48

2.80
1.99

243.10
100.00

335.48
55.9
391.38

2.89
7.82
7.82
0.86
7.15
7.22
29.5
19.8
VIII. 29



river

34.0
30.71

13.2
7.05

42.75
44.40

10.16
17.22

0.54
0.41

0.18
0.21

100.83
100.00

190.0
62.32

35.8
15.03

35.8
20.24

3.80
2.40

265.40
99.99

366.23
58.2
424.43

3.11
8.32
8.32
2.60
7.25
7.44
22.3
15.0
1X. 29.
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25.7
24.83

10.0
5.76

42.92
47.45

11.73
21.29

0.51
0.44

0.18
0.22

91.04
99.99

168.1
62.44

38.3
18.10

28.8
18.33

1.52
1.13

236.72
100.00

327.76
54.6
382.36

2.76
8.71
7.73
3.30
7.3
7.28
115
9.9

X. 30.

28.3
24.60

9.5
4.80

48.78
48.60

13.20
21.60

0.64
0.40

011

100.53
100.00

215.9
68.21

40.6
16.18

26.8
14.64

1.60
0.96

284.90
99.99

385.43
47.6
433.03

3.54
9.87
9.87
1.32
7.3
7.28
9.4
4.2
XL 30.

15.3 22.2
17.91 21.27
7.6 8.5
5.23 4.82
36.89 46.03
50.69 50.44
11.21 12.88
25.34 23.25
0.72 0.30
0.83 0.22
0.13 0.11
71.85 90.02
100.00 100.00
113.3 155.8
53.45 58.35
54.7 53.7
32.76 25.63
16.2 23.4
13.22 15.10
0.48 1.14
0.57 0.92
184.68 234.04
100.00 100.00
256.53 324.06
62.7 61.2
319.23 385.26
1.86 2.55
7.74 9.41
5.21 7.16
9.51 6.61
7.3 7.4
7.41 7.42
- 08 2.4
0.0 0.1
X111, 23. 1. 30.

10.

26.4
25.05

7.4
4.14

44.82
48.80

12.15
21.79

0.21
0.22

0.11

91.09
100.00

177.3
62.99

45.9
20.78

25.0
15.37

1.33
0.87

249.53
100.01

340.62
49.7
390.32

291
9.07
8.15
4.46
7.2
7.10
- 12
0.0
1. 26.

11.

8.7
16.81

3.8

4.42
24.82
54.87

6.28
23.01

0.57
0.88

0.09

44.26
100.00

71.6
52.47

39.3
36.77

8.5
10.76

0.14

119.54
100.00
163.80
44.2
208.00

1.17
4.92
3.29
10.58
7.45
7.40
14.2
8.0

1. 30.

12.

10.1
16.54

4.7

4.51
28.10
52.63

8.27
25.56

0.67
0.75

0.13

51.97
99.99

93.7
59.69

36.9
29.84

9.5
10.47

0.10

140.20
100.00

192.17
41.3
233.47

1.54
5.84
431
9.11
7.55
7.45
14.9
11.3
V. 29.
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152 I. BARTA

Table 20
10. Hotyka
1 2 3. 4
Na + p.p.m. 16.3 dried up dried up dried up
Than’s eq.% 15.85
K + p.p.m. 10.5
Than’s eq.% 6.03
Ca++ p.p.m. 44.13
O Than’s eq.% 49.11
o Mg++ p.p.m. 12.93
o Than’s eq.% 23.66
w
Fe ++ p.p.m. 461
Than’s eq.% 3.57
Mn + + p.p.m. 2.16
Than’s eq.% 1.78
Total p.p.m. 90.63
Than’s eq.% 100.00
HCO7 p.p.m. 210.9
Than’s eq.% 77.93
SO ;" p.p.m. 26.2
Than’s eq.% 12.39
" Cl p.p.m. 145
Than’s eq.% 9.23
POTr p.p.m. 0.56
Than’s eq.% 0.45
Total p.p.m. 252.16
Than’s €q.% 100.00
Cations -f- anions, p.p.m. 342.79
I1,Si0 3 p.p.m. 12.2
Total dissolved substance, p.p.m. 354.99
Alkalinity, we° 3.46
Total hardness (German scale) 9.10
Carbonate hardness (German scale) 9.10
Dissolved oxygen, p.p.m. 0.16
PH colorimetrically 7.4
PH electrically 7.22
Air temperature, °cC 16.5
W ater temperature, C 19.5
Date of sampling V. 27. V1. 26. VII. 30. VI 29.
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river

dried up 15.0
18.90

4.7

3.49
37.75
54.65

9.53
22.67

0.28
0.29

0.07

67.33
100.00

159.6
76.83

25.3
15.54

9.0

7.33
0.28
0.29

194.18
99.99

261.51
40.0
301.51

2.62
7.48
7.33
13.99

7.8

° 7.81
12

15

IX. 29. X. 29. X1. 28.

9.0
19.50

3.3

4.00
21.37
53.50

5.45
22.50

0.30
0.50

0.04

39.46
100.00

58.3
49.74

39.1
42.41

5.4
7.85
0.10

102.90
100.00

142.36
61.4
203.76

0.95
4.25
2.68
12.42
7.25
7.30
15
14

X1l 22.

115
18.32

5.0
4.76

29.48
53.85

7.54
22.71

0.17
0.37

0.04

53.73
100.01

99.4
61.98

33.1
26.24

10.2
11.03

0.56
0.76

143.26
100.01

196.99
445
241.49

1.63
5.86
4.57
13.23
7.6
7.40
0.9
0.0
1. 28.

10.

12.0
17.57

35

3.04
34.13
57.43

7.86
21.96

0.14
0.02

57.65
100.00

107.6
61.97

36.1
26.41

117
11.62

0.15

155.55
100.00

213.20

41.6
254.80

1.76
6.59
4.95
13.43
7.5
7.47
-1.8
0.0
1. 27.

11.

7.2
17.32

2.6
391

20.00
55.87

4.82
22.35

0.17
0.56

0.04

34.83
100.01

50.0
46.07

38.3
44.94

5.7
8.99
0.08

94.08
100.01

128.91
54.1
183.01

0.82
3.91
2.30
10.86
7.4
7.42
9.2
7.8

1. 3L

153

12.

6.2
16.77

2.8

4.35
17.93
55.28

4.50
22.98

0.41
0.62

0.09

31.93
100.00

46.2
47.50

35.3
45.63

3.8
6.87
0.00

85.30
100.00

117.23
58.2
175.43

0.76
3.55
2.12
10.63
7.25
7.25
115
11.9
V. 29.
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154 I. BARTA

Table 21
11. Radvéany
1 2 3 4
Na + p.p.m. dried up dried up dried up dried up
Than’s eq.%
K + p.p.m.
Than’s eq.%
Ca++ p.p.m.
Than’s eq.%
E Mg ++ p.p.m.
= Than’s eq.%
o
Fe ++ p.p.m.
Than’s eq.%
Mn ++ p.p.m.
Than’s eq.%
Total p.p.m.
Than’s eq.%
HCOt p.p.m.
Than’s eq.%
S04- p.p.m.
Than’s eq.%
é Cl- p.p.m.
b= Than’s eq.%
< .
POT-- p.p.m.
Than’s eq.%
Total p.p.m.
Than’s eq.%
Cations + anions, p.p.m.
H2Si03, p.p.m.
Total dissolved substance, p.p.m.
Alkalinity, W°
Total hardness (German scale)
Carbonate hardness (German scale)
Dissolved oxygen, p.p.m.
PH colorimetrically
PH electrically
Air temperature °C
W ater temperature, C
Date of sampling Y. 27. V1. 26. VIl 30. VI 29.
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river

dried

HYDROCH KMICAI, INVESTIGATIONS IN THE TOKAJ MOUNTAINS

dried up 8.9
18.06

3.6

4.17
22.75
52.31

up dried up

6.49
24.54

0.48
0.93

0.03

42.25
100.01

50.0
38.86

56.3
55.45

4.2
5.69
0.14

110.64
100.00

152.89
56.9
209.79

0.82
4.68
2.30
12.12
7.1
7.12
3.2
0.0

. 29. X. 29. X1. 28. X1, 22. 1. 30.

10.

10.2
22.00

2.1

2.50
20.69
51.50

5.87
24.00

0.06

38.92
100.00

56.4
47.18

45.2
48.21

3.3
4.62

0.12

105.02
100.01
143.94
26.8
170.74

0.92
4.25
2.59
11.80
7.2
7.20
-2.0
0.0
. 27.

11.

7.4
18.93

1.4
2.96

18.27
53.85

5.03
24.26

0.11
0.02

32.23
100.00

43.7
42.60

44.2
54.44

1.8
2.96

0.03

89.73
100.00

121.96
48.1
170.06

0.72
3.72
2.01
12.36
8.8
8.80
6.1
8.0

1. 31.

155

12.

9.1
18.10

2.1
2.26

23.27
52.49

6.91
25.79

0.68
0.90

0.18
0.45

42.24
99.99

79.2
59.91

41.2
39.63

0.5
0.46

0.08

120.98
100.00

163.22
32.5
195.72

1.30
4.85
3.64
9.93
7.55
7.45
14.2
13.8
V. 28.
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Na + p.p.m.
Than’s eq.%
K> p.p.m.
Than’s eq.%
Ca++ p.p.m.
Than’s eq.%
ﬁ Mg ++ p.p.m.
a Than’s eq.%
cl
Fe ++ p.p.m.
Than’s eq.%
Mn ++ p.p.m.
Than’s eq.%
Total p.p.m.
Than’s eq.%
HCO07 p.p.m.
Than’s eq.%
SO :- p.p.m.
Than’s eq.%
0 cr p.p.m.
3 Than’s eq.%
POT p.p.m.
Than’s eq.%
Total p.p.m.
Than’s eq.%

Cations -f- anions, p.p.m.
H2Si03, p.p.m.
Total dissolved substance, p.p.m.

Alkalinity, W°

Total hardnessO (German scale)
Carbonate hardnessO (German scale)
Dissolved oxygen, p.p.m.

PH colorimetrically

PH electrically

Air temperature, °C

W ater temperature, °C

Date of sampling

. BARTA

15.0
13.63

7.0

3.77
54.60
57.02

14,51
24.95

0.47
0.42

0.22
0.21

91.80
100.00

222.3
78.11

31.2
13.95

12.4
7.51

0.60
0.43

266.50
100.00

358.30
41.6
399.90

3.64
10.98
10.21
11.61

8.2

8.29
215
25.4

Acta Geologica Academiae Scientiarum Hungaricae 12, 1968

16.3
13.03

4.0

1.83
60.93
55.78

18.77
28.26

0.87
0.55

0.83
0.55

101.70
100.00

252.3
78.41

37.6
14.77

12.2
6.44

0.56
0.38

302.66
100.00

404.36
48.6
452.96

4.14
12.85
11.60

8.90

7.6

7.58
29.0
28.2

VI. 27.

18.2
13.55

5.9
2.57

64.30
55.06

20.01
28.13

0.39
0.17

091
0.51

109.71
99.99

285.6
81.39

30.8
11.13

14.3
6.96

1.04
0.52

331.74
100.00

441.45
46.0
487.45

4.68
13.60
13.12

6.71

7.8

7.80
27.2
23.2

VIl 30.

Table 22

12, Tolcsva

17.5
13.31

8.4
3.68

63.26
55.17

18.33
26.44

1.22
0.70

1.18
0.70

109.89
100.00

269.1
79.17

36.3
13.64

13.6
6.82

0.68
0.36

319.68
99.99

429.57
51.5
481.07

4.41
13.08
12.37

3.47

7.35

7.33
26.4
21.6

VI 29.



river

15.7
12.62

10.0
4.82

61.54
56.96

16.03
24.49

0.50
0.37

1.14
0.74

104.91
100.00

278.0
84.76

22.7
8.74

11.8
6.13

0.48
0.37

312.98
100.00

417.89
41.9
459.79

4.56
12.30
12.30

491

7.3

7.41
19.5
16.2

IX. 29.

MWYDHOCHEMICAL INVESTIGATIONS IN THE TOKAJ MOUNTAINS

12.2
11.21

7.0

3.81
55.16
58.14

14.98
26.00

0.82
0.63

0.40
0.21

90.56
100.00

218.1
77.32

36.1
16.20

9.8

6.05
0.56
0.43

264.56
100.00

355.12
47.6
402.72

3.58
11.15
10.02

8.56

7.45

7.41
10.7
10.7

13.7
12.71

5.5

2.97
54.99
58.05

14.66
25.64

0.60
0.42

0.31
0.21

89.76
100.00

224.8
78.97

34.1
15.24

9.7
5.79
0.12

268.72
100.00

358.48

42.4
400.88

3.68
11.08
10.33
10.09

7.55

7.35

1.8

2.8

X1. 28.

8.3
12.54

4.5
3.83

33.44
58.19

8.69
24.74

0.47
0.70

0.13

55.53
100.00

104.5
62.64

39.9
30.40

6.5
6.59

0.22
0.37

151.12
100.00

206.65
62.7
269.35

1.71
6.68
4.80
12.46
7.55
7.56
2.3
2.7

X1, 22.

10.4
11.87

5.2

3.43
45.16
59.37

11.52
25.07

0.18
0.26

0.11

72.57
100.00

165.3
73.24

345
19.46

9.2

7.03
0.24
0.27

209.24
100.00

281.81
49.1
330.91

2.71
8.97
7.59
13.54
7.7
7.67
0.7
0.3

10.

11.8
12.53

4.9
2.95

48.44
59.46

12.47
25.06

0.12
0.07

77.80
100.00

174.8
72.77

38.3
20.36

9.7
6.87

0.14

222.94
100.00

300.74
41.1
341.84

2.86

9.65

8.03

12.73
7.5

7.52
1.3
0.8

1. 26.

55
12.97

3.0
4.32

21.03
56.76

5.76
25.41

0.27
0.54

0.04

35.60
100.00

57.6
51.37

37.3
42.62

3.8
6.01
0.06

98.76
100.00

134.36
45.0
179.36

0.94
4.27
2.65
9.84
7.35
7.35
15.7
10.8

1. 30.

12.

6.6
13.12

3.2

3.62
25.51
57.47

6.81
25.34

0.20
0.45

0.04

42.36
100.00

78.5
60.28

34.9
34.11

4.2
5.61
0.07

117.67
100.00

160.03
46.8
206.83

1.29
5.14
3.61
9.28
7.90
7.80
12.2
11.2
V. 28.
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Na + p.p.m.
Than’s eq.%

K + p.p.m.
Than’s eq.%

Ca+ + p.p.m.
Hi Than’s eq.%

9 Mg+ + p.p.m.
vgj Than’s eq.%

Fe ++ p.p.m.
Than’s eq.%

Mn+ + p.p.m.
Than’s eq.%

Total p.p.m.
Than’s eq.%

HCO- p.p.m.
Than’s eq.%

SO ;- p.p.m.
Than’s eq.%

o Cl- p.p.m.
< Than’s eq.%

P07 p.p.m.
Chan’s eq.%

Total p.p.m.

Than’s eq.%

Cations -f- anions, p.p.m.
H2Si03 p.p.m.

Total dissolved substance, p.p.m.

Alkalinity, W°

Total hardnessO (German scale)
Carbonate hardnessO (German scale)
Dissolved oxygen, p.p.m.

PH colorimetrically

PH electrically

Air temperature, °c

W ater temperature, °C

Date of sampling

I. BARTA

195
20.33

n
6.46
44.56
53.11

9.83
19.38

0.80
0.72

0.13

85.52
100.00

184.3
73.84

29.3
14.91

15.5
10.76

0.80
0.49

229.90
100.00

315.42
65.5
380.92

3.02
8.50
8.47
11.42
8.1
8.17
21.2
16.2
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21.6
20.94

13.0
7.35

46.95
52.12

10.38
18.93

0.64
0.44

0.18
0.22

92.75
100.00

209.3
78.67

21.9
10.55

15.0
9.63

1.44
1.15

247.64
100.00

340.39
84.5
424.89

3.43
8.97
8.97
7.36
7.7
7.73
26.5
20.6
V1. 27.

19.8
22.99

10.9
7.49

37.49
50.00

8.43
18.45

0.80
0.80

0.33
0.27

77.75
100.00

178.6
80.05

19.1
10.93

9.8

7.65
1.44
1.37

208.94
100.00

286.69
81.1
367.79

2.93
7.19
7.19
6.87
7.7
7.70
25.3
20.9

VIl 30.

Table 23

13. Benyei

27.3
26.62

12.0
6.94

43.10
48.10

9.84
18.12

0.37
0.22

0.07

92.68
100.00

176.0
65.45

55.0
26.14

11.9
7.73

1.08
0.68

243.98
100.00

336.66
79.8
416.46

2.88
8.30
8.09
8.29
7.65
7.72
21.7
15.8
VI 29.



river

18.2
19.46

11.0
6.90

44.47
54.68

9.22
18.72

0.26
0.25

0.00

83.15
100.01

195.7
79.85

18.7
9.70

13.8
9.70

0.80
0.75

229.00
100.00

312.15
73.3
385.45

3.21
8.35
8.35
9.46
7.75
7.93
18.6
13.3

IX. 29.

HYDROCHEMICAL INVESTIGATIONS IN THF. TOKAJ MOUNTAINS

22.8
22.30

11.2
6.53

45.16
50.68

10.89
20.05

0.60
0.45

0.11

90.76
100.01

178.2
67.91

45.7
22.09

14.0
9.30

0.80
0.70

238.70
100.00

329.46
81.9
411.36

2.92
8.83
8.19
10.42
7.65
7.70
11.2
8.6

16.8
18.34

8.5
5.53

43.80
54.77

10.06
20.85

0.52
0.50

0.07

79.75
99.99

181.7
77.00

23.9
12.92

13.9
10.08

0.05

219.55
100.00

299.30
77.0
376.30

2.98
8.44
8.35
13.39
7.9
7.85
1.8
2.0

XI1. 28.

13.2
17.22

8.7

6.65
36.20
54.38

8.59
21.15

0.67
0.60

0.11

67.47
100.00

119.0
61.32

38.9
25.47

14.7
12.89

0.36
0.31

172.96
99.99

240.43
81.4
321.83

1.95
7.04
5.47
12.68
7.7
7.62
2.2
2.9

X1, 22.

14.7
17.93

9.0

6.44
39.48
55.18

8.69
19.89

0.49
0.56

0.09

72.45
100.00

143.1
67.92

32.6
19.65

14.9
12.14

0.44
0.29

191.04
100.00

263.49
63.2
326.69

2.35
7.53
6.58
13.87
7.75
7.77
0.8
0.1

10.

16.4
17.84

8.9
5.78

44.65
56.03

9.74
20.10

0.37
0.25

0.11

80.17
100.00

160.2
68.85

35.0
19.11

16.0
11.78

0.44
0.26

211.64
100.00

291.81
68.9
360.71

2.63
8.49
7.36
13.61
7.7
7.72
-1.2
0.0
1. 26.

11.

9.5
18.72

5.4
6.39

23.79
54.34

5.34
20.09

0.39
0.46

0.07

44.49
100.00

58.3
43.78

49.0
47.00

7.2
9.22

0.10

114.60
100.00

159.09
50.2
209.29

0.95
4.56
2.68
9.90
7.4
7.40
16.4
111

111. 30.

159

12.

9.6
18.34

5.1

5.68
25.00
54.59

5.86
20.96

0.37
0.44

0.11

46.04
100.01

64.0
47.30

46.4
43.69

6.8

8.56
0.26
0.45

117.46
100.00

163.50

48.9
212.40

1.05
4.85
2.94
9.26
7.55
7.40
12.2
9.6
1vV. 28.
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Na + p.p.m.
Than’s eq.%

K + p.p.m.
Than’s eq.%

Ca++ p.p.m.
o Than’s eq.%

0 Mg+ + p.p.m.
d’t Than’s eq.%

Fe ++ p.p.m.
Than’s eq.%

Mn ++ p.p.m.
Than’s eq.%

Total p.p.m.
Than’s eq.%

HCO” p.p.m.
Than’s eq.%

S04- p.p.m.
. Than’s eq.%

o Cl- p.p.m.
Than’s eq.%

POI - - p.p.m.
Than’s eq.%

Total p.p.m.
Than’s eq.%

Cations + anions, p.p.m.
H,SiO4q, P-P-ni.
Total dissolved substance, p.p.m.

Alkalinity, W°

Total hardnessO (German scale)
Carbonate hardness0 (German scale)
Dissolved oxygen, p.p.m.

PH colorimetricallv

PH electrically

Air temperature, °C

Water temperature, °C

Date of sampling

I. BARTA

10.9
13.09

2.8

1.95
44.65
61.84

9.67
22.00

0.87
0.84

0.17
0.28

69.06
100.00

169.7
80.11

21.5
12.97

8.5
6.92
0.04

199.74
100.00

268.80
10.1
278.90

2.78
8.47
7.80
3.46
7.5
7.65
19.5
19.5
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21.6
21.22

5.1

2.93
48.33
54.40

11.06
20.54

0.76
0.68

0.37
0.23

87.22
100.00

217.5
80.91

18.7
8.86

15.8
10.23

0.05

252.05
100.00

339.27
15.3
354.57

3.56
9.31
9.31
0.0
7.4
7.36
32.2
25.3

V1. 26.

13.7
14.32

45

2.67
49.13
59.47

11.73
23.30

0.23
0.24

0.04

79.33
100.00

193.8
78.66

245
12.66

12.3
8.68

0.08

230.68
100.00

310.01
10.9
320.91

3.17
9.58
8.90
8.19
7.75
7.86
25.9
24.8

VIl 31

Tabic 24
14. Bodrog

14.5
15.48

4.7
2.95

48.96
59.95

10.27
20.64

0.74
0.74

0.29
0.24

79.46
100.00

193.8
79.30

26.5
13.72

10.0
6.98

0.01

230.31
100.00

309.77
19.8
329.57

3.18
9.22
8.90
1.53
7.3

7.33
16.2
20.0

VIl 31



river |

10.0
12.1»

3.9
2.83

14.82
63.17

9.22
21..33

0.42
0.28

0.09

68.45
99.99

166.8
78.67

22.7
13.54

9.5
7.78
0.01

199.01
99.99

267.46
12.2
279.66

2.73
8.40
7.67
3.20
7.25
7.39
19.1
15.9

1X. 30.

&)

11YDHOCHK.MICAL INVINSTIGATIONS IN THK TOKAJ MOUNTAINS

8.4
11.88

3.2

2.64
38.44
63.37

7.96
21.45

0.50
0.66

0.09

58.59
100.00

139.3
W.03

22.5
15.88

7.5
7.09
0.02

169.32
100.00

22791
12.2
240.11

2.28
7.21
6.40
8.78
7.4
7.43
121
9.5

6.0
10.88

2.5

2,51
30.00
62.34

6.49
22.18

1.48
2.09

0.09

46.56
100.00

101.6
72.29

23.9
21.65

5.0
6.06
0.05

130.55
100.00

177.11
12,5
189.61

1.67
5.69
4.67
11.23
7.6
7.55
7.8
3.6

X1. 30.

5.1
10.14

2.3

2.76
27.58
63.13

6.07
23.04

0.47
0.92

0.04

41.56
99.99

88.7
70.39

22.2
22.33

5.2
7.28
0.00

116.10
100.00

157.66
31.7
189.36

1.45
5.26
4.07
12.64
7.5
7.55
0.6
0.5

X1, 23.

10.8
14.64

2.9
2.18

39.30
61.06

8.38
21.50

0.43
0.62

0.07

61.88
100.00

139.3
74.03

26.0
17.53

9.2
8,44

0.03

174.53
100.00

236.41
22.1
258.51

2.28
7.43
6.40
9.29
7.5
7.51
3.8
0.0
1. 27.

10.

11.0
12.94

2.9
1.89

47.06
63.34

9.64
21.29

0.37
0.27

0.15
0.27

71.12
100.00

167.2
75.90

28.0
16.07

10.3
8.03

0.04

205.54
100.00

276.66
15.1
291.76

2.74
8.81
7.68
7.05
7.25
7.20
1.4
0.0
1. 27.

11

4.4
8.60

1.6
1.81

29.48
66.52

5.97
22.17

0.56
0.90

0.07

42.08
100.00

96.2
72.81

22.0
21.20

4.5
5.99

0.03

122.73
100.00

164.81

13.8
178.61

1.58
5.50
4.42
10.43
7.6
7.60
8.7
7.2

1. 31,

161

4.2
8.04
1.9
2.23
29.65
66.07

6.28
23.21

0.37
0.45

0.07

42.47
100.00

100.7
75.69

19.5
18.81

4.2
5.50
0.00

124.40
100.00

166.87
15.3
182.17

1.65
5.60
4.63
9.91
7.6
7.48
14.0
11.0
V. 29.
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Na+ p.p.m.
Than’s eq.%

K + p.p.m.
Than’s eq.%

Ca++ p.p.m.
- Than’s eq.%

0 Mg ++ p.p.m.
a Than’s eq.%

Fe ++ p.p.m.
Than’s eq.%

Mn ++ p.p.m.
Than’s eq.%

Total p.p.m.
Than’s eq.%

HCO7 p.p.m.
Than’s eq.%

SO0 7- p.p.m.
Than’s eq.%

cr p.p.m.
- Than’s eq.%

PO, --  ppm.

Than’s eq.%
Total p.p.m.
Than’s eq.%
Cations + anions, p.p.m.
H25i03 p.p.m.
Total dissolved substance, p.p.m.

Alkalinity, W°

Total hardnessO [German scale)
Carbonate hardnessO (German scale)
Dissolved oxygen, p.p.m.

PH colorimetrically

ppi electrically

Air temperature °C

W ater temperature, °C

Date of sampling

I. BAHTA

10.0
12.18

2.7

1.98
44.13
62.32

9.73
22.66

0.69
0.57

0.26
0.28

67.51
99.99

165.3
79.24

22.4
13.74

8.6
7.02

0.04

196.34
100.00

263.85
9.1
272.95

2.71
8.41
7.59
4.49
7.5
7.7
19.2
20.8
Y.28.
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16.0
16.05

4.3

2.56
50.66
58.84

11.33
21.63

0.71
0.70

0.29
0.23

83.29
100.01

204.5
80.53

21.4
10.82

12.7
8.65

0.08

238.68
100.00

321.97
12.7
334.67

3.35
9.70
9.40
6.99
7.5
7.51
27.6
27.0

V1. 27.

14.3
16.02

4.3
2.84

45.51
58.66

10.32
21.96

0.44
0.52

0.09

74.96
100.00

183.0
79.79

21.0
11.70

11.3
8.51

0.10

215.40
100.00

290.36
11.7
302.06

3.00
8.74
8.41
8.35
7.95
8.06
25.2
25.2

VIl 30.

Table 25

15. Bodrog

14.0
15.40

5.0
3.28

44.82
56.31

11.7*
24.24

0.63
0.51

0.33
0.25

76.51
99.99

178.3
74.49

345
18.37

10.0
7.14

0.03

222.83
100.00

299.34
20.5
319.84

2.92
8.97
8.19
0.26
7.3
7.38
20.9
19.8
VIl 29.



river 11

9.1
12.86

3.6
2.89

39.13
62.70

8.06
21.22

0.32
0.32

0.04

60.25
99.99

142.5
76.97

235
16.12

7.5
6.91
0.03

173.53
100.00

233.78

10.9
244.68

2.34
7.33
6.55
6.49
7.35
7.49
17.2
14.0

IX. 29.

11*
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8.1
11.67

3.1
2.67

38.10
63.33

7.85
21.67

0.57
0.67

0.09

57.81
100.01

138.4
77.74

21.7
15.41

7.0
6.85

0.02

167.12
100.00

224.93
10.1
235.03

2.27
7.14
6.36
8.21
7.45
7.48
8.6
9.7
X. 29.

6.1
10.79

2.9
2.90

30.68
63.49

5.55
19.09

2.39
3.32

0.26
0.41

47.88
100.00

99.4
70.56

26.3
23.81

4.7
5.63

0.03

130.46
100.00

178.34
5.2
183.54

1.63
5.57
4.57
9.67
7.6
7.60
1.2
4.0

X1. 28.

5.0
9.61
2.7
3.06

29.30
63.76

6.07
21.83

1.06
1.75

0.10

44.23
100.01

91.8
68.95

25.3
24.20

5.4
6.85

0.00

122.50
100.00

166.73
33.8
200.53

1.51
5.50
4.22
11.56
7.5
7.59
1.9
1.6

X1, 22.

10.6
14.20

2.8

2.16
40.34
62.04

8.38
21.30

0.29
0.31

0.07

62.48
100.01

145.0
75.56

25.2
16.51

8.9
7.94

0.00

179.10
100.01

241.58
17.7
259.28

2.38
7.58
6.66
8.44
7.45
7.43

0.0

10.

10.3
13.01

2.8

2.02
44.13
63.58

8.90
21.10

0.31
0.29

0.13

66.57
100.00

153.2
74.70

27.2
16.96

9.8
8.33
0.04

190.24
99.99

256.81
13.5
270.31

251
8.23
7.04
7.05
7.3
7.30
-4.8
0.0
1. 26.

4.3
8.84
1.8
1.86
28.44
66.05

5.76
21.86

0.87
1.39

0.09

41.26
100.00

90.6
71.50

22.4
22.71

4.3
5.80

0.03

117.33
100.01

158.59
13.3
171.89

1.48
531
4.16
10.08
7.55
7.50
14.1
8.0

1. 30.
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12.

3.8
7.58
1.7
1.90

28.96
68.25

5.65
21.80

0.39
0.47

0.07

40.57
100.00

96.2
76.33

18.2
18.36

4.0
5.31
0.00

118.40
100.00

158.97
12.2
171.17

1.58
5.36
4.42
9.27
7.6
7.52
13.1
11.2
IvV. 28.
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rMMAPOrEOXUMWYECKNE WUCCAEAOBAHUS MO MATEPUANAM
N3 TOKANCKUX FOP

n. BAPTA

Pesome

[MoBepXHOCTHbIE BOAOTOKM TOKaWCKMX rOop B TEYeHWE rofa eXemeCA4HO MojBepraanch
cUCTEMATUYECKOMY XMMUYECKOMY aHanusy. M3yyanucb pacTBOpPEHHble B BOAaX OCHOBHblE KOM-
MOHEHTbI, a TakKXe Jpyrve (U3MKO-XMMUYECKUe MNokasaTenn BOL.

1 TyTemM KONUYeCTBEHHOW OLIEHKM CTOKa BOA Obl1 cOCTaBfieH [UAPOreoXMMUYecKuii
BELLECTBEHHbIA 6anaHC paccMaTpyMBaeMoro panoHa C MOACYETOM OCHOBHbIX HeopraHm4eckux
KOMMOHEHTOB, MEPEeHECEHHbIX B BuAe pacTBopa B TeuyeHue roga. ObLuee KOMMYECTBO BELLECTB,
YHECeHHbIX B BWAe pacTBOpa MOBEPXHOCTHbIMW BOAOTOKAMW B TeYeHWe rofa W3 HeoBY/NKaHW-
YecKOoro parioHa nnowagbto npumepHo 1300 KM2 (BK/KOYAs KpaeBble 4acTu), OueHMBaeTcs B 27
TbICAY TOHH.

2. ABTOp MbITa/ICA HaNTU 3aBUCMMOCTb MEXAY XMMWUYECKUMW COCTaBaMu PeYHbIX BOJ,
C OfIHO CTOPOHbI, N HaXOAALMXCA C HAMW B KOHTaKTe PUONNTOBBIX TY(OB, aHAE3UTOB U puo-
NINTOB, C APYroiA.

COO0THOLLIEHVE BbISIBNIEHHbIX B BOge MOHOB K 1 Na XopoLlo cor nacyeTcsl C LUeNOYHOCTbIO
nopof, BofoC60pHOW nnowaan. B Bofax, CTeKaloWmx ¢ naowageid, CNOXeHHbIX PUOIUTOBbIMU
Tyhamu, pronMTaMmm 1 MCceBOTPaxmTamy C MOBbILUEHHBbIM cogepxaHveM K, BenmumHa COOTHO-
weHna noHos K/Na TakxXe MoBbllleHa. XapaKTepHoe A1 FOpHbIX nopog Tokanckux rop 6onee
BbICOKOE CpefjHee 3HaueHWe cooTHowweHna K/Na (1,65) cnpaBeanvBo Takxke 418 NOBEPXHOCTHbIX
Bog (0,44).

B cBA3KU C CUIbHO KMUCNOM NPUPOAOA, TO eCTb C BbICOKMM cofepxaHneM Si02 n3BepxxeH-
HbIX MOPOJ paccmMaTpMBaEeMoro palioHa, peuvHble BOAbl TakKXe OT/IMYATCA C MOBbILUEHHBIM
CoAepXKaHWeM KPEMHVEBOW KUCNOTbl. 3TO  BOAbI LOBONbLHO MArKMWe, 6efHble CONAMU, NN NULLIb
cnabo XecTKue.

O cynb(uMAHOM OpyfeHeHUW paioHa c. TenbKnbaHbs APKO CBUAETENIbCTBYET BbICOKOE
cojep>xaHue cynbaTHbIX MOHOB B BOAAX, CTEKAKLIUX C AAHHOW niowan.

3. Ha aHnoHax Ce30HHble M3MeHeHW cOoCTaBa BOAbl CKasblBalOTCA cubHee. KoHLEHTpa-
LUMA MOHOB rnapokapboHaTa Npu MesKoBO/be MOBbILLE, B TO BPEMS KakK M3MeHEHVE cofep>kaHus
MOHOB CyfnbaTa MNPOUCXOAWUT, Kak MpaBuio, MPOTUBOMOMIOXKHO 3TOMY, OCOGEHHO, ecnu 3Tu
[aHHble BbIPAXalTCA B 3KBMBAIEHTHbIX NPOLEHTaXx.

[ns KonnuyecTBa KaTMOHOB, BbIPAXKEHHbIX B 9KBMBAIEHTHbIX MPOLIEHTaX, 06bI4YHO Ha60-
[aeTca xopollee coBnajeHve B TeueHe roga. MNpu naBogkax 3HayeHns K/Na n Ca/Mg HeCKO/IbKO
NOBbILLEHbI.

KpemHreBa skMcnoTa NPUCyTCTBYeT B JOBO/IbHO PABHOMEPHOM KOSIMYECTBE, He3aBUCUMMO
OT CMeHbl BPEMEHW roja.

K cpegHerogoBoMy cocTaBy BOfbl 60/bLLe BCEro NpubAmxatoTcs coctaBbl NPo6, 0To6paH-
HbIX B (heBpasie U OKTS6pe.

Acta Geologica Academiac Scientiarum Hurigaricae 12, 1968






Ada Geologica Academiae Scientiarum Hungaricae Tomus 12 (1—4j, pp. 167- 181 (1968)

STUDIES ON THE “SCHLIER” FORMATION

I. GRANULOMETRICAL TYPES OF THE “SCHLIER” FORMATION
IN NORTH HUNGARY

By
A. Foldvari and K. Hajdu-Molnar

MINERALOGICAL AND PETROCRAPHICAL INSTITUTE,
TECHNICAL UNIVERSITY FOR HEAVY INDUSTRY, MISKOLC, HUNGARY

On the basis of typical samples collected by the geological surveyors of Hungary’s
schlier areas, 3 principal types and 1 secondary one have been granulometrically dis-
tinguished: 1. Ottnang type (with two subtypes), 2. sandy schlier, and 3. unsteady
type with two or more maxima. These types can be discerned in both the Oligoceéne
and Miocene schliers.

The type locality of the “schlier” formation is in the Vienna Basin (O tt-
nang, Austria), at the east end of the Alpine Molasse zone. In the Carpathian
Basin, specially in North Hungary, the schlier formation is found in a much
greater area than in Austria. The stratigraphical position of the “schlier”
of Ottnang was considered Miocene, more accurately Helvetian. According
to more recent researches, the Austrian “schlier” subdivides as follows:
Helvetian (Ottnang), Burdigalien (Hall), Chattian (Weis). It was set down
by E. Noszky sen.: in North-Hungary also two horizons of the “schlier”
facies exist stratigraphically. The first in the lower part of the Chattian stage,
the second in the Helvetian stage of Miocene age. It had importance of eco-
nomic view that the Miocenic brown coal-bearing group of North-Hungary lay
between the two “schlier” horizons.

In both Austria and Hungary the schlier is a group of layers several
hundred meters thick. The classical monograph of the Hungarian schlier
was written by Noszky sen. [1]. The geological data of intensive mining in
the last 20 years was analysed by Vitalis and Bartksé.

The material for the present study was collected in the course of geological
field work of several decades by Noszky sen., Schréter, Horusitzky and
Foldvari. To check the uniformity schlier facies we have examined also some
samples not coming from North Hungary, e.g. specimens from Komld, Mecsek
Mountains, South Hungary.

In field work, the geologists distinguish the characteristic schlier rocks
by eye. In the course of our studies we wished to accurately establish the
features of the schlier formation. The present study (1), was performed with
the purpose to decide whether the macroscopical distinct rocks can be dis-
tinguished also by lithologic means. What are their granulometric features?
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Table 1

Samples appertaining to curves of type |

No. Site ! Age Coll, by*
1/c Galgaguta, Oreghegy 0 H
3/a Mogyoréd, Papszerhegy m H
4/a Sashalom m N
Sla Budafok m F
7la Vé&chartyan m >
10/a Hont, Honti-szakadék m N
12/a Csitar 0 N
15/a Karancssag 0 N
18/a Hollék6, Sz6l6hegy m N
20/b Kiskér, Sandortaré m S
21/a Mérkhéaza 0 N
24/a Egerbocs m N
26/a Mikofalva m
2%/a Maié m S
28/a Felsényarad ni S
30/a Zadorfalva m S
30/b Z4adorfalva m S
3l/a Ragaly o] S
32/a Szuhafé m S
33/b Komlé m F
34/a Yaszar m F
35/a Szopok m F
39/c Métranovak, Kistelek-banya m F
N = Noszky, E. sen. Age of the samples
S = Schréter, z. o = Oligocéne
F = Foldvari, A. m = Miocene
H = Horusitzkv, F.

