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GEOCHEMISCHE UNTERSUCHUNGEN EINIGER EOZÄNER 
UND OLIGOZÄNER KALKSTEINE AUS DEM SIEBENBÜRGISCHEN

BECKEN (RUMÄNIEN)
von

J. IMREH, N. MÉSZÁROS, S. MIHÄLKA, ZS. BERNER

Universität „Babas-Bólyai“, Lehrstuhl für Geologie und Mineralogie, Cluj-Napoca, Rumänien

SUMMARY

The paper reports a geochemical investigation, carried out on 99 samples of limes
tones stemming from four occurences (Rohia, Poiana Blenchii, Piatra and Glod) located 
in the northern part of the Transylvania Basin. The samples were chemically assayed for the 
major elements (Table 1) and the minor elements were determined by spectrometric metods 
(Table 2). The occurences were designated in tables and graphs by the following abbrevia
tions: Go=Glod Рг = Р1атва; Pb = Poiana Blenchii, Rh = Rohia. An arabic numeral 
accompanying these symbols indicates the horizons (levels). The chemical analysis data 
was used for obtaining hystograms of the content frequencies, which led to some conclu
sions concerning the specific features of each occurence. Since the samples were collected 
along a vertical from different horizons — the superior one being labelled 1 in each occu
rence — we obtained diagrams enabling us to establish the correlations between different 
elements, based on their distributions.

The last part of the paper is devoted to the results of the dichotomic (Cluster) analysis, 
and the factorial analysis. The matrices of the empirical coefficients of linear correlations 
are presented in tables 4, 5, 6, 7, 8. The were used for plotting a dendrogram (fig. 14). Table 
10 displays the resultats of the factorial analysis. They led to the determination of different 
groups of positively or negatively correlated elements. In turn, the correlations were used 
for assigning the various elements to either the carbonate or the silicate phases or to the 
HCl-insoluble redidue. Another result of these studies was the ascertaining of the different 
migration stages of the elements in the dia- and the epigenesis processes, respectively the 
mobilization, redistribution and concentration of some elements in these processes.

* * *

Das untersuchte Gebiet befindet sich im Norden Siebenbürgens in der 
Preluca-Zone, von den Flüssen Somes und Läpu§ begrenzt.

Die hierbefindlichen Kalksteinlager wurden vom geologischen Stand
punkte bereits von Fr. Hauer undG. Stache (1863), K. Hofmann (1879, 
1883, 1891), A. Koch (1894) untersucht. Ab 1957 wurden hier erneut 
Untersuchungen von G. Räileanu und E. Saulba (1956), I. Dumitrescu 
(1957), N. Mészáros (1957, 1965, 1967, 1980), G. BombiJÄ (1972), V. 
Läzärescu (1966) und A. Rusu (1977) durchgeführt.

In den letzten zehn Jahren wurden mehrere geochemische Studien 
dieser Kalksteinablagerungen von J. Imreh, N. Mészáros und Mitarbeitern 
(1979, 1980, 1981, 1982) veröffentlicht. Die vorliegende Arbeit ist als Ver
gleichsstudie von Ablagerungen aus vier verschiedenen Aufschlüssen zu 
betrachten, die den obereozänen (Priabon) und teilweise oligozänen (Stam- 
pien) s.g. „Culmea Cozlei“-Kalken angehören.

1*
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Die „Culmea Cozlei“-Kalke

Die „Culmea Cozlei“ 
burger Schichten (oberen

Kalke bilden eine Schichtenfolge der die Klausen- 
. Grob-Kalke), Brebi-Ablagerungen (Nummulites

fabiani und Bryozoenmei gel) und Hoia-Schichten angehören.
Dieser etwa 50 — 70 m dicke, aus organogenen Kalksteinen aufgebaute

Schichtenkomplex bestehit hauptsächlich aus Bioakkumulaten, welche je
nach den am häufigsten anzutreffenden Arten: Milioliden-, Nummuliten-,
Korallen-, Muschel-, Alge: 
sich in Form von Schiel' 
etliche m) überlagern.

n- oder meistens gemischte Kalksteine sind und 
ten verschiedener Dicke (von ein paar dm bis

Die Nummuliten sin 1 überall zu finden, massenhaft kommen sie je
doch nur in drei verschiedenen Horizonten vor. Dasselbe gilt auch für die
Algenkalke, welche aber hlauptsächlich im obersten Drittel der Folge anzu-
treffen sind. Auch die Riffkorallenhorizonte lagern im oberen Teil dieser 
Schichtenfolge, deren unteren Teil die „Vulsella dubia transsilvanica“-
Kalke bilden.

Bei Rohia sind in de in oberen Schichten auch Seeigel-Reste häufig.

Die „Cuciulat“-Schichten

Im unteren Teil dieser Schichten befinden sich Mergel und Kalk
mergel, welche ab und zu Kohleneinlagerungen, Süss-, Brackwassermu
scheln und Schnecken bergen. An manchen Stellen (Glod und Piatra) 
trifft man Kalksteinbänkje an, die einst von Algen und Nummuliten auf
gebaut wurden.

Diese Schichten wurden, von Westen nach Osten, an vier verschiedenen 
Orten: Glod, Piatra, Poiana Blenchii und Rohia, untersucht, überall wurden 
den aufeinanderfolgenden Schichten Proben entnommen, aus 22 Horizon
ten in Glod, 24 in Piatra, 4,1 in Poiana Blenchii und 12 in Rohia. Die Proben 
wurden, wie folgt numerisrt: die Zahl eins (1) gibt den obersten Horizont 
an, die grösste Zahl entspricht dem tiefsten. Die danebenstehende Buch
staben geben den Ort, von welchen die proben stammen, an, Gd = Glod, 
Pr = Piatra, Pb = Poiana jBlenchii, Rh = Rohia.

Nach demselben Verfahren untersuchten wir bereits früher, auch die 
übrigen tertiären Ablagerungen des Siebenbürger Beckens (Imreh J. et

. et I. Bedelean 1967; Imreh J. et St. Mihälka 
G. 1971; Imreh J. und Imreh G. 1972).

Jakab E., 1965; Imreh J. 
1970; Imreh J. et Imreh

Die Nützlichkeit einas solchen Verfahrens ist leicht verständlich, da
man dadurch:

a) eine klare Übersio 
hat,

ht über die chemische Beschaffenheit der Bänke

b) aus der Verteilung der Elemente in den verschiedenen Horizonten 
die Wanderung derselbenl während der Dia- und Epigenese verfolgen kann, 

c) eine Übersicht über die Wechselbeziehungen zwischen den Elemen- 
ten, aus denen die Lagerung besteht, gewinnt,
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d) die Mineralphase, in welcher die verschiedenen Elemente vor
kommen, definieren kann.

Diese Arbeit erschien uns, nach dem Ergebnisse der'vorangegangenen 
Studien, als nötig, da wir bemerkten, dass eine Kalkablagerung die makro
skopisch homogen zu sein scheint, sich von chemischem Standpunkt aus 
(vor allem was die Elemente betrifft, die in äusserst geringer Menge vor
kommen) aber als recht heterogen erweist. Eine Kalkbank ensteht in einer 
Zeitspanne in welcher die Bedingungen nicht unbedingt immer die gleichen 
bleiben müssen.

In einigen Fällen, so z.B. im „Baci-Grobkalk“ bei Klausenburg, 
kommen sogar Dolomithorizonte vor (Imreh J. u Imreh G. 1972), obwohl 
man, makroskopisch betrachtet, geneigt wäre, ihn als homogen zu deuten.

In den an 99 Proben durchgeführten chemischen Untersuchungen 
forschten wir nach folgenden Hauptelementen: Si, Al, Fe, Ca und Mg. 
Die Spektralanalyse galt dem Nachweis der Spurenelemente.

Chemische Analysen

In Tabelle 1 sind die Ergebnisse der chemischen Analysen zusammen
gefasst. Die beiden letzten Spalten entsprechen dem freien Kalzit und dem 
errechneten Dolomitgehaltswert.

Die Daten aus Tabelle 1 halfen zur Aufstellung der Histogramme für 
die verschiedenen Aufschlüsse.

Der SiO2-Gehalt
Abb. 1 zeigt, dass im Histogramm die meisten Werte der Klasse 

2 — 4% in Poiana Blenchii (N=17), 3 — 4% in Glod (N=6), 1—2% in 
Piatra (N = 8), und 4 — 3% in Rohia (N=3) angehören. Das Aussehen der 
Frequenzschaubilder verrät eine Ähnlichkeit zwischen Glod und Piatra, 
die in einem geringeren Masse auch für Poiana Blenchii und Rohia zu- 
trifft. Es sei bemerkt, dass Glod und Piatra zwei benachbarte Aufschlüsse 
aus dem westlichen Teil des untersuchten Gebietes sind, Poiana Blenchii 
und Rohia befinden sich im östlichen Teil desselben.

Fe^O.^ Gehalt
Die Histogramme von Abb. 2 zeigen, dass die Höchstfrequenz (N=7) 

für Glod der Klasse 0,2 —0,4%, für Piatra (N=8) der Klasse 0 — 0,2%, 
für Poiana Blenchii (N=12) der Klasse 0,4 —0,6% und für Rohia (N=4) 
der Klasse 0,8 — 1% entspricht. Interessant ist die Feststellung, dass sich 
die Frequenzschaubilder der beiden extremen Aufschlüsse (Glod im Westen 
und Rohia im Osten) stark ähneln und dass sogar den beiden anderen, 
im Inneren der untersuchten Zone befindlichen Aufschlüssen, eine ge
wisse Ähnlichkeit nicht abzusprechen ist.

Al2O2-Gehdlt
Aus Abb. 3 sieht man, dass sich für Glod und Piatra die Höchst

frequenzen (N = 4) in mehreren Klassen gruppieren. Für Poiana Blenchii
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C lemische Analysen der Proben

Tabelle 1.

Probe SiO2 % A12O3 % ^е20з % Kalzit 
%

Dolomit 
%

1 1 Gd 3,25 1,12 1,12 91,61 2,29
2 2 Gd 3,87 1,04 0,83 92,85 0,67
3 3 Gd 8,17 1,73 0,78 85,92 1,34
4 4 Gd 1,49 0,82 1,43 92,89 2,27
5 5 Gd 4,34 1,83 2,87 88,69 1,81
6 6 Gd 1,77 0,48 0,40 95,09 1,81
7 7 Gd 4,60 0,97 0,64 91,77 1,81
8 8 Gd 3,47 0,65 0,41 94,28 1,34
9 9 Gd 5,38 0,94 0,56 90,12 2,86

10 10 Gd 6,90 1,22 0,67 89,40 1,34
11 11 Gd 7,64 1,39 0,77 88,46 0,89
12 12 Gd 3,71 0,54 0,34 93,94 1,34
13 13 Gd 2,84 0,61 0,24 94,63 1,00
14 14 Gd 3,53 0,49 0,22 94,64 0,67
15 15 Gd 2,30 0,25 0,15 96,19 0,89
16 16 Gd 7,96 1,09 0,51 88,11 1,50
17 17 Gd 1,88 0,30 0,18 96,14 1,56
18 19 Gd 8,99 2,51 1,02 80,52 5,13
19 19 Gd 5,26 0,81 0,65 91,95 1,34
20 20 Gd 2,84 0,45 0,29 94,76 1,13
21 21 Gd 2,90 0,34 0,31 94,69 0,80
22 22 Gd 1,54 0,30 0,23 97,89 0,76
23 1 Pr 1,92 1,58 0,49 95,16 0,45
24 2 Pr 9,56 3,56 2,47 79,20 3,10
25 3 Pr 6,53 1,93 1,36 85,12 2,64
26 4 Pr 0,90 0,22 0,19 97,93 0,91
27 5 Pr 4,54 1,20 0,36 92,39 0,67
28 6 Pr 1,47 0,54 0,27 97,22 0,45
29 7 Pr 4,96 1,18 0,52 90,56 1,55
30 8 Pr 10,06 2,67 0,99 83,70 1,77
31 9 Pr 1,49 0,36 0,16 97,22 0,45
32 10 Pr 1,26 0,18 0,11 98,09 0,45
33 11 Pr 1,94 0,35 0,16 96,99 0,21
34 12 Pr 0,84 0,13 0,09 98,85 0,21
35 13 Pr 6,90 1,21 0,54 87,69 1,09
36 14 Pr 1,90 0,38 0,17 96,61 0,45
37 15 Pr 2,43 0,49 0,23 92,91 0,89
38 16 Pr 3,79 0,79 0,36 92,82 1,31
39 17 Pr 0,82 0,31 0,15 98,22 0,45
40 18 Pr 0,86 0,17 0,13 98,22 0,54
41 19 Pr 1,78 0,46 0,27 95,42 1,26
42 20 Pr 5,07 1,72 0,65 89,90 1,13
43 21 Pr 1,74 0,60 0,22 96,39 0,59
44 22 Pr 2,75 0,89 0,32 93,03 1,26
45 23 Pr 9,08 3,67 1,08 82,53 2,05
46 24 Pr 4,81 1,35 0,56 90,04 2,14
47 1 Pb 8,38 2.79 1,22 80,37 6,47
48 2 Pb 4,85 3,59 1,39 82,08 4,61
49 3 Pb 78,87 8,31 3,63 2,87 1,33
50 4 Pb 77,84 9,26 4,14 4,74 2,05
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Probe SiO2 % A12O3 % %
Kalzit 

%
Dolomit 

%

51 5 Pb 81,61 9,29 3,06 0,48 1,77
52 6 Pb 2,66 1,22 1,52 88,44 6,65
53 7 Pb 3,47 0,66 0,59 89,20 6,86
54 8 Pb 3,84 1,08 0,60 85,78 9,29
55 9 Pb 2,31 0,81 0,61 89,25 7,20
56 10 Pb 3,45 0,93 0,81 90,19 4,13
57 11 Pb 7,92 2,45 0,75 84,45 4,30
58 12 Pb 1,59 0,85 0,53 88,41 9,11
59 13 Pb 2,11 0,96 0,26 94,92 2,16
60 14 Pb 8,70 1,34 0,76 82,39 6,58
61 15 Pb 3,29 1,23 0,59 91,65 3,19
62 16 Pb 2,59 0,63 0,30 67,17 28,05
63 17 Pb 2,70 0,82 0,49 82,68 13,64
64 18 Pb 2,74 1,08 0,40 88,76 7,36
65 19 Pb 2,32 0,92 0,54 94,17 0,61
66 20 Pb 3,71 1,12 0,68 91,72 2,25
67 21 Pb 2,67 0,76 0,33 94,27 2,16
68 22 Pb 3,03 1,19 0,57 86,84 8,79
69 23 Pb 5,87 1,59 0,60 87,77 4,61
70 24 Pb 1,29 0,77 0,21 92,31 5,07
71 25 Pb 7,41 0,77 0,31 81,31 7,04
72 26 Pb 8,14 1,49 0,48 85,56 4,48
73 27 Pb 6,65 1,35 0,53 89,83 2,03
74 28 Pb 32,16 3,46 1,18 57,81 3,12
75 29 Pb 5,23 1,39 0,71 88,49 4,57
76 30 Pb 4,54 1,76 0,59 88,95 4,54
77 31 Pb 5,49 1,21 0,69 89,94 2,25
78 32 Pb 2,71 0,85 0,36 90,99 5,77
79 33 Pb 5,91 1,77 0,78 88,33 0,61
80 34 Pb 9,48 2,49 1,77 80,50 3,17
81 35 Pb 11,46 4,29 1,49 76,91 3,67
82 36 Pb 4,22 1,67 1,00 86,53 6,93
83 37 Pb 10,06 3,52 1,58 78,57 3,43
84 38 Pb 13,94 5,74 2,07 66,98 9,11
85 39 Pb 6,47 3,21 1,20 81,89 6,95
86 40 Pb 3,53 1,09 0,72 90,32 4,15
87 41 Pb 3,56 1,50 0,49 92,09 2,20
88 1 Rh 6,29 2,00 1,84 87,60 0,67
89 2 Rh 3,87 1,41 0,87 91,10 1,59
90 3 Rh 4,58 1,65 0,87 90,99 1,34
91 4 Rh 4,52 0,78 0,61 92,47 1,13
92 5 Rh 6,38 0,97 0,89 89,60 0,67
93 6 Rh 1,81 0,23 0,30 97,22 0,21
94 7 Rh 5,78 1,47 0,94 89,28 1,34
95 8 Rh 2,76 0,53 0,36 94,74 1,13
96 9 Rh 2,83 0,66 0,49 94,26 1,31
97 10 Rh 3,03 0,67 0,37 94,51 1,00
98 11 Rh 4,18 0,87 0,56 93,44 0,67
99 12 Rh 5,53 1,20 0,79 89,39 1,72
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ist die Höchstfrequenz (N=7) für die Klasse 0,8 — 1%, für Rohia, in 
Klassen 1,4—2%, wobei jedoch auch eine Gruppierung mit erhöhten 
A12O3 ersichtlich ist. Die Frequenzschaubilder unterscheiden sich weit
gehend voneinander, die Gehaltsverteilung ist polymodal.

Vergleicht man die Frequenzhöchstwerte der Aufschlüsse, so merkt 
man, dass sich der Rohia-Kalk, dessen Höchstfrequenzen für SiO2, A12O3 
und Fe2O3 sich in Klassen mit grösseren Gehalt befinden, wesentlich von 
den anderen Kalksteinen unterscheidet.

Freies GaCo3
Äusser den Poiana Blenchii-Kalken, wo die Höchstfrequenz (N = 23) 

der Klasse 80 — 90% angehört, erschienen die Höchswerte der übrigen Auf
schlüsse in der Klasse 90 —100%? Die Frequenzschaubilder ähneln einander.

Errechneter CaMg (Co3)2-Gehalt
Abb. 5 zeigt für den Aufschluss Rohia die Höchstfrequenzwerte (N= 5) 

in Klasse 1 — 1,5%, für Glod (N=7) in Klasse 0,5 — 1% und 1 — 1,5%, 
für Piatra (N = 8) in Klasse 0 — 0,5% und für Poiana Blenchii (N=12) 
in Klasse 2 — 4%.

Wenn man von den für die Piatra-Kalke entschprechenden Frequenz
schaubilder absieht, so ist eine deutliche Ähnlichkeit der Übrigen fest
zustellen.

Vergleicht man Histogramme und Frequenzschaubilder der freien 
CaCO3 und errechneten CaMg(CO3)2-Werte, merkt man, dass zwischen 
diesen gewisse Unterschiede im Verhalten vorhanden sind. Wenn für das 
freie CaCO3 Höchstfrequenzen für grosse Gehaltswerte und eine Ähnlich
keit der Schaubilder festzustellen sind, so fallen die Höchstfrequenzen des 
errechneten CaMg(CO3)2 in die Klasse der Mindestwerte. Das unterschied
liche Verhalten von Ca und Mg, die der Karbonatphase angehören, zeigt 
deutlich, dass CaCO3 und Dolomit nicht gleichzeitig entstanden, sondern, 
dass sich der Dolomit nachträglich, während eines von mariner Metasoma
tose eingeleiteten Dolomitisierungsprozesses, auf Kosten des Kalzits und 
Aragonits dieser organogenen Kalksteine bildete. Das fehlen einer positi
ven Korrelation, ja sogar eine negative Korrelation wird aus unseren Be
rechnungen, auf die wir im letzten Teil der vorliegenden Arbeit zu sprechen 
kommen werden, ersichtlich.

Auch Abb. 6, wo auf der Ordinatenachse Kalzit und Dolomit in ver
schiedenen Maßstäben dargestellt sind und die Abszisse verschiedene Hori
zonte darstellt, zeigt die negative Korrelation zwischen Kalzit und Dolomit. 
Man stellt fest, dass in allen Aufschlüssen, vor allem aber in Piatra, in den 
Horizonten, in denen sich der Kalzitgehalt vermindert, eine Zunahme der 
Dolomitwerte erfolgte und dieses zeigt klar und deutlich, dass sich der 
Dolomit auf Kosten des Kalzits bildete.

Die Dolomitisierungsprozesse scheinen in den von uns untersuchten 
tertiären Kalksteinen eine allgemeine Erscheinung zu sein.

In den makroskopisch homogen erscheinenden eozänen Kalksteinen 
der Klausenburger Umgebung fanden wir (Imreh J. u. Imreh G., 1972)
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einen Horizont mit einem Dolomitgehalt von 74,63%, welcher ein von den 
übrigen Horizonten stark abweichender Wert ist. Aus der gegensätzlichen 
Verteilung vom Kalzit und Dolomit in den Horizonten lässt sich die Inten
sität und die Zeitspanne, in der der Dolomitisierungsprozess stattfand, 
feststellten.

Abb. 6 z.B. zeigt eine stark unterschiedliche Verteilung von CaCO3 
und CaMg(CO3)2 im 16-ten Horizont (Probe 16 Pb) des Poiana Blonchii- 
Kalkes. Diese 16-te Probe gehört altersmässig dem Unteroligozän an, fol
glich spielte sich der Dolomitisierungsprozess in jenem erdgeschichtlichen 
Zeitabschnitt ab. Dieselben Prozesse spielten sich, bei geringerer Inten
sität, auch in anderen Horizonten (8 Unteroligozän, 22 und 38 Ober
eozän) ab.

Abb. 6 zeigt dasselbe für Glod (Horizont 18), oder Piatra in den Hori
zonten 2, 6, 8, 13 und 14.

Bemerkenswert ist die Feststellung von Essam El Hinawi (1971), dass 
in den mitteleozänen Kalksteinen des Gebel Mokkatam und östlich von 
Helwan (neben Kairo) kein Dolomitisierungsprozess stattfand, die ober
eozänen Kalksteine derselben Aufschlüsse jedoch eine gewisse Dolomitisie
rungsprozess aufweisen. Nach El Hinawi fanden diese Prozesse während 
des Kontaktes von Meerwasser und Kalkablagerung, also im frühdiagene- 
tischen Stadium (Anadiagenese) statt.

Zeichnet man die entsprechenden Schaubilder für die SiO2, A12O3 und 
Fe2O3 Werte, so fällt die parallele Verteilung von Si, Al und Fe, die als 
unlöslicher Rückstand der Kalksteine in HCl Zurückbleiben auf. In Abb. 7 
ist so deutlich, dass die positive Korrelation zwischen diesen drei Elementen 
keine zusätzliche Erklärung benötigt.

Spektralanalyse

Die Spektralanalyse wurde mit Hilfe eines PGS-2, K. Zeiss-Spektro
graphen, bei einer dispersion von 7,2 Ä/mm im ersten Spektralorden, durch 
geführt. Es wurde im Intervall 2000 — 3700 Á gearbeitet. Zur Auswertung 
und Interpretation der Spektren benützten wir einMF-2 Mikrofotometer 
(K. Zeiss, Jena). Folgende Elemente wurden nachgewiesen: Ti, Mn, Cr, 
Ni, Co, V, Mo, W, Sn, Be, Sr, Ba (Tabelle 2).

Tabelle 2 zeigt, dass die bedeutendsten Elemente Sr und Ba sind, da 
sie die grössten Gehaltswerte zeigen. Die Bedeutung des Sr für die von 
M. Fornaseri und L. Gandi(1963, 1968) untersuchten italienischen Kalk
steine wurde bereits unterstrichen, dasselbe tun wir für jene des Sieben
bürger Beckens.

Abb. 8 zeigt, dass die häufigsten Sr-Gehaltswerte der Klasse 0,05 — 
— 0,1% (mit Ausnahme der Poiana Blenchii-Kalke, für welche diese in 
Klasse 0,3 — 0,35% enthalten sind) angehören.

Interessant ist die Feststellung, dass im Falle des Ba der Poiana 
Blenchii-Kalk ein, dem Sr gegenüber, verschiedenes Verhalten aufweist.

Die Frequenzmaxima der Ba-Gehaltswerte fallen für alle vier Auf
schlüsse in die Klasse 0 — 0,5% (Abb. 9).
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Tabelle 2.

Spektralanalysen der Proben 
(g/t)

Probe Sr Ba Ti Ni Cr Mn Co V Mo w Sn Be

1 1 Gd 1 000 3 000 170 10 100 150 — — — — — —
2 2 Gd 500 64 180 — — 360 — — — — — —
3 3 Gd 100 200 160 10 180 410 — — — — — —
4 4 Gd 1 000 200 80 10 — 660 — — — — — —
6 5 Gd 300 560 210 — 100 240 — — — — — —
6 6 Gd 1 000 200 30 10 — 160 — — — — — —
7 7 Gd 700 76 115 — 160 200 — — — — — —
8 8 Gd 3 000 240 90 — 30 320 — — — — — —
9 9 Gd 3 000 400 90 — 100 200 — — — — — —

10 10 Gd 1 000 310 160 10 160 50 — — — — — —
11 11 Gd 700 120 270 10 180 250 — — — — — —
12 12 Gd 1 000 310 80 — — 100 — — — — — —
13 13 Gd 1 000 310 30 — — 140 — — — — — —
14 14 Gd 1 000 350 280 — — 170 — — — — — —
16 15 Gd 1 000 125 30 — — 160 — — — — — —
16 16 Gd 700 560 500 10 160 100 — — — — — —
17 17 Gd 700 190 145 — — 200 — — — — — —
18 18 Gd 300 125 260 10 190 180 — — — — — —
19 19 Gd 700 170 30 — — 150 — — — — — —
20 20 Gd 700 34 80 — — 210 — — — —- — —
21 21 Gd 700 210 80 — — 290 — — — — — —
22 22 Gd 1 000 250 — — — 250 — — — — — —
23 1 Pr 720 10 000 350 — — 700 — 70 — — — —
24 2 Pr 1 100 9 100 1 200 10 10 700 10 300 — — — —
25 3 Pr 4 700 6 100 450 10 — 1 000 10 20 — — — —
26 4 Pr 1 800 10 000 200 10 10 200 — 60 — — — —
27 5 Pr 1 400 2 000 500 10 10 10 — 200 — — — —
28 6 Pr 1 900 1 200 400 20 — 10 — 70 — — — —
29 7 Pr 1 600 760 400 30 30 10 10 15 — — — —
30 8 Pr 1 700 1 300 800 10 100 40 10 300 — — — —
31 9 Pr 880 850 100 10 10 10 — 90 — — — —
32 10 Pr 640 760 100 — — 10 — 100 — — — —
33 11 Pr 940 1 3oq 10 — — 10 — 100 — — — —
34 12 Pr 1 100 730 300 — 10 100 — 200 — — — —
35 13 Pr 1 000 700 570 — 100 100 10 330 — — — —
36 14 Pr 880 700 300 10 — — — 90 — — — —
37 15 Pr 880 30( 250 — — 100 — 200 — — — —
38 16 Pr 540 100 400 — 100 — 10 300 — — — —
39 17 Pr 880 500 400 — — — — 90 — — — —
40 18 Pr 720 13Ö 300 — — — — 60 — — — —
41 19 Pr 840 3( 400 — — 90 — 60 — — — —
42 20 Pr 700 50 450 — 10 300 20 150 — — — —
43 21 Pr 420 30 300 10 — — — 50 — — — —
44 22 Pr 720 30 300 10 — — — 50 — — — —
45 23 Pr 740 100 400 35 200 200 20 100 — — — —
46 24 Pr 660 30 250 10 200 300 10 250 — — — —
47 1 Pb 4 200 1 800 430 35 76 340 3 10 — — — —
48 2 Pb 4 570 3 000 540 30 30 230 — 10 — — — —
49 3 Pb 20 30 1 000 115 165 290 3 100 10 100 10 3
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Probe Sr Ba Ti Ni Cr Mn Co V Mo w Sn Be

50 4 Pb 20 30 1 000 80 130 260 3 86 10 10 3
51 5 Pb 100 78 1 000 76 110 230 3 96 10 — 10 3
52 6 Pb 4 300 900 720 29 — 1 000 3 30 — — — —
53 7 Pb 4 370 70 300 10 — 340 — 30 — — — —
54 8 Pb 3 020 130 200 10 — 260 — 30 — — — —
55 9 Pb 3 100 46 210 10 — 195 — 30 — — — —
56 10 Pb 3 800 88 78 10 — 210 — 30 — — — —
57 11 Pb 3 630 300 180 40 78 300 3 43 — — — —
58 12 Pb 3 150 230 42 10 — 780 — 37 — — — —
59 13 Pb 3 410 143 37 10 — 420 — 34 — — — —
60 14 Pb 3 100 105 115 10 105 410 3 46 — 100 10 —
61 15 Pb 3 480 52 52 10 30 140 — 10 — — 10 —
62 16 Pb 3 370 50 30 10 30 140 — 10 — — 10 —
63 17 Pb 3 395 84 31 10 30 200 — 10 — — 10 —
64 18 Pb 3 210 68 32 10 30 145 — 10 — — 10 —
65 19 Pb 4 600 58 39 37 30 110 — 10 10 — 10 —
66 20 Pb 3 740 90 62 10 — 320 — 10 10 — 10 —
67 21 Pb 3 510 40 46 10 30 230 — 10 — — 10 —
68 22 Pb 3 020 105 64 46 30 120 — 48 10 — 10 —
69 23 Pb 3 230 45 120 46 30 62 3 72 10 100 10 —
70 24 Pb 3 470 32 52 10 — 80 — 27 — — 10 —
71 25 Pb 3 100 26 47 10 — 74 — 10 — — — —
72 26 Pb 3 270 70 300 10 82 220 3 42 — 100 — —
73 27 Pb 3 410 50 94 10 74 165 3 39 — — — —
74 28 Pb 3 000 210 1 000 70 165 360 20 165 10 100 10 —
75 29 Pb 3 350 70 42 10 30 62 3 10 — — — —
76 ЗОРЬ 3 270 84 210 27 30 185 — 33 — — — —
77 31 Pb 3 200 52 42 10 30 92 3 10 — — — —
78 32 Pb 3 300 40 66 10 — 270 — 20 — — — —
79 33 Pb 3 250 56 38 10 30 62 3 10 — — — —
80 34 Pb 3 050 700 200 38 86 290 3 30 10 — 10 —
81 35 Pb 3 100 105 150 10 100 140 3 30 — — 10 —
82 36 Pb 3 230 58 115 38 30 210 3 30 10 — — —
83 37 Pb 3 310 200 290 54 120 450 15 30 — 100 10 —
84 38 Pb 3 150 270 320 68 220 250 20 96 10 100 10 —
85 39 Pb 3 400 60 86 10 74 56 3 10 — — — —
86 40 Pb 3 420 45 80 47 30 150 3 10 10 — — —
87 41 Pb 4 010 60 68 49 30 170 3 10 10 — — —
88 1 Rh 720 150 170 10 100 180 — — — — — —
89 2 Rh 1 000 3 000 170 10 100 180 — — — — — —
90 3 Rh 700 360 230 10 — 100 — — — — — —
91 4 Rh 3 000 560 130 10 160 190 — — — — — —
92 5 Rh 700 250 170 10 180 100 — — — — — —
93 6 Rh 1 000 150 120 — — 50 — — — — — —
94 7 Rh 800 490 280 — 160 50 — — — — — —
95 8 Rh 3 000 380 90 — — 80 — — — — — —
96 9 Rh 700 380 10 — — 50 — — — — — —
97 10 Rh 1 000 200 60 — — 200 — — — — — —
98 11 Rh 1 000 185 240 10 30 30 — — — — — —
99 12 Rh

6
700 200 210 10 200 100 — — —

2 ANNALES — Sectio Geologica — TomusXXIV.
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Untersucht man die parallele Verteilung von Sr und Ba in den ver
schiedenen Horizonten (Abb. 10), so entdeckt man, dass diese nicht nur 
im Siebenbürger Becken anzutreffen ist, sondern auch von W. Kühn (1976) 
für einige Horizonte des Triaskalksteines aus dem Thüringer Becken fest
gestellt wurde. Bei uns sind es aber einige Horizonte in denen die Verteilung 
der Elemente beinahe entgegengesetzt ist. Eür Rohia und Poiana Blenchii 
z.B. trifft man eine parallele Verteilung in den oberen Horizonten an, 
während die Piatra-Kalksteine in den oberen Horizonten eine entgegen
gesetzte Verteilung aufweisen. Die parallele Verteilung von Sr und Ba 
wird bei diesen in einigen unteren Horizonten sichtbar.

Aus dienern Vergleich der Abb. 6 und 10 folgt, dass auch für CaCO3 
und Sr beziehungsweise Ba keine parallele Verteilung deutlich ist (bloss 
für verschiedene Fundstellen und hier nur in einigen Horizonten) obwohl 
bei den übrigen von uns untersuchten Kalksteinen eine im allgemeinen 
parallele Verteilung von Sr und CaCO3 angenommen werden kann. Dieses 
ist durchaus normal, da das Sr auch der Karbonatphase angehört und als 
SrCO3 abgelagert wird. Das SrCO3 entstammt den Muschelschalen und 
anderen Skeletresten, welche zur Bildung dieser organogenen Kalksteine 
beitragen. Dass die Muschelschalen Sr enthalten, bemerkt bereits Boggild 
(1930), J. L. Kulp et al. (1952), J. Imreh (1959), R. Waskowiak (1962) 
und M. Barbieri et al. (1976). Ebenfalls war es Boggild, der auf den 
höheren Sr-Gehalt in den Aragonitschalen der Art Crassatellites und auf 
der geringeren Sr-Gehalt der Kalzitschalen der Art Pecten hinwies.

In einer obereozänen Kalkbank im Bett des Flusses Somes bei Klau
senburg fanden wir (J. Imreh, G. Imreh 1961) ein durchaus reiches Cöles
tin-Vorkommen in den Hohlräumen einiger Steikerne der Arten: Crassa- 
tella sp., Corbis subpectulus, Cerithium giganteum, Pectunculus pulvina- 
tus. Als Skelettreste blieben nur die Kalzitgehäuse zweier Arten: Vulsella 
sp. und Echinolampas giganteus, erhalten. Die relativ grosse Menge der 
Cölestin-Kristalle bildete sich auf kosten der zahlreichen Aragonitschalen, 
welche nur noch durch die übriggebliebenen Steinkerne verraten werden. 
Die Bildungsmöglichkeiten der Cölestin-Kristalle wurde bereits in einer 
früheren Studie erklärt und beschrieben (J. Imreh, G. Imreh, 1961).

Es war also zu erwarten dass der Parallelismus, der bei den anderen 
Kalken bemerkbar wurde, auch in den hier untersuchten Aufschlüssen 
nachzuweisen sei. Der einzige Aufschluss jedoch, wo sich eine parallele 
Verteilung von CaCO3 und Sr verfolgen lässt, ist der von Poiana 
Blenchii.

Die parallele, bzw. entgegengesetzte Verteilung von CaCO3 und Sr ist 
deshalb von Bedeutung, weil sie den Wanderungsprozess des Sr während 
der Dia- und Epigenese veranschaulicht. Stellt man eine parallele Ver
teilung von Sr und CaCO3 fest, kann man sagen, dass der Mobilisierungs
prozess des Sr noch nicht begonnen oder stattgefunden hat, sondern, dass 
das Sr in der Kalkmasse in Form von SrCO3 enthalten ist. Stellt man je
doch eine gegensätzlich Verteilung von Sr und CaCO3 fest, so heisst das, 
dass die Mobilisierungsprozesse im Gange sind und, dass das Sr aus der 
Karbonatphase nachträglich als Sulfat (Cölestin) wieder abgelagert wurde.
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Dadurch geht das Sr aus der Karbonatphase in den in HCl unlöslichen 
Rückstand über.

In Tabelle 3 sind die Ergebnisse der prozentuellen, beziehungsweise 
atomare Verhältnisse von Sr und Ca zu sehen. Die Werte schwanken 
zwischen 13,92 (6,32) und 0,28 (0,13) und mit Hilfe der in Tabelle 3 ent
haltenen Werte wurden die Histogramme aus Abb. 11, 12, 13 zusammen 
gestellt. o/sr

Die häufigsten —---- 1000-Werte fallen in Klasse 2 — 3%, (N = 24) und 
%Ca

in den benachbarten Klassen auch beinahe so häufig. Hier fällt noch eine 
Frequenzgruppe in den Klasse: 8 — 9% und 10 — 11% (N = 8), bzw. 9—10%

Abb. 11,
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Procentuelle un 1 atomare Verhältnisse von Sr, Ba und Ca

Tabelle 3.