Are they uniform, or of several types, as may be expected? Our granu-
lometric measurements carried out by a combination of sieving and pipette
analysis with a sodium-oxalate stabilizer [3—6] prooved the NorthHungarian
rocks to belong to three distinct main types and one subtype (See the tables
and diagrams). Remarkably enough the granulometric curves were little
scattered aboutthe calculated mean. The measurements thus proved the sound-
ness of the distinction by eye as practised by the field geologists and, on the
other hand, the regular repetition of characteristic types in the schlier succes-
sion. In further sedimentological, stratigraphical and palaeogeograpliical
research, the established rock types serve as base points, and the variability
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0,00023 4 56789 3 456789 3 4 6789 34 6789
0,001 0,002 0,01 Q02 0,05 01 0,2 0,5 1,0 2,0

Fig. 1. Cumulative curve

1. Hungarian schlier type |; Calculated average of the examined 23 specimens; 2. Devia-
tion field of the examined 23 specimens; 3. The most disseminated individual values of the
curves

Fig. 2. Frequency distribution curve
Hungarian schlier type |
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Table 2

Grain-size analysis data of the samples

Ve 3/a 4la 5/a 7/a 10/a 12/a 15/a 18/a 20/b 21/a

>0.1 7.1 9.8 4.3 11.8 55 5.8 4.8 9.8 8.2 131 15.2
0.1 —0.05 14.0 10.1 8.2 4.9 7.5 10.8 11.0 5.8 13.8 9.9 8.3
0.05 —0.02 181 273 12.3 29.2 204 20.2 12.7 23.5 22.1 10.8 23.4
0.02 —0.01 14.8 194 19.8 30.3 19.7 247 28.7 22.1 17.4 19.3 17.8
0.01 —0.005 155 15.2 37.1 17.8  19.0 19.7 16.7 12.4 12.6 147 12.6
0.005—0.002 9.8 13.2 13.6 5.6 10.8 10.6 13.3 7.2 8.6 13.9 55
0.002—0.001 6.2 4.9 4.6 0.3 6.4 8.0 12.7 8.7 6.6 18.1 11.8

<0.001 14.2 10.7 10.2 10.4 51

v 99.7  99.9 99.9 99.9 1000 99.8 99.9 99.7 99.7 99.8  99.7

of the sediments may be expressed in terms of the deviation from those fixed

types.
We have distinguished the types on the basis of the summary curves

and have computed from them the mean values of the types.

Fig. 3. Cumulative curve

1. Hungarian schlier type I/A; Calculated average of the examined 22 specimens; 2. Devia-
tion field of the examined 22 specimens; 3. The most disseminated individual values of the
curves
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24/a

10.9
10.6
14.8
24.5
23.3
3.5
4.9
7.6

100.1

26/»

5.3
5.0
19.9
23.8
17.3
12.9
7.0
8.6

99.8

27/a

18.3

2.6
19.7
18.3
14.9

9.1
16.7

99.6

28/.

6.7
9.2
36.2
22.7
11.9
8.1
5.0

99.8

30/.

6.3
9.6
32.0
16.6
3.6
17.8
6.5
7.7

100.1

30/b

10.7

8.9
25.8
18.7

9.1
13.4
13.2

99.8

"SCHLIER™

31/a

4.3
19.7
27.1
13.9

8.7

8.7

7.2
10.4

100.0

overlapping but the main types can still

Fig. 4. Frequency distribution curve
Hungarian schlier type

FORMATION,

32/a

15.1
7.6
26.7
18.9
111
12.2
4.1
4.1

33/b

5.8
10.8
19.8
18.0
14.2
17.3

3.6
10.4

The mode of the frequency curves of the types

/A

34/a

0.8
2.3
243
27.1
13.0
17.2
5.2
10.0

99.9

35/a

5.2
8.4
13.2
16.6
17.9
16.0
15.6
7.0

99.9

39/c

0.2
2.8
18.2
19.8
17.4
16.2
9.1
16.3

100.0

171

Average

curve
8.1
8.8
21.6
20.5
15.4
115
8.1
5.8

99.8

I and I/a are locally
he characterized by the modes.

Type | gives a one-peak frequency curve. Its mode is at about 0.01 mm.
On the frequency curve of type I/a, the mode is shifted to 0.04 mm.

Ada Geologien Acaderniae Scientiarum Hungaricae 12, 1968



172 A. FOLDVARI and K. HAJDU-MOLNAR

Tabic 3

Grain-size distribution parameters of the samples appertaining to curves of type |

Mo
e e Md F.z Fs bQsz peo Mo Moz
I/c 0.0022 0.025 0.0082 0.0054 0.91 0.0114 3.37 0.022
3/a 0.0040 0.025 0.014 —0.0017 0.819 0.0103 2.35 0.017
4/a 0.0038 0.015 0.006 0.0034 1.26 0.0056 1.97 0.0055
5/a 0.0068 0.023 0.014 —0.0009 0.89 0.0081 1.84 0.013
7/a 0.0027 0.018 0.0082 — 0.003 0.93 0.008 2.58 0.013
10/a 0.0042 0.021 0.01 —0.003 1.02 0.0084 2.24 0.013
12/a 0.0029 0.018 0.0085 — 0.002 0.85 0.0075 2.49 0.013
15/a 0.0028 0.023 0.011 —0.002 0.73 0.0051 2.87 0.013
18/a 0.0032 0.028 0.016 — 0.0004 0.59 0.0124 2.95 0.032
20/b 0.0018 0.025 0.0075 — 0.006 0.96 0.0116 3.70 0.013
21/a 0.0039 0.032 0.014 — 0.003 0.82 0.014 2.70 0.013 0.022
24/a 0.0044 0.025 0.009 — 0.006 1.20 0.0103 2.38 0.0075
26/a 0.0025 0.018 0.008 —0.0022 0.81 0.0077 2.68 0.013
27/a 0.003 0.027 0.010 —0.005 0.90 0.012 3.00 0.017
28/a 0.007 0.025 0.017 +0.001 0.88 0.009 1.90 0.022
30/a 0.0022 0.025 0.014 +0.004 0.53 0.0114 3.4 0.022
30/b 0.003 0.026 0.013 —0.001 0.60 0.011 2.8 0.022 0.013
31/a 0.0028 0.03 0.016 —0.0014 o0.61 0.0136 3.26 0.023
32/a 0.0047 0.028 0.015 0.0013 0.76 0.0066 2.64 0.017
33/b 0.0025 0.024 0.0085 —0.005 0.91 0.0107 3.10 0.022
34/a 0.0023 0.015 0.0075 —0.001 0.78 0.0063 2.55 0.013
35/a 0.0034 0.021 0.014 + 0.002 0.63 0.0089 2.50 0.022 0.0029
39/c 0.0014 0.014 0.0048 - 0.0029 0.92 0.0063 3.2 0.013

Fsz = arithmetical quartile skewness

Fg = coefficient of geometrical quartile skewness
DQsz = arithmetical quartile deviation

DQg = coefficient of sorting

Q, = Quartil 1

Q3= Quartil 3

Md = Median

Mot = Modus 1

Mo2 = Modus 2

Iloj = Modus 3

Ida Geologica Academiac Scientiarum Hungaricae 12, 1964
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Fig. 5. Cumulative curve

1. Hungarian schlier type 11; Calculated average of the examined 20 specimens; 2. Devia-
tion field of the examined 20 specimens; 3. The most disseminated individual values of the
curves

02

3 cr o~ cr cy g‘
Fig. 6. Frequency distribution curve
Hungarian schlier type Il

Acta Geoiogica Acalemiae Scientiarum Hungaricae 12y 1968



174

No.

I/b
ird
I/i

1
2/b

2/e
3/b
6/a
8/a

11/a
13/a
14/a
16/a
16/b
19/a
20/a
22/a
23/a
23/b
29/a
39/b
41

A. FOLDVARI and K. HAJDU-MOLNAR

Samples appertaining to curves of type la

Galgaguta

Site

Table 4

Galgaguta, Farkasberki tanya

Galgaguta, Téglagyar

Galgaguta, Téglavetd
Acsa, Eheshegy

Acsa, Ciganyporta

Mogyoréd
Alsogod

Bér, Nagyhegy

Drégely
Fels6zell6

Szécsény

Etes, Béanyatelep

Etes
Garab

Kiskér, Hidegvdlgy

Samsonhéaza

Blikkszék, Cséaszarvdlgy

Bikkszék

Gomorsz6ll6s

M atranovak, Darazsik puszta

Parddsasvér, Nagy-utkanyar

Age

© 3 0 o0 3 0 3 3 3 ©° 3 9° ° 3 3

3 3 E 3 3 5

3

Coll, by*

mm e non Z2Zn z 2 on Z2on 2z 2 T I T I T I I

* Abbreviations of names of geologists and of age are identical with those of Table 1

>0.2
22 ez
0.1 —0.05
0.05 —0.02
0.02 —0.01
0.01 —0.005
0.005—0.002
0.002—0.001

<0.001

I/b i/d
1.4 1.2
20.3 11.9
10.1 19.1
21.4 27.2
16.8 111
10.4 9.2
12.4 12.7
7.1 5.8
1.6
99.9 99.8

I/i

8.1
29.1
22.1
141

8.5

7.5

4.9

5.3

99.6

i/i

7.4
27.6
24.2
141
10.9

7.8

7.9

99.9

Acta Geologica Academiae Scientiarum Hungaricae 12, 1968

2/b

8.3
24.5
22.8
15.7

9.0

8.2
11.4

Grain-size analysis data appertaining

2le

115
15.4
23.9
11.7
13.2
11.2
13.0

3/b

2.1
18.7
19.4
20.4
12.6
12.4

6.1

8.2

99.9

6/a

4.2
26.6
145
13.6
16.6
10.4

7.5

6.3

99.7

Table 5
8/a 11/a
2.1 14
20.8 14.7
14.6 7.9
17.8 24.7
11.6 14.7
10.2 15.7
9.1 10.0
6.8 6.2
6.9 4.4
99.9 99.7
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Q0372
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0,5

7,0
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2,0

Our comparative examinations have showed the Ottnang schlier to be

analogous with type I, which could be called the Ottnang type on this account.

The mode of the sandy schlier, type II, is at 0.1 mm.
Tyiie Il gave a frequency curve with three peaks; the relative heights

of the peaks were variable. This “unbalanced” sediment reflects the effect
of various independent factors upon the sedimentation.

to curves of type I11

13/a

5.0
22.1
18.8
17.4
10.5
12.7

3.7

9.6

99.8

14/a

9.8
17.1
26.7
13.2
13.3
11.3

4.3

4.1

99.8

16/a

7.2
29.6

8.1
12.1
18.6
11.6
12,5

16/b

9.8
19.2
18.2
13.6
18.8

5.7

3.5
10.9

99.7

19/a

0.8
13.2
15.0
24.2
10.9
12.4

7.0

8.9

7.3

20/a

13.2
24.2
28.5
10.7
12.5

3.3

6.5

22/a

0.4
16.1
115
20.1
18.9
10.1
12.7
10.1

99.9

23/.

11.6
15.2
35.3
18.8
5.8
3.0
3.3
6.8

23/b

1.2
121
14.2
34.5
17.2

6.1

3.5
10.8

29/.

0.8
145
26.3
22.2
10.9
10.1

51

6.7

3.2

99.8

39/b

0.8
8.1
36.4
18.2
8.8
10.1
5.1
12.5

100.0

41

1.9
18.6
31.8
13.8
10.8

7.1

4.2
11.7

99.9

Average
curve
0.8
11.9
18.2
23.7
14.3
11.3
8.7
7.3
4.0

100.2
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1/b
1/d

1/i

11
2/1)

2/e
3/b
6/a
8/a
11/a
13/a
14/a
16/a
16/b
19/a
20/a
22/a
23/a
23/b
29/a
39/b
41

A. FOLDVARI and K. HAJDU-MOLNAR

Table 6

Grain-size distribution of samples appertaining to curves of type l/a

Q

0.0048
0.0048
0.0075
0.0062
0.0055
0.0033
0.0055
0.007

0.0035
0.004

0.0028
0.0041
0.0035
0.0044
0.0033
0.0082
0.013

0.009

0.0045
0.007

0.0025
0.0035

@

0.05

0.044
0.045
0.043
0.051
0.032
0.06

0.062
0.062
0.029
0.033
0.034
0.048
0.038
0.04

0.048
0.098
0.033
0.025
0.051
0.023
0.028

Md

0.017
0.019
0.022
0.020
0.017
0.016
0.02

0.026
0.019
0.015
0.013
0.016
0.011
0.013
0.017
0.023
0.014
0.019
0 015
0.025
0.014
0.016

F.z

0.012
—0.0054
—0.0042
-0.0046

0.0112
—0.0026
-0.009

0.009

0.015

0.003
—0.006

-0.003

0.015

0.005

0.007

0.005

0.008

0.002
-0.001

- 0.004
+0.0013
+0.0003

Fg i>Qz
0.964 0.023
0.76 0.0196
0.83 0.0187
0.82 0.0184
0.98 0.0227
0.69 0.0143
0.75 0.0273
0.83 0.027
0.82 0.029
0.75 0.0125
0.80 0.0151
0.73 0.0149
1.18 0.022
0.92 0.0168
0.46 0.0184
0.86 0.0199
0.91 0.0171
0.91 0.012
0.80 0.010
0.76 0.022
0.54 0.0102
0.62 0.0122

Acta Geologica Academiae Scientiarum Hungaricae 12, 1968

DQg

3.22
3.03
2.45
2.63
3.04
3.11
3.20
2.97
4.21
2.72
3.40
2.88
3.70
2.90
3.48
2.60
3.20
1.90
2.10
2.69
3.04
2.83

Mo

Mo, Mo2

0.09 0.022
0.022

0.045

0.045

0.022

0.022

0.09 0.022
0.058

0.022

0.022

0.045

0.022

0.045 0.0055
0.0055 0.045
0.022

0.022

0.014

0.022

0.022

0.044

0.022

0.022



12

1le
1/f
1/g
1/h
1/k
2/f
3/c
3/d
4/b
4/c
9/a
17/a
25/a
36/a
36/b
37
38/a
38/b
39/a
40

STUDIES ON THE “SCHLIER" FORMATION,

Table 7

Samples appertaining to curves of type 1|1

Size

Galgaguta, Funtus-puszta

Galgaguta, Matyashegy

Galgaguta, Gutai-hegy

Galgaguta, Habran-vdlgy

Galgaguta, Gutai-sz6llok

Acsa, Ehes-hegy

Mogyorod

Mogyordd, Nagypapszer-hegy
Sashalom, Anna 6t 5.

Sashalom

Szandavaralja

Lécz (borc-liolc 26 in)
Szentdomonkos

Arlé (Stand-up formation of soil slip)
Arlé (Stand-up formation of soil slip)
Szucs

Pétervasara

No. 14. km stone behind Pétervasara
Méatranovak, Pétervdlgyi puszta

M atraballa, Dckicsjuss

Age

>

3 3 3 333 3 0© 33333 ° 3 ¢° 3

Coll,

A T I T

M M M T M T Tz zZ2 2 2 2 IT Z I

177

* Abbreviations of names of geologists and of age are identical with those of Table 1
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>0.32
0.32 0.2
0.2 —0.1
0.1 —0.05
0.05 —0.02
0.02 —0.01
0.01 —0.005
0.005- 0.002
0.002—0.001

<0.001

Ile

0.4
28.4
25.6
16.3

9.7
11.7

54

2.4

99.9

A. FOLDVARI and K.

i/f

7.4
7.6
44.1
7.4
20.6
3.8
6.1
1.6
1.5

100.1

ilg

5.4
6.0
28.0
21.1
15.8
8.5
6.4
5.2
3.5

99.9

I/h

6.3
5.4
46.3
9.6
8.7
6.1
5.0
4.2
8.2

99.8

IIAJDU-MOLNAR

Table 8

Grain-size analysis data of the samples

I/k

7.2
5.0
28.2
13.8
145
9.4
7.6
7.9
5.8

99.4

2/f

5.7
32.8
19.5
11.6

9.1

8.6

6.2

6.4

99.9

Fig. 8. Frequency distribution curve

Hungarian schlier type 111

.4eta Geologica Academiae Scientiaruni Hungaricae, 12, 1968

3/c

3.6
20.8
33.6
13.4
13.6

7.6

1.2

6.1

99.9

3/d

2.3
45.1
16.2
11.8

6.3
11.3

3.6

3.4

100.0

4/b

7.4
12.4
455
4.9
5.3
12.2
7.1
4.6
0.4



appertaining to curves of type 11

<

8.1
11.6
43.1
13.9

0.5

9.4
10.1

1.3

1.8

99.8

1/e
1/f
1/g
1/h
1/k
2/f
3lc
3/d
4/b
4/c
9/a
17/a
25/a
36/a
36/b
37
38/a
38/b
39/a
40

12*

9/a

2.5
21.9
18.1
21.4
11.2
7.2
11.7
6.1

100.1

Grain distribution parameters of the samples appertaining to curves of type I

Q

0.011
0.025
0.015
0.018
0.0085
0.009
0.013
0.016
0.017
0.035
0.007
0.0038
0.013
0.018
0.017
0.025
0.013
0.025
0.004
0.02

17/a

5.6
9.1
33.2
8.6
3.5
8.3
9.2
8.6
1.9
11.9

99.9

Q

0.075
0.12
0.095
0.10
0.098
0.088
0.073
0.11
0.13
0.12
0.068
0.092
0.098
0.052
0.052
0.12
0.13
0.13
0.13
0.13

STUDIES ON THE

25/a

7.0
38.3
17.4
111

7.1

7.0

3.8

8.3

100.0

0.038
0.083
0.048
0.075
0.016
0.048
0.04

0.067
0.09

0.081
0.024
0.028
0.062
0.032
0.032
0.079
0.090
0.090
0.045
0.09

36/a

14
48.4
29.9

8.1

2.2

6.3

3.6

~SCHLIER™”
36/h 37
- 1.2
— 10.2
11.0 42.5
37.7 16.6
30.4 8.1
11.6 9.0
2.6 0.6
1.3 3.7
5.3 3.8
4.0
99.9 99.7
Table 9

—0.005
+0.011
—0.007
+0.016
—0.0026
—0.001
—0.003
+0.004
+0.016
+0.004
—0.013
—0.023
+0.0003
- 0.003
—0.003
+ 0.0065
+0.0185
+ 0.0125
—0.022
+ 0.015

0.7
0.66
0.79
0.57
0.69
0.6
0.77
0.62
0.52
0.8
0.91
0.78
0.60
0.95
0.95
0.69
0.456
0.634
0.50
0.56

FORMATION, I.

38/a

8.1
14.6
44.0

3.5

3.4

9.1

2.9

5.5

0.5

8.5

100.1

DQsz

0.032
0.047
0.040
0.041
0.014
0.039
0.03
0.047
0.056
0.042
0.031
0.039
0.042
0.017
0.017
0.0475
0.0585
0.0525

0.063 «

0.055

38/b

7.8
19.2
38.1

7.2
10.2

2.3

3.2

5.9

4.0

2.1

100.0

D,

2.61
2.19
2.52
2.35
3.11
3.12
2.37
2.62
2.76
1.85
3.12
4.9

2.74
1.6

1.6

2.2

3.2

2.29
5.71
2.55

39/a

6.1
37.5
9.2
12.4
6.4
5.2
2.6
4.5
16.1

100.0

Mo,

0.09
0.09
0.09
0.09
0.022
0.09
0.045
0.09
0.09
0.09
0.03
0.09
0.09
0.045
0.045
0.058
0.09
0.09
0.09
0.09

40

5.3
19.2
28.9
15.6
10.1

5.8

4.9

2.7

2.4

5.2

100.1

Mo

Mo2

0.022

0.0058

0.013
0.006

0.022

179

Average
curve

3.6
7.3
32.9
17.3
12.9
8.4
6.3
4.7
4.0
2.4

99.8

0.0028
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No.

I/a
2/a
2/d
2lc
33/a

= Noszky
F = Foldvari
= Horusitz

Grain-size analysis data

A. FOLDVARI und K. HAJDU-MOLNAR

Table 10

Samples appertaining to curves of type Il

Size

Galgaguta

Acsa

Acsa, Ujlaki-puszta

Acsa, Klokocs-puszta

Komlo

E. sen.
A.
ky F.

Table 11

Age of

m =

Age

Coll, by*

m I I Z2 T

the samples:

o= Oligocéne

Miocene

of the samples appertaining to curve of type 111

ifec 2/ 21d 2% 33/a Average

>0.32 — 4.2 7.5 - - 2.8

0.32 —0.2 — 51 5.4 1.7

0.2 0.1 6.4 15.8 17.1 9.9 10.8 12.0

0.1 0.05 4.1 19.2 5.7 5.7 3.1 7.6

0.05 0.02 24.5 15.1 13.2 29.1 19.4 20.2

0.02 0.01 16.8 17.1 13.6 7.9 17.5 14.6

0.01 —0.005 12.2 2.8 11.2 13.7 14.6 10.9

0.005—0.002 18.1 11.3 17.6 17.3 14.8 15.8

0.002 —0.001 17.8 9.4 6.4 7.1 12.3 10.6

<0.001 1.8 9.1 7.2 3.6

2 99.9 100.0 99.5 99.8 99.7 99.8

Table 12
Grain distribution parameters of samples appertaining to curves of type 111
Mo
j 2

Q. 03 Mj Frz Fg dq DQg Mot Mo, Mo

I/a 0.002 0.02 0.008 —0.003 0.79  0.009 3.16  0.022  0.0029 0.09

2/a 0.0075  0.072  0.025 —0.0157 0.97 0.0322  3.10 0.013 0.0015 0.09
2/d 0.003 0.08 0.015 —0.027 1.10 0.038 510 0.09 0.0015 0.013

2/c 0.002 0.027  0.0094 —0.005 0.78 0.014 361 0.022 0.0015 0.09
33/a 0.0019  0.028 0.0075 —0.007 1.04  0.013 3.84 0.013 0.09 0.0028

Acta Geologica Academiae Scientiarum Hangaricae 12, 1968
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Fig. 9. 1. Hungarian schlier samples; 2. Austrian schlier samples; 3. I. type of Hungarian
schlier; 4. I/a type of Hungarian schlier; 5. 1l type of Hungarian schlier; 6. Il type of

N

Nookw

Hungarian schlier; 7. | type of Austrian schlier; 8. 1/a type of Austrian schlier
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STUDIES ON THE “SCHLIER” FORMATION

II. GRANULOMETRICAL TYPES OF THE AUSTRIAN “SCHLIER”
By
A. Foldvari and Gy. Szoé6r

MINERALOGICAL AND PETROGRAPHICAL INSTITUTE,
TECHNICAL UNIVERSITY FOR HEAVY INDUSTRY, MISKOLC, HUNGARY
MINERALOGICAL AND GEOLOGICAL INSTITUTE, KOSSUTH UNIVERSITY, DEBRECEN, HUNGARY

The samples from type locality of Austria has been investigated for the exact
comparison with the Hungarian samples. The schlier samples from Austria are suitable
for two Hungarian types. Hence, the horizontal extension of the Hungarian schlier
types goes far beyond the frontier of Hungary.

In order to compare the rocks of the Hungarian “schlier” formation
with the Austrian original “schlier” formation, we have examined some
Austrian samples, in the conviction that only measurements carried out
with a given method in the same laboratory are suited for accurate com-
parison. The Austrian specimens were put at on disposal by geological insti-
tutes of Vienna, by the intermediary of Csepreghy-Meznerics (Palaeontologi-
cal Dept., Hungarian National Museum).

Fig. 1. Cumulative curve

]. Austrian schlier type 1; Calculated average of the examined 7 specimens; 2. Deviation
field of the examined 7 specimens; 3. The most disseminated individual values of the curve”
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Fig. 2. Frequency distribution curve
Austrian schlier type |

Fig. 3. Cumulative curve
1. Austrian schlier type I/A; Calculated average of the examined 2 specimens
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The examined schlier samples are comparable with the Hungarian types
land I/a. Among the Austrian samples there was no analogous to the Hungarian
types Il and III.

Fig. 4. Frequency distribution curve
Austrian schlier type I/A
The character of the frequency curve of the Austrian type | is analogous
to that of the Hungarian type I, hut its mode is at 0.005 mm, i.e. it is of
a finer grain than the Hungarian type I. A sample from the type locality,
Ottnang, was found to belong to this type.
Table 1
Grain-size analysis data of samples appertaining to curves of type |

Repnik

Ottnang Hall Marburg  Stockl  Jahring  Ausser  (fossill-  Ceerade
ferous)

>0.1 0.5 1.2 4.1 7.8 3.3 12 3.4 3.1

0.1 —0.05 9.7 10.5 3.8 14 4.4 4.6 3.6 5.4
0.05 —0.02 20.0 141 6.6 12.0 141 14.7 11.4 13.3
0.02 —0.01 19.7 26.3 13.7 13.1 20.5 19.8 16.7 18.5
0.01 —0.005 18.9 19.9 18.0 18.7 17.7 19.1 22.1 19.1
0.005—0.002 16.3 13.5 20.8 21.2 16.5 16.9 18.9 17.7
0.002—0.001 5.3 6.2 10.5 12.8 8.8 8.7 11.7 9.1
<0.001 9.7 8.1 22.3 13.0 14.3 15.0 12.2 13.5
100.1 99.8 99.8 100.0 99.6 100.0 100.0 99.7
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Table 2*

Grain distribution parameters of samples appertaining to curves of type |

Mo
i Md Fsz F o D
Qi Q3 g Qsz Qg Mo
Ottnang 0.0022 0.018 0.007 - 0.0031 0.89 0.0079 2.83 0.012
Hall 0.0025 0.015 0.007 - 0.0017 0.87 0.0062 2.4 0.012
Marbung 0.0008 0.008 0.0028 - 0.0016 0.91 0.0036  3.17 0.0028
Stockl 0.0015 0.015 0.0035 - 0.0047 1.35 0.0067 3.17 0.0028
Jahring 0.0016 0.013 0.0055 - 0.0018 0.82 0.0057 2.85 0.012
Ausser 0.0017 0.012 0.005 - 0.0018 0.9 0.0051 2.65 0.012
Repnik
(fossiliferous) 0.0015 0.012 0.0041 - 0.0026 1.03 0.0052 2.8 0.0122
Table 3
Grain-size analysis data of samples
appertaining to curves of type I/a
St. Leonhard Average
mian im
Windischbuckel ourve
> 0.1 13.7 13.1 13.4
0.1 - 0.05 18.2 16.1 17.2
0.05 — 0.02 24.0 21.7 22.9
0.02 - 0.01 145 13.5 14.0
0.01 — 0.005 8.6 8.7 8.6
0.005- 0.002 8.8 10.2 9.5
0.002- 0.001 4.4 8.1 6.2
< 0.001 7.8 8.5 8.1
100.0 99.9 99.9
Table 4
Grain distribution parameters of samples appertaining to curves of type I/a
Q. Q3 Md Fg DQ.z DQg
Sasman 0.005 0.045 0.018 -0.007 0.83 0.02 3.0
St. Leonhard im Win-
dischbuckel 0.0028 0.04 0.015 —0.0064 0.70 0.0186 3.78

0.0055

0.09

0.09

0.023

0.023

The frequency character of the Austrian type I/a is analogous to the
Hungarian type l/a, but its mode is at 0.02 mm, i.e. it is likewise finer grained

than the Hungarian type l/a.
* Abbreviations are identical with those in “Schlier Studies I”
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I1l. THE PALAEOGEOGRAPHY OF THE “SCHLIER”
IN NORTH HUNGARY

By
A. Foldvari und K. Hajdu-Molnar

MINERAILOGICAL AND PETROGRAPHICAL INSTITUTE,
TECHNICAL UNIVERSITY FOR HEAVY INDUSTRY, MISKOLC, HUNGARY

The zones constructed from the granulometric types of the Hungarian schliers
run parallel to the land belts Miocene. The lithofacies map drafted by the method of
Krumbein-Sloss, however, shows the influence of the biozones of the sea water and
of land-derived karst-water flows. The zones of this kind run subperpendicular to the
granulometric ones. Both maps show the existence of a NNE-striking sandy belt in
the continuation of the Mesozoic Buda Mountains. It may be due either to a bioherm
or to tectonic disturbances, or to sea currents.

The present paper deals with the areal distribution of the schlier types I,
la, Il and Il distinguished in the course of our studies on schlier granu-
lometry [1]. Though the examined rocks are not of the same age and stage
the construction of a rock facies map on a granulometrical basis for the schlier
formation with high thickness makes sense nevertheless, because it had
formed under the same steady conditions during a long period from the Upper
Oligocéne to the Middle Miocene. On the basis of our data we have attempted
also the finer and more detailed evaluation of lithofacies of the type applied
lately to both recent and fossil marine sediments. Because we have found
the areal distribution of the types to be the same in the Oligocéne and Miocene,
we consider our starting-point as justified.

The facies zones on the distribution map are in agreement with the
N E —SW trend of the Hungarian Mountains and follow the contours of the
Miocene dry lands. There is a central clayey zone stretching from Hont to
Aggtelek; accompanied on either side by a zone of schlier type l/a with a
fine sand content. Northeast of the ancient Bikk Mountains island there is
a sandy spot of the type Il. A quite sandy strip of type Il of NNE SSW
trend stretching from Sashalom to L6cz includes the samples from Mogyorod,
which are rich in sponge spicules. (A bio-shoal?)

The palaeogeographical map described above is in effect a facies map of
the clastic components. Krumbein and Stoss used a sand-shale ratio B : C
where B is the percentage of grains above and C the percentage of grains below
0.02 mm. As a complement they indicate also the non-clastic (i.e., chemical)
component together with the clastic ratio. In the case of the schlier this latter
expresses chiefly the CaC03content, thus characterizing also the rock building
role of the biogene components.
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Table 1

Values calculated on the basis of weight percentages of the rock building components

Number

of the

samples
I/a
1/b
l/c
1/d
1/e
1/f
/g
1/b
1/i
1/k
11
2/a
2/b
2/c
2/d
2/e
2/f
3/a
3/b
3/c
3/d
4/a
4/b
4/c

6/a
7la
8/a
9/a
10/a
1l/a
12/a
13/a
14/a
15/a

CaCo03[A]

18.1
11.03
11.94
10.84
12.06
13.72
5.56
13.72
10.53
8.9
13.45
7.07
10.19
26.94
12.29
14.34
9.41
13.9
16.74
18.31
15.72
30.31
13.68
36.79
6-38
12.21
14.61
17.45
12.82
3.18
10.69
12.78
13.05
14.92
10.11

B+ c
A

5.5
9.1
8.3
9.2
8.2
7.2
17.9
7.2
9.4
11.2
7.4
14.1
9.8
3.7
8.1
6.9
10.6
7.2
5.9
5.5
6.4
3.3
7.3
2.8
15.6
8.2
6.8
5.7
7.8
31.4
9.3
7.8
7.6
6.7
9.9

Number
A of the
c samples
0.539 16/a
1.14 16/b
0.65 17/a
1.48 18/a
2.42 19/a
6.69 20/a
3.24 20/b
3.25 2l/a
1.44 22/a
2.25 23/a
1.46 23/b
1.46 24/a
1.25 25/a
0.81 26/a
0.97 27/a
1.03 28/a
2.30 29/a
0.89 30/a
1.54 30/b
2.51 31/a
3.055 32/a
0.33 33/a
3.11 33/b
3.39 34/a
0.85 35/a
1.44 36/a
0.49 36/b
1.24 37
1.76 38/a
0.59 38/b
0.95 39/a
0.40 39/b
0.85 39/c
1.16 40
0.65 41
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CaCo3 [A]

11.62
16.92
8.46
13.60
9.26
6.53
10.23
8.59
8.17
15.3
17.09
14.86
8.95
9.38
14.48
2.53
11.99
13.26
17.93
17.18
19.95
20.21
17.09
27.24
15.85
291
3.42
10.34
4.86
4.88
5.80
11.24
15.32
6.27
11.73

8.6
5.9
11.8
7.3
10.7
15.3
9.8
11.6
12.2
6.6
5.8
6.7
111
10.6
6.9
39.0
8.4
7.5
5.5
5.8
5.0
4.9
5.8
3.6
6.3
34.3
29.2
9.7
20.5
20.6
17.2
8.9
6.5
15.9
8.5

0.82
0.89
1.50
0.80
1.14
2.02
0.51
0.89
0.93
1.64
0.99
0.57
2.83
0.43
0.70
1.09
1.77
0.92
0.83
1.04
0.98
0.50
0.57
0.38
0.36
3.94
3.78
3.7

2.7

4.7

1.87
0.82
0.26
3.76
0.99



Fig. 1. Granulometrical paleogeographic map



Fig. 2. Lithofacies map
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Plotting in a triangle diagram the B/C ratio as defined above and the
elasticity ratio B -(- C/A, where A means the CaCO03 content. The result
permits the construction of a lithofacies map that represents the compound
effect of the inorganic and chemical (-biogene) components.

The CaCO03 content of the schlier samples was determined by the aid
of a Scheibler device. (See Table 1.)

The first Hungarian lithofacies map constructed in this way, largely
reflects the facies zones of the CaCOj content, i.e., of the biogene element
arranged in N—S trending strips. It shows that on the lithofacies map the
biological facies appear independently of the facies zones of the clastic com-
ponents. The facies zones of the clastic schlier types show more distinctily the
connection with dry lands, which had supplied the detritus, whereas the
lithofacies map reflects the biological zoning of the ancient sea. It is worth
mention that the sandy shoal strip from Sashalom to L&sz appears also on
the lithofacies map.

The lithofacies map strikingly reflects the petrological-chemical constitu-
tion of the adjoining dry lands. The lithofacies zones of high CaC03 content
are in contact with dry lands which consist of carbonatic rocks and supplied
karst-water flows to the sea. (Bikk Mountains, Gomdr-Torna Karst, Buda
Mountains). On the other hand, the Yepor Mountains and Dunazug Mountains,
which largely consist of volcanics and other chiefly silicatic rocks, border
on lithofacies zones of low CaC03 content.
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IV. FORAMINIFERAL BIOFACIES ZONKS OF THE “SCHLIER”
IN NORTH HUNGARY

By
A. Foldvari and K. Szab6-Somogyvari

MINERA LOGICAL AND PETROGRAPUICAL INSTITUTE,
TECHNICAL UNIVERSITY FOR HEAVY INDUSTRY, MISKOLC

On the basis of the abundance of foraminiferae - first of all, globigerinae —
biofacial zones can be distinguished. The biofacies map shows a rather good agreement
with the lithofacies map, whereas the granulometric map is dependent upon source
areas of detrital materials.

The palaeontological examination of 65 samples gave the following
results.

The microfossil content fo the samples was found to be fairly uniform
although some of them belonged to the Oligocéne Chattian stage, some to the
Miocene Helvetian stage. They contained Foraminifera, spicules of sponges
and echinoids and otoliths of fish, except for a few sandy samples which held
only some sponge spicules.

As a rule, the Foraminifera are small with thin-walled calcareous tests.
The number of species is medium or low7 Planktonic forms (Globigerina bullo-
ides) are rather abundant (up to 91 per cent in some samples), whereas in
many samples they are almost entirely absent. Beside the Globigerinae there
are among the benthonic species euryhaline forms, such as Cibicides, Nonion,
Rotalia, stenohaline forms are also abundant, but they are very small and
belong to just a few species, (Bolivina, Bulimina, Robulus, Dentalina, Nodo-
saria, Cassidulina, Pullenia, Uvigerina, etc.) The three great groups are repre-
sented as follows

Planktonic 30 per cent,

Euryhaline 36 per cent,

Sthenohaline 34 per cent.

In the Oligocéne samples sponge spicules are much less abundant than
in the Helvetian ones (Fig. 1). There is also a conspicuous difference between
the Chattian and Helvetian specimens concerning the spread of otoliths
enriched again in the Helvetian samples. However, the schlier of both ages
contains the same cosmopolitan species, so that, if the depth is unknown,
the stratigraphic assessment is sometimes equivocal. Still, we have separated
the Chattian samples from the Helvetian ones and classed each according to
its faunistic content into one of four groups taking in regard the per cent
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v
Fig. 1. Frequency of sponge spicules
1. Helvetian frequency;
2. Chattian frequency
of plankton, the faunistic variability, the dominant species, and we have

determined various zones of depth. On the basis of the microfauna we may
state that the deposits came to exist mostly in the neritic zone, with overlaps
on the bathyal and littoral zones. Sea-water did not especially favour the
spread of big forms with thick tests, for presumably there were chilly currents
flowing in this branch of the Tethys. Neither could the salt content have been
quite uniform, influenced as it was by fresh-water inflows. This is noticeable
mainly in the northeastern part of the area.