%Ca
^•103
Ca

%Ba -1 n3 
%Ca

%Sr %Ba
Probe Probe %Ca

•103
-^F-103Ca %Ca 

103

1 1 Gd 2,72 1,24 8,18 39 17 Pr 2,24 1,01 1,27
2 2 Gd 1,34 0,61 0,17 40 18 Pr 1,83 0,83 0,33
3 3 Gd 0,28 0,13 0,57 41 19 Pr 2,20 1,00 0,07
4 4 Gd 2,69 1,22 0,53 42 20 Pr 1,94 0,88 0,13
5 5 Gd 0,84 0,38 1,57 43 21 Pr 1,08 0,49 0,07
6 6 Gd 2,62 1,19 0,52 44 22 Pr 1,93 0,87 0,08
7 7 Gd 1,90 0,86 0,20 45 23 Pr 2,24 1,01 0,30
8 8 Gd 7,95 3,61 0,63 46 24 Pr 1,83 0,83 0,08
9 9 Gd 8,32 3,78 1,10 47 1 Pb 13,06 5,93 5,60

10 10 Gd 2,79 1,27 0,86 48 2 Pb 13,92 6,32 9,13
11 11 Gd 1,97 0,89 0,33 49 3 Pb 1,73 0,79 2,60
12 12 Gd 2,66 1,21 0,82 50 4 Pb 1,05 0,48 1,58
13 13 Gd 2,64 1,20 0,81 51 5 Pb 52,62 23,92 41,05
14 14 Gd 2,64 1,20 0,92 52 6 Pb 12,15 5,52 2,54
15 15 Gd 2,59 1,17 0,32 53 7 Pb 12,24 5,56 0,19
16 16 Gd 1,98 0,90 1,58 54 8 Pb 8,80 4,00 0,37
17 17 Gd 1,82 0,82 0,49 55 9 Pb 8,68 3,94 0,12
18 18 Gd 0,93 0,42 0,38 56 10 Pb 10,53 4,78 0,24
19 19 Gd 1,90 0,86 0,46 57 11 Pb 10,74 4,88 0,88
20 20 Gd 1,84 0,83 0,09 58 12 Pb 8,90 4,07 0,65
21 21 Gd 1,84 0,83 0,55 59 13 Pb 8,98 4,08 0,37
22 22 Gd 2,55 1,16 0,63 60 14 Pb 9,41 4,27 0,31
23 1 Pr 1,89 0,85 26,20 61 15 Pb 9,49 4,31 0,14
24 2 Pr 3,47 1,52 28,70 62 16 Pb 12,54 5,70 0,18
25 3 Pr 13,80 6,27 17,90 63 17 Pb 10,26 4,66 0,25
26 4 Pr 4,59 2,02 25,50 64 18 Pb 9,04 4,11 0,19
27 5 Pr 3,79 1,72 5,40 65 19 Pb 12,21 5,55 0,15
28 6 Pr 4,88 2,22 3,08 66 20 Pb 10,19 4,63 0,24
29 7 Pr 4,42 2,00 2,09 67 21 Pb 9,31 4,23 0,10
30 8 Pr 5,07 2,30 3,88 68 22 Pb 8,69 3,95 0,30
31 9 Pr 2,26 1,02 2,18 69 23 Pb 9,20 4,18 0,12
32 10 Pr 1,63 0,74 1,93 70 24 Pb 9,39 4,27 0,08
33 11 Pr 2,42 1,10 3,35 71 25 Pb 9,53 4,33 0,07
34 12 Pr 2,78 1,26 1,84 72 26 Pb 9,55 4,34 0,20
35 13 Pr 2,85 1,29 1,99 73 27 Pb 9,49 4,31 0,13
36 14 Pr 2,27 1,03 1,81 74 28 Pb 12,97 5,89 0,90
37 15 Pr 2,36 1,07 0,80 75 29 Pb 9,46 4,30 0,19
38 16 Pr 1,45 0,66 0,26 76 30 Pb 9,19 4,17 0,23
77 31 Pb 8,89 4,04 0,14 89 2 Rh 2,74 1,24 8,23
78 32 Pb 9,06 4,12 0,11 90 3 Rh 1,92 0,87 0,98
79 33 Pb 9,14 4,15 0,15 91 4 Rh 8,11 3,68 1,51
80 34 Pb 9,47 4,30 2,17 92 5 Rh 1,95 0,88 0,69
81 35 Pb 10,07 4,58 0,34 93 6 Rh 2,71 1,23 0,40
82 36 Pb 9,33 4,24 0,16 94 7 Rh 2,24 1,01 1,37
83 37 Pb 10,56 4,80 0,63 95 8 Rh 7,91 3,59 1,00
84 38 Pb 11,75 5,34 1,00 96 9 Rh 1,85 0,84 1,00
85 39 Pb 10,38 4,71 0,18 97 10 Rh 2,64 1,20 0,52
86 40 Pb 9,46 4,30 0,12 98 11 Rh 2,67 1,21 0,49
87
88

41 Pb
1 Rh

10,88
2,05

4,94
0,93

0,16
0,42

99 12 Rh 1,95 0,89 0,55
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(N=16), welche den Frequenzschaubildern ein bimodales Aussehen ver
leihen auf.

Vergleicht man die von M. Fornaseri und L. Grandi (1968) für die 
italienischen Kalksteine aufgestellten Histogramme mit unseren Ergebnis
sen (op. cit. S. 751, Abb. 5, 6), so werden zwei benachbarte Höchstfrequen
zen in der 2-ten und 3-ten Klasse, ähnlich den Ergebnissen unserer Unter
suchungen, feststellbar. Der einzige Unterschied besteht bloss darin, dass 
diese Frequenzen für die italienischen Kalkstein in die Klassen: 0,25 — 
— 0,5% und 0,5 — 0,75%, unsere Ergebnisse aber in die Klassen- 1—2% 
und 2 — 3%, fallen.

Die von uns erhaltenen grösseren Gehaltswerte der 2-ten und 3-ten 
Klasse sind durch das erdgeschichtliche Alter (Eozän — Oligozän) unseren 
Proben erklärlich. Untersucht man aber die chemischen Analysen der 
italienischen Kalksteine (M. Fornaseri, L. Grandi, 1963), wir können fest
stellen, dass die Sr-Werte der eozän — oligozänen Kalksteine viel grösser 
sind, als die der älteren Kalksteine. Die zweite Frequenzgruppe im Falle 
unserer Kalksteine, ist von den äusserst grossen Sr-Werten der Poiana 
Blenchii-Kalke verursacht.

Zeichnet man die Schaubilder für die verschiedenen Aufschlüsse, so 
ist diese klar ersichtlich (Abb. 12) und man kann das unterschiedliche Ver
halten der Poiana Blenchii-Kalke gut verfolgen. Der Durchschnittswert 

o/Srdes——----1000 — ohne den Poiana Blenchii-Kalk in betracht zu ziehen — 
%Ca

ist beinahe doppelt so gross, als der von M. Fornaseri und L. Grandi 
(1963, 1968) für die italienischen Kalksteine errechnete. Untersucht man 
nur die italienischen Kalksteine eozänen und oligozänen Alters, so findet 
man einen Mittelwert von 2,52 (op. cit. Tab. X.), der mit dem von uns be
rechneten fast übereinstimmt.

Die Poiana Blenchii-Kalke fallen durch ein, was die Sr-Werte be
trifft, besonderes Verhalten auf; in den Piatra-Kalken lassen sich grosse 
Ba-Werte (10 000 ppm) und ein relativ grosser Sr-Gehalt (4700 ppm) in 
den oberen Horizonten nach weisen.

Trotzdem lässt sich, bei einem Vergleich der Histogramme für die Ba- 
o/ Baund -----1000-Frequenz, eine Ähnlichkeit der Schaubilder erkennen. Das 
%Ca

heisst, dass sich die Ba-Verteilung denselben Regeln in allen vier Auf
schlüssen unterwirft.

M. Fornaseri und L. Grandi (1968) untersuchten die Wechsel
beziehungen zwischen Sr, MgCO3, unlöslichen Rückstand und CaCO3 in 
21 Dolomitproben und fanden für die empirischen linearen Korrelations
koeffizienten (r) folgende Werte:

Sr MgCO3 Uni. Rückst. CaCO3
CaCO3 0,175 -0,416 -0,83 1,0
Uni. R. 0,008 -0,161 1,0 -0,83
MgCO3 -0,323 1,0 -0,161 -0,416
Sr 1,0 -0,323 -0,008 0,175
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Das Beispiel zeigt klar, dass der einzige positive Korrelationswert 
zwischen Sr und Ca durch den kleinen Wert 0,175 ausgezeichnet ist, die 
übrigen sind mit Ausnahme des unlöslichen Rückstandes, wo die Korrela
tion Null ist, durch negative Werte ausgezeichnet.

Erklärt werden kann dieses dadurch, dass ein Teil des Sr in kleinen
Mengen im unlöslichen Rückstand — (wie der r-Werte aussagen) — in
Form von SrSO4 (Cölestin) vorkommt, der grösste Teil jedoch in der Kar
bonatphase enthalten ist. Der kleine Wert des Korrelationskoeffizient 
r von Ca —Sr im Falle der italienischen Kalksteine, wird dadurch erklärt, 
dass diese Dolomiten sind.

Dichotomische Analyse (Cluster Analysis)

Zu diesem Zwecke berechneten wir die empirischen linearen Korrela
tionskoeffizienten, die in Tab. 4, 5, 6, 7 für jeden einzelnen, und in Tab. 8 
für alle Aufschlüsse angegeben sind. Tabelle 4, 5, 6 und 7 zeigt, dass die
Korrelation zwischen Sr und Ca positiv und nur für Fiatra negativ ist, 
während in Tab. 8 — wo alle vier Aufschlüsse zusammen betrachtet
werden —, die Sr —Ca Korrelation negativ ist. Daraus folgt, dass das Kor
relationsstudium für jeden einzelnen Aufschluss separat, vorteilhafter ist.

Tabelle 4.
Matrix der „r“-Werten (Gold)

Si Fe A Kt Do Ti Mn Cr Ni Ba Sr

Si 1,00 0,20 0 .79 -0.90 0,39 0,64 -0,21 0,86 0,49 -0,06 -0,20
Fe 0,20 1,00 0 .65 -0,49 0,34 0,24 0,30 0,34 0,22 0,25 -0,26
Al 0,79 0,65 1 ,00 -0,95 0,64 0,51 0,06 0,80 0,53 0,11 -0,32
Kt -0,90 -0,49 -0 ,95 1,00 -0,68 -0,59 0,03 -0,85 -0,58 -0,06 0,25
Do 0,39 0,34 0 ,64 -0,68 1,00 0,18 0,01 0,46 0,40 0,16 0,05
Ti 0,64 0,24 01,51 -0,59 0,18 1,00 -0,15 0,60 0,43 0,15 -0,26
Mn -0,21 0,30 0 ,06 0,03 0,01 -0,15 1,00 -0,14 0,11 -0,18 -0,01
Cr 0,86 0,34 0 ,80 -0,85 0,46 0,60 -0,14 1,00 0,60 0,14 -0,17
Ni 0,49 0,22 0[53 -0,58 0,40 0,43 0,11 0,60 1,00 0,29 -0,25
Ba -0,06 0,25 0 .11 -0,06 0,16 0,15 -0,18 0,14 0,29 1,00 0,06
Sr -0,20 -0,26 -0 ,32 0,25 0,05 -0,26 -0,01 -0,17 -0,25 0,06 1,00

Dieselben Tabellen zeigen auch für Si, Al und Fe eine positive Korre
s Abb. 7, in welcher die Verteilung des SiO2, A12O3lation — was auch aus

und Fe2O3 in den Horis onten angegeben wird — zu sehen ist.
n Besonderheiten der verschiedenen eizelnen EleDie geochemische]

mente eines jeden Geb: etes wurden durch die dichotomische Analyse unter
sucht und hervorgehoben.

n werden durch die stufenförmige Verschmelzung,Die Veränderlichei
bei dem Niveau der Höchs werte der Korrelationskoeffizienten der Matrix 
erzielt.
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Tabelle 7.
Matrix der ,,r“-Werten (Rohia)

Si Fe Al Kt Do Ti Mn Ni Ba Sr

Si 1,00 0,78 0,75 -0,95 0,18 0,64 0,18 0,78 0,62 -0,08 -0,29
Fe 0,78 1,00 0,90 -0,87 0,04 0,44 0,33 0,45 0,53 0,07 -0,36
Al 0,75 0,90 1,00 -0,89 0,35 0,61 0,30 0,38 0,55 0,22 -0,41
Kt -0,95 -0,87 -0,89 1,00 -0,36 -0,60 -0,27 -0,73 -0,60 -0,11 0,34
Do 0,18 0,04 0,35 -0,36 1,00 0,13 0,18 0,29 0,13 0,45 0,02
Ti 0,64 0,44 0.61 -0,60 0,13 1,00 -0,21 0,48 0,50 0,05 -0,29
Mn 0,18 0,33 0,30 -0,27 0,18 -0,21 1,00 0,21 0,33 0,36 0,21
Cr 0,78 0,45 0,38 -0,73 0,29 0,48 0,21 1,00 0,49 0,12 -0,04
Ni 0,62 0,53 0,55 -0,60 0,13 0,50 0,33 0.49 1,00 0,23 -0,11
Ba -0,08 0,07 0,22 -0,11 0,45 0,05 0,36 0,12 0,23 1,00 0,02
Sr -0,29 -0,36 -0,41 0,34 0,02 -0,29 0,21 -0,04 -0,11 0,02 1,00

Tabelle 8.
Matrix der ,^‘"-Werten (Alle vier Aufschlüsse)

Si Fe Al Kt Do Ti Mn Cr Ni Ba Sr Sr/Ca

Si 1,00 0,47 0,70 -0,80 0,07 0,51 0,15 0,59 0,55 -0,01 0,13 0,26
Fe 0,47 1,00 0,74 -0,56 0,12 0,40 0,44 0,40 0,38 0,21 0,14 0,20
Al 0,70 0,74 1,00 -0,77 0,19 0,46 0,27 0,52 0,64 0,15 0,26 0,37
Kt -0,80 -0,56 -0,77 1,00 -0,61 -0,38 -0,26 -0,48 -0,60 0,01 -0,38 -0,50
Do 0,07 0,12 0,19 -0,61 1,00 -0,10 0,17 0,01 0,27 -0,11 0,50 0,53
Ti 0,51 0,40 0,46 -0,38 -0,10 1,00 0,26 0,20 0,22 0,40 -0,09 -0,05
Mn 0,15 0,44 0,27 -0,26 0,17 0,26 1,00 -0,02 0,14 0,39 0.29 0,25
Cr 0,59 0,40 0,52 -0,48 0,01 0,20 -0,02 1,00 0,28 -0,11 -0,14 -0,06
Ni 0,55 0,38 0,64 -0,60 0,27 0,22 0,14 0,28 1,00 -0,06 0,51 0,54
Ba -0,01 0,21 0,15 0,01 -0,11 0,40 0,39 -0,11 -0,06 1,00 -0,04 -0,05
Sr 0,13 0,14 0,26 -0,38 0,50 -0,09 0,29 -0,14 0,51 -0,04 1,00 0,88
Sr

0,26 0,20 0,37 -0,50 0,53 -0,05 0,25 -0,06 0,54 -0,05 0,88 1,00
Ca

Die Zusammenhänge zwischen den verschiedenen Komponenten zei
gen die Dendrogramme (Abb. 14), wo der Kalzit mit Kt und der Dolomit 
mit Do bezeichnet wird.

In Abhängigkeit von den verschiedenen Verschmelzungskriterien der 
Veränderlichen kennt man mehrere Verfahren. Wir benützten das aus der 
Literatur als „Single Linkage“ bekannte Verfahren. Die Berechnungen 
wurden auf Grund des von J. Davis veröffentlichten (1972) Cluster- 
Programms durchgeführt. Es wird jedoch darauf hingewiesen, dass wenn 
man die Proben auf die verschiedenen Horizonte verteilt, ihre Zahl merk
lich fällt. Als Vergleich zur Faktorialmethode sei gesagt, dass eben durch 
die Eigenartigkeit dieser Methode die Komponenten, die sich in verkehrter 
Korrelation befinden, als selbständige Gruppen hervortreten. Gegen
sätzliche Kausalbeziehungen zwischen ihnen können nur nach einer ge-



Abb. 14.
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nauen zusätzlichen Analyse der Korrelationsmatrix festgestellt werden. Im 
Allgemeinen kann man sagen, dass in allen vier Aufschlüssen drei Ver
zweigungen, also drei Gruppen unterschieden werden können: a) die Ele
mente aus dem in HCl unlöslichen Rückstand, b) die der Karbonatphase 
angehörigen Elemente, c) die übrigen Elemente, welche abhängig von den 
Bedingungen, mal in der Karbonatphase, mal im unlöslichen Rückstand 
auftreten.

Im Aufschluss von Glod erschienen in der I-ten Gruppe Si, Cr, Al, Ti, 
Ni, Co, Fe, Ba in der II-ten Gruppe Ca und Sr, in der Ill-ten Gruppe Mn. 
Bemerkenswert ist die Anwesenheit des Dolomits in der Gruppe der Leit
elemente des unlöslichen Rückstandes.

Für den Aufschluss Fiatra ist eine Differenzierung innerhalb der zwei 
grossen Gruppen — unlöslicher Rückstand und Karbonatphase —, im 
Sinne einer Unterteilung des unlöslichen Rückstandes in Untergruppen, 
festgestellt worden. 1. Si, Al, 2. Fe, Mg (Do), 3. Ti, V, 4. Cr, Co, Ni.

Für die Karbonatphase fanden wir eine aus Mn, Ba und Sr, und eine 
aus Ca bestehende Untergruppe.

Die Elemente des unlöslichen Rückstandes der Poiana Blenchii-Kalke 
lassen sich in folgende Untergruppen einteilen: 1. Si, Al, Fe, 2. Ti, Ni, V, 
3. Cr, Co, W, 4. Mo, Sn. Der Karbonatphase gehören die Untergruppen: 
1. Ca (Kt), Sr, 2. Mn, Ba, 3. Mg (Do).

Im unlöslichen Rückstand des Rohia-Kalkes unterscheidet man fol
gende Untergruppen: 1. Si, Cr, 2. Fe, Al, 3. Ni. Für die Karbonatphase 
fanden wir zwei Untergruppen: 1. Mg (Do), Ba, Mn, 2. Ca (Kt), Sr.

Es ist leicht festzustellen dass die im unlöslichen Rückstand befind
lichen Elemente immer zusammen erscheinen.

Was die Elemente der Karbonatphase betrifft, so können manche 
Elemente mit Elementen, die dem unlöslichen Rückstand angehören, auf
treten. So z.B. erscheint der Dolomit (Mg) in Glod und Piatra-welche zwei 
benachbarte Aufschlüsse sind — zusammen mit Si, Al, Ti und Ni, 
während er in Poiana Blenchii und Rohia zusammen mit Ca und Sr vor
kommt. Wenn man die ganze Zone untersucht und die Tabellen mit der 
Korrelationsmatrix aller Proben (Tab. 8) vergleicht stellt man dasselbe 
fest, dass in allen vier Aufschlüssen drei Hauptgruppen — allerdings mit 
einigen Unterscheiden was die Verteilung der Elemente in diesen Gruppen 
betrifft — unterschieden werden können.

Die erste Gruppe stellt der unlöslichen, siliziumhaltigen Rückstand 
der Kalksteine, welcher von verschiedenen spezifischen Komponenten 
kommt, dar: SiO2, A12O3, Fe2O3, TiO2. Die Elemente Cr, Co, Ni und V haben, 
vielleicht weil sie in geringen Mengen Vorkommen, eine weniger definier
bare Stellung innerhalb der Gruppe. Obzwar Co und V nicht in derselben 
Untergruppe vorkommen, sind sie doch zusammen in den Aufschlüssen 
von Piatra und Poiana Blenchii (r=0,35 bzw. 0,63) anzutreffen.

Eine andere Gruppe wird von den Elementen Sn, Mo, W, welche nur 
in Poiana Blenchii, vorkommen, gebildet. Ihre Anwesenheit wird durch 
das Anhäufen, Anschwemmen verschiedener Zersetzungsprodukte pegma- 
titischen Ursprungs, die im Rahmen der Zone vorkommen, erklärt.

3 ANNALES — Sectio Geologica — Tomus XXIV,
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Der Dolomit hat innerhalb der Gruppe zonenmässig ein unterschied
liches Verhalten. Die beste Korrelation ist mit der Silikatgruppe der Zone 
Fiatra, r>0,8 für Si, l^e, Al, bzw. r>0,6 für Ti, Mn, Co, welches eine 
Gruppe von Elementer. ist, gegenüber die Verbindungen in den Zonen 
Glod (r = 0,34 — 0,64, für Si, Al, Cr, Ni) und Rohia immer schwächer werden. 
In Poiana Blenchii erscheinen sie (obzwar die Korrelationskoeffizienten 
fast gleich Null sind) im negativen Bereich, eine schwache negative Kor

a — 0,25 für Si, Fe, Al, Ti und Ni.
fällt die Intensität der negative Korrelation mit

relation andeutend, etwi 
Auf die gleiche Art 

dem Kalzit zusammen.
Die zweite Gruppe enthält praktisch eine einzige Komponente, CaCO3, 

der sich manchmal Sr oder Ba anschlissen. Es kann ein Paralellismus in 
der Beziehung CaCO3 —Sr festgestellt werden. Die Intensität der positiven
Korrelation zwischen CiCO3—Sr wächst von Zone und Zone parallel mit 
dem Wachsen der Konelation Dolomit-Kalzit (Tab. 9).

Die К
Tabelle 9.

jrrelation zwischen verschiedene Phase

Phase

Korrelationskoeffizienten ,,r”

Piatra Glod Rohia Poiana Blenchii

Silikat — Dolomit o, 79-0,87 0,34-0,64 0,04-0,35 (-0,25)-(-0,26)

Kalzit — Dolomit -0,89 -0,68 -0,36 0,07

Kalzit — Strontium -0,30 0,25 0,34 0,89

Der parallele, aber 
beziehung zwischen der

entgegengesetzte Verlauf (Tab. 9) der Wechsel- 
Silikatphase und Dolomit, bzw. Kalzit-Dolomit

war zu erwarten und widerspiegelt eine natürliche negative Korrelation 
zwischen der Karbonatphase und Silikatphase also des unlösliches Rück
standes. Dieses war auclji aus den grossen negativen Werten von r zu er- 
warten.

Die dritte Gruppe u 
die Wechselbeziehungen

nfasst die Vergesellschaftung von Ba-Mn, obzwar 
in verschiedenen Zonen für diese beiden Elemente 

relativ klein sind. In Piatra schliesst sich dieser Gruppe auch Sr an und 
weist eine relativ starke Korrelation mit Mn (r = 0,56), und eine schwächere 
mit Ba (r = 0,38) auf.
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Faktorialanalyse

Um zusätzliche allgemeine geochemische Daten, die die Wanderung 
und Verteilung der Elemente über die ganze Verbreitungszone der unter
suchten Kalkgebilde beeinflussten und steuerten, zu erhalten, gruppierten 
wir die chemischen Daten und interpretierten sie mit Hilfe der Faktorial
analyse. Es wurde die Methode der Hauptkomponenten gewählt und die 
Matrix durch die Methode VARIMAX rotiert. Die Rechnungen wurden 
aufgrund der Programmpackete der statistischen Bibliothek des Rechners 
Felix C —256, durchgeführt.

Die Faktorialanalyse begann von der Matrix der Koeffizienten der 
Linearkorrelation. Die Bedeutung dieser Zusammenhänge wurden in der 
rotierten Matrix, die in Tab, 10 zu sehen ist zusammenfasst, aus der, um 
einen Prozensatz von 72,8% aus der Gesamtveränderung auszudrücken, 
drei Faktoren genügen.

Tabelle 10
Die Ergebnisse der Faktorialanalyse

Faktor 1 Faktor 2 Faktor 3

Si -0,88521 0,10918 0,04307
Fe 0,66135 0,11597 0,43858
Al 0,84380 0,25356 0,25392
Kt -0,79370 -0,48763 -0,07428
Do 0,09710 0,73220 0,07196
Ti 0,52596 -0,20591 0,55438
Mn 0,08551 0,28904 0,74319
Cr 0,79066 -0,18849 -0,21282
Ni 0,58776 0,52684 -0,00272
Ba -0,04898 -0,13424 0,83680
Sr 0,01009 0,91800 0,09003

Sr/Ca 0,13379 0,91608 0,08084

39,77% 59,25% 72,80%

Kt = Kalzit
Do = Dolomit

Faktor 1. Zeichnet sich durch grosse positive faktorielle Anteile für 
Si, Fe, Al, Gr, Ni, Ti und einen negativen Anteil für CaCO3 aus. Lithoge
netisch betrachtet, entspricht dieses zum Nachteil der Ausfällung des 
CaCO3, einer Zufuhr silikatischen Materials. Die Anwesenheit von Cr, Ni 
und Ti und ihr Anschluss zu diesem Faktor (der Silikatphase), also dem 
unlöslichen Rückstand, deutet auf eine Zufuhr basischen Materials (ba
sischen Magmengesteine) während der Bildungszeit dieser Kalksteine, 
hin.

Faktor 2 vereint durch grosse faktorielle Anteile, Dolomit, Sr und das
—— Verhältnis und könnte als ein frühzeitiger diagenetischer Faktor, 
Ca

3*
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durch den auch der Dolomitisierungsprozess des Kalkschlammes statt
findet, gedeutet werden. Meichzeitig findet auch eine Neuverteilung und
Konzentrierung des Sr statt. Der hohe Faktorialanteil des—— — Verhält-

nisses und dasselbe Vorzei chen wie für das Sr, zeigt, dass die Bereicherung 
an Sr des Kalksteines zeitlich von der Ausfällung des kalkigen Materials
verschoben ist und erst während der Diagenese, parallel mit dem Do
lomitisierungsprozess, sta :tfand. Daraus folgt dass, obzwar das im Meer-
wasser enthaltene Sr von 
Organismen festgehalten v

den aus Aragonit aufgebauten Skeletteilen der 
ird, seine Verteilung, bzw. Anreicherung im Kalk-

stein erst während der liagenese stattfindet und zeitlich mit dem Dolo
mitisierungsprozess übereinstimmt. Die positive Korrelation zwischen Ca 
(Kalzit) und Mg (Dolomit) ist dadurch erklärlich, dass die Schalenteile der 
Organismen, wie bereits B. 
liehe Menge Mg enthalten, 
im Gegensatz zum aragon

arbieri, M. et al. (1976) zeigte, auch eine beträcht- 
. Man weiss heute, dass der Kalzitteil der Schalen, 
i tischen Perlmutterteil, ziemlich viel Mg enthält.

Im der bereits erwähnten Studie zeigt Barbieri eine Tabelle (Tab. 3, 
S.24 op. eit.), in der das Verhältnis Kalzit/Aragonit des jetztlebigen Mytilus 
galloprovincialis und des lossilen Mytilus edule ersichtlich ist.

Berechnet man die Mittelwerte aus dieser Tabelle, so stellt man fest, 
dass die rezenten Schalen zu 53,5% aus Kalzit und zu 46,47% aus Aragonit 
bestehen. Dieses entspricht einer Kalzit/Aragonit — Verhältnis von 1,15 
für die heutigen und 0,69 iür die fossilen Schalen. Betrachtet man Tabelle 4 
(S. 25. op. cit.) aus derselben Arbeit, so merkt man, dass bei rezenten Ge
häusen das Atomverhältnifs 1000 den Wert 1,1 und im Falle der fossilen 

Ca
Schalen einen Wert von 1,2 hat.

Der Magnesiumgehalt ist 1321 g/t für rezente und 973 für fossile 
Schalen. Berechnet man die Differenz der Kalzitwerte der fossile und re-
zenten Schalen so ist ein Überschuss von 12,7% Kalzit zu Gunsten der 
rezenten Gehäuse ersieht! ch.

Aus ähnlichen Berechnungen findet man einen Überschuss von 12,7% 
Aragonit in Falle der fossilen Schalenteile. Die genaue Übereinstimmung der 
beiden Werte wird als zufällig betrachtet.

Wenn man nun alle 
fossilen Schalen, der den 
26,35% aufweist, leicht e

Dinge kennt, so ist die kleinere Mg-Gehalt der 
rezenten Schalen gegenüber einen Defizit von 
rklärlich, Dieser Unterschied zwischen den Mg-

Gehaltswerten rezenter und fossiler Schalen ist nicht dem „Arten-Effekt“ 
zuzuschreiben, sondern, ist der Eortspülung des Mg während der Prozesse, 
die sich nach der Ausfällung des Kalkmaterials abspielten, zu verdanken.
Man stellt also fest, dass biei Kalken, die aus Kalzit — und Aragonitresten
aufgabeut wurden, die Mobilität des Mg viel grösser als jene des Ca ist, 
und folglich eine grosse Rolle im Dolomitisierungsprozess spielen kann.
Man kann also, ohne die Rc 
mitisierungsprozess zu leu

1 le des im klassischen Sinne verstandente Dolo- 
men und zu übersehen, sagen, dass die Mg —Sr

Korrelation nicht ausschliesslich auf diese Art, sondern auch auf Kosten 



GEOCHEMISCHE UNTERSUCHUNGEN EINIGER EOZÄNER UND OLIGOZÄNER 37

des in den Aragonit- und Kalzitskelettenteilen der Meerestiere enthaltenen 
Mg und Sr, stattgefunden hat.

Faktor 3 umfasst mit grossen Faktorialteilen das Ba und Mn, welches 
die späte hypergene Konzentration (Anreicherung) dieser beiden Elemente 
durch ihre geochemische Frischverteilung in untersuchten Gesteinprofil 
widerspiegelt. Diese Hypothese stützt sich jedoch auf die relativ kleine Kor
relation (r = 0,39) dieser beide Elemente und fordert deshalb Vorsicht 
bei der Interpretation.
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Introduction

The weathering of diasporites on exposure is a widely known pheno
menon and has been investigated by several authors (Bárdossy, 1977; 
Gladkovski, Gutkin, 1960; Mindszenty, 1976) Relatively little attent
ion was paid, however, to the textural changes occurring during the weat
hering process on the one hand, and to the trace element content of the 
weathering product vs. fresh rock on the other.

In the field seasons of 1974 and 1975 one of the senior author had the 
opportunity to study this problem in Lang Son North Vietnam, where the 
weathering of diasporites is a process going on today. Micropetrographic and - 
geochemical conclusion of the microscopic investigations and laboratory 
tests carried out on the Vietnamese samples are presented here.

Previous work

It was Russian authors (Sharova and Glazunova, 1966) who first 
mentioned the phenomenon of weathering in connection with the Vietna
mese bauxites. On the basis of chemical and mineralogical analyses they 
concluded that the weathering process was essentially a desilification, 
proceeding with or without deferrification. They assumed that chlorites 
would begin to decompose first, and as destruction advances silica is gra
dually carried away while the neosynthesis of hydrohematite, gibbsite 
and partly diaspore would set in in the residual material. The presence of 
diaspore, gibbsite and hydrohematite was recorded by the conventional 
mineralogical means in the weathering product. As to chemistry, an increase 
of ferric at the expense of ferrous iron and in most of the cases also a slight 
relative enrichment of alumina was said to be a characteristic phenomenon.

Present work

Megascopic and microscopic study of about 150 samples, supplemented 
by limited amounts of X-ray diffraction and DT analyses, together with 
the standard five-component wet-chemical analyses served as a basis for 
the petrographic statements outlined below,
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The weathering of the grey diasporites is essentially an oxidation
caused by high-oxygen su rface waters. It begins with the destruction of
chamosite which is characterized by a finely dispersed phase of amorphous 
ferric-hydroxide turning up first along cracks, fissures and grain boundaries, 
(see Fig. 1.) As oxidation advances ferrioxyde gradually impreg
nates the whole material giving rise to a secondary texture consisting 
essentially of hydrohematite and limonite, with diaspore as the only re
cognizable primary mineral. At places also well-developed crystallites of 
gibbsite and fine-grained kaolinite were observed both in the form of pore
space fillings (Figs. 2, 3.)

Fig. 1. Weathered oolithic diasporite impregnated by finely dispersed (black) ferric hydroxide 
formed din ing decomposition of chamosite

M = 12,5x nicols parallel

The mechanism of the above described phenomenon can tentatively be 
outlined as follows:

Due to high-oxygen surface waters the octahedral ferrous ions of 
chamosite become oxidized! and therefore released from the structure in
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the form of hydrated ferric ions. Electrostatically unbalanced, the struc- 
tűre necessarily disintegrates. The relatively weak bond between the octa
hedral Al3 + ions and th) (Al2Si2O10)-sheets results in the torning off of 
Al3+ by water dipoles an l in the neosynthesis of gibbsite.

Carried away by percolating water, the remaining (Al2Si2O10)-units 
may form space-filling ka olinite elsewhere in the bauxite body.
The neosynthesis of diaspore — mentioned by Sharova and Glazunova — 
could not be detected ei :her by microscopic or by X-ray diffraction met
hods. The apparent increase of the diaspore content of the weathered 
samples is most probably due to relative enrichment.

Trace element content

Five pairs of oxidized and fresh-rock specimens were selected for 
trace-element analysis. Sc, V, Cr, Co, Ni, Lu Ce, Yb, La, Th were all de
termined by the activation method. Irradiation and measurements were

Standard Wet-chemical analyses

№-of 
sample Description A12O3 SiO2 ^e2^3 FeO

Bl -33 Fresh bauxite (grey) ...................................... 51.28 20.45 7.78 3.67
Bl-33 Weathered bi luxite (yellow) ...................... 39.47 40.53 4.19 0.84
Tmk-4/3 Fresh bauxit« (grey) ...................................... 54.60 8.70 6.35 13.50
Tmk-4/3 Weathered bi luxite (red)............................... 56.10 2.90 22.31 1.17
Bx-23 Fresh bauxit« (grey) ...................................... 56.16 11.43 6.19 9.23
Bx-23 Weathered bi luxite (green)........................... 55.5 7.97 9.55 10.24
Kpf — 46 Fresh bauxit« (green) .................................... 52.50 8.46 13.69 8.27
Kpf-46 Weathered b; mxite (yellow) ...................... 49.97 2.98 27.29 1.29
К-276/7 Fresh bauxit- (grey) ...................................... 58.16 8.62 3.89 11.99
К —276/7 Weathered b tuxite (yellow) ...................... 59.41 0.73 18.18 0.72

Mineralogical composition 
Bauxite samples (in percentages). (Based 

№-of 
sample

Bl-33
Bl -33 
Tmk-4/3 
Tmk-4/3

BX-23
BX-23

Desci iption
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sp
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oe
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Si
de
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e
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\or J / 
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63.3 — — 4.0 19.0 1.2
Fresh bauxite (ffrev) ............. 38.8 15.4 _
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\©r j / 1 1,1

een) .................. 52.9 10
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carried out in the Training Reactor of the Technical University, Budapest. 
The results are summarized in Table No 3. Although not at the first glance, 
it can be seen that there are two elements that show a clear tendency of 
enrichment or decrease during the weathering process, namely V which 
increases and La the amount of which markedly decreases in the oxidized 
samples as compared to the fresh ones.

Since the investigation of the trace-element content of bauxites is 
yet far from complete in a world-wide scale, we do not attempt to find 
any precise explanation to the above distribution of trace elements. The 
results are to be accepted rather just as a contribution to the problem of 
trace-elements in bauxites in general.
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Table 7
of 5 Fresh/Weathered pairs of bauxites

TiO2 CaO MnO MgO K2O Na20 -H2O +H2O co2 p2o5 »tot

2.58 0.20 tr 0.56 0.38 0.17 0.46 12.85 0.09 0.03
0.46 0.18 0.01 tr 0.70 0.19 0.28 13.63 0.13 0.04
2.60 0.11 0.02 0.08 0.90 0.10 L.O.I.: I 11.40 0.03 0.01 0.11
3.20 0.08 0.02 0.04 0.50 0.06 L.O.I.: 12.70 0 tr 0.06
3.46 tr 0.04 tr 0.11 0.10 0.24 13.09 tr 0.04
3.56 tr tr 0.32 0.03 0.09 0.23 12.83 0.07 0.04
3.70 tr 0.04 0.43 0.05 0.11 0.18 12.88 0.07 0.03
4.01 tr 0.02 tr 0.09 0.20 0.28 13.47 0.09 0.09 0.08
2.89 0.36 0.05 tr 0.04 0.04 0.11 12.87 0.63 0 0.09
3.17 1.06 0.09 tr 0.01 0.01 0.45 14.92 0.84 0.22 0.04

of three Fresh/Weathered pairs of
on quantitative X-ray diferaction analyses)
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Trace element content of five Fresh/Weathered 
method. (The percentages represent the

№-of 
sample Note Ce 

g/t
Lu 
g/t

Th 
g/t

Bl -33 Fresh 88.4
6.5%

0.2
34.6 %

52.2
5%

Bl -33 Weathered 16.6
21.7%

0.5
6.8%

13.3
11.2

Tmk-4/3 Fresh 88.0
6.6%

0.7
4-2%

74.3
4%.

Tmk-4/3 Weathered 144.2
4-9%

0.7
5.3%

76.0
4-1%

Bx-23 Fresh 140.0
4-8%

1.2
7-1%

67.0
4-3%

Bx-23 Weathered 140.8
4-8%

1.5
7-7%

66.1
4-4%

Kpf-46 Fresh 116.0
5.6%

3.2 66.4
4-5%

Kpf-46 Weathered 133.0
5-1%

1.0 70.1
4-4%

К-276/7 Fresh 101.2
5.9%

0.6
11-6%

56.9
4-6%

К-276/7 Weathered 111.3
5-4%

0.5
H.9%

63.6
4-4%

Clarke (lithosphere/g/t) Go dschmidt (1954) 41.6 0.75 11.5
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bauxite pairs analysed by neutron activation 
buclear error of the measurement)

Table 3.

Cr 
g/t

Yb 
g/t

Sc
g/t

Co 
g/t

La 
g/t

V 
g/t

Ni 
g/t

634
7-5 %

4,4
6-7%

46,4
2-7%

31,1
33.4%

54,9
17.7%

106
■ 14.7%

125
12.5%

164
17.8%

- 21.4
4.0%

46.6
9.8%

- 47
37.8%

173
30.9%

992
5.6%

4.5
7%

64.8
2-3%

42.1
10.7 %

104.2
11-7%

96
15 7%

98
2-5%

129.8
4.8%

5.6
5.9%

74.3
2-1% -

42.8
20.9%

282
8.5%

95
6.9%

896
5.8%

4.4
7.0%

56.4
2-4%

94.3
14.7%

90.2
12.6%

84
22.8%

268
6-7%

983
5-4%

4.5
7-0%

24.7
2.4%

109.8
12.7%

78.6
13.6%

156
10.9%

298
7-1%

120.4
4.8%

5.2
6.3%

60.7
2-3%

79.3
16.9%

62.3
17.3%

215
6-1%

129

131.7
4-6%

6.2
5.5%

61.0
2.3%

42.0
27.9%

62.3
16.5%

219
5.9%

133

905
5-4%

3.5
7-6%

50.3
2-5%

44.4
25.6%

32.6
26.6%

126
13.0%

269
17.7%

730
6.6%

3.9
7-3%

51.8
5-2%

— 12.9
59.5%

169
15.3%

398
72%

200 2.66 5.0 40 18.3 150 100
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and carrying out the chemical analyses; and to the Research Institute 
of the Hungarian Aluminium Corporation for the X-ray diffraction 
analyses.
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ON THE CRYSTAL STRUCTURE OF MÁTRAIT

by
T. WEISZBURG, GY. A. LOVAS 

Department of Mineralogy, Eötvös Loránd University 
(Received: 15th March, 1982)

SUMMARY

A new natural ZnS modification, named mátrait, different from sphalerite and wurtzite 
was described by S. Koch (1958). On the basis of X-ray oscillation photographs K. Sasvári 
(1958) suggested that its structure is similar to that of the known synthetic 3R modification. 
The results of the present study, carried out on the original material, indicate that the 
mátrait has an orthorhombic structure with space group Pbcn and cell dimensions of 
a0 = 1.814 nm, b^ = 1.756 nm, c0 — 0.514 nm, Z = 40. Since there are strong indications 
of fairly frequent presence of lattice defects in mátrait, more complete structural data can 
be expected from future ТЕМ examinations.