Chattian samples

These samples of type A, where the abundance of Globigeiinae is over
45 per cent, with a medium or high number of species. The prevailing genera
are Cibicides-Bolivina-Bulimina. Euryhaline forms occur only occasionally.
In the bathyal zone the number of benthonic species is low, as compared
to the great abundance of plankton, but in view of the relatively great variety
of species, our sediment belongs to the deep border of the neritic zone.

In the samples of type B, Globigerina occur in a middling abundance
(18 to 45 per cent, less than in type A). Among the benthonic species, Cibicides
and Bolivina prevail also in this type; Bulimina is slightly repressed. In some
samples Dentalina is noticeably frequent, though the number of its species
is small as compared to the Middle Oligocene. Here and there, Robulus occurs
in greater numbers, but with few species and tiny tests. This type contains the
only Rupelian species (Planulina osnabrugensis). In some places, Rolalia
and Nonion also appear in greater numbers. All these are deep neritic sediments.
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In the samples of type C the percentage of Globigerina is very low, with
a medium or large number of species. Cibicides is the prevailing species, but
Robulus is more abundant than before. The role of Bolivina and Bulimina
is fairly subordinate; in two samples, Uvigerina is abundant, while in some
samples Pullenia and Nodosaria are in second place. In one sample, agglutinate
species (Cyclammina, Bathysiphon, Haplophragmoides) are found in strik-
ingly large numbers. This is the shallower part of the neritic zone.

In the only sample of type D, Rotalia beccarii prevails, in association
with a few other species of very small size. This is the littoral zone with brackish
water.

Helvetian samples

In type A, the Globigerina content is, here too, over 45 per cent. The
prevailing genera are Cibicides, Bolivina, Nonion. The number of species is
medium or high. This type seems somewhat shallower than the similar Oligo-
cene one, for its plankton and also Bolivina and Bulimina characteristic of
a deeper sea are less abundant. This is the deep border of the neritic zone.

In type B, Globigerina occurs in 45 to 20 per cent. The number of species
is medium or low; this is the difference against the similar Chattian type.
The fauna likewise differs in percentual composition: Nonion and Rotalia
are as abundant as Cibicides. A few samples abound also in Bolivina and
Robulus but samples rich in Dentalina are absent. These circumstances suggest,
that whereas the depth zone did not change, the water was mixed with fresh
water in some places. The sediments are deep-neritic.

In type C the Globigerina content is very low, less than 10 per cent.
The number of species is medium or high. Among the benthonic species, Cibi-
cides is dominant: Bolivina and Bulimina are also fairly frequent, while Robu-
lus is playing an insignificant part as compared to the Chattian samples.
This is the shallower part of the neritic zone.

In type D the Globigerina content is under 10 per cent, with a small
number of species. The samples carry few Foraminifera if any, about half
of them contain a few sponge spicules only. The predominant genera are:
Rotalia, Nonion, and Elphidium. This is the littoral zone with brackish water.

In the following table the types are compared in respect of the salinity
preferences and abundance of the Foraminifera:
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Table 1
Chattian Helvetian

Planktonic 1Euryh6a|ine Stenohaline  Planktonic Euryhaline  Stenohaline
9

o
%

Type A 82 7 n 69 19 12
Type B 28 31 41 30 39 31
Type C 4 28 68 9 30 61
Type D 14 51 35 9 80 1
Average 32 29 39 29 42 29
Aveiage Chattian + Helvetian: 30 36 34

The facts enumerated above permit to state that, in the Oligocéne,
the water was slightly saltier and calmer and was thus more favourable to
the enrichment of Globigerina. Freshwater inflows are indicated by the small
number of species and the relatively high percentages of euryhaline elements,
more pronounced in the Helvetian samples presumably because the inflow
of more fresh water affected even the types of the deeper zones. The faunistic
variability, i.e., the variation of the number of species is greater in the Chattian
than in the Helvetian. Besides major inflows of fresh water one definitely has
to reckon with a cooling of the climate or rather with cold sea-currents.

Map 1 shows the areal distribution of the types of the Chattian schlier.
The water deepened towards the north, while the types of shallow depth
occur in isolated spots.

Map 2 exhibiting the areal distribution of the types of the Helvetian
schlier, is more complicated than Map 1. Deep waters lay also in this period
to the north, but only in the west, while in the east littoral facies form a strip
of N —S direction.

Map 3 and 4 show the percentual distribution of the Globigerina content
in the Chattian and Helvetian schliers, respectively.
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PABOTbl O LUIVPOBOW ®OPMALN -1V .
A. ®ENBABAPU U COTP.

Po3tome

LLINpoKO pasBuTasi 0MMroLeHO-MUOLIEHOBasH LLIIMPoBast (hopMaLma 6blia oxapakTepuso-
BaHa W YEeTbIPeX CTaTbsIX MO CBOVMM M3MepsieMbIM MOKa3aTe/siM.

1 Mo TunoBbIM o06pasuamM, OTOGPaHHbLIM reosloraMu, MPOBOAVBLLMMM TEOMOrUYECKYHO
CbEMKY Ha M/oWaisx pasBuUTVsA WMpa B BeHrpuu, 6bM rpaHyNoMeTpUYecku BblgeneHbl 3
rnaBHble TUNa 1 1 BTOPOCTeNeHHbIM: 1. OTTHAHICKMIA TN (C ABYMS NOATUNAaMM), 2. NeCHaHMUCTbII
LWAMP U 3. HeyCTOWUMBBIA TUN C HECKOIbKUMU MaKCUMyMamu. [aHHble TWMbl MOTYT 6bITb Bbije-
NleHbl KakK B O/IMIOLEHOBbLIX, TaK M MMWOLEHOBbIX LLINPAX.

M. O6pasupl WAnpa, B3fTble HA TEPPUTOPUUN ABCTPUM, OTHOCATCA K BbILLIEYNOMSIHYTOMY
OTTHaHrckomy Tuny. CrleqoBaTe/lbHO, BblfePXKaHHOCTb BblfieNeHHbIX Ha TeppuTopun BHP
TUMOB LIAMPA BbIXOAUT 3a Npedenbl Pecny6nnku.

I11. 30Hbl rpaHy/I0MeTPUUECKNX TUMOB BEHTEPCKOrO L/MpPa NPOCTMPAKTCA napaniensHo
MWOLIEHOBOI cywe. OfHaKo, NUTo(hauManbHas KapTa, COCTaBfieHHas MeToaoM Kpym6eiH
Cnocca, 0Tob6pakaeT BANUsIHME 6Moreorpaguyecknx NosicoB MOpsi M KapcToBbIX BOf, MoCTyna-
IOLMX C CYLU B MOPCKOI BoAoeM. STW MOCMeAHME NPOCTMPAIOTCS MPUMEPHO NepreHANKYNSPHO
rpaHynoMeTPUYECKMM 30HaM. M Tem, M APYrvM Croco6oM MOXHO BbISIBUTb MECUAHUCTYHO 30HY
CCB-ro npoctupaHus B NpoAo/hkeHun Bypaiickux rop. OHa o6ycnoBneHa nu6o Guorepmamu,
NGB0 TEKTOHWYECKMM HapyLLIEHUEM, IMG0 MOPCKUMU TEUEHUSMU.

IV. Ha ocHoBaHMM KonuyecTBa (hopamMuHUGep, B MepPBY0 ouepefb, rNo6uUrepuH, MoXHo
BblAeNNTb 6rodaumaibHble 30HbI. BuodalpanbHas KapTa MokKasbiBaeT 6osibliiee COOTBETCTBUE
NUTO(haLMabHON KapTe, B TO BPeMsi KaK KapTa, COCTaB/ieHHas Mo rpaHy/IoMeTpUYecKUM AaH-
HbIM, SIBMISIETCA (DYHKLUMEHA cylun — 061acTu cHoca 06/10MOYHOr0 MaTepuana.

BblILLIEN3NOXeHHbIE UCCNefoBaHNUs 6yayT NPoao/mKaTbesi 06paboTKOW MOMHLIX Paspe3os
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ENTWICKLUNGSGESCHICHTLICHE
UND PALAOGEOGRAPHISCHE GRUNDZUGE
DES UNGARISCHEN UNTERPANNONS

Von

L. KOROSSY

UNGARISCHER ERDOL- UND GASTRUST, BUDAPEST

Auf Grund zahlreicher Tiefbohrungen kann das Unterpannon in 5 fforizonte
aufgeteilt werden. Es sind dies

5. sandiger Tonmergel-Horizont,

4. sandiger Horizont,

3. Mergel-Tonmergel-Horizont,

2. Kalkmergel-Horizont und

1. Basalkonglomerat.

Die drei obersten Horizonte sind regional verbreitet.

Das unterpannonische Binnenmeer transgredierte nach der préapontischen Ero-
sion zuerst im SO-Teil der GroRen Tiefebene, im Drau-Becken und in den inneren
Beckenteilen der Kleinen Tiefebene. Von diesen Senken breitete es sich auf die umlie-
genden Gebiete aus, ohne daB es jedoch das gesamte heutige Becken selbst am Ende
des Unterpannons tberflutet hatte. Zwischen Balaton, Donau und Mecsek-Gebirge gab
es ein groReres zusammenhéngendes Festland, anderswo aber mehrere inselartige Erhe-
bungen. Zu Beginn des Oberpannons breitete sich die Transgression weiter aus, doch
gab es auch zu dieser Zeit noch Inseln in Transdanubien. Diese sowie ein groReres
zusammenhdngendes Festland zwischen Bakony- und Mecsek-Gebirge und groRere
Gebiete im westlichen Teil des Landes wurden vom Binnenmeer erst spater im Ober-
pannon Uberflutet.

Die Horizonte des Unterpannons wurden in Profilen veranschaulicht, die in
Transdanubien N-S, in der GroBen Tiefebene NW-SO verlaufen, und an 3 Karten.

Die geologischen Verhéltnisse, wie sie im ungarischen Pannon-Becken
zu Ende des Miozans und wahrend des Pliozans bestanden, werden mit der
zunehmenden ErschlieBung einzelner Teilgebiete dieses Beckens immer deut-
licher erkannt. Zwischen Sarmat und Pannon glaubte Karrer (1877) eine
Denudation und Licke festzustellen, wogegen andere Verfasser eine fort-
dauernde Sedimentation annahmen (HalavArs 1911, Loéczy 1916). Nach
neueren Unterlagen hatte es in Ungarn vermutlich nur in eng umschriebenen
Teilgebieten eine kontinuierliche Sedimentation gegeben, wéhrend sich ander-
warts Unterbrechungen und Schichtlicken erkennen lassen. Erstmalig wurde
eine solche von Szadeczky-Kardoss (1938) und Sumeghy (1939) fiur die
Kleine Tiefebene nachgewiesen.

Von der unteren, mittleren und oberen Sarmatstufe Sinzows und Andru-
sows laBt sich in Ungarn nur die untere (wolhynische) Stufe auf Grund ihrer
ervillienfiUhrenden Fauna mit Sicherheit unterscheiden. Nach Suess, Andrii-
sow und Vadasz umfalt der Sarmat die regressiven Sedimente des Spét-
miozans.
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Nach M. Pauca (1935) war die Verbindung zwischen dem osteuropdischen
und dem pannonischen Binnenmeer in der Zeit zwischen Untersarmat und
Unterpannon unterbrochen, so daB sich die beiden Gebiete in diesem Zeit-
abschnitt verschiedenartig fortentwickelten. Die osteuropdischen mittel- und
obersarmatischen und meotischen Ablagerungen kommen nach Pauca im
pannonischen Becken nicht vor. Die Verbindung zwischen den beiden Becken
kam erst im Unterpannon wieder zustande und demzufolge wurden auch
die Ablagerungen der beiden Becken wieder einander &hnlich.

Ubergangs- (Briicken-) Faunen zwischen Sarmat und Pannon, von wel-
chen z. B. Lérenthey schrieb (1903), sind nach Schréter (1941) nicht vor-
handen, vielmehr kommen nur umgehdufte und zusammengespilte Fau-
nen vor.

Im pannonischen Becken brachten epirogenetische Bewegungen zu Ende
des Miozéns eine allgemeine Hebung sowie die Spuren einer Regression zustande.
Es bildeten sich weitrdumige Festlandschwellen (attische synorogene Bewe-
gungen), doch blieben in einzelnen kleineren und tieferen Beckenteilen Relikt-
seen zuruck, in welchen sich die Ablagerung vermutlich ununterbrochen
fortsetzte. Allerdings fehlt von ihren siRwasserigen Ablagerungen jene Fauna,
die fur das osteuropdische Obermiozdn und Unterpliozén des Hauptbeckens
kennzeichnend ist.

Nach den Tiefbohrungen lag ein groBer Teil Ungarns nach der
allgemeinen Regression zu Ende des Miozédns (am Ende des Sarmats und
zu Beginn des Pliozdns) trocken. Auf dem emporgehobenen Land war die
Denudation am Werk, die auch die Ablagerungen der unmittelbar vor-
angegangenen Stufen von grofRen Flachen mehr oder minder tief wegschaffte
(prepontische Erosion).

Ubergangschichten zwischen Miozan und Pliozan

Jene kleineren Beckenabschnitte, in denen mutmaRlich in Reliktenseen
eine fortdauernde Ablagerung vor sich ging, liegen nicht im zentralen Teil
des heutigen Pliozan-Beckens, sondern eigentimlicherweise an dessen Réndern
(Randsenken).

Diese fortdauernde Ablagerung war vermutlich auf jene Gebiete be-
schrdnkt, wo auch die Ablagerungen des Sarmats eine grolRere Machtigkeit
erreicht hatten. Nach Jasko (1947) ist die Machtigkeit der sarmatischen Ab-
lagerungen im Wiener Becken 1000 m, in der Grazer Bucht 600 m, im Bek-
ken von Zala (Budafa) 639 m, im Siebenhiirgischen Becken (Erdoszentgydrgy)
860 m und im ndrdlichen Teil der Kleinen Tiefebene nach tschechoslowaki-
schen Bohrungen ca. 200 m. Im Ung-Latorca-Becken hei Csap hat eine
Bohrung 1040 m Sarmat durchteuft.
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Der besterschlossene Beckenteil Ungarns ist der von Zala-Orség im
SW-Teil des Landes, wo in 18 Schirfgebieten mehrere hundert Bohrungen die
Ubergangschichten zwischen Miozdn und Pliozdn durchteuft haben. Da hier
Miozédn und Pliozdn nicht scharf gegeneinander abgegrenzt sind, wird die
Grenze bei der Verarbeitung der Bohrlochproben h&ufig verschieden tief
gezogen. Die polyhalin brackischen Ablagerungen des Unterpannons gehen
nach unten in eine fossilleere limnische Schichtenfolge, dann in die bracki-
schen Sedimente des Untersarmats mit spérlicher Fauna Uber. Zwischen Mio-
zan und Pliozdn lassen sich weder wesentliche lithologische Unterschiede,
noch Spuren einer Diskordanz feststellen. An der stratigrafischen Grenze
(bei Budafa, Lovaszi, Bajosa, Oltaré, Csesztreg usw.) liegt in 10—20 m Machtig-
keit ein blattriger, fisch-schuppiger Mergel und gelblich-grau gestreifter Kalk-
mergel, der unseres Erachtens bereits der sarmatischen Stufe angehdrt. Die
sparlichen kleinen Elphidien und Milidimen und Bryozoen-Fraginente hin-
gegen, diein grofReren Tiefen anzutreffen sind, deuten bereits auf die Torton-
Stufe hin.

Aus der 3480 m tiefen Bohrung bei Spacince auf der slowakischen Seite
der Kleinen Tiefebene erwdhnt Morkovsky eine Schichtenfolge, die eine
fortdauernde Sedimentation zwischen Miozdn und Pliozdn beweisen kann.
Es lassen sich anhand der Mikrofauna alle drei Horizonte der sarmatischen
Stufe des Wiener Beckens nachw’eisen. Die spédtsarmatischen kaolinhaltigen
Tone lassen nach Morkovsky auf eine Regression schlieBen; doch entfalten
sich die konkordant darauffolgenden unterpannonischen Ablagerungen allmé&h-
lich aus dem Sarinat. Nach Homola (1958) kann links von der Donau in der
Kleinen Tiefebene, im Beckeninnern zwischen Sarmat und Unterpannon eine
anhaltende Sedimentation angenommen werden, an den Beckenrdndern trans-
grediert jedoch das Mittelpannon Uber die denudierte Oberflache der sarmati-
schen Ablagerungen. Fir die Kleine Tiefebene durfen wir also gleichfalls eine
drtlich fortdauernde Sedimentation zwischen Miozédn und Pliozdn annehmen.

Im norddstlichen Beckengebiet der Slowakei (in der Ung-Latorca-
Ebene) besteht der obere Teil des Sarmats aus einer méachtigen limnischen
Schichtenfolge, welcher gleichfalls limnische pannonische Sedimente aufgela-
gert sind. In diesem Becken ist auch schon der Obertorton brackisch in 2000 m
Machtigkeit vorhanden. Er wird nach der Bohrung von Galszécs von sarma-
tischen und pannonischen Brack- und SiURRwasser-Schichten in 707 m Méch-
tigkeit Uberlagert.

Sarmatisch-unterpannonische Ubergangsschichten wurden auch von den
Ré&ndern des pannonischen Beckens, von den Randern des Mecsek-, des Bakony-
und des Réz-Gebirges erwahnt, doch handelt es sich hier eher um ein unge-
h&auftes Material, das nicht eine fortdauernde Ablagerung beweisen kann. In
der Umgebung von Varpalota liegt nach Koékay (1954) Uber dem Sarmat
Unterpannon; zwischen beiden »deutet die entartete Mikro- und Makrofauna
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einer etwa einen halben Meter machtigen Bank die zunehmende Versiufung
des Wassers an. Diese Bank geht sodann in die Melanopsis- und Congeria-
fihrenden Schichten des Unterpannons Uber«.

Eine Zusammenfassung der »Ubergangs-Schichten« zwischen Sarmat
und Pannon hat Bartha (1966) auf Grund der Beobachtungen von Léren-
they,Vitalis, Zalanyi, Boda und Koékay sowie seiner eigenen Untersuchun-
gen auch fir andere Gebiete gegeben. Doch selbst wenn der Beweis erbracht
wirde, daR es sich an diesen Punkten des Beckenrandes tatsachlich um Uber-
gangsschichten zwischen der Sarmat-Stufe und Unterpannon handelt, sollte das
wenige Meter méchtige Unterpannon der Beckenrédnder im Vergleich zu den
mehreren hundert, ja tausend Metern im Beckeninnern als lickenhaft angese-
hen werden. Am Beckenrand kann nur ein geringer (u. zw. nach unseren
Untersuchungen der oberste) Teil des Unterpannons vertreten sein. Dann
mul jedoch zwischen dem unteren Sarmat und dem oberen Teil des Unterpannons,
regional gesehen, eine Schichtlicke vorhanden sein, und die wenige Meter méchti-
gen Ubergangsschichten beweisen keineswegs eine fortdauernde Ablagerung.

Der Beachtung wert ist weiterhin die allgemeine Versiffung zwischen
Sarmat und Pannon.

In den Becken liegt das Unterpannon weit auf &lteren Formationen
(Kristalline, mesozoischen Formationen, Oberkreide- und Paldogen-Flysch
usw.) und nur oOrtlich auf dem Untersarmat. Auch dieser Umstand spricht
daflr, daR die Mdoglichkeit einer lickenloser Ablagerung zwischen Sarmat und
Pannon nur auf kleinen Gebieten gegeben war; doch finden sich auch an diesen
Stellen nur die tieferen Teile der sarmatischen Schichtenfolge, die vielfach den
Charakter von Erosionsresten aufweisen. Ortlich (wie etwa in der Nyirség) fehlen
auch die untersten Horizonte des Uber dem Untersarmat liegenden Pannons, was
auch eine Schichtenlicke bedeutet (prédpontische Erosion).

Zusammenfassend l&4Bt sich behaupten, daB wir im sudlichen Teil der
Kleinen und im inneren Teil den GroRen Tiefebene Ungarns keine allgemein-
verbreiteten Ubergangsschichten zwischen Miozdn und Pliozan kennen. In
der Grollen Tiefebene und in groRen Gebieten Transdanubiens liegt das polyha-
lin-brackische Unterpannon mit einer Schichtlicke und diskordantem Basal-
konglomerat tUber den Denudationsresten des brackischen Untersarmats oder
h&ufig uUber &lteren Formationen.

Die Unterteilung des Unterpannons

In den inneren Beckengebieten des Landes wird die paldo-mesozoische
Beckensohle nur fleckenméssig durch einzelne Miozédnablagerungen bedeckt.
Die Verbreitung des Miozéns widerspiegelt eine paldogeographische Situation
mit seichten Meeresésten.
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Im Land zwischen Donau und Thei liegen nach neueren Bohrungen
westlich von Kecskemét und um Kiskunhalas tortonische und eventuell
auch helvetische Sedimente von sehr groBer Mé&chtigkeit, wdhrend sie ander-
warts fehlen. Diese groBen Machtigkeitsunterschiede (0 m 900 m) sind Fol-
gen der tektonischen Bewegungen, die sich w&hrend des Miozéans (steirische
Phase) und nachher (prapontische Erosion) abgespielt haben. In den ungari-
schen Becken setzte eine allgemeine Ablagerung von mehr oder minder gleicher
Maéachtigkeit erst im unteren Pannon ein; sie hat allméhlich fast das ganze
Becken aufgefullt.

Die pliozdn-pleistozéne Schichtenfolge erscheint uns als ein einziger
gewaltiger Ablagerungszyklus in drei Abschnitten. Er begann mit einer trans-
gressiven Ablagerung geringer Méachtigkeit, die sich in einer langandauernden
ausgeglichenen, duflerst langsamen, feinkérnigen und nur ah und zu durch san-
dige Lagen unterbrochenen Sedimentation fortsetzte. SchlieBlich begann allméh-
lich oder stellenweise auch plétzlich die mannigfaltige, durch die Wechsella-
gerung zunehmend sandigeren und grdéberen Materials gekennzeichnete Re-
gressionsepisode; die Machtigkeit ihrer Ablagerungen ubertraf jene der Trans-
gressionsepisode und in der Regel auch die der mittleren, ausgeglichenen
Episode. lhre nach oben zu immer gréber werdenden Ablagerungen gingen
schlieBlich nach der vélligen Auffullung des Beckens in sumpfige, fluviatile,
lakustrische und subaerischc Festlandsedimente Uber.

Das Unterpannon umfaRt die Transgressions- sowie die mittlere Episode,
wogegen das Oberpannon mit der Regressionsepisode zusammenféllt. Die
Regression zwischen Unter- und Oberpannon infolge der rhodanischen Phase
machte sich stellenweise (Szolnok, Algy6) auch im Becken durch eine Diskor-
danz bemerkbar. In kleineren Flecken setzt auch das Oberpannon mit Trans-
gressionssedimenten ein; vom oberpannonischen Binnenmeer wurden zu dieser
Zeit auch Gebiete Uberflutet die im Unterpannon trockengelegen waren, z. B.
der westliche Teil des Landes zwischen Donau und Theil? sowie SO-Transdanu-
bien. Die lokale Transgression des Oberpannons wurde jedoch unmittelbar
von den allgemeinen regressionsbedingten Sedimentation verfolgt.

Innerhalb des groflen pannonischen Sedimentationszyklus lassen sich
mehrere Fluktuationen erkennen: Episoden der ruhigen, langsamen Ablage-
rung feingekdrnter Sedimente wechseln mit Episoden ab, in denen sich grébe-
res Material ablagerte.

Um die Entwicklung der pannonischen Ablagerungen in Becken rekon-
struieren zu koénnen, wollen wir dieselben in Horizonte einteilen. Die &altesten
pannonischen Sedimente muissen wir in jenen engen Beckenteilen suchen, wo
wir zwischen Miozédn und Pliozdn eine lickenlose Ablagerung angenommen
haben, wo also das Basalkonglomerat fehlt. In den sonstigen Gebieten unter-
scheiden wirim Unterpannon von 800 1000 in Machtigkeit ein Basalkonglo-
merat der Transgression und die nachfolgenden méchtigen, ausgeglichenen
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Sedimente. Diese letzteren lassen sich aufgrund von Schwankungen in der
Ablagerung in weitere vier Teilhorizonte unterteilen, die auf weiten Gebieten
des Landes nachweisbar sind. Zusammen mit dem Basalkonglomerat unter-
scheiden wir also nach Abb. 1 und 2 folgende fiunf unterpannonische Horizonte:

sandiger Tonmergel-Horizont,
sandiger Horizont,
Mergel-Tonmergel-Horizont,
Kalkmergel-Horizont,
Basalkonglomerat.

= N w b o

1. Unterpannonisches Basalkonglomerat

Zu Beginn der Unterpannon-Transgression war das Relief der sinkenden
Beckensohle gegliedert, die Denudation konnte sich noch weitraumig fortset-
zen. Aus den ersten Sedimenten zu schlieBen, waren jedoch die damaligen
Hohenunterschiede geringer als die gegenwdrtigen. Heute lassen die geophysi-
kalischen Vermessungen mehr als 3000 m hohe, unter dem Pannon begrabene
Gebirgszige vermuten, und die Bohrungen haben ihr Vorhandensein auch
tatsédchlich bewiesen. Das unterpannonische Basalkonglomerat ist jedoch
nicht so grob, dal? es von so hohen Gebirgen herstammen kdnnte. Das erwéhnte
Relief der Beckensohle ist erst durch die tektonischen Bewegungen nach dem
Unterpannon entstanden.

Die ersten pannonischen Ablagerungen bestehen aus den Produkten
der lokalen Denudation, dem Abrasionsgerdll der Brandungskisten und dem
groben Fluvialgeréll der FluBmundungen zusammen. Diese Schichtenreihe
ist je nach den Oberflachenformen der ehemaligen Beckensohle unterschied-
lich machtig: an den einst emporragenden Stellen ist sie weniger maéchtig,
wenn sie nicht ganz fehlt.

Stellenweise lieferte die Denudation keinerlei zur Bildung eines Basal-
konglomerats geeignetes Material. Wo das pannonische Binnenmeer auf tonige
tuffige, oder tuffitische Bildungen stiel (sarmatisch-tortonische Tone, Mergel,
Tuffgesteine, Paldogen-, Kreide-Flysch usw.), dort fehlt das Basalkonglomerat.
Stellenweise trifft man jedoch auch Tongerdlle.

Das Basalkonglomerat entstammt in der Regel dem nahen Grundgebirge,
wobei das grobere Gerdll nur Uber kirzere Entfernungen verfrachtet wurde.
Bei Pusztafoldvar besteht das 5—75 m machtige Basalkonglomerat haupt-
sédchlich aus kristallinem Schiefer. Es enthdlt kaum etwas vom Material der
mesozoischen Beckensohle, die 5 10 km weiter bei Pusztaszéllos und Totkom-
I6s ansteht, und umgekehrt.

Da das grobere Material des Basalkonglomerats nur tber kirzere Ent-
fernungen transportiert wurde, ist der Horizont horizontal lickenhaft. In den
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oberen, feiner gekdrnten Lagen des Basalkonglomerats finden sich in gréRerer
Ausdehnung Quarzsandschichten, deren Material von weiterher stammt.

Die Einordnung des Basalkonglomerats in das Unterpannon ist durch
Fossilien mehrfach belegt.

Wo immer die fortschreitende Transgression des unterpannonischen
Binnenmeeres das Grundgebirge die Quelle groben Gerdlls mit Ablage-
rungen bedeckte, horte die Bildung des Basalkonglomerates auf, oder wurde
die Bildungszone des Basalkonglomerats mit der Zeit landeinwdrts verscho-
ben. Unter solchen Umstdnden bildete sich das Basalkonglomerat offenbar
nicht im ganzen Becken gleichzeitig.

In einigen tiefen Miozdnhecken am Rande des pannonischen Beckens
ging die Ablagerung an der Miozé&n-Pliozd&n-Wende ununterbrochen weiter;
die é&ltesten unterpannonischen Ablagerung kamen eben an diesen Stellen
zustande, wo sich kein echtes Transgressions-Basalkonglomerat bilden konnte.
Die Bildung des pannonischen Basalkonglomerats dauerte &rtlich also auch
noch im Oherpannon fort, u. zw. in jenen hdhergelegenen Beckenteilen,
wo das Binnenmeer erst im Oherpannon vordrang. Das Basalkonglomerat
ist daher, wie gesagt, nicht uberall gleichaltrig; es kann also jeweils nur fur die
gegebene Stelle als die dortige dlteste pannonische Schicht angesehen werden.
Uberall, wo das pannonische Binnenmeer erst spater transgredierte, fehlen
Uber dem Basalkonglomerat die tieferen Horizonte des Unterpannons. Selbst
Ausbisse von Basalkonglomerat an der Oberfliche wurden beschrieben, wie
etwa vom Bakony-Gebirge (im Brandungsgerdll des Steinmeeres von Koveskal
sowie in den Gegenden von K@vagdors, K6hat und Simeg).

Wo immer die Schichtenreihe des Unterpannons vollstdndig ist, liegt
Uber dem Basalkonglomerat tberall der Kalkmergel als n&dchster gut abgrenz-
barer Horizont.

2. Kalkmergel-Horizont

Der dem Basalkonglomerat aufgelagerte Kalkmergel-Horizont umfaft
graue, brdunlichgraue, harte, dickbankige oder diinnschicbtige Mergel von
muscheligem Bruch. Hohere Kalkgehalte gehen mit hellerer F&rbung Hand in
Hand. Der Kalkgehalt erreicht stellenweise 80 90%, in der Form von tonigen
Kalksteinb&nken.

Der Kalkmergel ist hdufig in Reduktionszonen entstanden und deshalb
stark pyrithaltig. Er ist das Produkt einer langsamen Ablagerung in ziemlich
tiefem Wasser, oder in geschlossenen Buchten mit schwach durchbewegtem
Wasser, wo nur des feinkdérnige Material weit entfernter oder flacher Kisten
hingelangte.

Typische Kalkmergel finden sich an Stellen, wo verhdltnismaRig wenig
klastisches Material hinkam, so daB sich relativ groBere Mengen chemischer
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Gemengeteile absetzten. Wo die Strémungen groRere Mengen von Klastika
mitfihrten, ging der Kalkmergel in Mergel und Tonmergel (ber. In einigen
tieferen Teilbecken (im Orség- und im siidlichen Zala-Becken sowie in einzel-
nen Teilen des Beckens von Békés), wo maéachtiges Unterpannon vorliegt,
sind statt Kalkmergel Sand und Tonmergel entstanden.

Typisch ist der Kalkmergel iberall, wo die vorpannonische Beckensohle
aus karbonatischen Gesteinen besteht, wo also glnstige Gegebenheiten zur
Bildung von Kalkschlamm Vorlagen, wie etwa tUber den mesozoischen Becken-
sohlen des Transdanubischen Mittelgebirges, im Land zwischen Donau und
Theil und in der Gegend von Totkomlds, in den ndrdlichen Teilen des Landes
jenseits der TheiB und in groBen Teilen des Drau-Beckens.

Der Kalkmergel-Horizont ist vermutlich identisch mit dem weitver-
breiteten »Weilmergel«-Horizont im sidlichen Teil der GroBen Tiefebene.
Letzterer unterscheidet sich lediglich in seiner weniger fortgeschrittenen
Diagenese vom stdrker diagenetisch beanspruchten Kalkmergel der tieferen
Beckenteile. Die Fossilien beweisen ein pannonisches Alter (obgleich man sie
stellenweise als sarmatisch betrachtet hat).

Der Kalkmergel ist hier Olmuttergestein, mitunter bildet er auch
Speicher von Kluft bzw. Kavernentyp (Totkomlés).

3. Mergel-Tonmergel-Horizont

Uber dem Kalkmergel bildete sich mit einer allmahlichen Abnahme des
Kalkgehaltes ohne scharfe Grenze ein 80 200 m méchtiger Tonmergel-
Horizont aus. Wegen der vielen lokalen Unterschiede in der Bezeichnung
(Lenti- und Hahdt-Mergel, groBer oder rieselnder Mergel usw. in Trans-
danubien bzw. Yalenciennesien-Tonmergel in der GrolRen Tiefebene) war seine
allgemeine Verbreitung lange Zeit hindurch nicht erkannt. Er kommt ausge-
dehnt auf zusammenhé&ngenden Fl&dchen sowohl in Transdanubien als aucli
in der GrofRen Tiefebene vor (Abb. 3).

Die Mergel-Tonmergel sind im allgemeinen grau bis dunkelgrau und
duBerst feinkdrnig, hie und da jedoch mit dinnen (nur wenige Millimeter
starken) Zwischenlagen eines feinen, glimmerfiihrenden Sandes, In den tieferen
Becken ist der Mergel infolge hohen Hangenddruckes schiefrig. In seiner
typischen Entwicklung ist der Mergel-Tonmergel-Horizont das Produkt einer
lang anhaltenden, langsamen und ausgeglichenen Ablagerung aus so langsam
stromendem Wasser, dall sich auch die feinsten Gemengeteile abzusetzen
vermochten. Nach den Untersuchungen von Molnar kann die Schlamm-
und Tonfraktion in diesem Horizont 95% erreichen, einen Wert, der in den
héheren Horizonten nicht mehr wiederkommt.

Zur Zeit dieses Horizontes dirfte das unterpannonisclie Binnenmeer
seine groBRte Tiefe erreicht haben. Nach einer Schédtzung von Velgyi auf
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Abb. 3. Die Verbreitung des unterpannonischen Mergel-Tonmergelhorizonts. Zeichenerkldrung: 1. Festlandsflachen
ersten Drittel des Unterpannons; 2. vom Binnenmeer bedeckte Flachen im ersten Drittel des Untcrpannons
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Grund einer von Szebényi abgeleiteten Methode betrug die Wassertiefe
maximal 500 m. Zu dem gleichen Ergebnis gelangte Széres aufgrund der
Okologie der Fauna. Eine Folge der schwachen Durchbewegung des Wassers
ist das reduktive Milieu und das Entstehen feinen Pyrits. Es kann angenommen
werden, dall dieser Horizont viele der wichtigsten Muttergesteine flussiger
Kohlenwasserstoffe umfaflt.

An den Randern der einstigen Becken, an den Stellen rascher, unruhiger
Sedimentationen, ist der Mergel-Tonmergel-Horizont nicht typisch, mit mehr
oder minder médchtigen Zwischengelagerungen feinkdérniger Sandsteine. In
dem rasch abgesunkenen und aufgefillten tiefen Becken von Sidwest-Ungarn
enthédlt dieser Horizont eine vorwiegend sandige Schichtenreihe. Hier sind
lediglich die weniger méachtigen Tonmergeleinlagerungen mit den anderwdérts
typischen Bildungen identisch (s. Bohrprofil Résznek, Abb. 1). In der GroRen
Tiefebene hingegegen gibt es Gebiete, in denen der Mergel-Tonmergel-Horizont
gegen den mittleren, »sandigen« Horizont des Unterpannon deshalb nicht scharf
abgegrenzt werden kann, weil sich dertonige Charakterauch in diesen fortsetzt.

Im Beckeninneren der Kleinen Tiefebene wurde der Mergel-Tonmergel-
Horizont nur in der Bohrung Mosonszentjanos 4. durchteuft. Hier betragt
seine M&chtigkeit mehr als 500 m. Der an der Donau gelegene Teil der Kleinen
Tiefebene mufl also am Anfang des Unterpannoniens ein kré&ftig sinkendes
Gebiet gewesen sein.

Dieser Horizont ist auch im sidwestlichen Teil des Landes stellenweise
aullerordentlich méachtig (Csesztreg 700 m, Resznek 900 m), jedoch ist erdort
nicht typisch (sandig) ausgebildet. Dort ist auch das Mioz&n duBerst méchtig,
die kréaftige Senkung geht also auf miozéne Zeiten zuriick.

Der Mergel-Tonmergel-Horizont 148t sich auch im Drau-Becken weit
verfolgen. Vom Westen her schob sich gegen Kaposvar hin zwischen die
Festldnder der Mecsek und Bakony, sudlich von dem gleichfalls noch uniber-
schwemmten Horst von Inke und ndérdlich von der Horstkette von Gaorge-
teg—Babodcsa eine Bucht vor. Auf diesen Horsten fehlt der Horizont ganz,
zum Teil ist sogar auch das Miozdn abgetragen.

Zwischen der Kleinen Tiefebene und dem Becken von Zala, ndrdlich
von Vasvar, zeichnet sich vom Beginn des Unterpannons eine schmale Meeres-
enge ab. Sie verlauft im groRen ganzen der heutigen Ré&ba entlang. Als Insel
hob sich aus ihr die miozdne vulkanischen Masse von Pasztori empor, wéh-
rend Halbinseln im Westen die altpaldozoische Horstkette von Mihalyi, im
Osten hingegen die mesozoische Horstkette von Kald halbinselartig in das
Binnenmeer vorschoben.

Der mittlere Teil des Landes, das Gebiet zwischen Mecsek- und Bakony-
Gebirge sowie die westliche H&Ilfte des Landes zwischen Donau und Theil3
waren noch Festland. Hier fehlt der unterste Teil des Unterpannons. Ostlich
von diesem Festlande verfolgte die Kiste des unterpannonischen Binnen-
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mceres zur Zeit des Mergel-Kalkmergel-Horizonts im groBen ganzen die
Bruchlinie Pusztamérges —Nagyk6ros. In gewissen westlichen Ausbuchtungen
dieses Meeres erreichte dieser Horizont eine ungewdhnliche groBe M é&chtigkeit.
In einzelnen kleineren Beckenteilen des Landes zwischen Donau und Theil
(z. B. zwischen Kecskemét und lzsdk, in der Umgebung von Kiskunhalas)
sind auch die tortonischen Ablagerungen fiir die grofRe Tiefebene ungewdhnlich
maéchtig; diese kleinen Becken sind auch am Anfang des Pannons tiefer gesun-
ken als die angebenden Gebiete.