Introduction

In the course of a systematic mineralogical study of a hydrothermal 
Pb —Zn ore deposit in Gyöngyösoroszi (Mátra Mts., N-Hungary), S. Koch 
(1958) found a new ZnS mineral which proved to be different from sphaleri
te and wurtzite both in morphology and optical properties. This new mi
neral was named after the mountain where the mine of the occurrence was 
located. X-ray single crystal photographs of the material were taken by 
K. Sasvári (1958) using a 114.6 mm oscillation camera. On the basis of 
these patterns he identified its structure with that of a synthetic ZnS modi
fication described by Buck and Strock (1955). As the experimental tech
niques have become more sophisticated since the time of this early study, 
a re-examination of the mátrait structure was undertaken. The original 
material was kindly provided by Prof. S. Koch.

Experimental

Using S. Koch’s (1958) photographs, mátrait crystals could be readily 
identified in the original material which is in fact a mixture of sphalerite, 
wurtzite and mátrait. A stereo — microscope was used for selecting mátrait 
for further examinations. None of the examined mátrait crystallites in the 
grain size range optimum for X-ray single crystal measurements proved to 
betruesingle crystals. They are crystal clusters of two or more members. 
The best available choice was a crystal of 0.2 X 0.2 X 0.8 mm in size on which 
curved crystal faces parallel to the direction of its elongation were recog
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nizable. Later it turned out that the elongated form was a result of an ori
ented clustering of three or four smaller crystal lamellae.

The density of mátrait was determined by the floatation method using 
a mixture of thallium phormiate and malonate and water. Because of the 
very small grain size and the relatively viscous liquid only limited precision 
could be expected, d0 = 3.97(2) gem-3.

The X-ray oscillation photographs (Fig. 1.) were taken around the
axis of elongation using 3 + 10° oscillation range, by a STOE Weissenberg 
camera. The Ni-filtered Cu Ka/2 = 0.15418 nm) radiation used for the 
measurements was provided by a SIEMENS K4 generator. The oscillation 
pattern showed that the directions of elongation is a true crystallographic
direction with length of 0.514 nm. The minor-symmetric spot pattern 
indicated that this axis is orthogonal. It was labelled as c* axis.

Fig. 1.

On the zero-layer (|hkO) Weissenberg photograph (Fig. 2) the Tx and
T2 axes’ choice is quite obvious, their angular distance is 90°. From the 
analysis of extinctions on upper-layer Weissenberg photographs it turned 
out that every second axial spot is in extinction on the zero-layer. So, 
using the Тг = a* and 12 — b* labelling, the axial systematic absences are: 
hOOh = 2n + L OkOk = 2n + l. Since the a* and b* axes proved to be 
orthogonal, the structure is orthorhombic with unit cell dimensions of
a0 = 1.814 nm, b0 = 1.756 nm, c0 = 0.514 nm.

Among the non-ax:al reflections further systematic absences could be 
recognized. On the first layer (hkl) Weissenberg photograph (Fig. 3.) the 
hOl reflections are totaly absent and there is a к = 2n+ 1 absence in the
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Fig. 2.

Fig. 3.

Oki reflections. On the second (hk2) layer (Fig. 4.) only a к = 2n + l 
extinction could be recognized in the 0k2 reflections. No systematic ab
sences could be observed in the general (hkl) reflections, which indicates 
a primitive unit cell.

For further study the crystal was transferred to a HUEBER preces
sion camera, retaining the same rotation orientation that was used for oscil
lation and Weissenberg examinations and setting b* as precession axis.

4 ANNALES — Sectio Geologica — Tomus XXIV.
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Fig. 4.

Fig. 5.
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On the Laue photograph along the b* axis (Fig. 5.) two two-fold symmetries 
perpendicular to each other are shown. On the hOl precession photograph 
(Fig. 6.) two systematic extinctions could be recognized; in hOO the h = 
= 2n + l while in hOl the 1 = 2n + l. In addition to these a h — 2n + l 
systematic weakening is characteristic for the whole hOl reflection set.

Fig. 6.

Discussion

An orthogonal unit cell with dimensions of a0 = 1.814 nm, b0 = 1.756 
nm, c0 = 0.514 nm is the simplest that could be chosen from the measured 
reflection set. It is not equivalent to any of the ZnS modifications known 
to us, and it does not seem to be a transformation of any of the known 
basic structures. The generalized systematic absences clearly indicate 
that the space group is Pbcn (No. 60). For calculation of the unit cell con
tent a chemical analysis was made by É. Kliványi which showed besides 
Zn and S no other substitution but some 5% Fe. Since the difference bet
ween the molecular weight calculated from the chemical analysis (96.89) 
and that of pure ZnS (97.43) is negligible, the latter one was used for further 
purposes. Using the measured unit cell volume, d0 and Mw, the unit cell 
content is Z = 40 formula weight. Though it was impossible to collect a 
reliable data set for complete structure determination because of the poor 
quality of the crystal, there are some indications of the atomic arrangement. 
The crystal data indicate 5 formula weight in the asymmetric unit. The 
systematic weakening of h — 2n + l in hOl however suggests that there 
might be some atoms in special positions as well.

4*
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Conclusions

The results of thes present study on the crystal structure of mátrait 
described by Koch (1958) does not support the earlier crystallographic 
classification of mátrait as ZnS —3R.

An orthorhombic unit cell was determined with dimensions of a0 = 
= 1.814 nm, b0 = 1.756 hm, c0 = 514 nm. According to the systematic 
absences its space group is Pbcn (No. 60). The measured density is d0 = 
= 3.97(2) gemm and the unit cell content is Z = 40.

The special irregularities on the single crystal diffraction patterns and 
some preliminary ТЕМ examinations indicate that the mátrait has cha
racteristic real structural (features. The complex description of the mátrait 
structure can be expected only from a detailed ТЕМ study in the near 
future.
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ABSTRACT

The definition of the mineralogical and crystallographic data of fine-grained Mn — О — 
— OH —R (R = Ba, К H2O, etc.) minerals are uncertain in many cases (as it seems e.g. from 
the confusion in the names of these minerals).

A “wad” from Dognacea (Rumania) was examined by X-ray and electron diffraction 
and direct lattice imaging techniques (4.6 A point — to — point resolution).

The structural data of Bursill et al. (1979) gave a good starting point.
In the “wad’s” powder diffraction pattern there were only a small number of reflections, 

all of which were broad. They agreed best with the data of todorokite.
In the low magnification (25 — 50 000 x) electron micrographs platy and elongated 

grains of «m size can be seen, where the planes are perpendicular to (010) pyrolusite.
On the selected-area electron diffraction patterns of the plates continuous diffraction 

lines were found superimposed on the hOl spot patterns.
Some grains showed continuous diffraction in only one direction [100]*, however 

the rest diffracted continuously in 2 or 3 directions, in accordance with the equivalent 
directions [101]*, at an angle of cca. 60°.

The interpretation of these streaks was possible only by the analysis of the direct 
lattice images.

The grains showing continuous diffraction in the a* direction are of a random “mixture” 
of pyrolusite, ramsdellite, hollandite, psilomelane and other unnamed structures. The 
“mixture” is meant on the unit cell level.

The grains showing continuous diffraction in more than one direction are, to our 
present knowledge, of a new structural form. The random mixture (by ab) in the sample 
investigated shows a “sagenite”-type network on the unit cell level.

Introduction

Recent studies of certain members of Mn-oxide minerals by electron 
diffraction and high resolution electron microscopy have confirmed that 
this group is an isostructural series (Wadsley 1964, Bursill 1979/a). 
The general formula is A2 В8_гХ1в (Byström & Bystrom 1950), where 
A = Ba2 + , Pb2+, K+, Cs + , Rb + , NH + , В = Mn2+, Mn4 + , Fe3 + , X = 
= O2-, (OH). The interrelations of these crystal structural types have 
been discussed theoretically, too (Bursill 1979/b). Experimental growth 
of these crystals under hydrothermal conditions was carried out by Giova- 
noli and Stähli (1970). Both X-ray and transmission electron micros
copy (ТЕМ) investigations have been made mainly from high-temperature 
synthethized phases.
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The present paper is part of a systematic mineralogical study of Mn- 
oxides of the Carpathian Basin. Structural details, new structural forms 
and twinnings are described here all on the unit cell level. The methods

ork were the following: X-ray powder diffrac- 
rea electron diffraction (SAED), energy disper

used in completing this wi 
tiometry, ТЕМ, selected ai

EDS).sive X-ray spectrometry (

Material and Techniques

The sample originates from Dognacea, Rumania (Collection of Mine
ralogical Dept, of Eötvös L. University, Budapest). Its chemical compo
sition was proved to be lomogeneous by microprobe and EDS analyses 
made by JEOL JSM —35 scanning electron microscope combined with a
LINK spectrometer.

X-ray powder diffraction analysis was carried out by using a SIE
MENS D —500 diffractometer.

Of all the methods used it was the ТЕМ that proved to be the most 
effective. The observations
equipped with a tilt (±6CC

were made by a JEM — 100CX type microscope 
’)-rotation side-entry goniometer stage, and by 

a JEÓL JEM — 100 U microscope, using an accelerating voltage of 100 KV. 
The highest electron optical magnification was 250.000 x. The best point 
— to — point resolution o; the 100CX microscope was 4.6 A.

The sample was gently ground under aethyl-alcohol in an agate mortar, 
and it was set on a holey carbon supporting film. The thin crystal flakes 
overlapping the holes were tilted mainly into the [010] projection (all
crystallographical directions and planes are related to pyrolusite). The 

using the axial illumination and the 2.7 A“1 micrographs were taken
objective aperture. The high resolution images were interpreted intuitively. 
A SAED pattern was made to each measured crystal.

Results

The X-ray powder diffraction pattern of the sample is shown by Fig. 1. 
The d(hkl) set and the distribution of the intensities on the pattern resemble 
strongly that of todorokite. The broadening of the peaks and the compara
tively high baseline indicate very small coherently diffracting volumes 
caused by either small grain size or structural disorder, may be both. This

id by interpreting the electron micrographs.question could be answere
The chemical constituents of a crystal shown by Fig. 2/a were assayed 

semi-quantitatively by th|e EDS spectrum (Fig. 2/b). Ca, Zn, Cu are con-
sidered to be unusual “A’ -type cations of the structure. In addition there 
are also Ba, Sr and К in this position. Ti is a replacement of Mn.

On the low magnification ТЕМ micrographs the sample appears as 
thin laths and plates parallel to (010) and usually elongated along the c 
axis up to some /cm.

When the [010] direction of the elongated crystals was oriented pa
rallel to the electron beam, a SAED pattern like shown by Fig. 3. was pro-
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Fii . 21a. SEM picture of the sample

n feature in all the SAED patterns of the lath — 
ction effect in the [100] direction is continuous.

duced. There is a commo 
form crystals: the diffra«
This fact corresponds with the features of the X-ray diffraction pattern. 
The interpretation of these streaks is rather easy by using the high resolu-
tion micrographs. Each 
of the kind depicted by

lath-form crystal exhibited a structural disorder 
Fig. 3/b. This phenomenon gives important clues

to the relationship between the structures of pyrolusite-rams dellite-hollan- 
dite-psilomelane and other (unnamed) members of the Mn-O-(OH) group. 
The distances between two dark lines represent the periodicity of the high-
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Fig. 2/b. EDS spectrum of the crystals shown on Fig. 2/a. 
(The two curves were registered at different sensitivities)

density lattice planes of the above structures as follows: (020)ramSdenite, 
(200) (100)hoiiandite, (100) (001)psiIomeiane- The d(2oo) of pyrolusite is invisible 
because this distance is smaller than even the highest resolution of our 
microscopes. Within a few nm-es of the image the distributions and periodi
city of the above lattice planes can be visually examined. It can be seen 
that all the lathy crystals consist of a random mixture of unit-cell-wide 
Mn-oxide lamellae. Those regions which show a lattice plane distance 
greater than 13.5 Á (001) psilomelane have not yet been identified crys
tallographically and are mostly unnamed. The connections between the 
crystallographic directions within these laths are as follows: [100]pyroiusite 
parallel to [010]ramsdeiiite> [H0]hoiiandite> [100] [001]psiiome|ane, and [001] 
[001]pyrolusite parallel to [001 ]ramsdellite> [001 ]hollandite and [010]psjiomelane■

Besides the lathy grains about a third of the crystals have the platy 
habit. Basically they have the same (hOl) SAED patterns, but the streaks 
run in the three crystallographically near equivalent directions at an angle 
of 60°. These are [100], [101] [101].'

A typical SAED pattern is shown in Fig. 4. The strong reflections in 
the pattern correspond to the pyrolusite structure, but between these
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Fig. 3/b. HRTEM imags of wad in [010] projection. Diám, of obj. ap. 0.27 nm-1
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Fig. 4. SAED pattern. A continuous scattering is superimposed on the basic spot pattern 
in three crystallographic directions

(See extra reflections indicating superstructure)

there are several sets of superstructure reflections. One of these sets consists 
of the streaks mentioned above.

Another set of superstructure reflections in marked by weak spots. 
These reflections are characterized by fraction indices.

On this discussed real structure of the lath-shaped grains an additional 
feature of disorder is superimposed. It is a twinning on the unit cell level, 
characterized in our projection by sagenite-law. It is shown at low magni
fication by Fig. 5. that the elements of sagenite-network are in the nm 
range.

The structural tunnels between the high-denity planes (filled by 
А-type cations) appear in two forms. One is a parallel system within the 
“a0” thickness and the successive “a0” layers are rotated around the [100] 
axis by 60°. This means essentially a twin connection, between the con
secutive layers where the intergrowing plane is (100) and the twin axis is 
[100] (Fig. 6.)

The other form is where the tunnels are in different (by 60°) orientati
ons with in the same “a0” thickness. In this case these channels form 
two-dimensional continuous sheet system. This is represented by Fig. 7. 
and Fig. 8.
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Fig. 7—8. HRTEM images showing special structural patterns where channels in the structure 
form a two-dimensional continuous network within a single unit-cell thickness
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Conclusions

The “wad” can be described neither as a single mineral nor as a com
position of minerals in the traditional sense. As a result it cannot be studied 
by conventional mineralogical methods. Only the HRTEM technique, ca
pable of imaging the unit cells of simultaneously present minerals and their 
various twinning structures, can give a lead to its determination. The 
diffraction phenomena found in was are not unique. The todorokite, descri
bed in considerable quantities from deep-sea nodules, looks very similar in 
ТЕМ and its electron diffraction pattern is also alike. (Straczek et al. 1960. 
Since we had no material to compare the “wad” with, it is only a hypothesis 
that the features of todorokite are the ones mentioned above.

It can be pointed out that minerals with todorokite-like powder 
patterns, regardless whether they are of hydrothermal or other continental 
origin or come from deep-sea nodules, always contain a considerable amo
unt of Cu, Zn (Co, Ni etc.). It may be that the described structural model 
provides special possibilities for these metals to build into it. To verify 
these theories, further investigations are necessary.
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SUMMARY

Mineralogical study was conducted on a scale sample from the tubing of the thermal 
water well of Táska (S. W. Hungary). Simultaneous occurrence of different CaCO3 poly
morphs was recognized. Optical-microscopical and X-ray diffraction studies indicated the 
presence of calcite and aragonite. The reason for an unusual caleite/aragonite shift was 
suggested to be a change in the concentration of minor chemical constituents (like Sr and 
Ba) during precipitation. Elektron-microsoopical investigations were initiated to find 
structural explanation for this phenomenon. Besides calcite and aragonite the ТЕМ study 
revealed the presence of vaterite too. As a result of careful interpretation of the micro
graphs, a new mineral (Са68г/СО3)0 was also recognized. It has a vaterite-like structure and 
can be regarded as a member of a suggested new mineral series of CaCO3—SrCOs.

Introduction

The frequent occurrence of thermal waters in Hungary is connected 
with two different sedimentary rock formations; the porous neogenic and 
the cracked, fissured mezozoic carbonates. In about 10 percent of the wells 
solid precipitations in the upper region of the tubing cause serious prob
lems. The main reasons for scale precipitations are: change in pressure, 
gas-water interactions, changes in temperature and chemistry of the water. 
It is likely that scale formation is affected also by the total amount of 
dissolved salts. Scales from thermal well tubings show great varia
bility and have often different morphology depending upon the site of 
precipitation (e.g. inside the tubing, at the outlet or some distance away 
from there.). Scales from inside the tubing are usually compact, hard 
and durable while those from other places have often loose and porous 
texture. The rate of scale precipitation varies in a wide range. There are 
wells where the daily precipitation is 1.2 mm in thickness while in other 
wells such an accumulation takes several months. Skeleton-crystals in
dicating fast crystallisation are abundant in these scales. Chemical analyses 
show that they consist of pure monophase CaCO3 in almost every case. 
As regards structure, however, they are far from being homogeneous: se
veral polymorphic modifications of CaCO3 can be recognized in them.

The crystallographic study of the polymorps of CaCO3 started as 
early as the beginnings of X-ray crystallography, with the structure de
termination of Calcite (W. L. Bragg, 1914). The structure of Vaterite, the
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third polymorph of CaCO3, was determined by Wyckoff and Merwin 
(1951) and later refined by McConnell and Long (1959) and Komhi 
(1963). Vaterite is hexagonal with unit cell dimensions of

135 Á с = 8.524 Á

pseudp cell
a’ 
Z’

= 1/3 с’ = с

Int. m
2
ax. h —к = 3n

a = 7
Z = 6

These data were confirned by electron-diffraction studies as well. On the
basis of cell dimensions and optical properties Vaterite was classified as a 
member of the Bastnä site-Synchisite series. There are also a number of 
CaCO3 modifications, called Vaterite, but having a structure more or less 
different from what was cited above. The details of the structure of these 
modifications, howeveb, are not yet known.

In 1962 the Japanese hydrologist Y. Kitano published a study on the 
formation of different polymorphic modifications of CaCO3. He has pointed 
out that there is no Va terite in springwater precipitations because even if 
it did form it would transform immediately into Calcite or Aragonite. 
He explains it with ths ample supply of CO2 available in these solutions, 
and with the presence of ions inhibiting the formation of Vaterite.

CaCO3 both in the regional sense and in various 
ves the reason for its more detailed crystallographic 

The abundance of 
geological formations g
and mineralogical study. The present study was carried out on solid pre
cipitations from a thermal water well in Táska, Somogy county, (SW-Hun- 
gary).

Geological and hydrogeological description of the Táska — 1 well

The borehole Táska —1 was drilled as part of an exploration prog
ramme for new hydrocarbon resources. It was located onto an upthrown- 
block of mezozoic paleozic formations. This block belongs to a relatively
uplifted zone striking S of the Tab — Karád — Nikla — Iharosberény line.
Towards S the mezozoic-paleozoic complex is faulted down to greater 
depths (Fig. 1.) The hole turned out to be unproductive for hydrocarbons 
but has been producing thermal water of 80 °C at a rate of 1400 1/min ever 
since (the water contains NaCl and HCOg). The scale precipitation in this 
well is not too heavy and has a high organic matter content.