Das Gebiet Ostlich der Linie Pusztamérges Nagykdérdos wurde vom
Binnenmeer schon zu Beginn des Pannons Uberflutet, wobei die Kiste im
Osten langs der kristallinen Schiefer- und Granitmassen und mesozoischen
Ablagerungen des Horstes von Battonya verlief und anderwdrts die heutige
Landesgrenze passierte. Zur mdchtigsten Sedimentation (mehr als 300 m)
kam es hier an der Theil. Nach Osten zu ist die Mé&chtigkeit um 100 200 m
geringer. In die ndrdlichen und norddstlichen Teile der GrofRen Tiefebene war
die unterpannonische Transgression zu dieser Zeit noch nicht vorgedrungen,
die Kiiste zog vom Vorlande des Matra- und Bikk-Gebirges bisnach Debrecen
hin. 1l)as Gebiet der miozdnen Vulkanite im Nordosten des Landes (Nyirség)
Avar zu Beginn des Pannons noch Festland.

Als Olmuttergestein hat der Horizont eine ziemlich groRe Bedeutung.

4. Sandiger Horizont

Den ausgeglichenen Verhdltnissen der soeben besprochenen Sedimenta-
tionsperiode folgten wechselhaftere, weshalb die Ablagerung von Tonmergel und
Mergel immerfort durch Einlagerungen méchtiger Sandhorizonte unterbrochen
wurde. Dieser sandige Horizont 1aBt sich auf groen Fldchen in Mdachtigkeiten
von etwa 200 400 m nachweisen. Von dem Tonmergel-Mergel-Horizont in
seinen Liegenden trennt er sich im allgemeinen recht scharf ab, wéhrend er
nach oben in der Regel allmahlich Ubergidnge aufweist. Nach der friiheren
Nomenklatur war er in Transdanubien als »Edericser Sandserie«, als »Bazita-
Horizont« usw., in der GroRBen Tiefebene hingegen, wo er sich erstmalig als
erdolfihrend erwiesen hat, als »Szolnoker Sand« bekannt.

Nach den bisherigen Untersuchungen schwankt die vorherrschende
KorngréfRe zwischen 0,1 und 0,2 mm. Es handelt sich um einen wohlsortierten
Sand, der zur Hauptsache aus scharfen, héchstens kantengerundeten Quarz-
kérnchen besteht. Stellenweise ist auch der Feldspat hdufig, was die Ndhe
des Abtragungsgebietes andeutet. H&ufig kommen auch feiner Muskovit,
Biotit, Magnetit, seltener Rutil, Turmalin, Granat, Chlorit und Apatit als
mineralische Gemengeteile vor. Das Bindemittel ist ein kalkiger Ton, der auch
in mehr oder weniger dicken Schniiren und sogar in Schichten zwischen den
Sandschichten vorkommt.
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Die mit dem Sandbé&nken wechsellagernden Tonmergel-Mergel-Schich-
ten gleichen denjenigen des vorangehenden Horizonts.

Das grobere Material gelangte in das Becken infolge des Anwachsens der
Reliefenergie im Abtragungsgebiet als Folge tektonischer Bewegungen. Hier-
bei kam es — aus der scharfen unteren Abgrenzung des sandigen Horizonts
zu schlieBen — zu ziemlich schroffen Verdnderungen, wahrend der Vorgang
nach oben hin stufenweise mit allmahlichen Ubergdngen abklang (Abb.
12).

Dieser Horizont eignet sich gut zur Speicherung von Erdél und Erdgas.
Er enthélt u. a. die bedeutenden Lagerstdtten von Budafa, Lovaszi, Ederics,
Szolnok und Szandaszéll6s. Da auch die lithologischen Verdnderungen als
Speicher dienen kdnnen, ist auch die Kenntnis der Mé&chtigkeitsdnderungen
und Auskeilungen des Horizonts wichtig.

Dieser hohere Horizont des Unterpannons ist nun schon weiter ver-
breitet als der unmittelbar darunterliegende. Er ist zur Verfolgung der Binnen-
meertransgression gut geeignet (Abb. 4).

Die unterpannonische Insel bei Pasztori in der Kleinen Tiefebene ragt
noch aus dem Binnenmeer nach wie vor empor, ist aber kleiner geworden.
Der unlédngst noch als Halbinsel vorspringende Horst bei Mihalyi ist nun eine
Insel; in Sud-Transdanubien ist die Insel bei Gérgeteg Babdcsa unter dem
Meer verschwunden. Auch in der GroBen Tiefebene transgrediert das Meer
in weiten Gebieten. Es hat die Halbinsel bei Kecskemét uberflutet und ist
auch in den Gebieten der Hajdisag und der Nyirség vorgestossen.

In Transdanubien war die Senkung lUberdurchschnittlich stark, im Sud-
westen und im Drau-Becken erfalBte sie jedoch nur kleinere Gebiete. In der
GroRen Tiefebene bewirkte die stdrkere Senkung zur Zeit dieses Horizontes
ndrdlich von Szolnok, bei Oroshaza, Nagyszénas, Fabiansebestyén und Mako
die Ablagerung machtiger Sedimentmassen.

Im ostlichen Teil der Kleinen Tiefebene und im Vorlande des Bakony-
und Matra-Gebirges (Jaszberény, Farmos) fehlt der obere Teil des sandigen
Horizonts und stellenweise auch der darauffolgende (oberste) unterpanno-
nische Horizont, so daR sich das Oberpannon unmittelbar auf ein verhé&ltnis-
mdaRig tiefes Unterpannon auflagert.

Langs der Westkiste des Beckens von Szeged herrscht auch in diesem
sonst sandigen Horizont der Tonmergel vor, weshalb sich Liegendes und
Hangendes nur schwer unterscheiden l4aRt.

Zur Zeit des sandigen Horizonts war das unterpannonische Binnenmeer
durch das Mecsek-Gebirge, das Transdanubische Mittelgebirge und die an-
schlieBenden Festldander noch in ein transdanubisches und ein sidostpanno-
nisches Becken (in der sidliches GroRBen Tiefebene) geteilt. Zwischen den
beiden Becken bestand eine Verbindung vermutlich nur etwas weiter siidlich,
jenseits der Landesgrenze (im Bacska-Drau-Becken).
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Abb. 4. Verbreitung und Maé&chtigkeit des unterpannonischen sandigen Horizonts. Zeichenerkldrung: 1. Festlandflachen
im mittleren Teil des Unterpannons; 2. Vom Binnenmeer bedeckte Flachen im mittleren Teil des Unterpannons; 3. Linien gleicher
Méchtigkeit im unterpannonischen sandigen Horizont
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5. Séar,diger Tonmergel-Horizont

Gegen Ende der Unteipannons setzten allmé&hlich wieder ruhigere Ver-
h&ltnisse ein, unter welchen sich eine &rtlich 300—500 m madéchtige, mit
mergelsandigen Tonmergel- und seltener mit Sandsteinschichten wechsel-
lagernde Tonmergelserie absetzte. Da sich diese feinere Ablagerungen aus
dem liegenden sandigen Horizont allmé&hlich entwickeln, ist ihre Abgrenzung
nach unten stellenweise unsicher. Ihre obere Grenze 14Rt sich dagegen mei-
stens leicht erkennen (Abb. I und 2).

Diesem Horizont kommt eine &hnliche praktische Bedeutung zu wie
den weiter ohen behandelten, da seine Sandschichten an mehreren Stellen
Kohlenwasserstoffe speichern und seineTonbdnke stellenweise Muttergesteins-
Eigenschaftcn aufweisen.

Geographisch hat dieser Horizont die gréRte Ausdehnung unter allen
unterpannonischen Horizonten. Die Inseln und auch die Halbinseln, von
Meer zuvor noch verschont, sind nun verschwunden. Den gréBten Raum-
gewinn erreichte das Binnenmeer in den norddstlichen Teilen, der Grofien
Tiefebene, Hajdlsadg und Nyirség, die es offenbar zum groften Teil Gberflutet
hatte, obgleich hier groRe Inseln trockenblieben und nur Ablagerungen gerin-
ger Méchtigkeit vorliegen. Ein weites Gebiet zwischen Mecsek- und Bakony-
Gebirge war jedoch auch am Ende des Unterpannnons noch nicht iberflutet;
hier kam es erst im Oberpannon zur Transgression. Der Horst, der von
Kaposvar gegen Inke hinzog, war zum Teil auch Festland. In der Kleinen
Tiefebene hingegen war der Horst von Mihalyi und die Gegend von Pasztori
bereits Uberflutet (Abb. 5).

Dieser Horizont |48t sich am Ostrand der Kleinen Tiefebene und im
ndrdlichen Teil der GroBen Tiefebene nicht erkennen: er ist entweder atypisch
ausgebildet oder gar nicht vertreten. Im letzteren Falle wurden die betreffen-
den Gebiete erst nach der oberpannonischen Transgression wieder zu Ablage-
rungsraumen.

Das Vorkommen der drei allgemein verbreiteten unterpannonischen
Horizonte haben wir auf Kartenskizzen dargestellt. Die Karten zeigen nur
jene Stellen an, wo sich die Horizonte gut unterscheiden lassen. Es mag
jedoch weitere Gebiete geben, wo die betreffenden Horizonte atypisch und
daher nicht klar erkennbar sind.

Oberpannon

Auf die ruhige Ablagerung der unterpannonischen sandigen Mergel
folgten unvermittelt unruhigere, abwechslungsreichere Verhd&ltnisse. Im ganzen
Lande kamen Sandschichten von groBer Méchtigkeit zustande, die oben mit
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Abb. 5. Die Verbreitung des unterpannonischen obersten (Sand-Mergel-) Horizonts. Zeichenerklarung:

vulkanische Oberflachengebilde; 2. jungpaldozoisch-mesozoische (Pz2-Mz-) Oberflachengebilde;
4. Festlandflachen im oberen Teil des Unterpannons; 5. vom Binnenmeer bedeckte Flachen

1. Tertiare

3. kristalline Oberflachengebilde:

im oberen Teil

des Unterpannons
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sandigen Tonmergeln in wachsender Zahl und Maéchtigkeit wechsellagern.
Die wechselnde und immer grébere Beschaffenheit der Klastika ist ein Ergeb-
nis jener tektonischen Vorgdnge, die auch die lokalen Transgressionen des
Oberpannons verursachten. Wo immer Bohrungen in dichtem Netz ein ein-
deutig identifiziertes Oberpannon auf unterpannonischer Unterlage vorfanden
(Szolnok, Algyd), dort zeigt jeweils eine deutlich erkennbare Winkeldiskordanz
die Bewegung an der Grenze zwischen Unter- und Oberpannon an.

Die lithologisch-tektonischen Verédnderungen wurden auch durch fauni-
stischen verfolgt. Zuunterst inder Schichtenreihe liegt etwa 100 —200 m sandiges
Sediment oberpannonischen Charakters, in dem gewisse unterpannonische
Arten noch Vorkommen, aber auch schon oberpannonische auftauchten.
Baktha und Szétes erkldren dies dadurch, daR einzelne Arten die Anderun-
gen der Umweltverhdltnissen, die mit den tektonischen Bewegung verbunden
waren, Uberlebten.

Die Grenze zwischen Unter- und Oberpannon liegt wohl bei der scharfen
lithologischen Anderung. Sie widerspiegelt sich im allgemeinen vorziglich
auch in den geophysikalischen Bohrlochmessungen und mit einiger Ubung ist
es mdglich, sie Gberall im Lande zu erfassen und derart Unter- und Ober-
pannon gegeneinander abzugrenzen (vgl. Abb. 1 und 2). Mit der lithologischen
Anderung treten ja auch die ersten oberpannonischen Fossilien auf.

Das Niveau des volligen Aussterbens der unterpannonischen Fauna als
Grenze zwischen Unter- und Oberpannon zu wdahlen wédre verfehlt, teils weil
dieser Vorgang allméhlich vor sich ging, teils weil wir dann auf Zufallsfunde
von Fossilien angewiesen wdren, und teils weil wir dann keine Mdglichkeit zu
einer Korrelation fir das ganze Land hétten.

Fir die Erddl- und Erdgasschiurfung kommt diesem Horizont eine
immer grofRere Bedeutung zu. Die im untersten Teil des Oberpannons regional
verbreiteten mdchtigen Sandschichten sind auch heiBwasserhdffig und als
geothermische Energiequellen erkannt.

Das Oberpannon ist wesentlich besser bekannt, besonders auch in petro-
graphischer Hinsicht als das Unterpannon. Nach diesen Kenntnissen haben
sich die dltesten unreifen, schwach sortierten mergeligen Sandsteine des Ober-
pannons als Ablagerungen einer lakustrischen, delta-fluviatilen Fazies erwie-
sen. Nach oben zu werden die Sedimente im allgemeinen reifer und besser
sortiert, doch dauern die unruhigen, wechselvollen Ablagerungsverhéltnisse
fort, was sich u. a. darin offenbart, daR sich auch der Sortierungsgrad ver-
&ndert. Aus den Schwermineralien und Feldspaten im Sand zu schlieRen, kamen
die hier abgelagerten Sedimente aus weit entfernten Abtragungsgebieten.
Im obersten Teil des Oberpannons finden sich bei einer geringeren Sortierung
hdufig mittel- und feinkdrnige Sedimente. Die lakustrischen Ablagerungen
werden seltener, ihre Rolle wird allméhlich durch fluviatile sumpfige und
eolische Ablagerungen Ubernommen.
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Entscheidend fir die Ausbildung der paldgeographisechn Verhéltnisse
war noch zur Zeit der Uniowetzleri-Schichtendas his in die Bakony—Mecsek
Nagyk6rés-Gegend reichende, relativ steigende Gebiet und das verhdltnis-
mé&BRig stédrker sinkende Gebiet des Drau-Beckens: Szadeczky-Kaudoss
(1938) hat aus der weitverbreiteten Diagonalschichtung in der Kleinen Tief-
ebene und im Becken von Zala sid-siddstliche Stromrichtungen nachge-
Aviesen.

Eine allgemein anwendbare lithologische Methode, die es gestatten
wirde, das Oberpannon im ganzen Becken zu gliedern, ist noch nicht bekannt.
Szadeczky-Kardoss (1938) hat fur den ndérdlichen Teil der ungarischen
Halfte der Kleinen Tiefebene eine Schwankung des CaCO03-Gehaltes um
25% nachgewiesen. CaCO03 kann vielleicht eine Grundlage zur Gliederung des
Oberpannons auch in anderen Landesteilen sein. Von paldontologischer Seite
wurden bisher verschiedene Gliederungen vorgeschlagen. Bartha gliedert
das Oberpannon aufgrund einer Zusammenfassung unserer heutigen Kennt-
nisse und anhand von eingehenden, modernen paldontologischen Unter-
suchungen in drei Horizonte.
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DEVELOPMENT AND PALEOGEOGRAPHICAL CHARACTERISTICS
OF THE HUNGARIAN LOWER PANNONIAN

By
L. KOROSSY

Abstract

On the basis of numerous deep-borings tlie Lower Pannonian can be divided into
5 levels. These are the following:

5. the sandy clay-marl level,

4. the sandy level,

3. the marl—clay-marl level.

2. the lime-marl level and

1. the basal-conglomerate.

The three upper levels are regionally spread.

The Lower Pannonian inland-sea transgress 'd after the Prepontian erosion first to the
SE-part of the Great Hungarian Plain, to the Drava-Basin and to the inner basins of the
Small Plain. The transgression spread over the surrounding lands without overflowing the
basin-of-today itself up to the end of the Lower Pannonian. A larger unbroken mainland was
to be found among Lake Balaton, the Danube and Mecsek Mountains, at other places several
island-like elevations developed. At the beginning of the Upper Pannonian transgression
has spread on but for the time being several islands remained in Transdanubia. These
lands which can be regarded as a greater unbroken mainland between the Bakony and Mecsek
Mountains, and some larger territories on the western part of the country have been overflown
by the inland-sea later in the Upper Pannonian.

The levels of the Lower Pannonian will be demonstrated in sections which spread in
Transdanubia in N-S, and on the Great Hungarian Plain in NW—-SE direction and 3 maps.

NCTOPNA TEOJIOTMYECKOI O PA3BUTUA U MANEOIEOIrPA®PUNYECKAA
CXEMA B HVMXXHEM MAHHOHE BEHIPUAU

N. kKépéwmn

Pesiome

Ha 0CHOBe AaHHbIX, MOMYYEHHbIX U3 MHOTOUUCIEHHBIX NMPOBYPEHHbLIX CKBAXMH, HUXHUI
NaHHOH MOXET BbITb pacusieHeH Ha 5 rOpPW3OHTOB. STU CriedyoLme:
FOPW30HT MECHAHUCTLIX-TNIMHUCTBIX Meprenei,
rOPW30HT MecHaHUKOB,
rOPW30HT Meprenieil M FAVHUCTBLIX Meprene,
rOPV30HT W3BECTKOBUCTBLIX Meprene,
ropv3oHT 6a3aibHbIX KOHI/IOMepaToB.

PN WG
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13 3Tux BepxHWe 3 rOpM30HTA BblfepXKaHbl PernoHanbHO. Benes 3a JONOHTHUECKUM 3PO3UOHHBIM
neproaoM TpaHCrpeccusi HKHe-MaHHOHCKOro Mopst 3athMKcMpoBaHa B HOrOBOCTOUHbLIX paiioHax
BonbBloii BeHrepckoii HnsMeHHOCTHW, B 6acceiiHe pekn [paBa v B LeHTpasibHbIX YacTax Manoi
BeHrepckoii HuaMeHHOCTU. M3 3TUX Y4acTKOB CefMMEHTALMOHHOro GacceliHa pacluMpunoch
HWKHe-MaHHOHCKOe MOpE, 3axBaTblBasi OKpY)XalollMe TeppUTOPUM, HO MOMHOCTbI0 He 6biau
MOKPbITbl MOPEM 3TV paiioHbl A0 KOHLA HWKHEro naHHoHa. Ha 3HauuTenbHOW TeppuTopvu B
3TO BpeMsi CyLlecTBOBasla eAMHasi cylla Mexay o03epoM BbanaToH, pekoil [yHali u ropamu
Meuek, a TakXe OCTa/ICb Haj YPOBHEM MOPS B BUfe OTAe/bHbIX OCTPOBOB HEGO/bLLNE YUACTKMU.

B Hauane BepxHero naHHoHa TpaHCrpeccusi NPoAo/Kanach, HO U B 3TO BPEMSI CYLLLECTBO-
Ba/IN HE3aTOM/IEHHbIE Y4YaCcTKM ocTpoBa. OHW NOTepnenv MHTEHCUMBHbIE MOTPYXEHUS, BCres-
CTBME Yero 6osiee MO3AHO, HO OHWU TakXe ObUIMA 3aTOMJEHbI MOPeM B 3afyHalCKMX 06nacTsi,
a Takxe B 06n1acTy Mexgy ropamu BakoHb M Meuek.

[Op130HTbI HMKHEMaHHOHCKUX 06pa3oBaHuli B 3agyHalicKnX paiioHax NpoeMOHCTPU-
pyIOT reosiornyeckre Mpodussl, CocTaB/eHHble HO pa3pe3am OTAefbHbIX, CKBXWH M0 Hanpa-
BneHuto Cesep-tOr, a Ha bBonbluoli BeHrepckoit HW3MeHHOCTM — Mo HanpasneHuto Cese-
posanag HOroBoCTOK, M Ha 3 KapTbl.

Ada Ueologicu .lcuiiemiav Scicnliarui  Hungaricae 12, 1960
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THE PLIOCENE-PLEISTOCENE BOUNDARY
IN THE HUNGARIAN BASIN

By

A. Roénai

HUNGARIAN GEOLOGICAL INSTITUTE, BUDAPEST

A more than 3000 m thick unbroken succession of Pliocene and Pleistocene
sediments, marine and continental in the Great Hungarian Basin gives the possibility to
study the conditions at the end of the Pliocene and in the early Pleistocene.

Recent investigations and boreholes of scientific aim with continuous core-
sampling furnished many faunistical and floristical data to the examination of Pleisto-
cene and Quaternary tectonism, the conditions of sedimentation and the changes of
vegetation and climate.

As to the tectonism the middle Pliocene is characterized by oscillatory move-
ments of the whole sea bottom. In the late Pliocene the basin bottom has been parcelled
up to pieces.

The Quaternary tectonism shows cyclical subsidence alternating with rest-
periods in the local basins and periodical uplift in some other parts. In the northern
part of the Great Hungarian Basin 9—10 consecutive sinking stages have been demon-
strated in the Quaternary.

From the palaeontological point of view, Upper Pleistocene sediments are rich
in molluscan-fauna and contain many pollens and spores. The Upper Pliocene is in
the contrary, very poor (or even quite sterile) in all kinds of traces of life. The Middle
and Lower Quaternary is again partly rich in molluscs and it is along the whole se-
quence rich in ostracods and pollen grains.

The climate of the Middle Pliocene in the Hungarian Basin was in general warm
and wet. But there were periods at the end of this era with temperate and even cool
climate, too. In the late Pliocene the climate was warm, partly dry and partly wet.
The Quaternary was warm at the beginning, temperate in the middle and cold at the
end. Fluctuations of temperature and humidity have caused variations in the climate.
About 36 different climatic cycles can be demonstrated in the northern part of the
Hungarian Basin according to the pollen spectra of the more than 400 m thick Quater-
nary series.

Fossil soil horizons (more than sixty in the Quaternary) are more numerous at
the beginning and ending of the filling process of the gradually subsiding depressions.

The Hungarian Basin is one of the most appropriate regions for studies
on the development of Pliocene-Pleistocene sequences and on the boundary
between them. During the Pliocene the inner Carpathian basin was a steadily
increasing part of the Turanian sea. The lower Pannonian salt water deposits
and the Upper Pannonian brackish-water deposits have a total thickness of
3000—4000 m. The transgression culminated in the second half of the Plio-
cene. Though the basin had been filled up at the end of the Pliocene and the
territory has become land surface, some local basins were formed during the
Quaternary and fluviatile sedimentation was going on in them.

One of this basins was thoroughly explored during the latest years by
means of boreholes. Continuous core-sampling was performed and the samples
were analysed in different laboratories. The Quaternary basin in question lies
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in the northern part ofthe Hungarian Great Plain, named Jaszsag-depression,
in the neighbourhood of the town Szolnok. The territory was continually
subsiding during the Pliocene and the Pleistocene. The movement was slow
in the second part of the Pliocene and in the Quaternary the sediments are
fine sand and clay, in the major part sand-flour and sand-dust. They
contain many fossils both faunal and floral.

The main borehole near Jaszladany has a depth of 950 m. It ended in
Upper Pannonian (the second part of the Pliocene) layers marked by

Limnocardium szabéi Lok.
Paradacna cf. okrugici BRUS.
Limnocardium cf. proximum Fuchs
Prosodacna vutskitsi Brus.
Limnocardium sp.

Lytostoma grammica Brus.

L. zagrabica cf. maceki BRUS.
Dreissensiomya unioides Fuchs

Fig. 1. Borehole at Jaszladéany. Mollusc Log.

1. Quaternary molluscs; 2. Sterile; 3. Upper Pliocene and Quaternary freshwater molluscs:
4. Sterile; 5. Upper Pannonian freshwater molluscs; 6. Upper Pannonian (Middle Pliocene)
oligohaline molluscs

Sediment petrographic analyses and palaeontological investigations of
the samples from the boring furnish a detailed picture aboutthe development
and the environment of the territory at the Late Pliocene era and all over
the Quaternary. They can be summed up as follows.

As to the fauna. According to the specialists: Bartha and Kkolopp.
the layers abound in molluscan fauna from 950 m to 730 m depth. They are
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overlain by a series of sterile strata to 450 m. From 330 m to 250 m layers
are sterile again. From 230 to the top of the borehole plenty of molluscan
fossils are to be found in the core-samples. The molluscs from 950 m to 730m
are oligohaline species. In the depth between 760 and 730 m the majority
of the gastropod shells are of freshwater origin:

Melanopsis cf. fuchsi Brus.

Bithynia sp.

Theodoxus sp.

Limnea sp.

Planorbis sp.

XJnio sp.

Tacheocampylea doderleini Brus.

Trichia cf. striatiformis (L6&lt.)

Strobilops tiarula (SdGBR.)

Clausilia cf. pumila Zieg.

Helicigona sp.

Limax sp.

Aegopis sp.
They represent the beginning of the Late Pliocene.

In the depth from 450 m to 330 m the layers are very poor in shells.

The few ones to he found as Bithynia's, Planorbis's, Unio's do not determine

m

Fig. 2. Microfauna log
1. Quaternary Ostracoda; 2. Sterile; 3. Pliocene Ostracoda

the age. But there are also some Viviparus species making the end of the Late
Pliocene such as Viviparus mazuranici Brus. (420 m). The assemblage may
he considered as a transitive one between Pliocene and Pleistocene. The
molluscs from 230 m to the surface are all of Quaternary age. They are fresh-
water and terrestrial species.

According to the molluscan fauna, the Pliocene-Pleistocene boundary
may be drawn at the depth of 400 m. Some uncertainties are caused by the
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Quercus dominance
Pinus dominance

Pinus dominance

100. Pinus dominance
Pinus-Quercus dominance
Pinus-Quercus-Piceo dominance

Larix-Salix dominance

mlaxodiaceae,Quercus dominance

Cargo, Corglus,Pinus dominance

Quercus-Qingko-Larix dominance

Corylus-Quercus dominance

Alnus,Carya, Nyssa dominance
400-: -Alnus dominance

mAbies-Ulmus dominance

Alnus dominance
-Quercus-Carya dominance

500-7
Jaxodiaceae. Cupressaceae dominance
600- w
Sterile
700-
730. -Quercus dominance

mAlnus dominance
-Pinus dominance

-Pinus-Fagus dominance
-Pinus-Betula dominance

rAlnus dominance

Fig. 3. Type of forest
1. Mixed forest; 2. Pine forest; 3. Mixed forest with pine dominance

sterile section (230—330 m) above this transitive part. The first shells fount)
above this sterile part are:

Pisidium amnicum (MULL.)

Bithynia operculum (cf. leachi) (Shepp.)

Valvata piscinalis (MULL.)

Valvata naticina Mke.

Planorbis corneus (L.)

Széles has examined the microfauna of the boring. She reported that
a great many Foraminifera of different ages had been found redeposited in
the Pliocene and Pleistocene layers, and scattered some Radiolaria, Gemula,
Echinoidea bristles. All these are allochtonous in the place. Autochtonous are
the ostracods, which abound all over the length of the borehole. 14 species

are present. The following ones are represented by the biggest number of

individuals:

Acta Geologica Academiae Scientiarum Hungaricae 12, 1968



THE PLIOCENE-PLEISTOCENE BOUNDARY 223

Candona purallela G. w. MULLER

Candona neglecta G. O. Sars

Candona rostrata Brady-Norm.

Cyclocypris huckei Triebel

Cyclocypris laevis (0. F. Matter)

Cyclocypris ovum (Jurine) (in the Early Pleistocene only)

llyocypris gibba Ramdohr

Limnocylhere inopinata (Baird) (in the Late Pleistocene only)

Cytherissa lacustris (G. O. sars) (in the Early Pleistocene only)

Cyprideis litoralis (Brady) (in the Early Pleistocene only)

Leptocythere ballica K 1ie 2in the Early Pleistocene only)

Ostracods are to be found continuously from the top of the borehole
to 436 m depth. From that point to 735 m the layers are sterile. At 735 m
ostracods reappear but it is species of Pliocene (Pannonian) age which are
present:

Candona extensa Zal.

Candona labiata za1.

According the ostracod shells, the boundary between Pliocene and
Pleistocene lies 436 m deep. It is to be emphasized that under this boundary
the Pliocene ends by a 300 m thick sterile sequence.

Rich pollen and spore founds afford us a quite detailed picture of the
development of vegetation in the surrounding territory. Pollens have been
found in all core-samples in astonishing big number except for the layers from
734 m to 527 m. More than 1500 preparations have been made by H. Lérinc
and many of them contained 2—3000 pollen-grains each.

The Upper Pannonian (Middle Pliocene) layers are characterized by
a manifold vegetation which was very rich under a warm and wet climate.
Overwhelming were the Minus trees, beside them Ulmus, Taxodiaceae, Fagus
and Fagaceae were present in considerable proportion. As real termophile
species Engelhardtia, Zelkova, Cédrus, Tsuga, Pinus haploxylon, Nyssa,
Gingko are represented, beside luglans, Tilia, Castaneae, Quercus, Abies.

It is remarkable that there are many pollens of such trees as well which
are characteristic of temperate and even of cool climate as Pinus silvestris,
Betula, Picea and others. In some layers they are even preponderant. Some
palinologists consider these Pinus pollens redeposited. However, before the
Pliocene, the climate was even warmer in this region, therefore the over-
whelming Pinus silvestris spores could not derive from older strata. We have
to admit that during the Middle Pliocene occurred cool periods, too, almost
as cool as in the first part of the Quaternary.

The Late Pliocene seems to have been warmer and drier, than some
parts in the middle of this période. In this time the Hungarian Basin was
land surface and the pollens perished on the warm and alternately wet and
dry surface as well as the snail shells and vertebrate bones. The most weather-
proof remnants were the pollens. The sterile section of the Late Pliocene
layers is the shortest if the pollens and spores are considered.
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Number of grains

Fig. 4. Vegetation and pollen content
1 Mixed forest; 2. Pine forest; 3. Mixed forest with pine dominance

After the wholly sterile sequence the beginning new vegetation (from
527 m upward) is similar to the former one, which existed before the sterile
period. In about 300 m depth begins a change. It indicates the cooling of the
climate, but with recurrent warmer episodes. It is from 130 m upward that
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Fig. 5. Mineralogical composition of the sand layers

I. Piroxene, green amphibols and metamorphic minerals; 2. Metamorphic minerals, micas;
3. Magmatic and metamorphic minerals; 4. Many weathered minerals; 5. Calcite-dolomite

the climate was really cold. Pinus silvestris not only prevails among the trees
but it is almost exclusive. Pine forests dominated in this time the region.

The mineralogical investigation of the sands shows some minor and
four major changes in the drainage area, caused by the alternating upheaval
of the different parts of the basin-hordering mountains. The minor changes
were frequent in the second half of the Quaternary era, as the basin had been
filled up, and the rivers were wandering far and wide all over the plain.
The main changes are observed at the depths of 200, 360, 490, 710 m, respec-
tively. They mark the dates of the most striking tectonic movements. The
whole sequence is divided by them into five parts. The first part (950 —710 m)
is characterized by the dominance of autochtonous minerals as calcite and
dolomite. There are few, if any fluviatile deposits. This time is parallelizable
xvitli the middle Pliocene period, the layers are sediments of the Pannonian
sea. The second part (700 490 m) of the sequence include materials trans-
ported from the west, from the Danube region. Many weathered grains
indicate warm climate and long periods without sedimentation. Character-
istic minerals are: epidote, turmaline, disthene, andaluzite and magnetite.
The sands were deposited under the warm and alternately wet and dry climate
of the Late Pliocene. The territory was mostly land surface. The third section
(490—360 m) abounds in minerals of magmatic origin. Northwest from the
basin at the dawn of the Pleistocene the volcanic Bdrzsény Mountains were
uplifted and from the weathering of its andezité rocks many brown amphi-
boles, biotites and also hypersthcnes were transported into the basin.But the
overwhelming majority of the minerals from this depth are of metamorphic
origin (chlorite) and there are also numerous weathered grains.
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Fig. 6. Lithologic log and calcium con- Fig. 7. Soils
tent 1. Soils of different kind [18]. Graypod-
1. Clay; 2. Silt; 3. Sand sols and dark chernozems. Some peaty

layers [2]; Il. Different kind of fossil soil
[30]. Brown and dark-gray chernozems,
marshy soils. Peaty layers [3]; IlIl. Imma-
ture lignit stripes [16] and marshy peatysoils
[16]. Some chernozems. Lateritiered soils [5];
IV. Lignite stripes and lignitic clay [9]

At the beginning of the Quaternary, cyclical fluviatile sedimentation is
starting. In the fourth period (360 200 m) metamorphic minerals (chlorite,
garnet and many micas) derived from Palaeozoic ground-mountains (Northern
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Fig. 8. Big periods of the Quaternary
1. Cold; 2. Temperate; 3. Warm

Carpathians) predominate. The latest period, the second half of the Quater-
nary is represented by many little changes in the mineralogical composition
of the sands. The drain direction was of northeast. Metamorphic rocks of the
Carpathians give the load-material of the rivers; garnet, epidote, turmaline,
disthene, zoisite, actinolite, tremolite, biotite, chlorite occur from this depth
on in the sands. The rocks of the Inner Carpathian volcanic zone are also
represented by pyroxenes, green amphiboles. Biotites and chlorites in this
section are of magmatic origin and so is perhaps a part of the garnets, too.
The changes are due to the general uplift of the mountains bordering north-
wards the Hungarian Basin. These events occurred in the Upper Pleistocene.

The calcium carbonate content of the layers is of considerable interest.
The Pannonian series between 950 and 700 m is very rich in calcium. All beds
contain 10 30% of calcium carbonate. The Late Pliocene terrestrial strata
are poor in calcium. All along the 270 m thick series, calcium carbonate
content varies about 1 3% only exceptionally rises to 10 -20% . The dis-
tribution of calcium is very irregular along the transit section at the Pliocene-
Pleistocene border (430 350 m). Beds with 1—2% calcium carbonate con-
tent alternate with others containing 30 40%. A distinct regularity is to be
observed in the calcium content in the Quaternary sequence. From the bottom
towards the top the calcium content increases along a straight trend line
with small fluctuations. The series starts with 1—2% and ends with 20—
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30% of calcium carbonate (CaCO.,). From 350 to 180 m the development is
slow with some recurrences, from 180 to the top it is strong and decisive.

Also fossil soils may be of some use in the research of the stratigraphic
borders. A considerable amount of them was found in the borehole profile.
They are mostly marchy and peat-soils, but many other soil-types are repre-
sented as well. From 950 m to 620 m there are no fossil soils, only some lignite
intercalations and lignitic clays. These correspond to the last stage of the
shallow Pannonian sea preceding its final desiccation. From 620 m to 370 m
there are also thin lignitic clays, but more are the marshy-peaty soils and
some brown chernozems. Striking are the laterite-like red soils appearing in
many beds at the depths of 570 and 480 m, which are sometimes several
meters thick. These mark the final parts of Pliocene sedimentation in many
other places of the Flungarian Basin.

Summarizing our studies, the stratigraphic boundary between Pliocene
and Pleistocene can be traced in the borehole at Jaszladany at the depth
0of 430 m. It must be remarked, however, that the 370 m and 480 m includes
a sequence of transitive character.

The type of sedimentation, the materials themselves, the carbonate
content, the influence of tectonic movements reflected in the mineralogical
composition of the layers, as well as the mollusc fauna, microfauna and the
pollen spore assemblages suggest, with small differences, this boundary. It is
marked by an essential change of facies: the lagoonar and terrestrial deposits
are changed to fluviatile ones. This change is reflected by the molluscs and
the microfauna, too; but there is a vast sterile sequence which makes the
border uncertain. The alteration in the vegetation was very slow, the climate
having been warm and moderate in the first half of the Quaternary. The
climate was changed more vigorously at the boundary between the middle and
the upper part of the Pleistocene; this later having been really cold in the
Hungarian Basin. The calcium carbonate content of the layers shows some
connection with the cooling of climate, and helps us in discovering the main
boundaries. The tectonically calm period towards the end of the Pliocene was
abruptly finished at the beginning of the Pleistocene. The movements are
proved by the changed mineralogical composition of the fluviatile sands.
The type of sedimentation and the sedimentary cycles show subdivision
boundaries within the Quaternary at the depth of 65, 170, 270 and 345 m,
dividing it into five parts. But the main inner borders of the Pleistocene can
be traced at 130 and 285 m depth, respectively the upper part having been
cold, the middle temperate and the lower warm.

The basin in the northern part of the Hungarian Great Plain was
gradually sinking with small differences — almost at the same rate. In con-
sequence the thickness of each sequence is roughly relative to the correspond-
ing time interval of sedimentation. The grain size of the sediments varies
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within a small range (the majority of the layers are silts) and therefore the
respective times of the sedimentation of the differents sections can be roughly
compared. We know the recent rate of tectonic movement. By Jas/.ladany
the measure of the subsidence is 5 mm pro 10 years according to geodetic
measurements. This means that 2000 years were required for the deposition
of one meter silty material in this place. In the depth of 400—500 m the fine-
stratified clays contain 6000 sheets pro meter. With regard to the two inunda-
tion periods pro year, 3000 years are necessary for 1 m of finely laminated
clay-sediment. The sandy layers require less time for the same thickness. The
uniformity of the sediments helps us to evaluate, at least approximately,
the time needed for the sedimentation of the Quaternary sequence. It was
found to be equal to about 1.4 million years. The duration of the cold period
of the Pleistocene, which includes most probably the two last glacials of the
European stratigraphy and the last interglacial can be estimated to about
250 000 300 000 years. The middle part of the Pleistocene which was at
the beginning temperate, later on cool lasted about 300 000 years. Forthe
warm section 550 000 600 000 years and for the transitive one 200 000 years
ecan be calculated.
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O MPAHWVLE MEXAY MAVOLEHOM U MAENCTOLLEHOM
B BEHFEPCKOM BACCENHE

A. POHAU
Pesome

MpoBefeHWe cTpaTUrpadUUecKoin rpaHnLbl MeX Ay MINOLEHOBLIMU 1 NeACTOLEHOBLIMA
OT/IOXKEHMAMMN B Npefenax BeHrepckoro 6acceliHa o61erdyaeTcsi HaMYMEM BbIEPXXaHHON Ha
06LUMPHOW MNMOWAAN MOPCKOM M 0Cafo4HOW TOMLWM MIMOLEHOBBLIX W MMEACTOLEHOBBLIX OT/O-
YKeHWIA 006Leii MOLHOCTBIO cBbilwe 3000 m.