Visual and optical-microscopic study

Scale precipitations from the tubing have a conpicuously compact
texture as compared tc 
tions. Two different zi

the loose, porous samples collected from other loca- 
ones can be distinguished in the compact sample 

even by visual examin ition. The upper thinner layer has a finer grain size. 
The zone beneath is thicker and has fibrous structure with a silky lustre.
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I 
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Fig. 1. Geological surrounding of borehole Táska

5 ANNALES — Sectio Geologica — Tomus XXIV.



66 DŐDONY, I.;. BALOG, A.

Fig. 2. Thin section i micrograph of scale sample from Táska +N, N = 40x

This difference is even more apparent under the petrographic-microscope. 
The fine-grained portion proved to consist of skeleton-crystals of Calcite 
(Fig. 2.). Under simple polarised light the radially fibrous portion 
turned out to be built r p of rust-brown radial spherolitic clusters. When 
crossing the Nicols the material’s own very intensive colour suppresses the 
interference colour (Fig. 2.).

No other optical properties of the radial clusters of skeleton-crystals 
could be determined.

The chemical analy 
the Hungarian Geologic 

insol

Chemical analysis

ns was carried out in the Chei 
d Institute (MÁFI).
rble part 0.02%
TiO2 —
A12O3 0.07%
Fe2O3 0-02%
FeO 0.19%
MgO 0.91%
CaO 54.24%
Na,0 0.28%
K2O 0.02%
-H,0 0.04%
L.O.I. 43.54%
p2o5 0.02%

Laboratory of
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The spectroscopic analysis of the sample was undertaken in the Laborato
ries of the Department of Petrology and Geochemistry of the L. Eötvös 
University.

Ni 20 g/t
Mn 600 g/t
Cu 16 g/t
Be 8 g/t
Pb io g/t

The Sr and Ba contents of different parts of the sample were determined by 
flame-photometric method at the same Department. The percentage of 
Sr in sample T/а is 1.9 while Ba amounts to 0.4%. In the case of sample T/b 
the Sr content is 2.5%, and that of Ba is 0.1%. The relatively high Sr and 
Ba content seems to be characterictic for this material. It is 2 to 3 times 
(in some instances 10-to 20 times) higher than the average Sr and Ba 
content of carbonatic rocks (Wedepohl). However, the Ca/Sr ratio hardly 
exceeds the value of 25 whereas the average ratio for carbonatic rocks is 56.

X-ray diffraction and thermal analysis

Sample T/а was identified as Calcite, and sample T/b as Aragonite 
by X-ray powder diffraction method. Since there were no indications of 
the presence of any unique Sr or Ba mineral, it is likely that Sr and Ba 
are involved mainly in cation substitutions.

The DTA curve of sample T/b showed the endothermic reaction at 
400 — 440 °C characteristic of the calcite-aragonite transition. Unlike pub
lished studies of similar materials, however, this sample produced a 1 per
cent weight loss simultaneously with the said phase transition.

Results presented so far indicate that during the process of scale 
formation after some time and seemingly without any obvious reason the 
precipitation of calcite was replaced by the formation of aragonite. As 
there could not be any major change in circumstances during scale forma
tion, a change in concentration of minor chemical constituents is suspected 
as responsible for this phenomenon.

Chemical analyses indicated that the Sr/Ва ratio is considerably hig
her in sample T/b than in T/а. Trying to find explanation for this, laser- 
spectroscopic and electrondiffraction studies were initiated.

Laser-spectroscopic study

Interpretation of the spectra proved that the amount of Sr in the 
calcite bands is considerably smaller than in the aragonite portions. A li
mit-concentration of Sr can be selected, above which only aragonite, and 
below which only calcite forms. In the intermediate zone the two may be 
coexistent. (Fig. 3.)

5*
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EL ictron-microscopic study

The joint occurrence of different modifications of CaCO3 in the scales 
was confirmed by ТЕМ nethods. The study was carried out with a Jeol 
JEM 100CX electron-mi 
stage and with a JEM 1 
in an agate mortar under 
holey carbon supporting 1

jroscope equiped with a side-entry tilt-rotating 
)0U electron-microscope. The sample was ground 
ethanol then thin flakes of it were deposited on a 
ilm.

The SAED picture of vaterite in [1210] projection is shown on Fig. 4.
Its symmetry agrees well with the space group determined for vaterite by
Kamhi (1963). The SAED pattern of an unknown mineral (Fig. 5.) shows 
distinct similarities with those of CaCO3 polymorphs. As this pattern was 
taken on the JEM —100 J and this microscope has no goniometer stage, 
only Laue-zone picture cc uld be registered. Comparing the crystallographic
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Fig. 4. SAED pattern of vaterite in (1210) projection

Fig. 5. SAED pattern of the new carbonate phase
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parameters of this phase with those of CaCO3 with space group Pbnm, its 
unit-cell dimensions can эе expressed as:

a = 2X 
6 = b0 
c = 3/2 °0

The (110) and (001) directions of this crystal-grain are almost perpendicular 
to the direction of the electron-beam. An image of the (001) lattice-planes
of the same crystal can le seen on Fig. 6., which indicates that this grain
has a faultless single-crystal structure.

Fig. 6. Lattice image of ()01) planes of the same crystal that can be seen on Fig. 4

From the interpretation of the electron-diffraction patterns it turned
out that besides the kn 
recognized (Figs. 5 and 6.

own vaterite a new carbonate structure can be 
.). As its periodictity in “a” and “c” direction can

be expressed as multiples of the same periodicities of vaterite (Sg: Pbnm),
their structural relation 
rhombic vaterite form ps

is strongly indicated. The Ca atoms in the ortho- 
ieudo-hexagonal planes perpendicular to the c-axis

at z = 0 and z = 1/2. 11 this new mineral every third of these planes are 
identical, while within ;ach layer the translations of the Ca atoms are
2 X a0. This alteration in the translational values can be assigned to the
Ca/Sr substitution. If l/(i 
ture is substituted, one ।

i of the cations in the orthorhombic vaterite struc- 
of their possible orderings can produce a SAED

pattern like the one shown on Fig. 5. Since the amount of different sub-
stituting cations in the basic vaterite structure may vary and so may
their ordering, the existence of several new vaterite-related minerals can 
be supposed. The new phase (Ca5Sr/COJ6) recognized in a scale sample
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of thermal well Táska can be regarded as a member of the above-mentioned 
hypothetical mineral series. Further crystallographical and mineralogical 
studies are necessary to gain a more thorough understanding of the nature 
of the suggested new vaterite-related (Ca, Sr)CO2 mineral serial.
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SUMMARY

The anortite-content of plagioclases is determined by the position of chrystallographical 
and optical main vibration directions related to each other, by using an U-stage. Besides 
the evaluation made with the aid of stereographical projection of migration curves intro
duced by E. Fedorov and improved by W. Nikitin, M. Reinhard and recently by C. Burri, 
there is a possibility to determine the anortite-content without representation, too. Using 
the vector-geometrical evaluation of measurements made by U-stage and with the application 
of formulas given in this paper, we can obtain the Euler-angles.

Euler angles can be determined not only by stereographic projection 
reading the Wulf net but also by calculating without drawing. In the follo
wing we give the formulas for the determination of the Euler angles type I, 
II, III, pointing out that using these formulas values shown in the table 
in the book “Die optische Orientierung der Plagioklase” by C. Burri, 
R. Parker, E. Wenk will be obtained.

As far as we know Euler-angle values for low-and high-level plaigoclase- 
members with different anortithe content can be found only in this abo
ve mentioned book. The practical aim of the formulas given by us is to de
termine the An % percentage with the help of the table at our disposal or 
to eliminate the uncertainty in determining the twinning law removing 
difficulties arising from pseudosymmetry.

The designation in the formulas is as follows:
The axes of the XYZ system of co-ordinates are by order of succession 

the twin axes of the Roc Tourne, Albite and Carlsbad twin laws.
The axes of the X’Y’Z’ system of co-ordinates are by order of succesion 

the a0, b0 and c0 vectors i.e. the unit vectors of the na, n^, ny optical main 
vibration directions.

Calculation of Euler angles type I

0 = arccos (a0 • Z^
¥ = arccos (b0 ■ To)
To — cos (arccos aOx + 90°) i + sin (arccos aOx + 90°) j
Ф = arccos (To • Xo) = 270° — arccos aOx
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+x
Fig. la. Euler angles type I. 

An15 High temperature

I valid without any limitation. As in the case of 
ч in the 3rd quadrant (taking into consideration

These formulas are 
plagioclases na is alway
space above XY plane) these formulas can be used without limitation.

Euler angles type II

T = arccos (b0 • Zo)

= arccos («О^П»)

TJÍ0 = cos (arccos bOx — 90°) i +sin (arccos bOx — 90°)J

The last formula is valid only with limitation. If the value of arc cos
bOx is smaller than 90° and larger than 270°, this formula can be used, ho
wever if the value of ar icos b.
tionship is prevalent. Ox is between 90° — 270°, the following rela-

Гц» = cos (a, ’ccos bOx — 90°) г 4-sin (arccos bOx + 90°)^'

7? = arccos (Упо-^о)



Fig. 2a. Eulerian angles type 11.
An10 Low temperature



Fig. 2b. Eulerian angles type II. 
Ang0 High temperature

Euler angles type III

N = arccos (co ‘ ^o)
(«о ‘ ^Ho)
ccos COx — 90°) i + sin (arccos COx — 90°) j

Кл = arccos 

?nio = cos (an
This formula is valid with limitation similarly as it is in the case of

the Eulerian angles type II. If the value of arc cos bOx is smaller than 90°, 
this formula can be used. However, if the value of or it is larger than 270°,

arc cos bOx is between 90° — 270°, the following relationship is prevalent.
Tuio = cos (a -ccos cOx + 90°) i + sin (arccos cOx + 90°) j

D = arccos Xo ■ Io
D — 360°--(arccos cOx —90°)

The applicability of 
which are closed by the

these formulas depends on the value of the angles 
na, n^, and ny with the X axis. This fact follows

from the definition of ths Eulerian angles, because it is laid down that the 
rotation must be carried out into that direction where the two axes come 
into congruent rotating by the smaller angle around the rotation axis.



Fig. 3b. Eulerian angles type III. 
An0O High temperature
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We can see only one formula for the calculation of the value of the 
Eulerian angles type I, because the x component of the na main vibration 
direction of the plagioclase encloses an angle between 270° —90° with the 
X axis.

In a 1974 study lу C. Burri (Vereinfachte Berechnung der Euler- 
Winkel Charakterisieru ig der Plagioklasoptik) rotation of crystallographyc 
coordinate system X Y2 into coordinate system na, n^, ny a different method 
was used, thus here signs different from those in the 1967 study may appe
ar. In spite of this, the last idea of C. Burri is more closely related to the 
original method of Eulsr, owing to the abovementioned practical reasons 
we made an exception 1 о this latter study.
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by
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The Late Cenozoic orogenic period of the Mediterranean geosynclinal 
belt development was marked by exceptionally intensive and diverse tecto
nic deformations. The latter led to formation of its contemporary folded- 
nappe structure and contrasting relief. At the same time powerful and nu
merous volcanic outbursts are noted within the limits of this belt and some 
areas framing it.

We call the late concluding period of the geosynclinal belt develop
ment “cycle” following the geosynclinal period proper — the orogenic one. 
This is in accordance with the precise meaning of the term “orogenesis” 
(i.e. mountain building). At this period the part of ascending movements 
within geosynclinal troughs increases on the whole. The troughs die off, 
become subjected to folded upthrust and nappe deformations (in the be
ginning of the stage) and transformed into folded-block structures with 
mountain relief (at the end of the stage). Parallel to this margin foredeeps 
and inner (intermontane) depressions are set up. They widen and deepen 
being filled in with clastic material (molasse formations). Fast non-compen- 
sated submersion of some of them leads to the occurrence of deep depres
sions of inland seas.

Transition from the geosynclinal period proper to the orogenic one is 
manifested by dying off of the last geosynclinal troughs, occurrence of 
epigeosynclinal folded structures and initial stage of foredeep subsidence 
between them and the platform “frame”. This transition is not quite si
multaneous in different parts of the Mediterranean belt. It “glides” from 
the boundary of the Middle-Late Eocene till the Early Miocene-i.e. bet
ween 40 and 25 mln years ago. Two stages can be distinguished at the oro
genic period: a longer early one (15 — 30 mln years) and a shorter (5 — 10 
mln years) late one still in effect. They clearly differ in the style of tectonic 
movements and deformations, velocity, value and predominant directions 
of their horizontal and vertical components, type of relief, scale and pe
culiarities of volcanic activity and volcanic products. The second one 
should be more correctly called a mature stage taking into account that 
the orogenic period is far from being completed. These stages change nearly 
simultaneously all over the Mediterranean belt —in the Late Miocene
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(before the Late Sarmatim in the Caucasus) or at the boundary of Miocene
and Pliocene, i.e. betwee:я 10 and 5 mln years ago.

The aim of this con munication is to give a brief analysis ot tectonic 
conditions under which volcanic eruptions took place at the orogenic period. 
It is to clear up the structural position of volcanic areas and regions, to
ascertain kinematics of : 
stages and phases of orc;

movements and geodynamic situation at certain 
gensesis and to reveal peculiarities of geotectonic

regime and deep structu: -e of volcanic areas throwing light on deep proces
ses that controlled tectonic deformations and magmatism in the Mediter
ranean belt and its “fr ame” during the Late Cenozoic. These problems 
arouse keen interest an l draw attention of a wide circle of researchers. 
To analyze them we have at our disposal voluminous though not equal 
for different areas geological and geophysical material. At the same time 
we are still far from their complete and single-valued solution. Moreover, 
different researchers have put forward different almost contradictory ideas 
on geodynamic conditions under which deep magmatic chambers were 
formed and orogenic volcanism was manifested.

According to consid orations based on plate tectonics conception, essen
tially andesite volcanism, typical for the orogenic period, is identified with 
that of “island arcs” and is generically associated with processes of plate
collision and subduction in the hypothetic Benioff zones possibly existed in
different parts of the Mediterranean belt, where lithospheric plates and 
micro-plates approachec each other. Areas of volcanism of some epoch can 
be considered as a surface projection of the supposed Benioff paleo-zones —
along which the collisio; i and subduction of some lithospheric plates and
microplates under the ether one took place. Intensification of volcanism 
at some epochs in consid sred an indication of activization of these processes. 
In other words it is rega rded as evidence of horizontal contraction of some 
regions of the Mediterrai ean belt or its general compression at such epoch.

On the contrary, other researchers believe that intensification of vol-
canic activity in certair 
at certain moments of tei

regions of the Mediterranean belt indicates that 
ictonic development of this belt these regions were

subjected not to compression but to some extension (Milanovsky, Koko- 
novsky, 1973).

Late Geosynclinal Stage (Paleocene-Eocene).

Before analyzing te itonic conditions of volcanism at different orogenic
stages, let us briefly dv^ell upon the conditions maintained in the Medi
terranean belt at the la :est stage of the geosynclinal period proper —Pa-
leocene-Eocene. By the end of Mesozoic as a result of intensive horizontal
compression of the Midile and Late Cretaceous the ophiolite “trenches”
of the Mediterranean be
ber of geosynclinal trou^ 1

t were completely “closed”. At the place of a num
bs in its inner parts zones of folded or folded-nappe

structure appeared, sometimes with a wide development of strongly de
formed ophiolite complexes, mélange, etc. in them. Volcanic activity
attenuated, but in some regions Laramian intrusive massifs were formed
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(the zone of Bulgarian Srednegorye, Pontides and others). Only some tro
ughs with carbonate or flysch sedimentation still existed or were even 
somewhat activized in the Paleocene. During the Eocene, however (mainly 
in the Middle Eocene) the eastern half of the Mediterranean belt—from 
eastern Turkey to Afghanistan and Pamirs —was covered by enormous 
outbursts of extreme andesite volcanism (Fig. 1 ). By its scape (the volu
me of products — more than 200.000 km3, see table 1) the latter one much

Volumes of Cenozoic volcanic products in the Mediterranean belt 
(thousand km3)

Table I.

Periods of 
tectonic 

development
Stages of 

development
Absolute 
age, mill, 

y.
Western 

part

Trans
caucasian 

transversal 
zone

Eastern 
part Belt on the whole

Orogenic

Late 
(mature) 
orogenic 
end of
Nj-Q

5-10

30-35 37 5-10 80

120-125

geosyn
clinal
proper

early 
orogenic 
Pl-Nr 
late 
gaosyn-

25-40 38-43 ~1 ~1 40-45

clinal 
рГ2

55 ~1 ~200 ~200

exceeded all preceding ones and subsequent volcanic eruptions in the 
whole Mediterranean belt. (Milanovsky, Koronovsky, 1973; Koronovsky, 
1979). Eruptions occurred both under sea and onground under most diffe
rent tectonic conditions. These include some geosynclinal troughs, yet not 
subjected to folding (for instance, depressions of Minor Caucasus and 
Eastern Iran); median massifs (But and other massifs of Iran); some Meso
zoic folded zones and even some parts of epihercynian Turanian plate ad
jacent to the Mediterranian belt (Badhyz). Thus, Eocene volcanism was 
of areal superimposed character and manifested over an enormous terri
tory. Only its petrochemical character could somewhat vary depending 
on the peculiarities of structure and development of certain tectonic ele
ments. All this testifies to enormous dimensions and very deep occurrence 
of magmatic chambers feeding Eocene volcanoes. The absence of folded 
and upthrust deformations and of olistostrom complexes synchronous 
to volcanism in the whole eastern half of the Mediterranean belt testify 
against possible connection of Eocene volcanism with phenomena of com
pression and subduction in hypothetical Benioff zones. On the contrary, 
it gives grounds to believe that this vast area developed in the Eocene

6 ANNALES — Sectio Geologica — Tomus XXIV.
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under conditions of some horizontal extension. The eastern half of the Me
diterranean belt in its turn was the northern part of gigantic planetary 
area of Paleocene-Eocene volcanism and horizontal expansion covering the 
Northwestern part of the Indian ocean jointly with the adjacent regions 
of the Indian and Afro-Arabian platform and the Middle East (Milanov
sky, 1974). It must be noted that the western boundary of the vast Mid
eastern area of Eocene volcanism coincides with the West-Arabian deep 
fracture zone. This makes it possible to assume not left-but right-shifting 
wrench displacements to have taken place along this zone during the Eoce
ne contrary to those of subsequent times. These shifts led to a relative 
displacement of the Arabian block southward and contributed to the 
widening of the eastern half of the Mediterranean belt.

Early Orogenic stage (Late Eocene-Miocene).

During the Early Orogenic stage folded and folded-nappe structures 
are formed at the place of geosynclinal troughs and geoanticlinal uplifts. 
They are subjected to strong compression and differential uplift usually of 
moderate intensity. The foredeeps and some inner depressions occur at 
their periphery. The troughs are first sometimes non-compensated, but 
later they are filled in with mainly fine-grained molassic material. This in
dicates the absence of the high mountain relief. In some foredeeps only 
(for instance, Pre-Carpathian, Pre-Alpine) fine clastic sediments alternate 
with the coarser ones. Occurrence of folded structures is sometimes accom
panied by granitoid batholiths (the Alps, Dinarids, Eastern Pontides, 
Minor Caucasus, etc.) and regional metamorphism in their central zones. 
In a number of regions of the Mediterranean belt—on median massifs 
and inner zones of some folded structures — during the Early Orogenic 
stage subaerial, less often submarine volcanism with prevalence of explo
sive formations of acid and intermediate composition is manifested. Their 
total volume was estimated as 40 — 45,000 km3 (Milanovsky, Koronov- 
sky, 1976).