Hauatble B nocnesHee BpeMsi UCCNef0BaHUS, B TOM YMC/le KOJIOHKOBOE GYypeHue ¢ MosHbIM
0T60pPOM KepHa, fann OYeHb 60/MbLLIOE KONYECTBO MAasIeOHTONIOMUMYECKUX W NIUTONOMUYECKUX
[aHHbIX, MO KOTOPbIM MOXHO CYAUTb O TEKTOHUYECKUX [BVKEHUAX U KIMMATUYECKUX M3MEHe-
HUAX B N/MOLEHOBOE N NMECTOLEHOBOE BpeMs.

[nsa cepeauHbl NNMoLEHA XapaKTepHbl AMMPOreHeTUYeCKMe OCLUANSILUN YCTaHOBIEHHbIE
Ha 60M1bLIMX TeppuTopMAaX. B KoHUe naunoueHa pyHAaMeHT 6acceliHa 6bln pa3apob/ieH NoKasb-
HbIMW BMagMHaMun. B 4eTBepTUUHOE BPeMsi PUTMUYHbIE OMYCKaHUS MPUBENN K LIMKIMYECKOMY
0CafIkoHaKoneHuo. B npegenax BeHrepckoro 6acceiiHa MOXHO BbifenuTb 9—10 a3 onyc-
KaHusl.

BepxHenaHHOHCKME (CpefHENINOLIEHOBbIE) OT/I0KEHUS 6GoraTbl MOSIIFOCKAMU M MUKPO-
thayHoi1, a Takke cnopaMu 1 MbiMbLOA. TO XXe caMoe 0THOCMTCA TakKXXe K YeTBEPTUUHbIM OT/I0-
XEHUSAM. 3aneratolme MeXay HUMU BEePXHEM/INOLIEHOBbIE OTNIOXKEHUSI B 60/bLUE YacTu Teppu-
Topun BeHrepckoro 6acceiiHa xapaKTepu3yTcsl NOHbIM OTCYTCTBMEM OPraHUYeCKMX OCTaTKOB.

Cyas no pacTuTeNlbHOCTM, yCTaHaB/IMBaeMOW Ha OCHOBaHWUW CMOPOBO-MbIIbLEBOrO aHa-
N3a 0CaflKOB, B CPEHEN/IMOLLEHOBOE BPEMS KMMAT Gbl1 TEN/IbIM U BNaXKHbIM, HO UHOTF4a HacTy-
nano noxosnofaHue yxe B 3T0 BpeMs. KoHel, nnvoLeHa XapaKTepu3oBaacs TensbiM KIMMaToM
CO CMEHOI CyXMX M BNaXHbIX ¢a3. B nepByt0 MOMOBMHY YETBEPTUYHOIO BPEMEHW KIMMAT 6bl1
TennbIM, K CPefHeii YacTM OH CTasl YMepeHHbIM, a B MNOcfefHeld TPeTU HACTYMNWUA XONOAHbIN
KAumMat. o NbuibLeBbIM KOMMIEKCAM MOXHO BbIAeNMTb 36 MeNKUX KonebaHuin KnMMaTu4ecKmnx
YCNOBUIA.

Mpocnoiiky AurHuTa 1 norpebéHHble nousbl (60s1ee 60 TaKUX NPOC/IOEB MOXHO BbISIBUTb
BHYTPY YeTBEPTUYHOW TOMLLM MOLLHOCTbIO 430 M) TaKXXe CMOCcO6CTBYHOT YCTaHOB/IEHUIO FpaHULbI
MeXay MIMOLEHOM U NeACTOLEHOM M, BOOGLLE, NMOAPa3AeNIeHNI0 TOMLM.
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ROUNDNESS OF GRAINS
IN UNCONSOLIDATED DEPOSITS,
YTSONTA LIGNITE PROSPECT AREA,
NORTHEAST HUNGARY

By
M. Miklés and L. Pesty

HUNGARIAN RESEARCH INSTITUTE FOR MINING
AND GEOCHEMICAL RESEARCH LABORATORY OF THE HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST

The roundness of quartz grains of 0.32 to 0.64 size was measured on 80 Upper
Pannonian and Pleistocene cores of 10 borings drilled in the Visonta prospect area,
situated east of the town Gydngy6s. The roundness of the grains, determined by the
cvp method was subjected to a statistical evaluation. The distributions roundness of
the samples were plotted in histogram-type diagrams: two parameters, a and R, were
introduced to formally characterize the curves (see below). The said parameters were
plotted in fence diagrams of maps to show spatial distribution.

The results permit to state the following: 1) The early deposits of the Upper
Pannonian contain grains of various roundness and of various length of transport.
2) The layers between lignite seams well-sorted, usually have distribution curves each
with a definite peak. 3) The Quaternary sediments, poorly sorted, mostly have elongate
and flat curves. The above data permit to conclude upon the origin of the deposits.

The problem attached in the present study, i.e. the characterization
and genetic evaluation of clastic sedimentary rocks on the basis of the grain
morphology, has long been in the foreground of geological research. The
method used by us was the cpv method of Szadeczky-Kardoss [20 and 21]
found most appropriate by authors who compared different methods (e.g.
Zingg [25], Schneiderhohn [13], Krumbein Pettijohn [5], Strausz
[14 and 15], E. Pécsi-Donath [12].) Recent contribution [26] were also
taken into consideration.

The present paper reports on part of a complex systematic research
program, concerning the region at the feet of the Matra and Bikk Mountains
in its aspects of analytical geology, stratigraphy, sedimentary, petrography,
structure, hydrogeology, etc. [6 9].

The examined region (Fig. 1) is the southeastern foreland of the Matra
Mountains east of Gydngyos. By the evidence of some deep borings drilled
in the vicinity the substratum consists here of Paleo-Mesozoic rocks essentially
similar to those cropping out in the Bikk Mountains. Above this substratum
the presence of Eocene and Oligocene deposits in facies similar to the ones
found north of the Matra Mountains is highly likely. The Middle and Upper
Miocene volcanics of the Matra Mountains were traced by drilling over a huge
area and in considerable thickness under the Hungarian Plains. The sediment
of a sea, advancing from the SSE and gradually losing salinity, were super-
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Fig. 1. The Visonta prospect area with the sampling localities



NW

height above

sea level

KOUNDNESS OF GRAINS IN UNCONSOLIDATED DEPOSITS 233

A.62/Ba
+167,00 SE

V.155/A
166.37

1VVcoahbed

Vcoal-bea

Fig. 2. Geological profile in NW-SE direction. Tortonian: 1. Andesite; Upper Pannonian:
2. Lignite seam; 3. Sand; 4. Clay; Quaternary: 5. Andesite boulders; 6. Reworked andesite
tuff; 7. Clay

posed upon the volcanic, with the sandy, argillaceous and lignite Upper
Pannonian as the principal element (Fig. 2). Numbering the lignite seams
0 to VI from top to bottom we marked the barren layers between the indi-
vidual seams Olo, la/o, Il/o, etc., giving to each the number of the overlying
seam. The various barren layers, coalesced on account of the disappearance
of some lignite seams at greater depth, were marked M. The formations
marked Klll/o, KIY/o, and KY/o represent the barren interbeddings in the
respective lignite seams. The Upper Pannonian is covered by a connected
sheet (f) of Quaternary deposits overlying it with a definite lithologic and
angular uncomformity.

The morphology of the grains of clastic rocks has attracted the attention
of numerous workers, (Wentworth [24], Hagermann [3], Cox [2], SzA-
deczky-Kardoss [16—21], Wadell [23], etc.) as result, various methods
of measurement and calculation were developed. As regards the numerical
characterization of the roundness of grains, the value v -|- p/2, introduced
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by Szadeczky-Kardoss, eliminated individual errors of measurement to
a high degree. For fluvial transport it had been proved to vary as the loga-
rithm of transport distance. Following a proposal of Szadeczky-Kardoss
[21], PECSI and Pécsi-DonAth compiled a series of 10 tables, composed
of the photographs of grains of different size hut identical roundness, with
a view to accelerate measurements and facilitate the study of grains of less
than 0.5 mm size.*

W e have extended our analysis of roundness to 80 samples from 10 bore-
holes drilled in the Yisonta prospect area. Six of the holes (A. 28, A. 50, M. 7,
Y. 114, V. 118 and V. 145) were drilled without mud circulation as far as
possible, while the remaining four (A.62/Ba, V. 155/A, V. 156/Al and Y. 157/A)
were drilled with the usual water flush. Owing to the possible contamination
ofthe samples the reliability of the second group is inferior to that of the first
group. The grain size fractions of 0.32 to 0.64 mm of the 80 samples were
separated by screening. This fraction was the coarsest grain size group still
abundant enough for a statistical examination. 25 to 30 quartz grains were
then picked out under a microscope and photographed (Fig. 3). The roundness
of approximately 2500 grains was determined on four separate occasions.
The 12,000 data or so thus obtained were then objected to the statistical
evaluation presented in this paper.

As there was no important difference in the average roundness of the
samples considered, the usual roundness parameters such as n-f p/2 could
not show up any significant differences. To demonstrate such differences,
a more profound investigation of distribution had to be performed. The
v .- p/2 distribution of the individual samples was plotted in histograms.
(Figs 4 —20, and Table 1.) Cumulative curves were less appropriate forregional
comparative examinations. The curves were characterized by pairs of pa-
rameters, slightly different from the usual ones of mathematical statistics: the
pairs of these parameters were then plotted in a coordinate system.

One of the parameters (a) represents the quotient of the percentage
of the most populous roundness interval in the sample by the sum of the
percentages of all the other intervals. The quotient a, expressive of the sorting
of roundness of the sample, is the greater, the more grains fall within a single
roundness interval. In the present investigation, a was found to vary from
0.42 to 2.70.

The other parameter (B) is the quotient of the percentage of the most
populous roundness interval in the sample by the number of non-empty inter-
vals. W ith the maximum percentage varying from 30 to 74, and the number
of non-empty intervals varying from 3 to 5, B varied from 6 to 22. R is in
effect the height-to-width ratio of the distribution curve.

* Thanks are due to Mrs. E. PECSI-Donath for putting at the disposal of the authors
the original series of pictures and facilitating thereby the roundness analysis of the samples.
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Fig. 3. A sample from borehole No. V 156/Al (50 x)
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Table I
Summary of

p

. Symbol Percentual v + ) distribution
Sample No. Depth of sampling of layer
1 2 3 4
1 2 3 4 5 6
A.28/1 0.00— 0.30 f 4 32 42 18
A.50/7 5.30— 6.50 f 5 24 33 24
A.50/8 6.50— 27.80 f 6 28 33 22
A.50/10 28.36— 31.65 IV/o 21 42 25
A.50/31 41.10— 48.60 V/io 17 50 33
A.50/33 49.43— 53.80 M 24 44 28
A.50/34 53.80— 80.50 M 18 36 32
A.62/Bal2 0.30— 7.20 f 4 29 42 21
A.62/Bal3 7.20— 15.00 f 2 50 25
A.62/Bal4 15.00— 17.00 f 15 41 30
A.62/Bal5 17.00 - 19.00 I11/0 26 48 18
A.62/Ba/9 26.50— 30.00 = IV/o 30 45 15
A.62/Ba/l4 36.00— 39.00 V/o 14 54 29
A.62/Ball6 42.00 - 63.50 V/o 2 45 27
A.62/Ba/l8 63.90—128.00 V/o 2 48 26
A.62/Ba/22 129.10- 133.00 V/o 13 53 17
M.7/15 29.50— 31.84 f 17 38 28
M.7/19 38.16— 39.30 KIV/o 4 73 14
M.7/26 44.20— 45.50 1V/o 7 52 30
M.7/33 57.00— 58.17 KV/o 25 38 29
M.7/39 66.62— 69.20 Vl/o 19 66 15
V.114/3 3.50— 11.90 f 28 40 24
V.114/4 11.90— 14.50 11/0 18 63 14
Y.114/19 38.20— 48.80 1V/o 5 41 35
V.114/27 52.00— 67.00 M 5 27 36
V.118/2 0.50— 3.20 f 6 50 38
Y.118/3 3.20— 5.40 f 9 48 39
V.118/8 15.50— 15.90 f 4 46' 46
V.118/13 20.50— 35.90 111/0 4 27 42
V.118/14 35.90— 36.20 1V/o 4 48 35
V.118/15 36.20— 60.40 1V/o 25 53
V.118/16 60.40— 60.60 1V/o 4 33 37
V.118/34 77.90— 78.80 V/o 12 44 40
V.145/3 8.20— 10.30 f 8 34 27 27
Y .145/5 12.40— 13.40 f 17 25 33
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Table |
Depth Symbol Percentual v - 2 distribution
Sample No. of sampling of layer

I 2 3 4

1 2 3 4 5 6 7

V.145/6 13.40— 15.40 Ib/o 21 46 21
V .145/7 15.40— 26.35 Ib/o 17 46 30
V.145/10 27.00- 47.10 Il/o 25 50 21
V.145/15 52.70— 69.23 111/0 3 58 14
V.145/24 74.50— 76.30 1V/o 6 49 30
V.155/A/3 5.20— 7.90 f 9 32 45
V.155/A/4 7.90— 8.20 f 20 50
Y .155/A/5 8.20— 10.20 f 10 15 45
V.155/A/8 20.40—26.00 Ib/o 5 26 43
V.155/A/9 26.00— 28.00 Ib/o 8 23 42
V.155/A/J0 28.00— 33.00 Ib/o 9 46 32
V.155/A/13 41.00— 50.50 I1/0 4 32 36
V J 55/A/14 50.50— 52.00 11/0 46 37
V.155/A/18 56.80— 75.00 I1'1/o 4 37 42
V.155/A/20 80.00— 95.90 1IV/o 38 46
Y.155/A/22 100.80—112.80 V/o 4 33 46
V.155/A/22/a 112.80—129.10 Vl/o 23 48
V.J55/A/24 131.00—133.00 M J2 39 35
V.1 55/A/26 139.10—151.00 M 21 46
V.156/Al/1 0.00— 1.00 f 5 18 40 32
V.156/A1/2 1.00— 3.00 f 4 31 35 26
V.156/AU4 4.10— 8.50 f 13 50 21
V.156/A1/8 39.30— 46.30 I11/0 47 39
V.156/A1/9 46.30 53.00 /o 8 28 48
V.156/A1/10 53.00 59.00 11/0 16 38 38
V.156/Al/12 68.00— 84.00 I1/0 7 30 52
V.156/A1/15 89.20— 98.00 1IV/o 50 46
V.156/A1/16 98.00 —108.00 1IV/o 25 32 36
V.156/A1/17 108.00—118.00 KV/o 11 30 44
V.156/A1/18 118.00—187.00 M 9 30 26
V.157/A[2 1.70— 2.70 f 4 25 53
V.157/Al3 2.70— 3.70 f 4 44 44
Y.157/Al4 3.70— 5.20 f 5 36 54
V.157/A/5 5.30— 7.00 f 14 38 38
V.157/Al6 7.00— 27.40 Ib/o 15 50 29
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Table 1

Percentual v -+ P distribution

Depth Symbol

Sample No. of sampling; of layer
1 1 2 4
1 2 3 4 1 5 6 7
V.157/A/9 37.00— 40.00 11l/0 46 42
V.157/A/10 40.00- 46.30 I1/0 12 31 47
V.157/A/13 50.80- 73.90 1V/o n 37 43
V.157/A/15 79.40— 81.00 KV/o 14 50 27
V.157/A/1 7/a 83.20 88.20 Vl/o 28 28 41
V.157/A/20 95.50—115.00 M 22 130 37
V.I57/A/21 115.00 119.00 M 26 35 23
V.157/A/22 119.00 123.00 M 4 36 32 21
V.157/A/23 123.50—151.00 M 29 25 42

The horizontal and vertical variations of x and B were shown in fence
diagrams of maps.

The relationship x vs R is shown in Fig. 23 by three curves, according
as the samples have covered three, four or five intervals of roundness.

The deeper Upper Pannonian without lignite seams is largely character-
ized by a poorly sorted roundness represented by drawn-out curves with low
maxima. Within the lignite complex, the poor sorting characteristic of the
underlying barren strata persists in the deeper samples of the group marked
V/o, wherever the group is thick enough (e.g. A. 62/Ba), but the higher
samples already gave asymmetric curves with high maxima slightly elongate

Fig. 4. Percentual distribution of the v + pi2 roundness parameter in the samples of bore-
hole No. A. 28. I. Quaternary

Acta Geologien Academiae Scientiarum Hungaricae 12, 1968
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(continued)

Number of |
A sample rionL;:crjy;sss Me?)r} ;2#}’:}12955 maxim:I =per cent maximal per cent  Idiomorphic
covered £ —max. per cent No. of category

. 1 6 7 by sample

8 9 10 1 12 13 14 15
12 3 .3.65 «.85 15.3

7 3 S 3.56 0.88 9.4
13 4 3.63 0.75 10.7 Yy
9 4 3.31 1.00 125

3 4 3.2« 0.69 10.2
11 4 3.37 0.58 9.2

8 8 5 3.34 0.53 7.0

7 5 3.25 0.56 7.2

1 4 3.2« 0.75 10.5

toward the better rolled side. This character is even more pronounced in the
"roup marked IV/o; here the curve steeply rises to a high maximum on the
unrolled side, with an equally sharp slope on the rolled side, flattening out
abruptly near the abscissa axis. The curves of the group Ill/o are largely
symmetrical, of the Gaussian type. The groups Il/o and Ib/o also gave in
most cases Gaussian curves of roundness distribution. The limited number of
samples from these two latter groups does not, however, warrant any con-
clusions.

Fig. 5. Percenlual distribution of the v + pi2 roundness parameter in the samples of bore
hole No. /1. 50. I. Quaternary. Il. Upper Pannonian lignite complex. Ill. Upper Pannonian
barren complex

15 Acta Geolotica Acadcmiae Scientiarum Hungaricae 12, 1968



242 M. MIKLOS and L. PESTY

Fig. 6. Percentual distribution of the v + pi2 roundness parameter in the samples of bore-
hole No. A. 62/Ba. I. I. Quaternary. Il. Upper Pannonian lignite complex

Fig. 7. Percentual distribution of the v + pi2 roundness parameter in the samples of bore-
hole No. A. 62/Ba. Il. Il. Upper Pannonian lignite complex

The means of a and & over the individual groups of layers are shown
in Figs 21, 22, and 23, and in Table 2.

On the basis of 11 samples from five boreholes, the Upper Pannonian
group marked M, older than the woody lignite seams, can be characterized
as being least sorted or having the lowest maxima, respectively.

As proved by 10 samples from six boreholes, the group marked Y/o has
a high degree of average sorting. From the group marked KV/o, only two

Acta Geologica Acadcmiae Scientiarum Hungaricae 12, 1968
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Fig. 8. Percentual distribution of the v + pi2 roundness parameter in the samples of bore-
hole No. M. 7. |I. Quaternary. Il. Upper Pannonian lignite complex

Table 11

Mean roundness, a and B parameters
of the groups of layers

a= =

S MR M e o o
f 23 3.38 0.76 9.76
Ib/o 6 3.51 0.84 10.63
110 3 3.25 1.18 14.50
Il/0 11 3.63 0.87 10.95
KIV/o 1 3.26 2.70 18.20
1V/o 12 3.57 0.83 10.73
KV/o 2 3.47 0.70 10.25
Vl/o 10 3.35 1.02 12.61
M 10 3.54 0.62 8.65

samples were obtained; hence the values are not comparable with those of
the group V/o.

12 samples from 9 boreholes proved the group marked IV/o to be sorted
well enough. The single examined sample of the group marked KIV/o revealed
an unusually high grade of sorting.

16% Acta Geologica Academiae Scientiarum Hungaricae 12, 1968
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Fig. 9. Percentual distribution of the v p/2 roundness parameter in the samples of bore-
hole No. V. 114. I. Quaternary. Il. Upper Pannonian lignite complex

Fig. 10. Percentual distribution of the v m p/2 roundness parameter in the samples of bore-
hole No. V. 118. I. I. Quaternary. Il. Upper Pannonian lignite complex

The mean sorting of 11 samples of the group marked Ill/o, taken from
six boreholes, proved to be nearly identical to that of the group 1Y/o.

The group marked Il/o was traversed by only three boreholes; the
3 samples available showed it to have the highest sorting of roundness.

The mean sorting of 6 samples of the group marked Ib/o, obtained from
three boreholes, seemed to agree with the means of the preceding groups.

Acta Geologica Academiae Scienliarum Hungaricae 12, 1968
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——14 VO
-——15 V/o
——16 VIO

Fig. Il. Percentual distribution of the v -f-pi2 roundness parameter in the samples of bore-
hole No. V. 118. Il. II. Upper Pannonian lignite complex

Fig. 12. Percentual distribution of the v --mpi2 roundness parameter in the samples of bore-
hole No. V. 145. I. Quaternary. Il. Upper Pannonian lignite complex

The Quaternary discordant overlying the Upper Pannonian -was traversed
by all the 10 examined boreholes. It included the most heterogeneous element,
with a mean sorting nearly as low as that of the group marked M.

Considering now the individual boreholes, no definite tendency could
be observed in the changes of a and #. As a rule, the sorting of roundness of
the group M, and of the Pleistocene deposits, was about equally poor. In the
Quaternary successions with wildly fluctuating sorting were encountered (in

Ada Geologica Academia« Scientiarum Hungaricae 12, 1968
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Ib/lo
Ib/ o

/'(g. 13. Percentual distribution of the v + p/2 roundness parameter in the samples of bore-
hole No. V. 155/A. I. |. Quaternary. Il. Upper Pannonian lignite complex

%

Fig. 14. Percentual distribution of the v (- p/2 roundness parameter in the samples of bore-
hole No. Y. 155/A. Il. Il. Upper Pannonian lignite complex

borehole ¥. 156/Al). As proved by both a and B, the Upper Pannonian is better
sorted in general than the two other groups of layers just mentioned. Deviations
from the average were observed most often in the layers directly overlying

the lignite seams and in the barren interbeddings.
In the diagram representing the relationship between x and R (Fig. 23),

the samples with relatively low maxima are found close to the abscissa axis.
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Fig. 15. Percentual distribution of the v + pi2 roundness parameter in the samples of bore-
hole No. V. 155/A. Ill. Il. Upper Pannonian lignite complex. Ill. Upper Pannonian barren
complex

Fig. 16. Percentual distribution of the v pi2 roundness parameter in the samples of bore-
hole No. V. 156/Al. I. I. Quaternary. Il. Upper Pannonian lignite complex

A growing distance from the abscissa axis means that the proportion of the
most populous roundness interval increases at the expense of the other inter-
vals. As for the samples close to the ordinate axis, their width is large as com-
pared to their peak height; with a growing distance from the ordinate axis,
the ratio of peak height to base of the curve gradually increases. Accordingly,
the samples with a less well-sorted roundness are arranged near the origin:
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Fig. 17. Percentual distribution of the v mpj2 roundness parameter in the samples of bore-
hole No. V. 156/Al. Il. Il. Upper Pannonian lignite complex. 11l. Upper Pannonian barren
complex

Fig. 18. Percentual distribution of the v -j- p/2 roundness parameter in the samples of bore-
hole No. Y. 157/A. I. I. Quaternary. Il. Upper Pannonian lignite complex

moving away from it along the three rising curves we find samples with better
sorting of roundness.

The dispersion areas of the individual groups of layers were outlined in
Fig. 24. Within these areas, the points corresponding to the mean x’s and
R’s of the individual groups of layers were also marked.

»
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Fie. 19. Percentual distribution of the v -f-pi2 roundness parameter in the samples of bore-
hole No. V. 157/A. il. Il. Upper Pannonian barren complex
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fig. 30. Percentual distribution of the v -f-pi2 roundness parameter in the samples of bore-
hole No. V. 157/A. IIl. Ill. Upper Pannonian barren complex

On the average, the plots of the group marked M are least well-sorted
average on the basis of both parameters. Accordingly, well-sorted samples
do not occur even exceptionally in this group.

The group marked Y/o is distinguished by a high mean sorting which is,
however, due to two samples of exceptionally good sorting. Three of the four
overlying groups of layers marked IV/o, Ill/o, Il/o, and Ib/o, have but slightly
different means. As a result, if the whole area is considered, the roundness of
grains remains essentially unchanged within the lignite complex. The high
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mean roundness of the group marked Il/o, of an exceptional situation, was
derived from only three samples. In the group of layers marked IV/o, the param -
meter a is rather uniform, whereas  shows a very broad dispersion; for the
group marked Ill/o, the dispersion of a is half again as great as in group 1V/o.
In the group marked Il/o, the form of the field of dispersion revealed a very
high degree of roundness sorting; the dispersion of x in this group is consider-
ably superior to that of B. The parameters x and R of the youngest examined
Pannonian group of layers, marked Ib/o, show the least dispersion, i.e. its
plots were concentrated in a small central section of diagram.

The mean of the Quaternary layers ranks between the means of the
barren and lignite Upper Pannonian complexes. This mean is composed of
values of poor sorting of roundness, similar to that of the barren complex, on
the other hand, and to better-sorted ones, similar to the Upper Pannonian
lignite complex, on the other. The Quaternary group thus has a relatively
broad field of dispersion and the x and R parameters of the samples show
remarkable differences.

The occurrence of idiomorphic quartz, coming presumably from the
Miocene rhyolite tuff, was also investigated and related to the distribution of
roundness. Apart from some uncertain exceptions it could be established that
idiomorphic tuffogenic quartz was restricted to the Upper Pannonian barren
complex and to the Quaternary, respectively.

After having evaluated 80 samples from ten boreholes drilled in the
prospect area it could be stated that there is no significant difference in the
v jo/2 values since the layers concerned contained no coarse gravel. The
v -f-p/2 parameter varied from 2.84 to 4.20, covering not more than 13.6 per
cent fo the entire range of roundness. The dispersion within the individual
groups of layers was still less (3.7 per cent of the entire range). As regards the
position of the peaks of the distribution curves, the differences are negligible,
too, since, apart from a single exception, all peaks are in the roundness interval
3 and 4.

The Matra and Bikk Mountains [7]were at the end of the Upper Pan-
nonian peneplains bordering on a basin of accumulation. In the Valachian
tectonic phase two mountains were uplifted, essentially along a single fault
of NE —SW trend, and their wearing away was initiated at a rate similar to
the contemporary one or even faster. Only a small portion of the quartz grains
contained in the deposits investigated could come from the andesite mass of
the M atra Mountains, which is largely free of quartz. Accordingly, idiomorphic
quartz could derive within the actual Matra Mountains region primarily and
almost exclusively from the relatively scarce Helvetian and Sarmatian rhyolite
or dacite tuffs. Sorting of roundness increasing on the average in the Upper
Pannonian upwards from the complex marked M, indicates that the waste was
imported from a gradually increasing distance. In the Upper Pannonian quartz
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Fig. 22. Vertical changes of & in the boreholes examined
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Fig. 24. Distribution of sorting of roundness in the stratigraphic units examined and mean
sorting of roundness vs. a and R. I. Quaternary. Il. Upper Pannonian lignite complex. IlI.
Upper Pannonian barren complex

from nearby sources was gradually reduced almost to zero. The occasional lack
of sorting in the Upper Pannonian indicates the stepwise submergence of the
basin border, both in time and in space. The rapid sinking of the base of erosion,
brought about by episodes of faulting, led to the local erosion of the volcanic
exposed on the beach. As it was demonstrated by earlier investigations [8],
the end of lignite formation can be also explained by rapid changes of level of
this kind. Within the Upper Pannonian abnormal roundness distribution was
largely restricted to the covers of the lignite seams.

The higher dispersion of roundness of the Quaternary deposits can be
interpreted on the grounds that a relatively large proportion of the quartz
grains in them came from Pannonian deposits being eroded from the rising
M atra Mountains, and that the admixtures of primary Matra quartz, with the
result of stretching the curve in the direction of lower roundness, were merely
occasional. According to the statistical data relating to idiomorphic “dihexa-
hedric” quartz, the quartz grains which can be derived from the actual Matra
Mountains area are restricted almost without exception to the Quaternary and
to the Upper Pannonian barren complex. This is also due to the circumstance
that the profound erosion of the rock stock of the actual Matra Mountains took
[dace essentially in these two periods whereas the Matra Mountains were a sea-
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side peneplain in the upper lignitic part of the Upper Pannonian and partly
even a region of accumulation of Upper Pannonian sediments. It is owing to
the reworking of the said deposits after the Yalachian displacements that the
quartz material of some Quaternary samples shows the same roundness dis-
tribution as is characteristic for the Upper Pannonian.

10.

11.

12.

13.
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N3YUYEHWNE OKATAHHOCTW 3EPEH PbIXJ/1bIX OCAAOYHbIX
OTNOXXEHWWN B PAMOHE C. BULLOHTA

M. MUUKANOW w N. NMEWTKN

Pesome

Ha nonckoBo-pa3BefoyHOl NMOLWAAM OKO/O C. BULIOHTA K BOCTOKY OT ropoga [b&HAbELL
661110 0T06paHO 80 NPo6 13 10 CKBaXKMH, BCKPbIBLUMX BEPXHEMAHHOHCKO-M/eACTOLEHOBYHO TOJILLY,
NOACTUNAEMYIO BY/IKAHWYECKUM KOMMekcoM rop Matpa. Mo KBapueBbIM 3epHam Be/IMYMHOM
o1 0,32 go 0,64 mm 13 3aTux Npob 6610 NonydeHo 12 000 gaHHbIX OKAaTaHHOCTW, KOTOpbIe Orpe-
Lensannucb MeTOAOM CPV U OLEHUBaNNCL CTaTUCTUYECKN.

PacnpefeneHne okaTaHHOCTU BHYTPU Kakaoi npobbl 6b110 M300paXXeHO KPUBLIMU TuUMa
rmctorpamm, 1 6biinM BBefEHbl ABe BefMUMHbI (& U R) A5 XapaKTepuUCTUKWU (POPMbl KPUBbIX.
OHM n306paxkeHbl Ha KapTe 610K-gMarpammamu.

Ha ocHoBaHMM MOMYYeHHbIX JaHHbIX YCTAHOBIEHO: 1) HUXXHASA YacTb BePXHENaHHOHCKNX
OTNIOXKEHWI XapaKTepusyeTcs 3epHammn pPas/IMYHON OKAaTaHHOCTW, TPaHCNOPTMPOBaBLUMMMUCA
Ha pasHble PacCTOAHWA; 2) NPOCIOUN MEXJY YrofibHbIMW NiacTaMu XOpOLLO OTCOPTUPOBAHHbIE,
Yallle BCEro MoryT 6bITb 0XapaKTepu3oBaHbl KPMBbLIMW C OTYET/IMBbIM MakKCUMyMOM; 3) 4YeTBep-
TWUYHbIE OT/IOXEHUA cnabo COPTMPOBaHbI, OHW, KakK MNpaBwW/0, XapaKTepusyrTcsa BbITAHYTON,
Nnosioron KpwmsoW. Bce aTW faHHble NO3BOAMAN CYAUTb O MPOUCXOXAEHUW OCALKOB.
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TEKTONISCHE KARTE UNGARNS IM MARSTABE
1: 1000 000

Von

K. Balogh und L. Ké&rossy

GEOLOGISCHES INSTITUT DER JOZSEF A. UNIVERSITAT, SZEGED
UND UNGARISCHER ERDOL- UND GASTRUST, BUDAPEST

AnschlieRend an die Untergrundkarte der ungarischen Tertidrbecken von
Kérossy (1964, 1965) legen die Verfasser eine neuere Ubersichtskarte Ungarns vor,
deren Material einen Teil der tektonischen Karte des karpato-balkanischen Gebirgs-
systems im Malstabe 1: 1000 000 bilden wird. Die Karte folgt den Prinzipien, die
durch das Redaktionskomitee der karpato-balkanischen Karte unter der Fihrung von
Prof. M. Mane1’ ausgearbeitet wird. IThr Manuskript wurde mit der technischen Hilfe
der Ungarischen Geologischen Anstalt in Budapest zusammengestellt.

I. Cesteinsmaterial

Den aufbauenden Gesteinskomplexen gemdR kdnnen in Ungarn folgende
entwicklungsgeschichtliche Phasen unterschieden werden:

1. jungproterozoischen Etappe;

2. palédozoische Etappe mit der kaledonischen [21] und mit der d&lte-
ren [22] bzw. jingeren [23] herzynischen Unteretappe;

3. alpine Etappe mit drei Strukturstufen (untere 31., mittlere 32., und
obere 33.).

1. Die jungproterozoische Etappe wird hauptsdchlich durch Meso- und
Katametamorphite (Glimmerschiefer, Para- und Orthogneifl usw.) vertreten.
Diese Gesteine kommen als Ausldufer des Alpen- bzw. des Tatraveporiden-
Kristallins nur in der Umgehung von Sopron bzw. im Ostteile des Tokajer
Gebirges an die Oberflache.

Dabei wurde die Anwesenheit unterirdischer, meso- und katazonaler
Gesteinszige an einigen Stellen (besonders in Nordungarn, im sddlichen
Transdanubien, im Sid- und Ost-Alfold) durch Bohrungen auch im Unter-
grund der jungen ungarischen Becken festgestellt, oder auf Grund geologischer
Uberlegungen (z.B. siidlich des Biikk-Gebirges) angenommen.

Das Alter dieser Bildungen ist noch nicht genligend bekannt. Dazu stehen
bisher wenige absolute Zeitbestimmungen zur Verfligung.* So ist ihre Einstu-
fung in die geologische Zeitskala nur eine bisher nicht widerlegte Annahme.

* Daten siehe in der Arbeit Szadeczky-Kardoss et al.: Dieselbe Zeitschrift, 1967
Metamorphose in Ungarn.
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21. Sedimente der kaledonischen Unteretappe sind am Sddrande des
Balaton-Hochlandes, in dem Mantel des Velenceer Granitmassives, sowie in
dem Mantel des Velenceer Granitmassives, sowie in dem Mecsek-Gebirge erst
neuerdings nachgewiesen. Sie sind hauptséchlich durch dunkle, epimetamorphe
Ton- und Kieselschiefer vertreten, die hier und da auch spérliche Graptolithen-
Reste enthalten und so als silurisch zu betrachten sind. Stellenweise lagern
auch Kalk-, Dolomit-, Sandstein-, sogar Amphibolit- oder Quarzporphyr-
Zwischenlagerungen in die Silur-Folge ein. Da das Basiskonglomerat dieser
Serie im Mecsek-Gebirge auch abgerundete Granitkiesel enthdlt, kann man
mindestens einen Teil der migmatitischen Granite dieses Gebietes als vor-
oder frihkaledonisch auffassen. Ahnliche, wahrscheinlich vorherzynische
Granite kommen auch im Untergrund der GroRen Tiefebene vor (Nagykdrdos).

22. Der é&lteren herzynischen Unteretappe rechnen wir einmal im
Gegensatz zu manchen d&sterreichischen Geologen die epimetamorphen
Quarzphyllit- und Kalkglimmerschiefer-Serien des Koszeger Gebirges und des
Vashegy zu, deren Fortsetzung westlich des Raab-Flusses in SSW—NNO
Richtung auch unterirdisch zu verfolgen ist.

Eine andere, wahrscheinlich hierher gehdrende epimetamorphe Zone
zieht sich im Streichen des Balatonsees hin, meistens unter Pliozdn-Bedeckung
verborgen. Obwohl in dieser Zone auller Devon und fossilfihrendem Unter-
karbon auch &ltere und jlingere Bildungen verkommen, sind wir heute noch
nicht imstande, die letzteren als selbstdndige Zonen abzusondern.

Ein drittes Vorkommen der altherzynischen Gesteine liegt in dem mit
Fossilien bewiesenen Devon von Szendro und im Unterkarbon von Uppony
vor. Es besteht aus hellen und grauen Marmoren, Tonschiefern, Sandsteinen
und leicht metamorphen Kalken.

23. Wdhrend derjungeren herzynischen Unteretappe lassen sich in Ungarn
drei Faziesbereiche erkennen. Im Norden und im Suden herrscht die Molasse-
Fazies (pflanzen- sogar kohlenfuhrendes Mittel- und Oberkarbon des Tokajer
und des Mecsek-Gebirges; lagunédres Unterperm des Mecsek-Gebirges). Zwi-
schen diesen Zonen erstreckt sich eine mittlere Zone, die auBer einem, karnisch-
dinarische Charakterziige aufweisenden Mittel- und Oberkarbon (S des Bala-
tonsees; Bukk-Gebirge) auch lagundres Unterperm (Bukk-Gebirge) enthdlt.

Wie oben erwdédhnt, kdnnen die &lteren und jlngeren herzynischen
Etappen unter der jungen Beckenausfillung voneinander nicht getrennt
werden.