With Early Orogenic stage are associated linear-folded deformations 
most intensive and widespread over the area of the Mediterranean belt. 
In most epigeosynclinal folded systems they were accompanied by the de
velopment of gently dipping upthrusts and tectonic nappes with the ampli
tude of up to some dozen and even hundred km. The summary value of 
horizontal contraction of individual folded systems is estimated as being 
from several tens to 100 and even 300 km (Alps, by Trümpy, 1973). Fold

Fig. 1. Distribution of early paleogene volcanism in the structure of Mediterranean belt 
and its ’’frame”. Compiled by E. E. Milanovsky, 1980. 1 — 6 — Mediterranean geosyncli
nal belt:
1 — late geosynclinal troughs; 2 — Mesozoic folded zones; 3 — Hercynian folded zones; 4 — median massifs; 
5 — Mesozoic folded zones on the median massifs; 6 — Early-Middle-Eocene mainly andesitic volcanism in the 
Mediterranean belt; 7 — precambrian platforms and their submarine continuation; 8 — Paleocene-Eocene 
mainly basaltic volcanism on the platforms; 9 — regions of Paleozoic folding; 10 — Eocene volcanism in their 
limits; 11 — oceanic basins; 12 — Paleocene-Eocene basatltic volcanism on the oceanis floor

6*
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vergence and nappe move> ments nearly always (with the exception of Great
Caucasus) are directed towards the northern or southern platform “frame” 
of the belt and away from the median massifs located in the “rear” of fol-
ded structures. Therefore 
Owing to different orient

! their greater part is of monovergent structure, 
rtion and arc-like bends of many of them (Car

pathians, Hellenides, Taurides, Betides, Rif and oth.) the mass horizontal 
movement took very different directions. Only rare folded structures, supp-
ressed from two sides bet 
rigid massif (Pyrenées, p 
antivergent character.

: veen platform blocks or platform and peripheral 
iirtly, Alps and Great Caucasus), are of fan-like

In the eastern half oj the belt covering the Caucasus — Iran — Afgha
nistan, intensity of compi essional deformations falls down on the whole in 
comparison with the west ern (Mediterranean proper) half and some of the 
structures that occurred here at the Early Orogenic stage are of relatively 
simple folded structure. During this stage a number of rather short phases 
is distinguished when folc - and nappe-forming deformations were strongly 
intensified. They are as fellows: Pre-Late Eocene (Adigeny), Pre-Oligocene 
(Pyrenean), Late-Oligocene-Early Miocene (Savian), Middle Miocene (Sty-
rian), Late Miocene (Atti 3) . The relative role of these phases in the deve
lopment of individual ej igeosynclinal folded structures of the belt was 
different. In each of then, however, several (not less than two) phases are
manifested. The wave of । »mpressional deformations was always displaced 
from inner zones (rear in monovergent structures and central in the fan
like ones) towards the outer ones, and then involved the inner zones of 
foredeeps as well.

Roughly in the Early Orogenic stage we may distinguish two main 
substages corresponding о Late Eocene-Oligocene (Fig. 2Ä) and Miocene

Ace the boundary of the Middle-Late Eocene till 
geosynclinal troughs of Pyrenées, Balkan, Ponti- 

(Fig. 2B) respectively. Si 
the end of the Oligocene,
des, Minor Caucasus are completely “closed” and transformed into folded 
structures. Folded, upthr ist and nappe deformations cover inner zones of
the Alps, Dinarides, Hello 
Rif, Betides, southern sic 
ding towards the foreland ।

mides, Taurides, Zagros, Elburz Apennines, Tell, 
>pe of the Great Caucasus, etc, gradually sprea- 
of these geosynclinal systems. The inner zones of

Alps, Pyrenées and others are subjected to regional metamorphism si
multaneously with main < ompressive deformations and directly after them 
(in the Oligocene). The 01 gocene is characterized by the initial stage of the

(Fore-Pyrenean, Fore-Alpine). Outer zones of 
s or even some geosynclinal troughs on the whole

first foredeeps formation 
many geosynclinal systen í
(the Carpathian flysch trough), however, exist till the end of the Oligocene.

During the Miocene all these troughs or their outer zones die off,
flysch Carpathians, Kopet-Dag, the outermost zones of the Alps, Helleni - 
des, Taurides, Apennines, 
covered by folded or naj

, Atlasides, Betides and oth., are successively 
pe deformations and move upon their foreland.

Foredeeps appear or deep m and widen in direction to the platform in front 
of them. Bay the end of the Miocene their inner zones are also subjected to 
compressional deformations.
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Median massifs located between the main branches of folded structures 
of the Mediterranean belt in contrast to them were not subjected to com
pression during the Early Orogenic stage. Just the opposite they somewhat 
widened their area. They were dissected by diversely oriented, sometimes 
intersecting normal faults and gaping faults and were transformed into 
mosaic systems of horsts and grabens and sometimes of narrow troughs 
with the crust of suboceanic type. Rising mantle diapirs manifested by 
intensive regional isostatic gravity maxima (Artemyev, 1971) and vast 
fields of anomalously high heat flow (Öermak, Rybach, 1979) are closely 
connected with these massifs. Heating of the continental crust within the 
limits of these areas led sometimes to formation of palingenetic magmatic 
chambers and eruptions of volcanic rocks of mainly acid and intermediate 
composition. All these phenomena were rather poorly expressed in the 
inner zones of the eastern half of the belt but very strongly manifested in 
its western, Mediterranean proper one. This allows to speak about close 
structural and genetic connection between the deep mantle diapir uplift and 
diversely directed horizontal expansion of the crustal upper part in inter
mountain areas, on the one hand, and the compressional deformations and 
centrifugal (relative to intermountain areas) displacements (as if “wringing 
out”) of crustal upper parts in the alpine epigeosynclinal folded zones fra
ming the former on the other hand (Milanovsky, 1968; Milanovsky, 
Koronovsky, 1973). The process of mantle diapir rise in the areas of dif
ferent median massifs began, evidently, not quite simultaneously, pro
ceeded with different intensity and stopped at different stages. Early stages 
of this process — general elevation and surface fracturing with a formation 
of a number of shallow depressions — were “imprinted” in the Rodopian 
and Anatolian massifs. In the Pannonian massif horizontal expansion at 
the Early Orogenic stage (in Miocene) was more significant: here a denser 
network of deep volcano -active grabens appeared, and at the end of the 
Miocene general subsidence of the Pannonian basin started. Lastly, in the 
Western Mediterranean area vast and deep volcano-active grabens (Cam- 
pidano in Sardinia and, probably, a number of others) originated already 
in the Oligocene, and in the Miocene strong expansion and deep subsidence 
of vast basins (Tyrrhenian, Algeria —Provence, Balearian) began. They 
were evidently formed at the place of ancient median massifs involved in 
especially intensive processes of mantle diapirism. They are characterized 
by extremely high heat flow, rather thinned consolidated crust*  and highly 
elevated anomalously sharply pronounced asthenosphere (Berry, Kno- 
poff, 1967). In the Tyrrhenian basin, judging from the complicated cha
racter of bathymetry and geophysical fields, we deal with strong crust 
fragmentation and formation of a multitude of narrow horsts, grabens 
and spreading zones —the so to say dispersed rifting (Khain, Levin, 
1978). In the Algeria-Provence and Baleares basins in the Miocene general

* According to seismic data this crust is of “sub-oceanic” character; however, results 
of dredging in a number of sites of the Tyrrhenian basin demonstrated the outcrops of 
paleozoic metamorphic rocks on its bottom (Malovitsky, 1978).
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strong expansion and thinning out of continental crust and perhaps even 
its total break and wide spreading took place followed by general deep 
slightly differentiated subsidence since the end of the Miocene.

It is quite likely that the phenomena of horizontal expansion, frag
mentation and spreading of large crustal blocks in the Western Mediter
ranean area were accompanied by their certain general horizontal displa
cement in relation to the “platform frame” during the Early Orogenic 
stage. In particular, many authors have recently put forward reasonable 
assumptions, confirmed by the data of paleomagnetic researchers, on the 
eastern displacement of Corso-Sardinian and Tyrrhenian blocks with a cer
tain counter clock-wise rotation. This rotating movement was accompanied 
by strong expansion and spreading in the area situated to the west of the 
Corso-Sardinian block —in the Algeria-Provence and Valencia basin and 
strong compression within the Dinarides, Alpine and Apennine geosyncli
nal systems and East-Corsican zone.

During the Early Orogenic stage the areas of platform framing be
haved on the main as relatively rigid monolithic blocks. They were nearly 
not subjected to horizontal displacements with the exception of some parts 
adjacent to the Mediterranean belt where their platform cover was folded 
and partially torn off from its basement, mainly at the end of this stage 
(Jura mountains, Iberides, Atlasides, Palmirides).

Fig. 2. Structure, kinematics of tectonic movements and volcanic activity in the Medi
terranean belt in different stages of the Alpine orogenic period. Compiled by E. E. Mila- 
novsky, 1980.
A — early orogenic stage, early substage (P^-P3, 40-55 mln.y.ago); В — early orogenic stage, late substage 
(^,25—10 mln.y.ago); C — late (nature) orogenic stage (end of Nj —Q, 10—0 mln.y.)
1 — 15 — Mediterranean belt:
1 — residual geosynclinal and periclinal troughs on the stage of subsidence; 2 — zones of intensive folding in 
the dying of geosynclinal troughs; 3 — gently dipping thrusts and tectonic nappes; 4 — uprising (a — mode
rately, b — intensively) epigeosynclinal folded structures; 5 — foredeeps on the stage of subsidence; 6 — Mesozoic 
folded zones (shown on figs 2A and 2B); 7 — intermountain and intramountain depressions in the stage of 
subsidence; 8 — median massifs (inner Mesozoic folded zones including) with the manifestations of the mantle 
diapirism on the stage of uplift and initial fragmentation; 9 — the same, in the stage of intensive fragmentation 
and horizontal extension; 10 — the same, in the stage of general extension, prevailing subsidence, thinning and 
destruction of continental crust; 11 — the same, in the stage of general extension and formation of “suboceanic” 
crust; 12 — median and peripheral massifs without manifestations of mantle diapirism, uplifted parts; 13 — the 
same, subsided and compressed parts; 14 — the same, deeply subsided parts with “suboceanic” crust; 15 — parts 
of alpine folded structures involved into subsidence of deep sea depression

16 — 21 — “frame” of Mediterranean belt:
16 - ancient (pre-Cambrian) platforms; 17 — their marginal (pericratonic) depressions with the thinned con
solidated crust partly of suboceanic type; 18 — young platforms /"areas of paleozoic folding); 19 — areas of inten
sive uplift on the platforms; 20 — the same, of subsidence; 21 — oceanic basins
22 — 30 — structural and kinematic symbols:
22 — zones of compression and linear folding on the platforms; median and peripheral massifs and intermountain 
depressions; 23 — direction of horizontal compression in the upper part of crust; 24 — large-scale wrench faults 
and the directions of horizontal displacement along them; 25 — supposed directions of horizontal (rotational 
including) movements of the greatest blocks of the crust; 26 — large grabens, intracontinental rift zones; 27 — in
tercontinental rift zones; 28 — large fracture zones of fault, gape and fissure types; 29 — directions of horizontal 
extension in the upper part of crust; 30 — zones of the dispersed horizontal extension
31 — 37 — magmatism:
31 — granitoid intrusions; 32 — alcaline intrusions; 33 — essentially intermediate-acid (crustal) volcanism; 
34 — essentially basic (mantle) volcanism; 35 — mainly intermediate (andesitic) volcanism; 35 — alcaline 
volcanism; 37 — some large polygenic volcanoes
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During the peried from the Late Eocene to the Early Miocene the part 
of the West-European epi-Hercynian platform from the Bohemian to the 
Central French massif was subjected to horizontal extension in sublatitu- 
dinal (more exactly WNW- ESE) direction. This led to the formation of 
grabens of the Rhone, Rhine and Ohfe rift zones and block uplifts adjacent 
to them and manifestations of alkaline-basic volcanism. Generation of 
grabens of the Rhine rift system was preceded by the development of the 
Rhine domal uplift. It started already in Late Cretaceous whereas the 
Upper Rhine graben was set up only in the Late Eocene, and the other gra
bens parallel to it—in the Oligocene, i.e. simultaneously with the first 
powerful compressional deformations in the western part of the Mediter
ranean belt and were evidently kinematically connected with them. Let us 
emphasize that in the Late Eocene-Oligocene the main directions of com
pression in western zones of this belt (Pyrenees, Provence, Alps) were sub
meridional or NNE — SSW, i.e. strictly transversal in relation to the gene
ral direction of the simultaneous horizontal extension in grabens of the 
northern framing of the belt (Illies, 1975). In the Miocene subsidence and 
extension in the Upper Rhine, Hessen, Rhone grabens stopped. This was 
evidently connected with the change in the direction of compressing defor
mations in the Alps from NNE to NNW and NW. Thus, it became almost 
normal to the striking of these grabens. The Rhine-Rhone graben system 
is only some part of the extended long developing Rhine-Libyan rift belt. 
Its southern continuation is traced in the Tunisian strait, Tripolitania and 
Tibesti massif (Illies, 1969; Milanovsky, 1971). Thus, this transcon
tinental rift belt, striking in a parallel to the North-Atlantic one, crosses the 
Mediterranean geosynclinal-orogenic belt under nearly a right angle and 
as if “interfering” with it. The Oligocene Campidano graben in Sardinia 
and the Algerien-Provence basin of the Mediterranean Sea can be considered 
as elements of the Rhine-Libyan rift belt. The Campidano graben prior to 
the assumed counter-clockwise turn of the Corso-Sardinian block might 
strike in the Rhine (NNE) direction.

In the South the middle part of the Mediterranean belt is approached 
by the longitudinal Afro-Arabian rift belt inheriting a number of ancient 
extension and tectono-magmatic activization zones. It became a single 
immense system of rift structures in the Oligocene-Miocene. In contrast 
to the Rhine-Libyan rift belt it does not cross the Mediterranean belt and 
only reaches its southern margin (West-Arabian fracture zone). However, 
in ist northern continuation there is the largest Trans-Caucasian zone of 
transversal uplift, playing a very important role in neotectonics and mani
festations of orogenic volcanism of the Caucasus (Milanovsky, 1972).

Complicated structural pattern, direction and sequence of compressio
nal and extensional deformations in the Mediterranean belt and its nearest 
framing that went on during the Early Orogenic stage can hardly be ex
plained by some single simple mechanism, for instance, merely by rappro
chement of its northern and southern platform “frame” and subduction of the 
African and (or) European “lithospheric plates” under this belt. We recog
nize a definite part played by this factor, e.e. certain rapprochement and 
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possible relative shift of the African and European blocks, probably connec
ted with general Earth pulsations and periodically intensified at certain mo
ments corresponding to Stille’s orogenic phases. Nevertheless we cannot 
use it to explain either essential difference in time (from the Eocene to 
the Miocene) of folding of different structural zones, in particular of those 
located along the northern margin of the Mediterranean belt, or nearly 
simultaneous folding of arc-like structures along their whole striking, where 
directions of horizontal movements were different and almost contradic
tory at different places (Carpathian arc for ex.). We cannot finally give 
an explanation to the vast zones of horizontal widening and anomalously 
high heating present within this belt at the Early Orogenic stage. Tectonic 
deformations in the Mediterranean belt were more likely controlled by the 
joint effect of a number of factors, in particular the following:

1. Contraction of the width of individual geosynclinal troughs owing to 
rapprochement of the northern and southern “frame” of the Mediterranean 
belt and rigid (median and peripheral) massifs located within it during 
compression phases connected with general Earth pulsations (Milanov- 
sky, 1978) might lead to strong compression and folded-nappe deformati
ons of these zones.

2. The rise of heated mantle diapirs located in the inner areas of the 
Mediterranean belt —mainly under the median massifs-might lead to 
horizontal diversely directed extension of upper parts of their crust, its 
fragmentation by a system of grabens, origin of magmatic chambers 
(including intracrustal) and powerful volcanism (Fig. 4.). Expanding si
deways such massifs produced unilateral pressure on arc-like geosynclinal 
troughs framing them. By this they caused strong compression and “wrin
ging out” of the material that filled them in the form of a system of folds, 
upthrusts and nappes overturned towards the foreland (e.g. in arc-like 
systems of the Carpathians, Hellenides, Betides-Rif and oth.)

3. Similar or kindred phenomena could take place in uprising highly 
heated central zones of some folded structures exerting lateral pressure 
on its outer zones (Great Caucasus, Pyrenées)

4. Relative horizontal displacements and turnings of individual 
“rigid” blocks in the inner part of the belt (i.e. certain counter-clockwise 
rotation of the Corso-Sardinia, and Tyrrhenian blocks) could play an active 
part in the formation of folded and nappe structures of the Alps and Appen- 
nines and in gradual reorientation of the main direction of horizontal 
compression during the Early Orogenic stage (i.e. in the Alps —from 
NNE to the meridional and WNW).

Early orogenic volcanism

What part is played in the Mediterranean belt by volcanic formations 
corresponding to the Early Orogenic stage? How are they distributed in 
its structure? How are these manifestations of volcanism connected with 
the kinematics of movements and general geodynamic situation? It has 
already seen noted that the general volume of volcanic products of this
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stage is estimated apprc ximately as 40 — 45,000 km3, which is nearly twice 
as little as that of the Late Orogenic stage (about 80,000 km2). About 15,000
km3 falls to the Late E 
Miocene (see tabi. 1.).

icene and Oligocene, and about 30,000 km3 to the 
Thus, during the Early Orogenic and Orogenic

peried on the whole the volcanic activity gradually increased. Its mean 
intensity (with the account of stage and substage continuation) at the 
Early Orogenic stage у it Jded not less than 5 — 6 times that of the Late Oro-
genic, and its mean int« nsities in the Late Eocene-Oligocene, Miocene and
at the end of Miocene-Anthropogen correlate as 1 : 3 : 8 (see tabi. 1.).

The predominant fart of the general volume of volcanics of the Early
Orogenic stage (not less 
ranean proper) half of 
in the Paleocene-Middlc

than 80 — 90%) is located in the western (Mediter- 
the belt, where volcanism was practically absent 
Eocene. The major part of volcanics is represented

by rocks of acid and moderately acid composition: rhyolites, rhyo-dacites, 
dacites; the minor part —by intermediate (andesites, andesite-dacites). 
Basic rocks (basalts, an iesite-basalts) play a negligible part. This allows to 
believe the magmatic chambers feeding volcanoes to be located mainly in
the crust and to have palingenetic character. Rocks of high alkalinity
occur rather seldom. Ai nong the volcanic products tephra and nigimbrites
sharply dominate over 
mainly subareal erupti

■ lavas which indicates predominance of explosive, 
Í ms.