Der herzynischen Etappe gehdren noch die karbonischen Granite des
Velenceer Gebirges und die in dessen weiteren WSW-lichen Fortsetzung durch
Bohrungen festgestellten Granitstdcke an.

Unterpermische Quarzporphyre kennen wir aus dem Mecsek-Gebirge,
und per analogiam kénnen auch die aus einigen Bohrungen im Sud-Alféld
bekannten Quarzporphyre unterpermischen Alters sein.
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311. Seiner mehrfachen Faziesgliederung entsprechend reihen sich in
dem unteren Teile der unteren Strukturstufe der alpinen Etappe (P., T,) drei
Faziesgehiete aneinander. Sie sind durch die folgenden Schichtfolgen gekenn-
zeichnet, u.zw.:

a) durch die sich aus den hunten, fluviatilen-lakustrischen, oberperm i-
schen Sandsteinen mehr oder minder allméhlich entwickelnde, ostalpine Unter-
trias des Transdanubischen Mittelgebirges und der Gémdriden im Norden,
hzw. des Mecsek-Gebirges im Suden;

b) durch die sich aus marinem, dinarisch-westserbischem, kalkigem
Oberperm konkordant entwickelnde, (berwiegend kalkige Untertrias des
Bikk-Gebirges. Die Biilkk-Zone hat einen Ubergang zu den Siid-Gémaériden,
wo neuerdings die Anwesenheit eines seichtmarinen Oberperms mit mehr
oder minderer Wahrscheinlichkeit nachgewiesen wurde. Daneben hat diese Zone
ihre wahrscheinliche Fortsetzung nach SW im mittleren Transdanubien, also
zwischen dem Transdanubischen Mittelgebirge und dem Mecsek.

312. Der mittlere Teil der unteren Strukturstufe ist im allgemeinen in
ganz Ungarn durch verschiedene kalkig-dolomitische Ausbildungen der
alpinen Mittel- und Obertrias (T2 ;i) vertreten. Neben Karbonaten treten
hier und da Tonschiefer auf (Bikk, Rudabanyaer Gebirge, Mecsek). Die
Spuren eines mehr oder minder basischen, submarinen Vulkanismus sind in dem
Bukkgebirge am starksten, in den Sid-Gomdriden und am Balaton-Gebiet
aber wesentlich schwécher; sie fehlen im Mecsek-Gebirge vollkommen. Von
der allgemeinen karbonatischen Entwicklung weicht das Mecsek-Gebirge auch
dadurch ab, daB seine Obertrias in Form eines mé&chtigen lagundren Sand-
stein-Komplexes ausgebildet ist.

313. Der obere Teil der unteren Strukturstufe (J K,) zeichnet sich
durch seine Faziesbuntheit aus.

In einzelnen Teilen des Transdanubischen Mittelgebirges sind Spuren
der Sedimentationsunterbrechung nicht nur zwischen Obertrias und Unter-
jura, sondern auch zwischen Jura und Kreide und wahrend der Barréme-
Stufe bekannt. An anderen Stellen aber liegt eine ununterbrochene Sedimen-
tation vor. Daneben weicht die Ausbildung der Unterkreide in dem ndrdlichsten
Teil des Mittelgebirges (Gerecse) durch ihre Tonmergel- und Sandsteinfazies
vom Typ der Hauptteile des Mittelgebirges (Bakony, Vértes) stark ab, und
sie ndhert sich mehr jenem der Kleinen Karpaten.

Wegen nachtrdglicher Abtragung scheint die Jura-Unterkreideserie im
ganzen NordUngarn zu fehlen.

Demgegentber liegt im Mecsek-Gebirge eine méachtige Juraserie vor,
deren unterer Teil, Grestener Fazies, sich aus den liegenden Obertrias-Sand-
steinen allméahlich entwickelt, und nach oben in eine Fleckenmergelfazies
Ubergeht. Nur von dem oberen Dogger an gleichen sich Faziesunterschiede
zwischen dem Mecsek und dem Mittelgebirge aus. Sonst ist die Unterkreide
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des Mecsek-Gebirges durch einen alkali-basischen Vulkanismus gekennzeich-
net, der aber im Mittelgebirge vollkommen fehlt.

Die nach einer grofRer Pause sich unmittelbar der Mitteltrias
auflagernden Bath-Kelloway-Schichten des Villanyer Gebirges leiten eine
kalkige Oberjura-Unterkreide-Schichtfolge ein, innerhalb deren wé&hrend des
Valendis eine kurze Sedimentationsunterbrechung (mit Bauxitbildung)
stattfand.

Das Ende der unteren Strukturstufe der alpinen Etappe ist an verschie-
denen Stellen an verschiedene stratigraphische Niveaus gebunden (Bakony
Vértes: Cenoman; Gerecse: Oberbarreme; Mecsek: Albien; Villany: Apt).

Aus dem Untergrund des pannonischen Beckens sind verschiedene
Glieder dieser Strukturstufe dank Tiefbohrungen bekannt. Sie kdnnen aber
vorldufig ohne die Mdglichkeit einer Aufteilung in Unterstufen oder nach
Fazies, nur einheitlich behandelt werden.

32. Die mittlere Strukturstufe der alpinen Etappe ist durch die Gosau-
Sedimente des Bakony- und Blkkgebirges, sowie durch die transgredierenden,
Glohotruncanen-fihrenden Cenoman-Mergel des Mecsek-Gebirges vertreten.

Sedimente einer seichtmarinen Senon-Transgression sind auch in dem
Beckenuntergrund West-Transdanubiens und im Gebiet zwischen Donau und
Theill festgestellt.

W ahrscheinlich an die Oberkreide sind auch die basischen Erglisse und
Durchbriiche gebunden, die im westlichen Bikk-Gebirge, im Bddva-Tal an
der Oberflache und an mehreren Stellen des Beckenuntergrundes durch Boh-
rungen oder magnetischen Messungen bekannt worden sind.

33. Die obere Strukturstufe der alpinen Etappe (Pg—Q) ist dem Wesen
nach durch die lockerere Ausfullung intermontaner Tertidr-Becken vertreten.

Verbreitung und Machtigkeit der einzelnen tertidren Stufen und der
mit ihnen verknupften subsequenten und finalen Vulkanite wechselt von
Beckenteil zu Beckenteil. Thre Abwechslung ermdéglicht aber, die Geschichte
der Zerbrechung der d&lteren Strukturen in Schollen wéahrend des Tertiérs
rekonstruieren zu kdénnen.

Unter den einzelnen Tertidrstufen haben das Paldogen, das Miozén
hzw. das Pliozdn-Quartdr ihre selbstdndige Paldogeographie. Sie sind also
voneinander durch bedeutsame Sedimentationslicken abgesondert. Daneben
sind auch weitere Diskordanzen innerhalb des ungarischen Tertidrs bekannt,
die manchmal durch das Beleben des Vulkanismus, durch Winkeldiskordanz
oder durch st&rkere Kistenverschiebungen begleitet waren. So transgrediert
z. B. das Torton sudlich von Debrecen unmittelbar Gber den jungproterozoi-
schen Untergrund.

AuBer den erwé&hnten Bildungen hat man im Ostungarn eine 0 W
streichende Flyschzone dank Bohrungen entdeckt. Sie ist durch ihre 0Ostliche
Fortsetzung in Nord-Rumé&nien mit dem sog. transkarpatischen Flysch ver-
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bunden. Der stratigraphische Umfang der hierher gehdrenden, rhythmischen
Sedimente umfalRt aulRer der Oberkreide auch das Paldogen. Von Szolnok

und Nagykdros setzt sich diese »Flyschzone« deren Flyschcharakter jeden-
falls noch zu uberprifen ist wahrscheinlich nach S fort.

I1. Charakter und Alter der tektonischen Bewegungen

In Einklang mit dem oben Gesagten lassen sich die Auswirkungen der
folgenden tektonischen Phasen in Ungarn mit mehr oder minderer Klarheit
erkennen:

Phasen Ereignisse
Assynthische Starke Faltungen
Kaledonische (ohne weitere Detailierung)

Altherzynische
Jungherzynische
Sudetische Faltungen und Uberschiebungen
Saalische
Pfalzische
Alpidische Nur Hebungen*
Altkimmerische

Juiigkimmerische

Subherzynische
Faltungen und Aufschuppungen*

Austrische

Laramische

Savische

Steierische Briche, an Gebirgsrdndern mit
Uberschiebungen

Attische

Rhodanische

* Neuerdings wurden von FU1resp (1964, 1966) die Sedinientationsunterbrechungcn
infolge tektonischer Ereignisse und Hebungen an der Jura Kreide-Wende, zwischen dem
Barréme und Apt bzw. im Tdron in dem Transdanubischen und Villanyer Mittelgebirge mit
groBer Genauigkeit festgestellt. Dazu mdchte K onda (1964) auch die Hiaten der transdanu-
hischen Juraserie in jedem Falle mit dem Trockenlcgen des ehemaligen Meeresuntergrundes
verknipfen.
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Hierund da kam es auch in einigen jungen Phasen zu Randuberschie-
bungen (z. B. die Darn6-Linie an der NW-Seite des Bukk-Gebirges ist post-
oligozénisch-vorburdigalisch; die Schuppenzonen am Nord- und Sidrande
des Mecsek-Gebirges sind attisch bzw. rhodanisch). In der tieflindischen
Flyschzone kam es sogar zu einer starken postoligozédnen Faltung. Im allge-
meinen besteht aber eine Tendenz, infolge welcher die &alteren W —0 bzw. SW
NO streichenden Faltungs- und Aufschuppungsstrukturen durch jungere Quer-
briche in Schollen zerfielen.

Die einzelnen Schollen sind wahrend der Tertidrs und Quartars selbstan-
dig bewegt, als Gebirge emporgehoben worden oder als Beckenteile abgesun-
ken. Die letzteren intermontanen Becken werden dann durch lockere Abtra-
gungsprodukte ausgefullt. Entlang der entstandenen Bruchsysteme kam es
zum Aufdringen verschiedener junger Magmenprodukte. Die vulkanischen
Hauptzentren fallen aber nicht immer auf das Gebiet des an der Oberflache
sichtbaren »innerkarpatischen vulkanischen Kranzes«. So hat man z.B. in
der Umgebung von Nyiregyhdza mehr als 1500 m machtige vulkanische
Komplexe unter den pannonischen Sedimenten festgestellt.

Trotzt der jungen Schollenbildung ist der Verlauf einiger dlteren markan-
teren tektonischen Linien zu rekonstruieren. Alle diese haben Aufschiebungs-
charakter. Doch kann ihre Vergenz (der allgemeinen Lage und dem Alter der
angrenzenden Grofischollen gemd&R) stark abwechseln. Die Bewegungsrichtun-
gen kodnnen auch in ein- und demselben Gebirge wdahrend der aufeinander-
folgenden tektonischen Phasen gerade entgegengesetzt sein. Die scheinbare
tektonische Symmetrie unserer Gebirge ist also das Resultat von Bewegungen
verschiedenen Alters.

Ein Teil der Hauptlinien (z. B. die Raab-Linie, die Balatonlinie, die
Mecsek-Linie) schlieft sich offensichtlich den Leitlinien der Alpen bzw. der
Savefalten an. Die Raab-Linie, die Balaton-Linie, die Darné- und Hernad-
Linie sollen sich in der Tschechoslowakei oder in der Sowjetunion fortsetzen.
Die die tieflandische Flyschzone abgrenzenden Linien und die in SO-Ungarn an-
genommenen Linien haben ihre Fortsetzungen in Rumédnienund in Jugoslawien

Aus dem Gesagten geht hervor, dall die Entwicklungsgeschichte und
das Baumaterial der durch diese Hauptlinien begrenzten grofRtektonischen
Einheiten sehr abwechslungsreich ist.

Abgesehen von den Einzelheiten, die von Koréssy (1965. p. 35 61)
schon publiziert wurden, wollen wir betonen, dal Ungarns tektonischer
Baustyl nach unseren bisherigen Erfahrungen viel einfacher als jener der
Alpen oder der Karpaten ist. Deckenlberschiebungen alpinen AusmaRes
(mit Ausnahme der 6stlichsten Schollen der Alpen) scheinen bei uns zu fehlen.
(Dieser Umstand kann aber unter anderen - auch mit den Schwierigkeiten
der tektonischen Forschung unter der jungen Sedimentbedeckung Zusammen-
hédngen.)
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Die Anwesenheit der tieflindischen Flyschzone zeigt, dall die Idee
eines einheitlichen innerkarpatischen Zwischenmassives sicher fallen muB.
Dazu kommt aber, dal den neuesten Feststellungen gemdR die gegenwadrtige
Krustenmadachtigkeit (also die Tiefe der Mohorovicic-Fldche) in Ungarn viel
geringer, als das kontinentale Mittel ist.
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TECTONIC MAP OF HUNGARY ON THE SCALE OF
1:1,000,000

By

K. Balogh and L. Kérossy

Abstract

Following the issue of L. Kérossy’s (1964, 1965) subsurface basement map of the
Tertiary basins of Hungary, the authors have presented a new outline map of Hungary as
a contribution to the series of 1: 1,000,000 tectonic maps of the Carpatho-Balkan Mountain
System being prepared by the member-countries of this Region. The map follows the principles
developed by the Editing Committee of the Carpatho-Balkan Map under the guidance of
Prof. M.Manher1’. Its manuscript was prepared with help of the technical staff of the Hungarian
Geological Institute, Budapest.
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TEKTOHMYECKASA KAPTA BEHIFEPCKOW HAPOAHOW PECMYBAVKW
B MACLUTABA 1:1000 000

K. BANIOI u N. KEBELWLWW

Pesome

Bcneg 3a n3gaHvem KapTbl (lyHAaMeHTa TPeTUYHbIX 6acceiiHOB BeHrpum, coctaBneHHOM
J1. Képéwwwn (1964, 1965), aBTOpbl NpeACTaBAsAOT HOBYIO 0630pHYt0 KapTy BeHrepckoli Hapog-
HOM Pecny6nnKu, BXOASLLYK B KOMMIEKT CEPUN TeKTOHMYECKMX KapT cTpaH Kapnarto-ban-
KaHCKOro FOpPHOro COOPYXXeHMUs, cocTaBnsieMblxX B Maclutabe 1 : 1000 000. B ocHoBy cocTaBfe-
HUSA KapTbl 6bUM MOMOXeHbI MPWHLUMUNbLI, paspaboTaHHble pefkonnervein kKapTbl Kapnato-
BankaHCKO cucTembl Mo PYKOBOACTBOM npodeccopa M. Marens. Pykonucb KapTbl Oblna

coCTaB/fleHa C TEXHUYECKOM MNOMOLLbIO COTPYAHWKOB BeHrepckoro reofiorMyeckoro WHCTUTYTa
B BbypanewuTe.
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DIE TYPEN DER PYRENAISCHEN BEWEGUNGEN
AN DER EOZAN/OLIGOZAN-WENDE

UND IHRE AUSWIRKUNGEN AUF DIE OLIGOZANE
SEDIMENTBILDUNG IN EUROPA
UND IN DEN NACHBARGEBIETEN

Von
N. MESZAROS und E. Dudich jr.

UNIV. BABES-BOLYAI, CLUJ, RUMANIEN
UND UNGARISCHE GEOLOGISCHE ANSTALT, BUDAPEST

Die pyrendischen Bewegungen spielten sich zu Ende des Eozéns, z. T. aber
schon wahrend des Unteroligozédns ab, also wesentlich spéter, als die prapyrendisch-
balkanischen Bewegungen.

Es gibt ausgedehnte Gebiete, in denen zwischen den beiden Phasen eine marine
Schichtenfolge des Obereozéns abgelagert wurde.

Die echten pyrendischen Bewegungen hatten sehr verschiedene Auswirkungen:
Faltungen, Bruchtektonik, endgultige Emersion, zeitweilige Emporhebungen und
Abtragungen (Diskordanz), partielle Regression (nichtmarine Ablagerungen). Ver-
seichtung des Meeres, Faziesdnderungen mit brackischen, lagundren und organisches
Material enthaltenden Ablagerungen; unteroligozadne Transgression.

Die Veranderungen lassen sich auch an der Zusammensetzung der Fauna und
Flora verfolgen.

Die »spatpyrendischen« Bewegungen dauerten bis zum Anfang des Mitteloligo-
zans (»helvetische«, »massagetische« Phase).

Die magmatische Tatigkeit, die laramisch, bzw. z. T. prapyrendisch begonnen
hatte, setzte sich fort. Im Gegensatz zum eruptiv- bis subvulkanischen Magmatismus
der pyrendischen Phase iberwiegen die intrusiven Gesteine.

Die pyrendischen Bewegungen gehdren dem dritten, einschlieRenden Entwick-
lungsstadium des alpinen Geosynklinalsystems an, das mit den prdpyrendischen Bewe-
gungen angefangen hatte und bis zum Amfang des Miozéns dauerte.

Die Verfasser behandeln die pyrendischen Bewegungserscheinungen in der
Reihenfolge der grofRtektonisch bedingten Sedimentationszonen:

1. die Zone der ndrdlich des alpin-karpatisch-balkanisch-kaukasischen Geo-
synklinalzweiges liegenden Plattform,
Il. die »auBere« epikontinentale Ubergangszone,
I11. die Zone des alpinen Geosynklinalzweiges,
IV. die »innere« epikontinentale Ubergangszone,
V. 4duRere epikontinentale Ubergangszone siidlich vom Atlas,
V1. das Gebiet der nordafrikanischen Plattform.

Einleitung

In zwei friheren Arbeiten haben die Verfasser die Auswirkung der
laramischen bzw. spétlaramischen Bewegungen auf die paleoz&ne Sediment-
bildung [121] und die Bedeutung der prédpyrendisch-balkanischen Bewegun-
gen zu Ende des Mitteleozdns [80] behandelt, die von den Verfassern abgeson-
dert und definiert geworden waren [120].
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Im vorliegenden Aufsatz sollen die verschiedenen Typen und Aus-
wirkungen der eigentlichen pyrendischen Krustenbewegungen dargestellt
werden.

Historischer Ruckblick

Douvillé [77] wies schon 1906 darauf hin, daB im Gebiet der Pyrenéen
eben jene die wichtigsten orogenetischen Bewegungen waren, die vom Ende
des Mitteleozdns (!) bis zum Unteroligozédn anhielten.

Haug [96] erwdhnt sie unter dem Namen »postlutetische Bewegungen«.
An beiden Seiten der Pyrenden (der ndrdlichen und der stdlichen) entstanden
als grober Konglomerat-Komplex die Palassou-Schichten. Er umfaft auch
die unteroligozénen Bildungen und besteht aus Gerollen, die aus den Zentral-
Pyrenden stammen, ist somit ein gemeinsames Produkt der prépyrendischen
und echt-pyrendischen Phasen.

Stille [138] erw&hnt die Spuren der pyrendischen Phase aus verschie-
denen Gebieten Europas. Er betont, daB in den Pyrenéden die im Barton-Lud
stattgefundenen Bewegungen die Hauptphase bedeuten. In den Franzdsischen
Alpen ereigneten sich die pyrendischen Bewegungen zwischen dem Obereozén
und dem »Ludien«; im Schweizer Jura deutet sie eine Diskordanz zwischen
dem Eozdn und dem Unteroligozdn an. In den Schweizer Alpen kann eine
pyrendische Faltung (zwischen Obereozidn und Unteroligozdn) nachgewiesen
werden.

Stitte erwéhnt dieselbe Bewegungen auch aus den Ligurischen Apen-
ninen, zwischen Barton und Unteroligozdn, weiterhin aus dem Gebiet der
Dinarischen Alpen (aus dem Hohen Karst), aus dem Sublierzynischen Becken,
aus Nieder-Hessen und endlich aus dem Kaukasus (Gegend Dagestan). In
einer spéteren Arbeit [139] beschreibt er einige pyrendische Bewegungser-
scheinungen aus den Karpaten, allerdings mit einem Fragezeichen. (Besonders
in den N-O-Karpaten sind Heraushebungen zu Ende des Eoz&ns bzw. trans-
gressive Uagerungen des Oligozdns bekannt.)

Nach Stitte soll der zentrale Teil der Pyrenden infolge der austrisehen
und laramischen Faltungen entstanden sein. Er betrachtet die pyrendische
Bewegungsphase als eine einmalige Episode zu Ende des Obereozdns, die in
Form einer synorogenen Heraushebung der Zentralzone der Pyrenden vor
sich gegangen ist.

Verfasser unterscheiden scharf zwischen prdpyrendischen und pyre-
ndischen Bewegungen. Sie haben schon darauf hingewiesen, dall die prapyre-
ndischen Bewegungen recht verschiedene Auswirkungen hatten, und zwar
Faltungen, Bruchtektonik, endgiltige bzw. voriibergehende Heraushebungen.
Besonders kennzeichnend und beachtenswert sind jene Félle, in denen nach
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der prédpyrendischen Emersion eine obereozdne Meeresiberflutung und darauf
wiederum eine nun schon »echt-pyrendischc« Bewegung folgte.

Das Thema soll in der Reihenfolge der groRtektonisch bedingten Sedi-
mentationszonen behandelt werden.

I. Die Zone der ndérdlich vom alpin-karpatisch-balkanisch-
kaukasischcn Geosynklinalzweig liegenden Plattform

a) Westeuropa, Nord- und Ostsee-Gebiet

Im Hampshire-Becken sind die obereozédnen Barton-Tone von den
Headon-Schichten bedeckt, aus denen Pflanzenreste beschrieben wurden
(Chandier [72]). Uber diesen Schichten lagern die Mammalien-Reste enthal-
tenden Osborne Beds. Nach Pomerol [129] fand die obereozidne Sedimentie-
rung ihren AbschluBR mit der Ablagerung der Bembridge-Schichten; darauf
folgen die Hamstead Beds. Es ist bemerkenswert, dal nach Krutzsch und
Lotsch [108] eine Unterbrechung der Sedimentation zwischen den Upper

Abb. 1. Die Zone der ndrdlich vom alpin-karpatisch-balkanisch-kaukasischen Geosynklinal-
zweig liegenden Plattform

Meeresspiegel, Tr Transgression, D Diskordanz, K Regression

Bembridge Beds und den Lower Hamstead Beds besteht. Nach der Ablage-
rung der Hamstead-Schichten wurde die Gegend endgultig herausgehoben.

Im Londoner Becken fehlt das gesamte Oligozdn und auch das Ludien
Uber den marinen Bagshot Beds (Brinkmann [69]). Auf der Insel Wight
bildeten sich im »unteren Stampien« Brackwasser-Schichten aus (»Corbula
Beds« usw. von unten nach oben: Lower Hamstead, Cerithium-, Corbula-
und Lentidium-, Cyrena convexa-, Ostrea longirostris-Schichten). Sie lassen
sich mit den grinen Romainville-Tonen, mit dem Sannois-Kalkstein und dem
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unteren Ostreen-Mergel des Pariser Beckens korrelieren (Cavelier [71]).

Nach Rey [132] korrelieren die Gipse von Montmartre mit den unteren
Bembridge-Schichten, und die im Becken von Paris bekannten grinen, Cyrena
und Potamides filhrenden Mergel und Sannois-Kalksteine sollen der mittleren
Gruppe der Hamstead-Scliichten entsprechen.

In der Bretagne, die wéhrend des fritheren Eozé&ns von einer Bucht des
Atlantischen Ozeans bedeckt war, fehlen die obereozdnen und oligozdnen Bil-
dungen, oder sie sind in limnischer Fazies ausgebildet. Im Stampien wurde das
Gebiet von neuem Uberflutet (Gignoux [88]).

In Belgien sind die Assche-Tone von den Sanden von Grimmertingen
und Neerrepen transgressiv Uberlagert. Die letzteren seien nach Pomero1 [129]
untertonsrischen Alters und in die Barton-Stufe einzuordnen. Die Faziesén-
derung ist unverkennbar, denn es folgen die brackischen Henis-Sande und
Tone. Dann kam es zu einer Heraushebung; die rupelischen Berg-Schichten
lagern nach einem gewissen Hiatus (Drooger [78]) diskordant. Krutzsch
und Lotsch sprechen sogar von mehrmaligen Aushebungen.

In Ddnemark entstanden im Obereozdn und Unteroligozdn manchenorts
limnische Ablagerungen. Uber diesen folgen Septarien-Mergel (Papp [127]).

In Norddeutschland h&ngt die Beurteilung der paldogeographischen
Situation an der Eozdn-Oligozdn-Wende von der Stellungsnahme zur Lattor-
fien-Frage ab. Krutzsch und Lotsch behaupten, dafl die lattorfer Schichten
der Typus-Lokalitdt dieser Stufe eine kiustennahe, glaukonitisch-sandige
Fazies des Obereozéns darstellen. In diesem Fall darf man die wichtigen
Krustenbewegungen, die die Uberflutung Norddeutschlands verursachten und
eine direkte Verbindung zwischen dem borealen und dem mediterranen Meer
herstellten, nicht der pyrendischen zuschreiben, sondern muf} sie noch (bzw.
schon) der prépyrendischen Phase anordnen.

Hinsch [98] hielt es fur unmdglich, die lattorfer Schichten des Gifhorner
Troges in das Obereozdn zu stellen.

In der Umgebung von Hamburg sowie im sudlichen Brandenburg trat
eine Regression ein, und das Meer kehrte erst im Mitteloligozdn zurick
(Krutzsch, Lotsch [108]). Ahnliches wurde auch aus der Gegend von Halle
beschrieben.

In Polen ist das Unteroligozdn durch eine ausgedehnte Transgression
gekennzeichnet (Wozny [145]). Es gibt Gebiete im NW-Polen, in denen in
gewissen Schichtenkomplexen unter dem Mitteloligozén auch das Unteroligo-
z&n enthalten ist (Wolanska [144] 1962). NW von Warschau fand nach dem
Lattorfien eine Heraushebung statt (Blaszkiewicz [65]).
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b) Die Russische Tafel

In Litauen ist das genaue Alter der uber dem Foraminiferen-fihrenden
Obereozén lagernden schwarzen Tone noch unklar (Wenoshinskene, [I1]
1959). In W-Bielorussia ist die Charkow-Serie in mancher Hinsicht der obereo-
zdnen Kiew-Serie dhnlich, sie weist aber eine geringere horizontale Verbreitung
auf und enthielt Pflanzenreste (Manikin [37]). Es gibt Profile, in denen sich
ein allméhlicher Ubergang feststellen 14Rt, der jedoch mit einer Anderung der
mineralogischen Zusammensetzung der Sande verbunden ist.

In Wolhynien-Podolien ist das Unteroligozdn unmittelbar von tortoni-
schen Sedimenten (berlagert (Kudrin [31]).

In der Ukraine handelt es sich wieder um die Charkow-Schichten.
ISolowizkij [48]) duBert die Meinung, dall diese noch der obereozénen Kiew-
Serie angehdren. Dagegen laBRt sich einwenden, dall im Dnjepr-Donetz-Becken
die »Charkow-Stufe« diskordant das Eozén (berlagert (Widomenko [12]) und
dafl stdlich vom ukrainischen kristallinen Massiv die Charkow-Schichten lber-
all transgressiv lagern (Nossowskij [45]), sogar direkt Uber dem Proterozoikum
(in der Umgebung von Krivoj Rog). Im mittleren Dnjepr-Tal uberlagern die
unter- und mitteloligozdnen, Mollusken-fihrenden Sandsteine mit einer gut
ausgepragten Erosionsdiskordanz die Kiew-Serie. Auch Krutzsch und
Lotsch erwdhnen eine Unterbrechung der Sedimentation in der Umgebung
von Dnjepropetrowsk zwischen den tonigen und glaukonitischen Tonen der
Mandrikowka- und der Charkow-Serie.

Die Wolga entlang ist das Obereozdn durch die Kiew-Serie vertreten
(Brashnikow [7]; Korobkow [106]). An der Basis des unteren bzw. mittle-
ren Oligozéns befinden sich schwarze, Globigerinen-fiihrende Tone.

c¢) Turgaj-Senke, Sibirien

Im Turgaj-Gebiet ist die obereozéne Untertschegan-Serie von den konti-
nentalen Sedimenten der Turgaj-Serie bedeckt (Owetschkin [47]). In der
Ustjurt- und Priaralia-Region ist die Tschegan-Serie von den marinen Asch-
tschearisk-Schichten, anderorts von der kontinentalen Turgaj-Serie Uberlagert
(Wjatlow [14]).

In der Westsibirischen Senke treten von der Eozén/Oligozédn-Grenze
an wesentliche Verdnderungen ein, und zwar eine graduelle Heraushebung
der Ostkiiste des Meeres mit einem Ubergang in terrestrische Sedimente
(Gugari [22]). Im Unteroligozdn kam es zum Ende des marinen Milieus
(Satzman [25]). Den Ablagerungen der Tschegan-Serie folgen kontinentale
tonige Sandsteine (Nikolajewa [44]).

W eiter nach Osten, im Priobi-Gebiet (Soswer Becken) sind die unteroli-
gozdnen marinen Tschegan-Schichten von den Sedimenten der terrestrischen
Nekrasowsk-Serie (Uberlagert (Dobruzkaja [24]).
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Zusammenfassung

Die Bewegungen setzten schon im spdteren Obereozén ein (kontinentale
Ablagerungen bzw. Aufhdren der Sedimentation GUberhaupt): Londoner Becken,
Bretagne, Ddnemark, Dnjepr-Donetz Gebiet.

In anderen Gebieten gingen die Verdnderungen zu Beginn des Unteroli-
gozdns vor sich (Heraushebung, Fazieswechsel): Hampshire Becken, Belgien.

Es gibt auch Gebiete, in denen die Emersion erst nach dem Unteroligo-
zan (also »spatpyrendisch« bzw. »helvetisch«) eintrat, dann aber recht kréftig
und langfristig: Polen, Wolhynien-Podolien, Turgaj, Ustjurt, Priaralia,
W -Sibirische Senke, Priobi-Gebiet.

In N-Deutschland, Polen und in der Ukraine scheint eine breite untero-
ligozdne Transgression charakteristisch zu sein. Anderswo trat die Trans-
gression spéter ein (Bretagne, Belgien, Ddnemark usw.).

Il. Die »duBRere« epikontinentale Ubergangszone

a) Aquitanisches Becken, Pariser Becken

Im westlichen Teil des Aquitanischen Beckens (Gegend von Bordeaux)
bildeten sich im obersten Eoz&n (Ludien und Wemmelien) nachVigneaux [142],
Mergel mit Sismondia sp. und Tone mit Ostrea bensonensis aus. Darauf folgte
die regressive Etappe des Sannoisien (Mergel mit Anomyen und mit Ostrea
medulensis, daruber die limnischen Mergel und Kalksteine von Castillon).
Das Bupelien bringt eine neue Transgression.

& W -==----- Obereozan ErsteHalfte lesOHgozéns
Pariser Becken Ftr
Hessener Becken L
Mainzer Becken

Rhein-Graben - [ -
Berner Jura
Stid-Sachsen

Haring

Moesische Plattform
Dobrudscha

Asow-Kuban Senke
Mangyschlak -

Fergana-Becken

Abb. 2. Die »3ufere« epikontinentale Ubergangszone
————— Meeresspiegel R Regression, Tr Transgression, L Liicke
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Im d&stlichen Teil des Aquitanischen Beckens bildeten sich im Ludien
die Kalksteine von DTssigeac; dann folgt eine Regression und die Ablagerung
der Fronsadais-Molasse. Das Rupelien ist auch hier transgressiv.

Zwischen Grésigne und Montagne Noire finden sich im Ludien die Blau-
Molasse und die Mas-Kalke, im Sannoisien die Puylaurens-Molasse und die
d’Albioder Lautrec-Kalke. Uber diesen lagert das Stampien.

Boulanger [67] weist darauf hin, daB im aquitanischen Becken, dstlich
von Biarritz, zwischen dem Eozé&n und Oligoz&n eine stratigraphische Licke
festzustellen ist. Nach Vigneaux [142] besteht ein sehr ausgeprdgter Unter-
schied zwischen dem Sannoisien und dessen Liegendschichten in Bezug auf
die Fauna sowie auf den lithologischen Zustand.

Im Pariser Becken uberlagern die Gipse vom Montmartre die Phola-
domya ludensis fithrenden Mergel und die Champigny-Kalksteine. Diese
Gipse werden von den meisten Forschern noch zum obersten Eozdn gerechnet
(Feuille [85]), doch sind Lapparent [111] Dollfus und Denizot [75] der
Meinung, daB sie schon dem Unteroligozdn angehdren. Uber ihnen liegt
eine Serie von Brackwasser- bzw. SuBwasser- und sogar terrestrischen Ablage-
rungen: »blaue Mergel«, weille Pantin-Mergel mit Lymnaeen, cyrenafiihrende
Mergel, Mergel mit Cardiopsis incrassatus und die kontinentalen Brie-Schich-
ten, die Lymnaeen und Planorbis-Arten enthalten (Bricon [68]).

In der Gegend von Corineilles, Argenteuil und Sannois selbst beginnt
die Schichtenfolge des Sannoisien mit den lagunéren, brackisch-limnischen,
grinfarbigen Romainville-Tonen; Gber diesen folgen die wieder lagunéren d’Or-
gemont-Schichten und endlich die z. T. schon litoral-marinen Sannois-Kalke.
Das Stampien fadngt wieder mit brackischen Ostreen-Mergeln an und bleibt
stdndig stark oszillativ (Cavelier [71]).

Zu bemerken ist hierzu, dal Pomerol [129, 130] im Obereozén (Barto-
nein) drei Horizonte unterscheidet: Auversien, Marinesien und Ludien. Der
letztere soll dem Lattorfien entsprechen. Uberlagert sind die Cyrenen-Mergel,
die grinen Mergel und die Kalksteine des Sannoisien. p’Albissin [90]
beschreibt, daf in der Umgebung von lIle de France die Cyrenen-Mergel
transgressiv lagern. Im Zentrum der Lagune entstanden Gipse.

b) Die Region der herzynisch-variszischen Massive,
der Nordrand der Alpen, der Karpaten und des Balkans

Das Gebiet der paldozoischen Massive war im Eozdn Festland. Infolge
der zergliedernd wirkenden pyrendischen Bewegungen bildete sich aber eine
ganze Reihe langer und verhdltnismé&Rig schmaler Einsenkungen. In diesen
wurden mdéchtige Schichtenfolgen abgelagert.

In der Hessischen Senke gibt es kein marines Eoz&n. Zum Teil uber
kontinentales Eozédn, z. T. Uber dltere Formationen transgredieren die Mela-
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nien fihrenden Tone des Sannoisien. Auf diese folgen die Rupeltone (Wei-
ter [143], Gramann [91]).

In der Umgebung von Kassel liegen die braunkohlenfihrenden Tone Uber
Trias. Im Hangenden findet man Sande und dariuber dieRupel-Tone(BROSius [70]

Im Mainzer Becken vertreten die von N transgredierenden »mittleren
Pechelbronn-Schichten« das Unteroligozdn (Tonmergel mit Hydrobia-, Cyrena-
und Mytilus-Arten). Die oberen Pechelbronn-Schichten fehlen; die Rupel-Tone
lagern also mit einem Hiatus (Dorel [76]).

Im Rhein-Graben uUberlagert das Unteroligozédn z. T. diskordant das
mesozoische Grundgebirge. An der Basis treten limnische, Lymnaeen und
Melanien fithrende Ablagerungen auf; hier 4Rt sich allméahlicher Ubergang
zu marinen Schichten erkennen (Papp [127], Hauber [95]).

Bei Pecheibronn seihst, im Bassin Potassique und im Gebiet des Mul-
house Horstes (Sittler [135]) besteht bereits das Obereozan aus z. T. liinni-
schen, z. T.lagunidren Sedimenten, mit Anhydrit und Gips. Ahnliche Fazies
sind auch im Sannoisien zu finden, u. zw. »couche rouge« an der Basis und
dartiber die »couches de Péchelhronn«. Das Rupelien ist im Gegensatz dazu
schon marin; es ist aus Foraminiferen fihrenden Schichten mit Resten von
Amphisile und Meletta zusammengesetzt (Sittler, ibid).

Gillet [89] weist darauf hin, daB die an der Eozdn/Oligozdn-Grenze
abgelagerten bitumindsen Mergel und salzfihrenden Schichten das Vordringen
des Meeres aus der Richtung Basel—Mulhouse bis nach StraBbourg andeuten.
Gleichzeitig bildete sich die »saliféere inférieure« Série.

Auch im Schweizer Jura ist das epikontinentale Paldogen bekannt. Die
Ablagerungen der groRen rupelischen Transgression lassen sich den ndrdlichen
Alpenrand entlang verfolgen (»untere Meeresmolasse«; Schaub [133]).

Im Berner-Jura-Gebiet besteht das Unteroligozdn aus Konglomeraten,
SuBwasserkalktuffen und aus Festlandschneckenreste enthaltenden Kalkstei-
nen. Die Transgression erreichte dieses Gebiet im Rupelien, wobei litorale
Sedimente abgelagert wurden (Schneider [134].

In der Gegend Sid-Baden liegen ludische SuBwassermergel mit Lym-
naeen Uber Trias. Uber den Mergeln lagern unteroligozane, Gips, Anhydrit
und Steinsalz fiihrende Schichten. Darauf folgen schon marine Ablagerungen
mit Foraminiferen und Fischresten. (Manger [114]).

In Sidsachsen fehlt das Unteroligozdn. An der Basis des diskordant
transgredierenden Mitteloligozédns befinden sich Sandsteine; Uber diesen lagern
die Septarientone (Hintsch, [97], 1961).

In Sudbayern bestehen das Unter- und das Mitteloligozdn aus Fisch-
schiefern und oberrupelischen Mergeln (Hagn [94]).

In der Umgebung von Salzburg ist das Lattorfien durch Lithothamnien-
kalk und Tonschiefer vertreten. Es gehdrt zur westdsterreichischen Molasse-
Zone (Aberer [58]).
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Nach einigen Forschern setzte die Ablagerung der Zementmergel in
der Gegend von Haring zu Ende des Eordns ein und dauerte bis zum Mittel-
eozdn. Brinkmann [69] beschreibt eine Diskordanz zwischen dem Zement-
mergel und den uber diesem lagernden Angerberger Schichten im unteren
Inn-Tal.

SW vom Karpatenbogen ist das Eoz&n auf der Moesischen Plattform
und weiter nach SW im Lom-Tal vorhanden. Das Oligozdn scheint aber zu
fehlen (Gkigokas [92]).

Die Dobrudscha blieb nach der prdpyrendischen Emporhebung im
Obereozé&n und im Unteroligozdn Festland.

SW von Warna, im Kamtschija-Tal ist in den basalen unteroligozénen
Schichten eine Anreicherung von Mn charakteristisch. Die Mn-Erze bei Igna-
tjewo wurden sogar abgebaut. Auf sie folgen glaukonitische Sandsteine,
braune Tone und wieder Sandsteine, schlieBlich Gipse (Belmustakow [5]).

c) Uie Gebiete ndrdlich der Krim und des Kaukasus; Mittelasien

Im Gebiet der Asow-Kuban-Senke ist das Obereozdn durch den marinen
Beloglinsker Horizont vertreten. Mit dem Unteroligozdn beginnt ein neuer
Sedimentationszyklus: es folgen die Hadum-Schichten als unteres Glied der
Majkop-Serie (Nikitina [43]).

Im der Umgebung von Wolgograd Uberlagert die Majkop-Serie die
obereozdnen Kiew-Schichten. Sie bestehen aus dunkelgrauen Tonen; an der
Basis befindet sich ein Phosphorit-fihrender Horizont; dieser fehlt in Profilen,
in denen die Kiew-Schichten nur teilweise ausgebildet sind (Brashnikow [7]).

In Mangyschlak entsprechen die braunen Tone der »Rybnaja« (fisch-
fuhrenden) Serie dem Kumsker Horizont des Kaukasus, die Adajewsker Serie
dagegen dessen Beloglinsker Schichten. Die Majkop-Schichten vertreten das
Oligozén (braune Tone, Sandsteine und sandige Mergel) mit Foraminiferen
Hadumer Typs (Gladkow [19]). Im sudlichen Teile des Gebietes bilden die
sog. Nerlinsk- oder Tschjakirgans-Schichten das untere Glied des Oligozdans.

In der Gegend der Kara Bugas-Bucht entstanden zu Ende des Eozéns
Bolivina-fihrende Ablagerungen.

Im Gebiet des zentralen Kdépet Dag besteht der oberste Teil des Eozdans
aus Tonen (mit gelben Dolomit-Zwischenlagerungen) der Torimbeursk-Serie,
die sich mit den unteren Tschegan-Schichten parallelisieren lassen. Es gibt
Autoren, die diese Serie teilweise schon zum Oligozdn stellen. Im westlichen
Teil des Kdpet Dag vertritt die Majkop-Serie das Oligozdn (Korobkow [106],
Dimitrijew [23]).

Im Badchys-Gebiet entstand zu Ende des Eozdns eine effusive vulkano-
gene Serie, die die Gegend emporhob. Demzufolge fehlt das Unter- und das
Mitteloligozén.
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In N- Turkmenien scheint der Eozan/Oligozan-Ubergang unklar zu sein
(Balachmatowa [4]). In W-Turkmenien findet sich an der Basis des Oligo-
zéns der obere Teil der Torimbeursk-Serie. Friuher wurde der hohere Teil dieser
Serie fiir einen Ubergang von den grinen Mergeln zum Unteren Majkop
gehalten (Wjalow [14]). In SO Turkmenien Uberlagert das Oligozdn diskor-
dant eozdne Ablagerungen verschiedenen Alters (Ajsberg [1]).

In Mittelasien werden die Turkestaner, Rishtansker, Isfarinsker und
Hanabader Serien im allgemeinen ins Obereozén gestellt (Korobkow [106]).

Aus dem NW Teile des Fergana-Beckens wurde eine bedeutende strati-
graphische Liucke zwischen dem Eozdn und den sog. Sumsarsk-Schichten
beschrieben. Uber diesen lagert die kontinentale Majlissajsk- oder Massaget-
Serie mittel- bis oberoligozdnen Alters. Dieser Hiatus wird als Auswirkung
der Krustenbewegungen wéahrend der sog. »Massagetischen Phase« betrachtet
(Gramm [20]). An der sidwestlichen Verldngerung des Hissar entlang besteht
der unterste Teil des Oligozé&ns aus rotbunten Ablagerungen. Die bedeutendste
Hebung ging im Oligozé&n vor sich, sie verursachte den endgiltigen Rickzug
des Meeres (Nadyrschin [41]).

Zusammenfassung

Es gibt Gebiete, in denen sich  unter Bewahrung mariner Verhdltnisse
eine ununterbrochene Fortsetzung der Sedimentation vom Eozén ins Oligozén
feststellen laRt.

Héaufiger sind aber Faziesdnderungen im Sinne der Regression: lagunére,
Brackwasser- und sogar limnische Ablagerungen (Aquitanisches und Pariser
Becken).

Es wurden auch Emersionen und stratigraphische Licken an der Eozén/
Oligozdn-Wende beobachtet (o6stlich von Biarritz, O-Turkmenien, i’ergana-
Becken). In der Badchys-Gegend erwies sich diese Emporhebung als end-
gultig.

In der Region der herzynisch-variszischen Massive traten zergliedernde
Senkungen und in ihrem Gefolge eine Transgression ein. Diese entspricht der
friholigozdnen Transgression in N-Deutschland und Polen.

I1l. Die Zone des alpinen Geosynklinalzweiges
a) Nordafrika

Aus der Literatur iber den alpinen Teil Nordafrikas seien hiernur beispiels-
weise einige Angaben erwé&hnt.

Im ndrdlichen Teil von Marokko bestehen das Eozdn und das Oligozdn
aus Flysch und flyschdhnliclien Sedimenten (Gignoux [88]). In der Kisten-
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kette von Algier und Tunis reichen die flyschoiden Ablagerungen bis ins
Unteroligozédn. Im Rif-Gebiet folgt auf die rotbraunen Flysch-Gesteine des
Obereozédns oligozédner Flysch-Mergel (Papp [127]; Durand-Delga [84]).

In der stdlichen Teil-Senke konnte eine starke prédpyrendische Faltung
und Emporhebung festgestellt werden. Darauf folgte eine neue Transgression,
die den groRten Teil Tunesiens (das Teil- und auch das Kistengebiet) uber-
flutete. Diese Transgression breitete sich zu Anfang des Oligozédns noch aus.
Die letzten Faltungen entstanden nach dem Stampien.

Obereozan Erste Halfte desOligozans
Marokko ? _
Zentrale Pyrenéen
Franzosische Alpen RG s
Apenninen
Epir [ ——
toner Becken

Anatolien

I<lippenr 7one per F
Danischen Karpaten

Sowljetukmimsche
Karpaten

m M

Rumanische

Depresiunea Getica
Halbinsel
Nord-Kaukasus
West- Grus/en
Achalzich

Armenien

- 4 m 7. m

Asserba/dschan -0

Abb. 3. Die Zone des alpinen Geosynklinalzweiges
Meeresspiegel, D Diskordanz, R Regression, Tr Transgression, F Fazieswechsel

Auch in Algerien kam es nach den prdpyrendischen Bewegungen zu
einer obereozdnen Transgression, weshalb die Lagerung der obereozénen Sedi-
mente diskordant ist (Durand-Delga [84]).

In der Zone der Kabyl-Geosynklinale lagert das detritische Oligozén
transgressiv. Im Teil-Trog (Sillon Tell) und in der Unterkabyl-Zone (Zone
Souskabyle) liegt die oligoz&ne numidische Formation allochton Uber dem
Eozé&n. Diese Flysch-Zone |4Rt sich von Marokko durch ganz Andalusien
bis nach Sizilien verfolgen.

b) Die Alpen

Die Zone der oligozdnen Sedimentation zeigt einen charakteristischen
Unterschied im Vergleich zu derjenigen des obereozdnen Meeres. Das marine
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Oligozédn bildet einen schmalen Streif des Randes der obereozdnen Ablagerun-
gen entlang. In den inneren Gebieten der alpinen Geosynklinalzone fehlt das
Oligozén. Diese Tatsache kann nicht ausschlieflich durch Abtragungen erklart
Averden.

Nach Westen, in Richtung des Massif Central, hatte das Oligoz&dn-Meer
Brackwassercharakter, es bildeten sich Cyrenen-Schichten. Die Tatsache, daR
sich das paldogeographische Bild der Alpen wesentlich verdnderte, und dafl
die Kalke von klastischen Sedimenten abgelést wurden, weist darauf hin,
daB sich im Lebender Geosynklinale wesentliche Verdnderungen abgespielt
hatten.

Es ist wahrscheinlich, dafR die Deformation und Emersion der Pennini-
schen Decke wdahrend des Oligozéns zustande kam; entsprechend trat das Meer
in die préalpine Senke zurick.

In der &uleren Zone der Westalpen, wo das Eoz&n kontinentalen Charak-
ter tragt, besteht das Oligozdn aus lagunéren, brackwasserigen Ablagerungen.
Diese Ausbildung I4Rt sich vom Rhone-Becken durch die Provence bis zur
Schweizer Ebene verfolgen. Nur am Rande der Berner Alpen kommt sie in
Form eines Komplexes grober Konglomerate vor.

In der sidlichen subalpinen Zone beschliefen die priabonische Serie
grobe Sandsteine, die schon z. T. als dem Oligozdn angehdrig angesehen werden.

Im Flysch der inneralpinen Zone soll manchenorts auch das Oligozén
vertreten sein.

Aus den Nord- und Ostalpen ist faunenfiihrendes Oligozdn nur aus
vereinzelten Fundorten bekannt.

In der Region der Franzdsischen Alpen scheint das Ende des Eozdns
mit dem SchliRe der alpinen Geosynklinale lbereinzustimmen. Der Ubergang
des marinen Eozéns in die mé&chtigen Serien grober Sandsteine deutet auf die
Ausfillung des Sedimentationsraumes hin. Im Gebiet der Morcles-Decke konnte
eine Aushebung nach der Ablagerung der priabonischen Fischschiefer fest-
gestellt werden. Ganz dhnlich liegen die Dinge im Gebiet der Wildhorn-Decke
nach der Ausbildung der obereozénen Globigerinenschiefer (Papp [127]).

c¢) Die Apenninen, Dinariden und Kleinasien

In Ligurien lagert das Oligozén transgressiv und diskordant Uber dem

Eozé&nflysch.
In den N- und Mittel-Apenninen geht der Eozé&nflysch in Lepidocyclina

fihrende Oligozdnschichten tUber (in Umbria und das Tyrrhenische Meer

entlang).
In Dalmatien, im Ausbildungsgebiet der Promina-Schichten fehlt das

Oligozén, in Bosnien und der Herzegowina ist es hingegen in der Flysch-
Schichtenreihe enthalten.
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In Albanien besitzt das Obereoz&n Flysch-Charakter.

Im Epirus beginnt die Ausbildung des Flysches im Auversien und setzt
sich im Priabonien fort. Zu Ende des Eozdns schlielt sich das Flysch-Becken
des Epirus infolge der Heraushebung und Ausbreitung des Pelagonischen
Antiklinoriums. Ein neues Geosynklinalbecken bildet sich weiter nach W.
in der ndhe der adriatischen Kuste von Griechenland aus. In diesem loner-
Becken wurde obereozéner Flysch abgelagert (Aubouin [63]).

Eine &hnliche Entwicklung weist auch die Senke von Kustendil in SW-
Bulgarien auf.

In Anatolien lagern regressive Ablagerungen uber dem Eozdnflysch.
Sie bestehen aus Lepidocyclinen fiuhrenden Mergeln und Kalksteinen, Gipsen
und aus darauffolgenden Ligniten (Papp [127]). Nach Lahn [110] begann
die Bildung der gipsfihrenden Formation bereits im Obereozdn und dauerte
bis zum Miozé&n. Im Taurus bedeuten die pyrendischen Bewegungen sogar
eine Hauptfaltungsphase.

d) Die Karpaten

In den Karpaten brachte die Eozdn/Oligozdn-W cnde keine so bedeutenden
Verédnderungen wie in den Alpen. Das Vorhandensein des oligozdnen Flysches
deutet auf die allmdhliche Hebungstendenz der Zentralkette der Karpaten hin.

Im schlesischen und subschlesichen Gebiet setzte die Bildung der Menilit-
Schichten schon im Obereozén, u. zw. auch im Ausbildungsgebiet der Krosno-
Schichten ein (Koszarski—Zytko [107]). In der Umgebung von Pielgrzymski
ist der untere Teil der Magura-Schichten noch obereozdnen Alters, wéhrend
sich der obere Teil der Maguraschichten schon im Unteroligozdn abgelagert
werden soll.

Im Gebiet der Klippenzone der polnischen Karpaten besteht das Obereozén
aus rhythmisch ausgebildeten Flysch-Ablagerungen (Kultschizkij u. a. [109]).

Buday, Mahel u.a. [9] nehmen an, daB die Zentralkarpaten und die
Magura-Flysch-Zone zu Ende des Eozéns herausgehoben wurden. Gleich-
zeitig damit ging weiter siddstlich, in der Sidslowakei und in Nordungarn
eine Senkung und demzufolge eine oligozdne Transgression vor sich.

In den sowjetukrainischen Karpaten ist der obere Teil des Eozéns durch
die Sandsteine, Argilite und mergeligen Zwischenlagerungen der Bistrizki-
Serie vertreten. Uber diesen lagert das Unteroligozan, an dessen Basis ein
hornsteinfihrender Horizont ausgebildet ist. Darauf folgt die untere Menilit-
Serie (Tschernjak [56]). Auch nach Wjalow [141] beginnt das Oligozdn mit
der Menilit-Serie. Im Gegensatz zu der Auffassung der sowjetischen Geologen
rechnen die tschechoslowakischen und polnischen Geologen die (untere)
Menilit-Serie noch zum Obereozdn (Kultschizkij [32]).
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In den ruménischen Ostkarpaten ist die Eozdn-Oligoz&dn-Grenze eben-
falls noch umstritten. Das oligozdne Alter des Fusaru-Sandsteins von Gura-
Crasnei ist faunistisch bewiesen. Das sollte bedeuten, daR die Eoz&n-Oligozén-
Grenze hoher zu ziehen ist, und daB sie den unteren Teil der Krosno-Schich-
ten und einen Teil der Pucioasa-Schichten einschlieBt (Murgeanu u. a.
[123]).

In Maramures finden sich an der Basis des Oligozdns Tone mit Kalkstein-
und Mergel-Zwischenlagerungen. Auf diese folgt der Borsaer Sandstein
(Atanasiu [61], [62]).

In der Zentraleinheit (Unitatea Centrald) der Ostkarpaten, im Viseul-
Tal ist im Unteroligozdn eine Schiefer-Serie ausgebildet. Manchenorts reicht
das Oligozdn weit Uber das Eozdn auf das Kristallinikum transgredie-
rend, hinaus. Weiter nach S, im Tohaner Becken ist das Obereozdan vom
oberen Mediterran Uberlagert.

In der inneren dstlichen Einheit ist das Oligozdn bloB im SW-Teil ver-
treten, mit Disodil-Schiefern an der Basis (Bancila [64]). In der mittleren
Randzone in der Valea Bistritei-Gegend wurden zu Ende des Eozé&ns die
Nummuliten fihrenden Konglomerate der Fusaru-Schicliten abgelagert. Uber
diesen liegen oligozéne, braunfarbige Kalkmergel, die sich mit dem Lucacesti-
Sandstein korrelieren lassen, den Grigoras [92] fiir Unteroligozan hielt.

In der &uBeren Flysch-Zone finden sich im oberen Teile des Eozdns die
Bisericani-Schichten. Uber ihnen lagert der Lucacesti-Sandstein (Bancila [64]).
lonecgi [100] weist auf den engen genetischen Zusammenhang dieser beiden
Bildungen hin und schreibt beiden obereozdnes Alter zu. Er stellt die unteren
Menilitschichten schon in das Unteroligozén.

In den Sidkarpaten, im Becken von Titesti-Brezo, Uberlagern die oligo-
z&nen bitumindsen Schiefer mit einer stratigraphischen Lucke die Konglo-
merate, Sandsteine und Mergel des Mitteleozédns (Codarcea [73]).

Im Oligozédn wird die Auffillung der Flysch-Geosynklinale ausgeprégter.
Sie wandelt sich zu einem seichten, geschlossenen Meer mit glnstigen Ver-
haltnissen fiur die Ablagerung von organischen Schlammen um, aus denen die
Meniit- und Disodil-Schiefer bzw. die bituminésen Mergel entstanden
(Oncescu [125]).

Grigoras [92] weist darauf hin, dal die pyrendischen Bewegungen die
begonnene Senkung verhinderten. (W&hrend dieser Senkungsperiode wurden
die molasseartigen Ablagerungen der Tarcau-Sandsteine abgelagert.) Es kamen
lagundre Verhdltnisse zustande. (Die roten Sedimente der Plopu-Schichten
und die bitumen-haltigen Bildungen des »Wildes«.)

Im noérdlichen Teil der Depresiunea Geticd, der sich eng an die Sidkar-
paten anschlieft, zwischen Otasan und dem OIt-FluB, sind die eozdnen Konglo-
merate von oligozdnen Pucioasa-Mergeln, Disodil-Schiefern, Konglomeraten
und Sandsteinen Uberlagert.
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e) Krim Kaukasus—Transkaukasus

Auf der Halbinsel Krim werden im Obereozan die Kerestinsker, Kumsker
und Beloglinsker Horizonte unterschieden. Der letztere enthdlt die Varia-
mussium-fallax-Zone (Korobkow [106]). In der westlichen Region sind im
Unteroligozdn Muschelsande vorhanden. In der Umgehung von Baclitschiseraj
werden die hellgrauen Tone des Obereozéns jadh von dunkelbraunen Tonen
abgeldst, die sich mit dem unteroligozdnen Hadumer Horizont parallelisieren
lassen (Muratow und Nemkow [39]).

Im Kaukasus IaRt sich dhnlich wie auf der Krim im Obereozén der Belo-
glinsker Horizont erkennen, mit den Spondylus buchi- und Variamussium-
fallax-Zonen (Korobkow [106]). Im Yorkaukasus finden sich die Planorbella
enthaltenden Schichten im allgemeinen an der Basis des Oligozdns der Hadumer
Serie; Uber diesen folgt die eigentliche Majkop-Serie. Diese oligozdne Schichten-
folge Uberlagert im Vorkaukasus im Gebiet der Teresk- und Kuma-Ebene,
weiterhin im Nordkaukasus bei Stawropol die Erosionsoberfliche des Belo-
glinsker Horizontes (Somow [49], Itenberg [26], Ter- Grigorianz [53], [54]).

Im Ostkaukasus transgredieren die Hadumer Schichten Uber kretazei-
sche Ablagerungen. Sie enthalten aufgearbeitete Faunenelemente der Kreide
und des Eozdns (Somow [50]). Es kommt aber auch vor, dal die Hadumer
Schichten die Beloglinsker Schichten konkordant tberlagern.

Auch in Dagestan wurden am Ende des Eozé&ns die Bolivina fihrenden
Schichten abgelagert; uUber ihnen liegen die Hadumer Schichten mit den
Planorbella-Tonen an der Basis (Wachanija [10]).

In der Umgebung von Achalzich bildeten sich um die Eoz&n/Oligozén-
Wende die Pecten-arcuatus-Schichten (Tatischwili [52]). Katscharawa [27,
102] beobachtete an der Eozdn-Oligozadn-Grenze eine scharfe lithologische
Verédnderung; die Bolivinen-Zone vertritt das Obereoz&n und die bitumindse
Majkop-Serie das Oligoz&dn. In vielen Profilen bilden die sog. Achalzicher
Ablagerungen den Ubergang. Das sind braunkohlenfiihrende Schichten mit
Cyrena- und Corbula-Arten.

Korobkow [106] bemerkt, dal in Armenien die Eoz&dn-Oligoz&n-Grenze
noch nicht beruhigend bestimmt ist. Einige Forscher ziehen sie Uber die Varia-
mussium-fallax-Zone; andere dagegen rechnen auch die Pecten-arcuatus
Schichten zum Obereozén.

Es ist merkwirdig, daB es mehrere Profile gibt, in denen Nummulites
intermedius im tieferen Abschnitt der Variamussium-fallax-Zone vorkommt.
Aslanjan [2] ist der Meinung, daR die Lage der Variamussium-fallax-Zone
derselben im Nordkaukasus vollkommen entspreche.

Im Jerewaner Becken Armeniens transgrediert das Oligozén diskordant
Uber das Eozén (Gabrieljan [16]). Dieser Forscher rechnet die Variamussium-
fallax-Zone zum Obereozdn, die Peten-arcuatus-Schichten zum Unteroligo-
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zan [17]. Schon in einer friheren Arbeit [15] hatte er betont, dall an der Eozén
Oligozdn-Wende die Orbitoiden, Discocyclinen und Nummuliten grdéBtenteils
aussterben und charakteristische lithologische Verédnderungen eintreten. Nach
seiner Auffassung sollten diese die regionaltektonischen Bewegungen und die
mit diesen verknupften klimatischen Verdnderungen verursacht haben.

Zweifel bestehen auch hinsichtlich der Stratigraphie der Umgebung von
Nachitschewan. Nach Mamedow [36] liegt das Oligozdn Uber Auversien.
Korobkow [106] erwdhnt eine aus mittel- und obereozdnen Formen gemischte
Nummulitenfauna aus dem Obereozdn. Es scheint also eine bedeutende Licke
vorhanden zu sein.

In Aserhaidshan bilden die Bolivina fuhrenden Schichten den oberen
Teil des Eozdns. Die untere Majkop-Serie besteht aus bunten schiefrigen
Tonen. In der Umgebung von Kirowobad lagert sie diskordant und trans-
gressiv Uber dem Obereozédn (Hatitow [55]). Im Gebiet von Talis gehdrt die
Neslinsker-Serie zum Obereozén(z. T. noch zum Mitteleozédn;Korobkow [106]).
Zu Ende des Eozédns erneuerte sich die vulkanische Tdtigkeit: es bildeten sich
Andesite, Andesittuffe und Andesit-Brekzien. Uber ihnen lagern die Tone
der Hadumer-Serie (Bagmanow [3]).

Es laRt sich also feststellen, daB sich der Anteil der klastischen Sedi-
mente und des organischen Materials zur Zeit der Ablagerung der Majkop-
Serie im Zusammenhang mit der Hebung der Zentralkette des Kaukasus
vergrofRerte. Die dadurch hervorgerufenen Verdnderungen sind aber weit
weniger bedeutend als diejenigen, die sich ungefdhr zur selben Zeit in den
W estalpen abspielten (Strachow [51]).

Zusammenfassung

In den eben betrachteten Gebieten stellt das mangelhafte Vorkommen
stratigraphisch wertvoller Fossilien die Feststellung der Eozdn-Oligozén-
Grenze vor groBe Schwierigkeiten. Darum ist es schwer, die Diskordanzerschei-
nungen bzw. Ablagerungslicken geochronologisch zu deuten. Noch dazu sind
diese infolge der rhythmischen Sedimentation und der spéteren tektonischen
Ver- und Uberschiebungen gar nicht so leicht erkennbar. An vielen Orten,
z. B. in den Karpaten, 148t sich eine Kontinuitdt der Sedimentbildung fest-
stellen. Es kommt sogar vor, dall sich die im Obereozdn begonnene Trans-
gression im Untereozan fortsetzte (z. B. sudliche Teil-Senke).

An der Eozdn/Oligozdn-Wende treten oft deutliche lithologische Fazies-
&nderungen ein (z. B. bei Achalzich).

In anderen Gebieten besitzt das Obereozan regressiven Charakter, wéh-
rend das Oligozén transgressiv ist (W-Grusien).
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Es ist auch kein seltener Fall, daB das Oligozé&n transgressiv und diskor-
dant Uber verschiedenen Gliedern des Eozdns lagert und daf sich sogar Spuren
einer Denudation finden, die sich zwischen den beiden abgespielt hat (Ligurien,
Stawropol, Terek, o6stlicher Vorkaukasus, Jerewaner Becken, Aserbaidshan).

An vielen Orten fand eine endglltige Emersion statt (franzdsische
Al|>en, Morcles-Decke, Wildhorn-Decke, Dalmatien).

IV. Die »innere« epikontinentale Ubergangszone
a) Iberische Halbinsel und die Inseln des Mittelmeeres

In der NW-Region der Halbinsel ist marines Oligozéan lediglich aus dem
Catambri-Gebirge bekannt. In den Westpyrenden ist das oberste Eozdn durch
Nummuliten- und Globigerinen-fiihrende blaue Mergel vertreten. Uber diesen
lagert das ebenfalls mergelige Oligozdn (Mangin [116]).

Im W-Navarra lagern die oligozdnen Nummulites intermedius-Schichten
auf Nummulites striatus enthaltenden Mergeln.

In Aragonien wurden im Obereozdn Lithothamnienmergel und Konglo-
merate, dann Planorbis-Kalksteine und das sog. Hauptkonglomerat abgela-

Abb. 4.a Die »innere« epikontinentale Ubergangszone
Abb. 4.b Das Gebiet der Nordafrikanischen Plattform

.............. Meeresspiegel, R Regression, Tr Transgression
F Fazieswechsel, D Diskordanz
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gcrt, in Katalonien hingegen rote Tone und ebenfalls das Hauptkonglomerat.
Im Ebro-Becken lagern daruber (kontinentale) Sandsteine und Mergel des
Sannoisien (Papp [127], Crusafont-P. und Truyols-Santonja [74]). Ahn-
liches 148t sich auch im Meseta-Gebiet und auf dem Kastilischen Plateau
feststellen.

In der Gegend von Alicante lagert das Oligozdn ohne bedeutende Dis-
kordanz auf méchtigen Kalksteinen des Obereozdns (Durand-Delga [83]).

b) Nord-Italien

Im Yizentin folgen den oberoezdnen Bryozoenmergeln Nummulites
intermedius flhrende Sangonini-Schichten (mit Pecten arcuatus) (Gig-
neaoux [88]). Zu Ende der Ablagerung der Priabona-Schichten ist ein Verseich-
ten des Meeres erkennbar (Piccoli [128]).

In der N&he des Garda-Sees, bei Monte Brione, konnte Hagn [93]
eine Diskordanz zwischen den unteroligozdnen und den mitteloligozdnen Litho-
thamnienkalken feststellen.

¢) Ungarn, Transsylranisches Becken

Zu Ende des Obereozéns trat in Westungarn eine nahezu allgemeine
und ziemlich rasche Regression ein. Die entstandene stratigraphische Licke,
die Periode der sog. »infraoligozdnen Denudation«, wird von SW gegen NO
stets enger bzw. kiirzer. Ostlich von Budapest ist die Kontinuitat der Sedi-
mentbildung an der Eozén-Oligozdn-Grenze gewahrt (Kopek, Kecskeméti,
Dudich, jr. [105]).

In Transdanubien, im westlichen Bakony-Gebirge, z. B. in der Umge-
bung von Devecser, wurde die paldogene Sedimentation mit der Ablagerung
der Andesittuffe enthaltenden obereozédnen Mergel und Sandsteine beendet.
Das gesamte Oligozdn und auch das Untermiozdn fehlt (Dudich jr.,
Hériszt [81]). Weiter nach Osten (z. B. im NO-Bakony-Gebirge und im Becken
von Esztergom) ist das Oligozan in Form von nichtmarinen, z. T. braunkohlen-
fihrenden Ablagerungen z. T. wieder vorhanden.

In der Umgebung von Budapest selbst ist eine einheitliche Schichten-
folge der in drei Etappen fortschreitenden obereoz&nen Transgression mit
den entsprechenden drei aufeinanderfolgenden Horizonten des Discocyclinide-
Lithothamnienkalksteines (mit Nummulites fabianii), des Bryozoenmergels
und des Budaer (= Ofner) Mergels bekannt (Dudich jr. [79], Kopek, Kecske-
méti, Dudich jr. [105]). Die intensive pyrendische Emporhebung im west-
lichen Teil der Gegend hatte eine erhebliche »infraoligozdne Abtragung«
und die Ablagerung des sehr vielfédltigen, z. T. konglomeratischen Harshegy
Sandsteines zur Folge. Die Kisceller Tone bzw. Tonmergel rupelischen Alters
lagern z. T. diskordant Uber dem Eoz&n oder sogar uUber der Trias, man-
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cherorts entwickeln sie sich aus dem Harshegyer Komplex. Im d&stlichen
Teile entwickeln sich die rupelischen, reich Foraminiferen-fihrenden Tone
allméhlich durch die sog. Tarder Fazies aus dem Budaer Mergel. Das Problem
der Eozén-Oligoz&n-Grenze im Gebirge von Buda wurde dbrigens von vielen
Forschern wiederholt behandelt. (Aus der friheren Literatur s. Sz&6ts [136],
[137], Dudich jr. [79], Majzon [113].

An Hand der Revision der Molluskenfauna des Harshegyer Sandsteinsund
aus der Bearbeitung eines Profils bei Solymar (im westlichen Teil des Gebirges
von Buda, wo auch Mitteleozdn worhanden ist) zogen Kecskeméti, Kopek
und Mészaros [103] die SchluRfolgerung, dafll die infraoligozdne (pyrendisch
verursachte) Abtragung in der Umgebung von Budapest recht kurzfristig
gewesen war. Sie umfaBte die Zeitspanne der Schichtenablagerung von Cur-
tuiusi im Transsylvanischen Becken.

In Nordost-Ungarn ist das Foraminiferen-fiihrende Oligozdn weit ver-
breitet und aus Tiefbohrungen gut bekannt (Majzon [113]). Hier kann eine
ununterbrochene Sedimentation nach der obereozdnen Transgression fest-
gestellt werden. An der Eozdn-Oligozdn-Grenze gibt es aber Faziesdnderungen
(die pyritfihrende reduktive Tarder Fazies, anderenorts Mn-Anreicherung
usw.).

Der pyrendischen Hebung W estungarns entspricht also eine allgemeine
Senkung Nordostungarns. Die Lattorf-Frage bietet keine wesentlichen Schwie-
rigkeiten (s. Kopek, Kecskeméti, Dudich jr. [105]).

Am Nordrande des Transsylvanischen Beckens, in der Umgebung von
Jibou, sind die marinen Seichtwasserkalke des Obereozans durch die bracki-
schen bzw. SuRwasser-Sedimente der Curtuiusi-Schichten uUberlagert. Auf
diese folgen die seichtmarinen Sedimente des Méraer Horizontes, tiber dem
die Mergel und die bitumindsen Fischschiefer der Serie von lleanda Mare
lagern.

W von Cluj ereignete sich eine Aushebung nach der Ablagerung des
Bryozoenmergels, wobei sich die Meraer Schichten bildeten. Dann setzte sich
die Hebung fort, und es wurden die kontinentalen Ticu-Schichten abgelagert
(Koch [104], Raileanu—Saulea [131], Mészaros [117, 118, 119, 121],
MUHGEANU [122]).

Die Umgebung von Alba lulia wurde nach der Ablagerung der obereozé-
nen Nummulites-fabianii-Schichten emporgehoben (Gherman [87]). Ahn-
liches ereignete sich auch am Sidrande des Transsylvanischen Beckens bei
Procesti-Sebesul de Sus (Bombita [66], Mészaros [118, 122]).

d) Rhodope, Thrakien, Kiiste des Marmarameeres

Am Nordrande des Rhodope-Gebirges bei Assenowgrad (berlagern die
tuffitischen Sandsteine und Konglomerate des Oligozéans transgressiv und dis-
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kordant die priabonischen Kalk- und Sandsteine. In der Gegend von Kirdjali
besteht das Oligozdn aus Lithothamnienkalken, tuffitischen Mergeln und
Tuffen.

In der Tirkei, in Ostthrakien, lagern die kontinentalen Sedimente des San-
noisien diskordant uUber den Nummulites fabianii fuhrenden Mergeln des
Obereozans (Ozansoy [126]).

Siudlich vom Marmarameer sind die Ablagerungen des obersten Eozdns
lagundren Charakters mit Gipsbildung.

Zusammenfassung

Es gibt Gebiete, in denen wdahrend des Unteroligozdns ebenso wie
wédhrend des Obereozdns marine Verhdltnisse herrschten (W -Pyrenéen,
W -Navarra, N-Italien, NO-Ungarn).

Fur andere Gebiete ist im obersten Eozdn bzw. an der Basis des Unter-
oligozédns eine regressive Faziesverdnderung mit lagunédren bzw. limnischen
Ablagerungen kennzeichnend (Aragonien, Transsylvanisches Becken, S vom
Marmarameer).

Die pyrendischen Hebungen konnten zu einer mehr oder weniger lang
dauernden Emersion- bzw. Abtragungsperiode gefuhrt haben (Transdanu-
bien) oder sogar zum endgiltigen Festland werden (Ost-Thrakien).

V. AuRere epikontinentale Obergangszone,
stidlich vom Flysch-Geosynklinalzweig des Atlas

In der logischen Reihe der Sedimentationszonen sollte auch diese Zone
behandelt werden. Leider reichen aber die den Verfassern bekannten Litera-
turangaben flr ein solches Unternehmen bei weitem nicht aus. Besonders
schwer ist es, ohne das Gebiet ndher zu kennen, das Geosynklinalgebiet und
die Ubergangszone voneinander iiberhaupt zu unterscheiden. Darum verzich-
ten wir auf die Behandlung dieser Zone.

VI. Das Gebiet der nordafrikanischen Plattform

Nordlich von Gizeh Uberlagern oligozdne Kalksteine diskordant die
oberen Mokattan-Schicliten (Papp [127]).

In Agypten ist das Obereozdn hauptsdchlich durch die oberen Mokattan-
Schicliten vertreten. Das Oligozidn ist im Fayoum-Becken ausgebildet; es
lagert diskordant und besteht aus fluviatilen, limnischen und z. T. marinen
Ablagerungén mit Resten von Mammalien (Kraschennikow [30]).

In der Umgebung von Suez lassen sich an den Tonmergeln von W adi
Dara die Spuren einer Bruchtektonik erkennen. Uber den Tonmergeln lagern
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manchenorts BIl&tter-Tone, Mergel und Konglomerate; anderorts Gips, ,
Anhydrit- und Steinsalz-Schichten.

Zusammenfassung

Aus den angefliihrten Angaben geht deutlich hervor, dall an der Eozdn,
Oligozédn-Grenze wesentliche Verdnderungen (Emporhebung, Diskordanz-
Bruchtektonik, Fazieswechsel) eintraten.

Ruckblick

Die pyrenédischen Bewegungen spielten sich zu Ende des Eozéns, z. T.
aber schon wéhrend des Unteroligozdns ab, also wesentlich spéter, als die
prépyrendisch-balkanischen Bewegungen (Dudich jr., Mészaros [80]).

Es gibt ausgedehnte Gebiete, in denen zwischen den beiden Phasen eine
méchtige Schichtenfolge des obereozédnen sedimentdren Zyklus abgelagert
wurde (»priabonische Transgression« usw.).

Die echten pyrendischen Bewegungen hatten sehr verschiedene Aus-
wirkungen.

Von den kréftigsten nach den mildesten hin geordnet, handelt es sich um

Faltungserscheinungen,

Bruchtektonik.

endglltige Emporhebungen,

zeitweilige Emporhebungen und Abtragungen (Diskordanz),

partielle Regressionen, zwischen marinen Schichtenfolgen zwischen-
geschaltete linmische bzw. kontinentale Sedimente,

Verseichtung des Meeres, Faziesdnderungen mit brackischen bzw.
lagundren Ablagerungen, unteroligozdne Transgression (in Deutschland und
Polen) tber Alteres als Obereozan.

Die Abldésung der eozénen Tone, Mergel und Kalksteine durch dunkel-
braune bzw. schwarze bitumindse Ton- Disodyl- und Menilit-Schiefer bildet
ein weiteres Charakteristikum.

Die Verdnderungen lassen sich auch an der Zusammensetzung der Fauna
und Flora verfolgen. Gewisse Faunenverdnderungen scheinen ziemlich rasch
gewesen zu sein. Es ist in Betracht zu ziehen, dall die fortschreitende Trans-
gression des borealen Meeres nicht nur eine Einw anderung »neuer« Organismen,
sondern fur das Klima des mediterranen Gebietes auch einen abkuhlendcn
Effekt mit sich brachte, wogegen die Pflanzenwelt recht empfindlich reagiert
haben dirfte.

Die »spétpyrendischen« Bewegungserscheinungen dauerten bis zum
Mitteloligozdn (»massagetische Phase«).
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Die magmatische Ta4tigkeit, die laramisch und z. T. prépyrendisch
begonnen hatte, dauerte weiter an.

Die innerdinarischen, wardarischen und die Belgrader Intrusionen sowie
der intrusive Kern der sidwestmdahrischen grofen Antiklinale dirften wah-
rend des obersten Eozdns und des Unteroligozdns zustande gekommen sein.
Im Gegensatz zum prépyrendischen Magmatismus uUberwiegen die intrusiven
und nicht die eruptiven (hdchstens subvulkanischen) Gesteine, ausgenommen
das Rhodopegebiet, wo sich der rhyolitische Vulkanismus fortsetzte.

Die pyrendischen Bewegungen gehdren dem dritten, einschliefRenden
Entwicklungsstadium des Alpinen Geosynklinalsystems an (Muratow [40]).

Dieses Stadium setzte zu Ende des Mitteleozdns mit den prépyrendischen
Bewegungen ein und dauerte bis zum Anfang des Miozéns. Nach dieser Auffas-
sung lasst sich die unteroligozdne starke Einengung des geosynklinalen Sedi-
mentationsraumes gut erkldren. Die dieses Stadium abschlieBenden »savischen«
Bewegungen an der viel umstrittenen Oligozdn/Mioz&n-Wende sollen in
einem anderen Aufsatz behandelt werden.
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THE TYPES OF THE PYRENEAN MOVEMENTS AT THE EOCENE/OLIGOCENE
BOUNDARY AND THEIR EFFECTS ON THE OLIGOCENE SEDIMENTATION
IN EUROPE AND THE NEIGHBOURING REGIONS

By

N. Mészaros and E. budicn jr.

Abstract

The Pyrenean movements took place at the end of the Late Eocene and partly in the
Early Oligocene, i.e. essentially later than the pre-Pyrenean-Balkanic deformation. In many
regions marine sedimentation set in between these two phases, producing a thick Upper
Eocene series. ) ] ]

The manifestations of the Pyrenean orogeny are of rather great variety: folding, fault
tectonics, final emergence, temporalg emergence (non-marine_ se imen_tatior%/, facies changes
gear-shore, brackish and lagunar deposits, sediments rich in organic substances), Lower

ligocéne transgression. The changes are conspicuous in the fossil fauna and flora, too.

The “Late Pyrenean”” movements lasted until the beginning of the Middle Oligocene
(“Helvetian”, “Massagetic” phases).

The igneous activity, connected with the Laramian and the pre-Pyrenean phases,
respectively, continued. In contrast to the mostly eruptive to subvolcanic magmatism of the
p{]e-Pyrenean phase, the intrusive type of magmatism seems to be characteristic of this

ase.
P The Pyrenean movements belong to the third, final, evolutionary stage of the Alpine
g?os ncll\i/lr]al system, which started with the pre-Pyrenean phase and lasted till the beginning
of the Miocene.
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The authors describe the manifestation of the Pyrenean movements in the order of the

tectonically controlled sedimentary zones as given below:

. The stable platform zone north of the Alpine system.
Il. The “external” intermediar% Z0ne, )
I11. The geosyncline branch of the Alps, Carpathians, Balkans and the Caucasus,
IV. The “internal” intermediary zone,

V. The intermediary zone south of the Atlas,
VI. The North African Platform.

TUNbB MUPEHEWCKUX ABUXEHWMN 3EMHOWM KOPbl HA FTPAHWLUE
S30UEHA-ONNTUTOULEHA N WX BAMWAHWE HA OCALJKOHAKONANEHWE
ONWITOULEHA B EBPOMNME W CONPEJAENBbHBI X OBNACTAX

H. MECAPOLLU n 2 Aygn4d M.
Peswme

MupeHelCKMe ABUXEHNSA NPOM3OW M HA KOHLE BEPXHEro 30LeHa, B YaCTHOCTW yXe B

HWXHEONUTOLEHOBOE BPEMSA,3HAYNT,TOPa3fo NO3XKE YeM NpenupeHeiicko-6ankaHCcKne ABUXKEHUS.

B

psfe o6nacTeil Hakomunacb MOW HAas MoOpcKas TonlWa BepXHE3oOLeHOBOro Bo3pacTa B Npo-

MEXYTOK BPeMeHN MeXAy obeumu (asamu.

LBUXEHUSA NUPEeHEeWCKONW (a3bl WMeNu O4YeHb pPa3HoOOGpPasHble MOCNEACTBUSA: CKNAZKO-

06pa305aﬂme, CﬁpOCbI, OKOHYaTe/NbHOE UNN BpeEMEHHOE NOAHATUE U pasmMblB (HeCOfﬂaCHOe 3ane-

raH
con
rpe

X e

ne), yactmuyHan perpeccma (HeMOpPCKNWE OTNOXEHMNA), paymMmanbHble N3MeHeHUs (NpubBpexHbl e,
OHOBAaTOBOAHbLIe W NaryHHble ocajgku, 6oraTble OoOpraHW4YeckKWM Bel eCTBOM OCajKW), TpaHC-
CCMA B HUXHEONUTOLEHOBOE BpeMSH.
MW3MmeHeHUs Habnw gawTCcA TakXe B cocTaBe GpayHbl U ¢nopbl. MNo3gHenupeHelickne ABU-
HUS ANMAMCH JO CAaMOro Havyana cpefjHero onumroyeHa(«renbBeTcKas» W «maccarerckaa» @asbl).
M armatnam, cBA3aHHbIi C NapaMMiACKUMU AU, B 4aCTHOCTU, NpenupeHelckuMu ABUXE-

HuaMmmn, npogonxancsa. B otnnumne ot npenmpeHeMCKoro, AaHHblﬁ MarmatTmsm xapakTtepunsyertcsa

B N
30B

An
has

epBYyl ouyepefb He W3BEPXEHHO-CY6GBYNKAaHMYECKUMMU, @ MHTPY3UBHbLIMU, TNTY6GUHHBIMK 06pa-
aHuamn.

MupeHelickne ABUXEHUSN OTHOCATCA K TpeTbel, 3aKNWUYUTENbHOW CcTagwu pasBuUTUSA
bNMWWCKOW TFEOCWHKAMHANbHOMN CUCTeMbl, KOTopas B3sifa CBOe Hayano C NpenupeHelckoi
bl U ANMnacb A0 HUXHEro MuUoOLEHa.

MposBNneHWS NUpPeHENCKUX ABUXEHWW paccmaTpuBal TCs NO CTPYKTYPHO-CEAUMEHTa-

LMWOHHBIM 30HaM:

I. MnatpopmMeHHasn 30Ha, pacnonarat uwancs K cesepy oT Anbnuincko— KapnaTtcko—

BankaHCKOo— KaBKa3cKo# reoCMHKNMHanNn,

Il. «BHewHAA» 3NUKOHTWUHEeHTaNbHasd nepexofHas 30Ha,

11l. 30Ha ANbNUWCKON TEOCUHKNAUHANHK,

IV. «BHYTpeHHAA» 3NUKOHTUHEHTaNbHas nepexojHas 30Ha,

V. 9NUKOHTMHeHTaNnbHas nepexofjHas 30Ha, Nexal as XHee rop ATnac,
V1. CeBepo-AdpukaHckas nnatpopma.
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PALAOMAGNETISCHE UNTERSUCHUNGEN
AN BASALTLAVEN YON UNGARN

Von
P. MARTON und E. SZALAY

GEOPHYSISCHES INSTITUT DER EOTVOS UNIVERSITAT, BUDAPEST
UND INSTITUT FUR GEOPHYSIK, BUDAPEST

Die Richtung und Intensitat der Magnetisierung wurde an 250 Proben aus
16 Vorkommen untersucht. Wahrend der magnetischen Reinigung wiesen 172 Proben
eine stabile Magnetisierung auf. Darauffolgend wurden die Polrichtungen fur verschie-
dene Einzelvorkommen und die fur das Pliozén und Pleistozan gultigen virtuellen
Magnetpollagen berechnet.

Die fur die verschiedenen Einzelvorkommen berechneten Magnetpole wandern
den gieographlschen Nordpol der Erde herum. Als Ursache der Erscheinung kann die
Sakularvariation des erdmagnetischen Feldes angesehen werden, vorausgesetzt, daf
die Anderung nicht auf tektonische Bewegungen zuriickzufihren ist.

Ein Teil der transdanubischen Proben ist normal magnetisiert, ein anderer Teil
deren und die aus Nord-Nograd stammenden Proben besitzen eine feldentgegen orien-
tierte Magnetisierung. Die Selbstumkehr-Vorgénge wurden vermittels der Curiepunkt-
Messungen und der erzmikroskopischen Untersuchungen ausgeschlossen. Durch die
feldgleichen und feldentgegen orientierten Magnetisierungen werden die ehemaligen
Feldrichtungen widerspiegelt. Die Existenz der in entgegengesetzten Richtungen mag-
netisierten Gruppen bedeutet, daf3 die vulkanische Tatigkeit zeitlich unterschiedlich war.

1. Einleitung

Der erste Schritt unserer paldomagnetischen Untersuchungen war die
Bearbeitung der aus Transdanubien und aus Nord-Négrad stammenden
Basaltlaven, um die fir das Pliozdn und Pleistozdn gilltige virtuelle Magnet-
pollage zu bestimmen. Wegen ihres jungen geologischen Alters kénnen die
nachtraglichen Umwandlungen der magnetischen Minerale kaum in Betracht
kommen. Die originale Lagerung wurde durch die tektonischen Bewegungen
am mindensten gestdrt. (Von diesem Standpunkt aus kommen die vertikalen
Verschiebungen nicht in Frage.)

2. Probeentnahme

Etwa 250 Proben wurden aus folgenden Vorkommen entnommen:

Transdanubien: 1. Uzsa-Szebike, 2. Simeg, 3. Tatika, 4. Bazsi, 5. Zala-
szanté, 6. Vindornyasz6l8s, 7. Hegyestl, 8 Gulacs, 9. Badacsony, 10. Sagbcrg,
11. Halap, 12. Kabberg, 13. Szentgydrgyberg; ohne Nummer: ein Gang siidlich
von Simegpraga, Diszel und Tétiberg (Abb. l.a).

Nord-Négrad : 14. Medves, 15. Pécskd, 16. Szilvaskd; ohne Nummer:
Nagy und Kis Salgé, Nagyké (neben Barna) (Abb. I.b).
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Abb. I/a. Fundstellen (Transdanubien)

Abb. 1/b. Fundstellen (Nord-Nograd)
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Unter diesen befinden sich Lavadecken, Stratovulkane, Schlotfillun-
gen aus wiederholten Explosionen und Vulkankegel aus einmaliger Eruption.

Es bestellt in der chemischen Zusammensetzung der Laven kein groRer
Unterschied. Von Mauritz wurde die unterstehende Reihenfolge (zwischen
engen Grenzen) festgestellt: Die Laven groBter Basizitdt sind die der Tatika-
Gruppé, die von Badacsony, Gulacs und Tdtiberg; der Gehalt an Si nimmt
in den Gesteinen von Sag, Nagyldz, Haldp, Szentgydrgyberg (und Somld)
allméhlich zu und erreicht seinen Héchstwert in den Basalten vom Kabberg.
Der unterschiedliche Gehalt an Si und Alkalien kénnte durch die Verschieden-
artigkeit des Untergrundes verursacht werden.

Obgleich die Produkte der magmatischen Differentiation verschiedenen
Grades bei den einzelnen Vulkanen erkennbar sind, kann daraus kein allge-
meiner Schluss betreffs der Ausbruchsfolge gezogen werden.

3. MeBR- und Bearbeitungsmethode

Die remanente Magnetisierung der Proben wurde mit einem »Rock-
Generator* gemessen. Da die natlirliche remanente Magnetisierung die Resul-
tante der die Gesteine beriihrenden Magnetisierungsprozesse ist, die ehemalige
Feldrichtung dagegen durch die wdhrend der Abkuhlung erhaltene thermore-
manente Magnetisierung (TRM) reprdsentiert wird, muBl jede andersartige
M agnetisierung aus den Gesteinen entfernt werden. Dazu dient, als wirksam ste
Methode, die Wechselfeldentmagnetisierung (AC Demagnetisation) oder mag-
netische Reinigung. Das Prinzip der Methode: durch die Entmagnetisierung
werden jede Komponenten, die eine kleinere Koerzitivkraft als TRM besitzen,
entfernt. Diese Komponenten sind bei den frischen magmatischen Gesteinen
in erster Linie die isothermalen remanenten Magnetisierungen (IRM) (Abb. 2).

Eine gegen Wechselfeldentmagnetisierung instabile Magnetisierung
wiesen einige Proben aus dem Gang sidlich von Simegprdga und jene von
Diszel und Toétiberg auf.

Die Proben von Kis- und Nagy-Salgo, ferner von Nagyké (neben Barna)
besitzen wahrscheinlich eine ideale Magnetisierung.

Die instabilen und ideal magnetisierten Proben wurden aus der Aus-
wertung ausgeschlossen.

Aus den nach der magnetischen Reinigung — gemessenen Werten,
berlicksichtigend die im Geldnde gemessenen Azimute und Neigungen, wurden
zwei charakteristische Winkel des lokalen Magnetfeldes, die Deklination (D)
und die Inklination (I) berechnet (Abb. 3a, b, c). Darauffolgend wurden die

* Wir benutzten zu unseren Untersuchungen von den fiir die palaomagnetischen Mes-
surzﬂen allgemein angewandten Rock-Generatoren ein von P. Szemerédy gebautes Gerat (Emp-
findlichkeit 104 CGS), publiziert von marton. P.. szemercay, P. Undvesrss, |. 1964.
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Abb. 2. Typische Wechselfeldentmagnetisierungskurven
10 Natlrliche remanente Magnetisierung; I: Remanente Magnetisierung nach der Wechsel-
feldentmagnetisierung (bei 100, 200 usw. Oe). 1,2, 3 ... 11: Nummern der Probegruppen

N

Abb. 3. Paldomagnetische Deklinations- und Inklinationswinkel, die mittleren Richtungen
und Konfidenzkreise mit einer Wahrscheinlichkeit von 95%

Abb. 3/n. 1. Normal magnetisierte Proben; 2. mittlere Richtung mit dem Konfidenzkreise;
3. Richtung des heutigen Erdfeldes
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N

Abb. 3/b. 1 Invers magnetisierte Proben; 2. mittlere Richtung mit dem Konfidenzkreise;
3. Richtung des heutigen Erdfeldes

N

Abb. 31c. 1 Invers magnetisierte Proben; 2. mittlere Richtung mit dem Konfidenzkreise;
3. Richtung des heutigen Erdfeldes
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mittleren Deklinations- und Inklinationswerte fur die verschiedenen Einzel-
vorkommen, ferner die geographischen Koordinaten des Punktes bericksich-
tigt, die ehemalige virtuelle Magnetpollage bestimmt.

4. Zuverlassigkeitsuntersuchungen

W eitere Untersuchungen wurden durchgefiihrt, um die Frage zu entschei-
den, ob die von uns gemessenen Richtungen den ehemaligen magnetischen Feld-
richtungen entsprechen, oder die Magnetisierung der Gesteinsproben auBer
dem ehemaligen Erdfeld auch durch andere Faktoren verursacht wurde.

Abb. 4. Eine fur den Magnetit charakteristische Suszeptibilitatsanderungskurve bei zuneh-
mender Temperatur

In erster Linie kdnnen hier die zur Selbstumkehr neigenden Minerale,
im Falle mehrerer magnetischen Komponenten die Wechselwirkung der
magnetischen Phasen und nachtrdgliche chemische Vorgdnge in Betracht kom-
men. Die Zuverldssigkeit unserer Ergebnisse wurde vermittels der Curiepunkt-
Messungen und erzmikroskopischer Untersuchungen gepruft.

Die Curiepunkt-Messungen wurden durchgefuhrt, um entscheiden zu
kénnen, bei welcher Temperatur die Tradger der Thermoremanenz ihre TRM
erhalten hatten, und wie viele magnetische Komponenten von verschiedenem
Curiepunkt in dem Gestein zu finden sind.

Aus unseren Untersuchungen ergab sich, daB die Mehrzahl unserer
Proben wurspringlich nur ein einziges magnetisches Mineral enthédlt, dessen
Curiepunkt bei verschiedenen Fundorten zwischen 200 °C und 575 °C variiert.
Der Curiepunkt ist am selben Fundort anndhernd konstant (Abb. 4).

Bei Erwdrmungen entstehen fallweise auch Phasen von héherem Curie-
punkt. Diese Erscheinung ist an den Sé&ttigungsmagnetisierungskurven be-
sonders gut zu sehen. Diese beweisen, dall bei wiederholter Erw&rmung sich
Komponenten von héherem Curiepunkt bilden. Die Erscheinung zeigt darauf,
dalR die magnetischen Minerale instabil sind. Die Richtung der Umwandlung
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weist aber auf eine Zunahme der Phase von hdherem Curiepunkt hin (Abb. 5).
Nachdem das Vorkommen solcher Phasen in den urspriinglichen Gesteinen
verschwindend gering ist, kann angenommen werden, daB solch eine Verénde-
rung wéhrend der Entwicklung des Gesteines in entscheidendem MaRe nicht
stattgefunden hat.

Erzmikroskopische Untersuchungen : Durch die Curiepunkt-Untersuchun-
gen werden die ferromagnetischen Minerale qualitativ nicht identifiziert und
auch der Ursprung der gemessenen Magnetisierung wird nicht gekldrt. Es

Abb. 5. Charakteristischer Ablauf der Sattigungsmagnetisierung bei zunehmender Temperatur.

1rs(20°): Sattigungsmagnetisierung bei 20 °C; Irs(<): S&ttigungsmagnetisierung bei t°C; I, I,

Il1: Eine Scheme, wo bei der wiederholten Erhitzungen die Kurven die Verschiebung der
Curiepunkte zeigen

schien uns deshalb wichtig, die ferromagnetischen Minerale zu identifizieren
und die Geometrie ihrer Lage zu entdecken. Zu diesem Zweck wurden erz-
mikroskopische Untersuchungen durchgefihrt.

Die wichtigsten gesteinsbildenden ferromagnetischen Minerale sind die
Glieder eines terndren Systems, die Glieder des FeO —Fe203—T i02 Systems.

Die groRte Bedeutung weist die feste Losung-Reihe auf, die an der
M agnetit-Ulvdspinell-Linie liegt. Diese sogenannten Titanomagnetite machen
90% der ferromagnetischen Gesteinsbestandteile aus.

Bei den Titanomagnetiten ist der gesamte Mischungsbereich:

y -TiFe20,, (l-y)- Fe304
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Die Glieder der Reihe weisen bei Raumtemperatur Ferrimagnetismus
im Intervalle 0<Cy<0,8 und Paramagnetismus im Intervalle 0,8</y<Cl auf.
Sie haben eine Invers-Spinellstruktur.

An der Ham atit-1lmenit-Linie liegen die Glieder der H&moilmenitgruppe.
Bei der Hamoilmenitgruppe ist der gesamte Mischungsbereich:

*-Fe 3l ,v)-FeTi03
0<:*<j

Abb. 6. Das Fe0-Fe203Ti02 System. Schraffiert: oxydierte Titanomagnetite

Die Glieder der Reihe:

0,75 < *< 1  (llmenit) paramagnetisch
0,75 1> x)> 0,5 (ferromagnetischer Ilmenit) ferromagnetisch
0,5 1> x)> 0 (Titanhamatit) antiferromagnetisch

(Dem Antiferromagnetismus ist ein schwacher Ferromagnetismus Uber-
lagert).

Die Kristallstruktur ist rhomboedrisch.

Das schraffierte Feld der Abb. 6 entspricht den in der Spinellphase
bleibenden oxydierten Titanomagnetiten.

Bei fortschreitender Oxydation bildet sich eine fehlgeordnete Spinell-
struktur des Maghemits (y Fe2 3 bei einem Fe/O-Yerhéltnis von 1/1,5.
Dieses Mineral weist gegeniiber dem Magnetit eine Anzahl unbesetzter Okta-
ederplatze auf und besitzt demzufolge eine geringere Stabilitdt. Dies ist zu-
gleich die Ursache fiir die Neigung, sich bei 200 °C in den rhomboedrisclien
Hé&m atit (a—Fe20 3) irreversibil umzuwandeln.

Die Identifizierung der ferromagnetischen Minerale und die Bestimmung
der »Opakgeometrie« sind die wichtigsten Aufgaben der Erzmikroskopie vom
Standpunkt des Gesteinsmagnetismus. Sind diese Ergebnisse bekannt,
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so kann festgestellt werden, ob die Magnetisierung primér, sekundar oder
komplex ist, und ob einer der Selbstumkehrvorgdnge eine Realitdt besitzt
oder nicht.

In unseren Proben sind die Titanomagnetite die Trdger der Thermore-
manenz. Sie erscheinen als isometrische gut ausgebildete Kristalle (ihre GroRe
betragt 2 250 p), selten als Skelette (Siimeg, Tatika).

In den Titanomagnetiten kann der Ti-Gehalt durch Entmischung in
Lamellen von der GroBe von 5 8 p selten ausgeschieden werden (Badacsony,
Szebike, Tatika).

Neben dem an dem Titanomagnetit gebundenen llmenit kommt IImenit
in vielen Proben selbstdndig vor. Sie sind typische lImenite, die keine H&ma-
titmolekiile enthalten. Sie haben ein schwaches Reflexionsvermdgen, besitzen
eine lilagraue Farbe und sind paramagnetisch.

In den Proben sind noch Spuren von Hé&matit (1 0,5% des Opak-
materials) nachweisbar. Wegen ihrer sekunddren Entstehung ist aber ihre
Magnetisierung im Vergleich mit jener des Titanomagnetits verschwindend
gering. Aus den Curiepunkt-Untersuchungen konnte keine eindeutige SchluB-
folgerung betreffs der Anwesenheit des H&matits gezogen werden.

Die Oxydation des Titanomagnetits zu Titanomaghemit hat, zwei Proben
ausgenommen, nicht einmal begonnen (Tabelle I).

Zusammenfassend l&4Rt sich somit behaupten, daR der Trdger der Ma-
gnetisierung ein kubisches Mineral als ein Einkomponentensystem ist, bei
dem magnetische Wechselwirkungen nicht auftreten.

Die gegen eine Wechselfeldentmagnetisierung stabilen Proben besitzen
eine der ehemaligen Feldrichtung entsprechende Thermoremanenz.

5. SchluBfolgerungen

Die virtuelle Magnetpollage im Pliozdn und Pleistozdn : An Hand der
fir die paldéomagnetischen Auswertungen als anwendbar erwiesenen 13 Vor-
kommen in Transdanubien und 3 Vorkommen in Nord-Négrad wurden die
entsprechenden Pollagen und die mittleren Pollagen berechnet (Tabelle 11).

An 1land ihrer feldgleichen oder feldentgegen orientierten Magnetisierun-
gen wurden die transdanubischen Vorkommen in zwei Gruppen eingeteilt.

Die Vorkommen von Nord-No6grad gehdren zu der Gruppe von feldent-
gegen orientierten Magnetisierungen.

Sékularvariation : Die fur die Einzelvorkommen bestimmten Magnet-
pole wandern quasi um den geographischen Nordpol der Erde (Abb. 7) herum.
Als Ursache der Erscheinung kann die S&kularvariation des erdmagnetischen
Feldes angesehen werden, vorausgesetzt, dal diese Anderung nicht auf tek-
tonische Bewegungen zurickzufuhren ist. Der Verlauf der S&kularvariation
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Tabelle |

Zusammenstellung der Ergebnisse der Curiepunkt-Messungen
und der erzmikroskopischen Untersuchungen

Zeichen Curie-

Fundstelle der Probe Temegratur L (Ipakminerale
1. Szebike Sze— 38 535 (400) Titanomagnetit (-f llmenit einge-
lagert)

2. Simeg 8- 8 236 (575) Titanomagnetit, lImenit

3. Tétika 710 — Titanomagnetit

4. Bazsi 699 Titanomagnetit (-f Héamatit)

5. Zalaszant6 106 370 Titgnomagnetit, IImenit (+ Hama-
Jii . ) tit)

6. Vindornyasziillgs 715 Titanomagnetit, lImenit
S 7. Hegyest( Ht-10 250 (500) Titanomagnetit (-f- Ham atit)
ﬁ 8. Gulacs G—17 - Titanomagnetit (+ Hamatit)
S 9. Badacsony 6 — Titanomagnetit (+ llmenit eingela-
H gert)

10. Sagberg 127 150 (550) Titanomagnetit, limenit

13. Szentgydrgyberg 249 355 Titanomagnetit (+ llmenit eingela-

gert) (-f Hamatit)

14. Medves 108 570 Magnetit, Maghemit (--- Hé&m atit)
-0 14. Medves 196 150 200 Titanomagnetit, lImenit
'C,f 14. Medves 178 Titanomagnetit (+ H&amatit)
‘0 14. Medves 187 - Titanomagnetit (+ H&amatit)
z 14. Medves 167 Titanomagnetit (+ Ilmenit eingela-
T3 gert) (+ Ulvdspinell)
0 Titanomaghemit

15. Pécsko 239 340 Titanomagnetit (-{- Hamatit)

16. Szilvaské 243 370 Titanomagnetit

kann, ohne die Reihenfolge der vulkanischen Tdatigkeit zu kennen, nicht ver-
folgt werden.

Normale und inverse Zonen : Mittels der Curiepunkt-Messungen und erz-
mikroskopischer Untersuchungen waren die Selbstumkehrvorgdnge auszu-
schliefen. Es ist demzufolge festzustellen, daB die ehemaligen Feldrichtungen
durch die feldgleichen und feldentgegen orientierten Magnetisierungs-Rich-
tungen widerspiegelt werden. Die Existenz der in entgegengesetzten Rich-
tungen magnetisierten Gruppen bedeutet, daB die vulkanische Tatigkeit
zeitlich unterschiedlich war.

An Hand europdischerund amerikanischer MelRergebnisse kann folgende
Zeitskala der Haupterdfeldumkehrungen abgeleitet werden (Das Alter wurde
durch radioaktive Altersbestimmung bestimmt: Mc Dougall Tarling).
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Tabelle 11

Zusammenstellung der paldomagnetischen IJntersuchungsergebnisse

In

Fundstelle N ::és_sa 1 D° X % [o A° Jp" dm"
1. Uzsa -+
Szebike 7 463 56.1 14.1 171 151 77 140 156 217
2. Stimeg 5 735 61.8 3.8 100.0 7.6 86 158 9.1 11.8
3. Tatika 5 — 68.6 17.6  100.0 7.6 78 76 10.8 12.8
4. Bazsi 6 — 58.9 11 166.6 5.2 83 190 5.7 7.6
» 5. Zalaszunté 6 — 61.8 8.5 125.0 6.1 83 137 7.3 9.4
S 6. Vindornya-
szdllos 7 — 53.3 35.6 8.9 21.6 60.5 120 18.6  30.0
‘g 7. Hegyestl( 5 304 65.4 9.8 36.3 129 83 100 16.7 21.0
7 8. Gulécs 9 225 744 1646  66.6 65 -74 170 10.7 12.0
? 9. Badacsony 7 194 -74.5 153.1 54.5 82 -69 159 13.5 14.8
«_1 10. Sag 4 331 72.9 179.1 75.0 105 -79 196 16.7 18.7
11. Haléap 10 474 56.3 187.0 50.0 6.9 -79 350 7.2 13.7
12. Kabberg 12 11.0 56.1  170.7 68.8 52 -78 54 5.3 7.5
13. Szent-
gyorgyberg 5 242 53.4 1535 80.0 86 -72 72 8.3 12.1
s 14, Medves 55 12.2 44.9 154.1 33.8 35 - 60 72 2.8 4.4
fc  15. Pécsko 12 742 701 218.1 55.0 59 -66 240 8.4 10.2
z 16. Szilvéaské 7 18.2 62.3 1916 353 102 -82 244 12.4 15.8

Bezeichnungen:

N = Anzahl der Proben

I, = Mittlere Intensitdt der natirlichen remanenten Magnetisierung

1° = Mittelwerte der Inklination

D° = Mittelwerte der Deklination

X = Kennzahl fur die Genauigkeit der Schatzung der mittleren Richtung nach Fischer
a = Radius des Konfidenzkreises mit einer Wahrscheinlichkeit von 95, %

®° = (Breite)l

i Koordinaten der virtuellen Paldopolposition
/1° = (Lénge)J

zip, Am = Halbachsen des Konfidenzovals mit einer Wahrscheinlichkeit von 95%
0 1 Mill. Jahre normal
1 2,5 Mill. Jahre invers
2,5— Mill. Jahre normal

Zeitlich gesehen fallt die basaltvulkanische Tatigkeit von Transdanubien
und von Nord-No6grad — an Hand geologischer Daten ins Pliozdn und ins
Altpleistozén.

Hinsichtlich der Reihenfolge der Eruptionen wurde von LOczy festge-
stellt, daB die Vulkane, die auf einem hdéheren Plioz&n-Terrain liegen, dlter
sind als die, die auf einer niedrigeren denudierten Plioz&n-Oberfldche liegen.
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Gulacs, Halap, Totiberg, Szentgyorgyberg, Badacsony, Szebike, Tatika,
die Kovacsier Berge und Sagberg wurden von LOczy zu den ilteren Vulkanen
gerechnet. Die jingeren von uns untersuchten Fundstellen sind im Gang

stidlich von Simegpraga und die auf der Hohe des Weges zwischen Bazsi
und Zalaszénto.

Abb. 7. Paldomagnetische virtuelle Polpositionen

I.: invers magnetisierte Probegruppen Il.: normal magnetisierte Probegruppen
I11.: mittlere Richtung der invers magnetisierten Gruppen in Transdanubien
1V.: mittlere Richtung der normal magnetisierten Gruppen in Transdanubien
V.: mittlere Richtung der invers magnetisierten Gruppen in Nord—Nograd

VI.: mittlere Richtung der transdanubischen Gruppen

An Hand unserer paldéomagnetischen Messungen sind alle Vulkane, die
von LOczy zu den élteren gerechnet wurden, in die inverse Zone (ausgenom-

men die Tatika Gruppe und die Kovacsier Berge [Bazsi, Zalaszanté, Vindornya-
sz6llos]) zu stellen.
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Die Laven, die als junger betrachtet wurden, weisen eine feldgleiche
M agnetisierung auf. (Die Proben des Ganges siidlich von Simegpraga weisen
zum Teil eine instabile Magnetisierung auf. Daher kommt es, dal diese Proben
aus der statistischen Auswertung fehlen; die stabilen Proben sind alle normal
magnetisiert.)

Werden die Ergebnisse der morphologischen Untersuchungen von Loéczy
mit den paldomagnetischen Daten verglichen, kann folgendes festgestellt
werden:

Als hochstwahrscheinliche Eruptionszeit der invers magnetisierten, auf
dem hdheren Plioz&n-Terrain liegenden Vulkane kann das Ende des Pliozéns
angenommen werden. Anhand ihrer Inversmagnetisierung kdnnen auch die
Eruptionen in Nord-Nd6grad zeitlich ins Pliozdn gerechnet werden.

Die auf denudiertem Untergrund pliozdnen Alters liegenden normal
magnetisierten Basaltlaven entstanden wahrscheinlich im Pleistoz&n. Wegen
ihrer normalen Magnetisierung wird die ganze Tatika-Gruppé (inbegriffen auch
die Kovacsier Berge) als ein jingeres Explosionsprodukt (pleistozdanen Alters)
betrachtet.

Die Lavastrome des Kabberges fléssen auf die Trias-Bildungen aus.
Sie sind invers magnetisiert, und demzufolge kdnnen sie den &lteren Erup-
tionen gleichgestellt werden.

Die auf der Trias liegende Lava von Hegyest{i weist eine normale Mag-
netisierung auf: sie ist wahrscheinlich ein jingeres Explosionsprodukt (pleisto-
zédnen Alters).
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PALAEOMAGNETIC INVESTIGATIONS OF BASALT LAVAS FROM HUNGARY

By
P. MARTON—E. Szalay
Abstract

The orientation and intensity of magnetization were studied on 250 samples from
16 localities. During magnetic washlng?, 172 samples showed a stable magnetization. After-
wards, polar directions were calculated for various individual localities, and the virtual positions
of the magnetic poles, as found for the Pliocene and the Pleistocene, were determined.

The magnetic poles calculated for the particular localities are scattered around the geo-
graphic North Pole of the Earth, a phenomenon for which the secular variation of the geo-
magnetic field seems to be responsible, provided that no tectonic movement has been involved.

Some of the samples from Transdanubia are normally magnetized, the rest and the
samples from the North Nograd have a magnetization opposed to the geomagnetic field. Self
reversal has been excluded by Curie-point measurements and by observations under the ore
microscope. Magnetizations, oriented parallel with, or opposite to, the geomagnetic field have
reflected the ancient orientation of the Earth’ magnetic field. The existence of reversely
magnetized groups is an indication of age differences in volcanic activities.

MNAJIEOMAIMHNTHBIE NMCCNEJOBAHNA HA BA3AJIbTOBbLIX JIABAX BEHIPUU
n. MAPTOH—3. CANTAU
Pe3tome

OpueHTaUUs M WMHTEHCMBHOCTb HAMarHWUMBaHWS TOPHbIX MOPOJ M3yyanucb Mo 250
o6paslam u3 16 MecTOHaxoXaeHuid. Mpu uncTke 172 obpasia NPosBUM CTabU/IbHOE Hamar-
HWUMBaHMe. Ha cnegytolem aTane pa6oTbl 6bIIM BbIUNCIEHbI OPUEHTALMI MOMOCOB ANS Pasnny-
HbIX MECTOHAXO0XAEHN, a TakXKe (PaKTUUECKMe MOSOXKEHUS MarHUTHBIX MO/OCOB B NIMOLLEHOBOE
M NNeiicToLEeHOBOE Bpems.
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MonyyeHHble AN Pa3MYHbIX MECTOHAXOX/EHUI MarHuTHble TMOMCbI  Pa3bpocaHbl
BOKPYI Teorpaguyeckoro CeBepHOro Mostoca 3eMHOro Lwapa. 3a NPUUMHY [AHHOI0 SIBNEHUSI
NPYHMMAETCS BEKOBOE M3MeHeHWe FeoMarHWTHOro Mosoca Mpyu YC/I0BUM, eCM M3MEHEeHWe He
06YCNOBNEHO TEKTOHUYECKUMU [BUXKEHUSIMU.

UacTb 06paslioB M3 3afyHaiiCKOro Kpasi HOpMasibHO HamarHudeHa, OCTafibHasi uacTb,
a Takxe o6pasiibl, B3iTble B CeBepHOM Horpage MMEOT OpYeHTaLIMI0 HaMarHWuMBaHusl, NpoTu-
BOMOJIOXHYIO reoMarHUTHoOMY nosto. MpoLece camoo6patieHnst 6bUT UCKIIOUEH MyTeM U3MepeHust
ToueK Kiopy M um3yueHus 06pasuoB Nog PyAHbIM MUKPOCKOMOM. OpMEHTMpOBaHHble napas-
NeNIbHO Y MPOTUBOMNO/OXHO TEOMarHUTHOMY MOJII0 MarHeTU3Mbl OTOGPAXKAIOT 6bIBLLME OPUEH-
Taunm MarHuTHoro nons. CyllecTBoBaHWe MPOTMBOMO/MOXHO HaMarHWYeHHbIX rpynn cBuie-
TeNbCTBYET O TOM, YTO By/IKaHUYecKasi AesiTe/IbHOCTb MPOMCXOAWIa B PasfiMyHoe BPeMmsl.
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Correspondence with the editors and publishers should be sent to the same address.

The rate of subscription to the Acta Geologica is 165 forints a volume. Orders may be
placed with “Kultira” Foreign Trade Company for Books and Newspapers (Budapest 1., F6
utca 32. Account No 43-790-057-181) or with representatives abroad.

Les Acta Geologica paraissent en francgais, allemand, anglais et russe et publient des
travaux du domaine des sciences géologiques.

Les Acta Geologica sont publiés sous forme des fascicules qui seront réunis en un
volume par an.

On est prié d’envoyer les manuscrits destinés & la rédaction, & l’adresse suivante:
Acta Geologica, Budapest 502, Postafiok 24.

Toute correspondance doit étre envoyée a cette méme adresse.
Le prix de I’'abonnement annuel est 165 forints.
Ou peut s’abonner a I’Entreprise du Commerce Extérieur de Livres et Journaux

«Kultara» (Budapest I., F6 utca 32. Compte-courant No. 43-790-057-181) ou a I’étranger
chez tous les représentants ou dépositaires.

«Acta Geologica» Ny6/MKYeT Hay4Hble CTaTbW M3 06/1ACTM rEOMIOrMUYECKMX HayK Ha
PYCCKOM, HEMELKOM, aHT/IMACKOM U (DPaHLYy3CKOM s3blKax.

«Acta Geologica» BbIXOAUT OTAE/IbHbIMW BbIMyCKaMy pasHoro obbema. HeckonbKo Bbl-
NyCKOB COCTaB/AOT OAWH TOM.

MpegHasHayeHHble A0S Ny6MKauum pyKonuMcKu cnefyeT HanpaBisTb MO ajpecy:
Acta Geologica, Budapest 502, Postafiok 24.

Mo aTomy e agpecy HanpaBNATb BCAKYK KOPPECMOHAEHUMIO ANA pefakuMn 1 agMu-
HUCTpaLmK.

MognucHas ueHa Acta Geologica, — 165 hopMHTOB 3a TOM. 3aKasbl MPUHMMAET npeg-
NpPUATME MO BHELUHE TOProBie KHUM 1 raseT «Kultira» (Budapest 1., F6 utca 32. Tekywmii
cyeT Ne 43-790-057-181), nnn 3arpaHuyHble NPeACTaBUTENbCTBA M YMOTHOMOYEHHbIE.
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