The main part of \ olcanic rocks is located in inner zones of the Medi-
terranean belt, mainly n its median massifs. This is first of all the Panno-
nian massif (about 20.0 )0 km3), Rodopian about 5,000 km3), Corso-Sardi
nian (more than 7,000 km3) and to much lesser extent, the massifs of Ana
tolia, Iran and Afghan i 
vimetric, seismic and t< ।

stan*. These are the areas where geothermic, gra- 
ctonic data show significant heating of the interior

transformation of the d sep crustal structure (rise of seismic boundaries) and 
versely directed extension (as if “creeping apart”) in its upper subsurface 
part. All these phenomena allow to assume deep mantle diapirs at the
Orogenic period withir these limits. These processes proceeded more in-
tensively in the western part of the belt, where the Early Orogenic volca-
nism was manifested n < 

Epochs of volcanic
ost powerfully.
eruptions and formation of extensional structures

on median massifs (grabens and graben-like basins, where volcanites are
mainly located) are sh 
intensive compressions

ted to correlate in general in time with epochs of 
1 deformations (folds, upthrusts and nappes) in

geosynclinal troughs (arc-like on the plan) surrounding these massifs. Ver
gence of compressional structures and horizontal mass displacement in the
latter were always directed away from the median massif, i.e. from the 
area of volcanism which nowhere at this epoch penetrated to the limits of 
the zones of folded deformations. Thus, in the Rodopian massif volcanism 
and extension deformat ions took place in the Late Eocene-Oligocene. Of the

* One may assume vojcanics of Oligocene-Miocene age to exist also within the limits 
of Alboran, Tyrrhenian, Bilearian basins, which were median massifs at that stage. In
Alboran basin volcanics of 
(Girod, 1977).

calc-alkaline series were stated with the age of 20 mln years
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same age are on the whole compressional deformations in the Balkanides, 
Dinarides and the inner zones of the Hellenides, framing this massif in 
the North and South-West. On the Sardinian massif volcanism and gra
ben formation refers to the Oligocene-beginning of the Miocene. On the 
whole the epoch of compression and centrifugal displacement (as if “pus
hing aside”) of masses from the median massif in the inner zones of the 
Appenines and Tell Atlas corresponds to the same time. In the Pannonian 
massif volcanism and graben formation took part in the Miocene, i.e. on 
the whole simultaneously with the epoch of folded-nappe deformations 
in the flysch Carpathian arc surrounding it from three sides. Volcanism 
in the last region covered not only the median massif proper but the inner 
zones of Carpathians adjacent to it in the North and East subjected to 
intensive folding at the Late Cretaceous and as if attached to the rigid 
Pannonian intermountain area. But in these zones (Slovakain inner Car
pathians and Apuseni mountains) volcanic rocks were of less acid, mainly 
andesite-dacite composition, and, evidently, originated from deeper mag
matic chambers. In addition to typical median massifs, horizontal exten
sion deformations and accompanying outbursts of volcanism at the end of 
Early Orogenic stage touched upon some areas which we propose to call 
peripheral massifs (Milano vsky, 1974; Milanovsky, Koronovsky, 
1973). — In particular, this refers to the eastern part of the Iberian massif 
where during the last years deep rift-like Valencion basin of the north
eastern striking was revealed, which is a branch of the submeridional 
Algeria-Provence basin. Intensive extension, subsidence and outbursts of 
volcanism proceeded here in the Miocene (a series of andesite and dacite 
tuffs of the age of 20 mln years was stated by drilling).

It should be stressed that in all the marked areas only general correspon
dence of the epochs of orogenic volcanism and extension in median massifs 
to compressional deformations in folded areas adjacent to them is observed. 
But it does not refer to individual folding phases in them and main volcanic 
paroxisms on the massifs. Thus, for instance, the first (Sahwa) phase of 
compressional deformations in the western part of flysch Carpathians at 
the boundary of the Oligocene and the Miocene preceded, and the last one 
(Post-Sarmatian, Attic) took place after main eruptions on the Pannonian 
massif occurring since the Helvetian up to the Early Sarmatian. Thus, the 
main extension deformations in areas of rising mantle diapirs took place, 
evidently, between the regional compressional paroxysms in alpine folded 
zones and in the whole Mediterranean belt.

Of lesser significance in the general balance of volcanic material are 
eruptions that occurred in the innermost zones of some alpine folded struc
tures subjected to intensive compressional deformations in the Late Eocene 
or Oligocene, in particular, in the inner zones of the Dinarides, Hellenides, 
Betides, Rif, Tell Atlas and the most eastern part of the axial zone of the 
Alps. However, in all these areas small subareal eruptions took place at 
the end of the Oligocene of the Miocene only after folded upthrust defor
mations in a respective zone had completed. Eruptions in these zones were 
accompanied or directly preceded by intrusion of granitoid batholiths
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and stocks (comagmat c with volcanites), and in the inner zones of the 
Alps —by manifestations of regional metamorphism. In the Rif and Tell 
Atlas areas volcanic a< tivity — according to L. Glangeau (1954) during
the Miocene gradually 
nappe compressional d 
cano-active regions of

spread southwards following the wave of folded- 
iformations. It should be noted that all these vol- 
nner zones of folded structures directly adjoin the

median massifs (Panno lian and Rodopian) and also the Alboran and Bale-
arian basins that used :o be median massifs up to the Early Orogenic sta-
ge. Thus, in the inner z mes of the alpine folded structures magmatic melts
had access to the surfa ;e only when strong horizontal compression in them
attenuated and weak expansion spread over to them from the side of the
adjacent median mass: f. The role of main channel along which high heat
flow propagated and ac id magmatic melts rose to the surface was evidently 
played by deep tectonic sutures separating median massifs from adjacent 
folded structures and ilso the axial suture of the Alps (the suture zone
Ivrea-Drava), that is, as if some continuation of the Pannonian massif
wedging out westward.

During the Oligoc me and the Miocene volcanism was manifested also 
in certain parts of the “frame” of the Mediterranean belt. The beginning
of basalt eruptions in STorth Arabia and North Africa-i.e. in the northern
part of the Afro-Arabian and southern part of the Rhine-Libyan rift belts 
refers to this time (in both of these zones the volcanism increased sharply
during the Late Oroge 
hin the limits of ep: 
French massif, Rhine, 
with processes of horiz

nie stage). Essentially alkaline-basic eruptions wit- 
hercynian West-European platform—in Central- 
Bohemian-Sudetian areas were closely connected 

ontal extension accompanying the origin and deve-
lopment of the Rhone, Rhine and Ohfe rift systems. In the Rhine area
the earliest numerous small manifestations of the alkaline volcanism took
place at the end of the Cretaceous-Eocene and, thus, contributed to the
development of the Upper Rhine domal uplift and preceded the occurrence
of the Upper-Rhine axial graben. Maximum of volcanic activity in the 
zone of this graben ai d its flanks and the northern ending refers to the 
Early-Middle Miocene

Late Orogenic stage

In Late Orogenic stage that started 5 — 10 mln years ago i.e. in 
Late Miocene or at t ie boundary of the Miocene and the Pliocene

the 
and

continuing up to now, the character of tectonic situation in the Mediterra
nean belt essentially c ranged as compared with that of the Early Orogenic
(Fig. 2c). In particula ’, this refers to its western, Mediterranean part pro
per. Here folded-upth mst deformations cease almost everywhere. Only in
the beginning of this s :age they still went on in some parts of the outermost 
zones of three folded structures: 1) the zone of Jura mountains with its
southern continuatior near the outer margin of the Western Alps, which
was folded and partially thrusted over the Oligocene graben Bress at the 
boundary of the Mioc me and the Pliocene (in the Pontian ) in the N — W
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direction; 2) the easternmost outer zone of Northern Appenines and 3) 
southern termination of the eastern (Rumanian) flysch Carpathians with 
parts of foredeeps adjacent to these structures, where formation of folds 
and upthrusts ended only in the Pliocene. On the contrary, in the eastern 
part of the Alpine belt foldedupthrust deformations in outer and periclinal 
zones of a number of folded structures went on in the Pliocene, though not 
everywhere. They continued also in the inner zones of foredeeps and some 
inner (intermountain) depressions. Thus, these deformations are known 
in the eastern half of the Caucasian area in the Terek-Caspian foredeep, 
Kura intermontane depression, Apsheron periclinal zone, South Caspian 
basin, outer zone of the Kopet-Dag and Fore-Kopet Dag foredeep, South 
Tadjik depression and Fore-Pamirs foredeep, and also in the outer zone 
of the Zagros, Messopotamian foredeep and outer zones of the Suleiman-Kir- 
tar mountains and their foredeeps.

During the Late Orogenic stage the uplift (evidently of isostatic na
ture) goes on and is even intensified in a number of large folded structures, 
mainly of divergent tectonic style (Pyrenées, Alps, Great Caucasus, Elburz) 
or without clearly expressed vergence (Eastern Pontides, Minor Caucasus, 
Pamirs, etc.) The amplitude of rise of these alpine structures during the 
Late Orogenic stage reaches 3 — 5 km and in some cases more than 7 km 
(Pamirs). The foredeeps framing them in the western half of the belt die 
off and become involved in a weak elevation (Fore-Pyrenéan, Fore-Alpine, 
Fore-Karpathian, Fore-Rif foredeep and oth.). In the eastern half submersi
on of a number of foredeeps and their outer zones in particular went on in 
the Late Orogenic stage (Fore-Caucasian, Fore-Kopet Dag, Fore-Pamirs, 
Fore-Zagros or Mesopotamian, Fore-Suleiman-Kirtar foredeep).

Alongside with this numerous monovergent folded-nappe structures, 
mostly in the western half of the belt are subjected to some extension du
ring the Late Orogenic stage. Many superimposed intramountain depres
sions and grabens occur on their bodies — most often longitudinal, less 
often diagonal or transversal (for instance, Gibraltar, Messina, Corinthian) 
limited by normal faults. These grabens and basins, as a rule, are filled in 
with Pliocene and sometimes Miocene (for ex., the Wien and Minor Hun
garian basins) and Quaternary sediments and, as a rule, are directly mani
fested on the relief. These structures are typical for the Carpathians, 
Balkan (narrow Trans-Balkan grabens), Minor Caucasus (Sevan and other 
depressions), Apennines, Dinarides (their southern part most of all), Tau
rus, Tell and Tunisian Atlas and especially for the Betides and Hellenides, 
in the eastern parts of which (Balearian islands, Crete arc and South Aegéan 
basin) the subsiding regions even surpass the elevating zones by their 
area. These folded structures or at least their inner zones were subjected 
to more or less considerable horizontal extension during the Late Orogenic 
stage. In geothermal way they are characterized by the change of high 
values of the heat flow into tbe low ones across their striking from inner 
zones to the outer ones. As a rule more frequent and intensive crustal 
earthquakes are peculiar rather to these structures than to relatively 
“monolithic” uplifts like the Pyrenées, the Alps and the Great Caucasus.
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During the Late Orogenic stage-late in the Miocene and the Pliocene 
subsidence of a number of median massifs located mainly in the western 
half of the belt is intens ified. Let us recall their connection with a number
of growing deep-mantle 
are formed either vast 
Miocene, Pliocene and

diapirs at the Early Orogenic stage. In their place 
intermountain depressions filled in by thick late 
Quaternary continental molasses (Pannonian for

instance) or not quite compensated basins occupied by more or less deep
inner seas with rough, 
or relatively smooth f

highly dissected (Aegean, Alboran, Tyrrhenian) 
oor (Balearian, Algerian-Provence basin). These

morphological differences evidently reflect a greater extent of the bottom 
extension and fragment ition, a younger age and relatively lesser thickness 
of sedimentary cover in the first group of deep sea basins. Their crust is
of mosaic or keyboard g tructure, where relict relatively elevated continen
tal blocks evidently alternate with grabens with thinned crust and small
spreading zones filled 
origin (zones of dispers 
group, they are charac

in with basic and ultrabasic material of mantle 
5 id rifting). In contrast to the basins of the second 
erized by high seismicity and intensive manifesta-

tion of Late Orogenic and contemporary volcanism. Older (?) basins of the 
second group are filled in with thick (up to 6 — 8 km) Cenozoic and Meso-
Cenozoic deposits. The 
anic character, probab

:rust in them, according to seismic data, is of suboce- 
y connected with the extension process that began

earlier, went farther hire (rifting) and was of more concentrated nature. 
It is not excluded, how ever, that the crust of these basins was subjected to 
transformation process (“oceanization”) without strong extension. Both 
groups of basins are c laracterized by an extremely high heat flow (Cer-
мак, Rybach, 1979) and significant regional isostatic gravity maxima
(Artemyev, 1971). The latter testify evidently to continuing develop-
ment of mantle diapir; 
general regional comp ’

. However, in contrast to the Early Orogenic stage, 
■ession does not hinder it any longer in the western

part of the Mediterranean belt. This leads to widening of the whole “co
lumn” of the mantle diapir (not only of its uppermost sub-surface part as
in the Oligocene and 
dence.

:he Miocene) and, respectively, to its general subsi-

Lastly, at both fh mks of the Mediterranean belt, its middle transversal
section, there are vast 
perhaps partially Pai
Mesozoic or even the 
with its northern “a

deep basins with ancient probably Pre-Cambrian and 
eozoic basement subjected to subsidence since the

of the belt (d’Argeni 
basin in its northern

; ’aleozoic. It is an immense East Mediterranean basin 
qpendix” —the Adriatic block in the southern part
hea, 1980) and Black Sea and the South Caspian

>art. During the Late Orogenic stage all these basins
were subjected to fast non-compensated subsidence and acquired the
character of deep-sea 
ficant in comparison

depressions; but its value (several km) is still insigni- 
with the total thickness of the cover amounting to

10—15 and even more than 20 km (in the South-Caspian basin).
The East-Mediterranean basin is an area of pericraton subsidence of

the ancient African 
are, evidently, ancie:

platform. The Black Sea and South-Caspian basins 
: it median massifs, separated from the East-European
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platform still in the Baikal cycle. Should mantle diapirs ever have existed 
within their limits it could have been only in the Paleozoic. Consolidated 
crust in these basins is very thin or might be completely deprived of the 
socalled “granite” geophysical layer (Black Sea, South Caspian basins). 
Its disappearance, however, took place much earlier than in the basins of 
the West Mediterranean. They sharply differ from the latter by normal or 
even anomalously low heat flow (especially the Black Sea and the East 
Mediterranean basin), regional isostatic minima, absence of volcanism, 
aseismicity or poor seismicity of their inner zones. Sediments on their floor 
occur smoothly or build gentle con-sedimentational developing folds 
expressed in the floor relief (Southern Caspian). Alpine folded structures 
framing them do not display centrifugal vergence, but, just the opposite, 
in a number of places they are more or less upthrust onto such basins 
(Hellenides, Taurides, Great Caucasus, Elburz and others) and are even 
separated from them by a peculiar trench or a foredeep (Hellenian trench). 
Morphological similarity of these peripheral deep basins with those of the 
West Mediterranean is evidently explained not by similarity of their tec
tonic position, structure and development, but by the common properties 
of the geodynamic regime that was established in the Mediterranean belt 
at the Late Orogenic stage. During the Early Orogenic stage the general 
horizontal compression which prevailed in it periodically intensified du
ring several orogenic phases. Horizontal extension was manifested only 
locally in the regions of growth of the mantle diapirs (i.e. in a number of 
median massifs). Just the opposite, during the Late Orogenic stage in the 
western half of the belt phenomena of general horizontal extension began 
to dominate. The latter occurred both in the intermountain area and within 
the limits of many alpine folded structures. General expansion of the terri- 
torry of the Mediterranean belt led evidently to “subsidence” of the bottom 
of the most peripheral basins.

In the eastern half of the belt the role of extension deformations and 
crustal fragmentation at the Late Orogenic stage also somewhat increases, 
especially, within its inner parts occupied by median massifs and the ol
dest, mainly, Mesozoic and partially Late-Eocene (Minor Caucasus) folded 
zones. However, in outer zones of the eastern half of the belt several phases 
of rather strong folded deformations are connected with the Late Orogenic 
stage. These differences in kinematics of movements and general geodyna
mic conditions in the western and eastern halves of the Mediterranean belt 
at the Late Orogenic stage should be evidently connected with sinistral 
horizontal displacements of large amplitude along the West-Arabian 
(Levantinian) shift zone in the northern part of the African-Arabian belt 
which sets against the southern edge of the Mediterranean belt near the NE 
corner of the Mediterranean sea. During the Late Orogenic stage along this 
suture the western-African block was relatively displaced southward 
whereas the eastern-Arabian — was displaced northward and underthrust 
(“subducted”) under the eastern part of the Mediterranean orogenic belt. 
This defined a relatively great role of deformations of horizontal compressi
on in its part which is northward and north-eastward  of the Arabian platform.

7 ANNALES — Sectio Geologica — Tomus XXIV.
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At the end of the Miocene and especially, in the Pliocene and Anthro-
pogen the Afro-Arabia 
zones (in particular, in

,i rift belt was activized; the extension in its rift 
the Red Sea rift), the growth of arch-block uplifts

connected with them and volcanic activity within its limits (in particular, 
in the western part of t ae Arabian platform) increased considerably. It has 
already been mentioned that in the northern continuation of the Afro-
Arabian belt the Medit 
Trans-Caucasian trans-
of the longitudinal tech 
Trans-Caucasian transz

: jrranean orogenic belt is crossed by the zone of the 
versa! uplift where positive undulations of most
onic zones of this segment take place. The zone of 
ersal uplift grows intensively and acquires the role

of the principal watershed of the whole Caucasian isthmus during the 
Orogenic period and especially Late Orogenic stage. Significant part of
manifestations of Late 
located here.

During the Plioceri 
rift belt- the Rhine-Li; 
adjacent to the margin

Orogenic volcanism in the Mediterranean belt is

area of the Tunisian-Si 
horsts appears NW of 
and studied by seismic

After a long pause

e and the Anthropogen the development of another 
uan one —is also activized. In its southern part 
of the Mediterranean orogenic belt, in the shallow

hlian strait the whole system of linear grabens and 
the striking, clearly expressed in the bottom relief 
methods in details during the last years.

j (Middle Miocene — Early Pliocene) revived is the
Upper Rhine graben, IE ince the main direction of the extending efforts in 
the Rhine rift system t lis time becomes SW — NE, i.e. close to the striking 
of the Upper Rhine graben, mainly sinistral shifts of blocks occur there. 
Only its parts of submeridional striking are subjected to considerable ex-
tension and subsidenc . Simultaneously the development of the Lower
Rhine graben extended in NW direction, i.e. approximately normal to
the vector of main ex: 
that NW, WNW and

:ending stresses is also activized. It is remarkable 
less often sublatitudinal directions characterize

numerous narrow zones of anomalously high heat flow revealed within the
limits of the Paleozoic 
“half-open” as a result 
the SW-NE or SSW-

folded area of West Europe. They were evidently 
of the in this area prevailing regional extension in 
NNE direction.

Late orogenic volcanism

During the Late Orogenic stage the intensity of volcanic manifesta
tions in the Mediterranean belt increases 5 — 6 times in comparison with 
the Early Orogenic ones. It is remarkable that sharp intensification of vol
canism in it coincides with certain attenuation of compression in the eastern
half of the belt and their complete cessation and wide development of 
extensional deformations in its western part. The connection of these
phenomena is underlieed by the fact that out of the general volume of
products of Late Orogenic volcanism (about 80,000 km3) only 10% falls
to the eastern part of 
40% falls to the westen

the belt (Iran, Afghanistan, Pakistan). More than 
n, Mediterranean proper, and more than 45% of all

volcanic rocks (37,000 km3) falls to the Trans-Caucasian transversal uplifts
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dividing these parts, (see tabi. 1.) Comparison of areal of the Late Orogenic 
volcanism with the distribution of the heat flow in Europe (Öebmak, 
Rybach, 1979) demonstrates their location in the regions with the highest 
heat flow values. It should be added that some highly thermal regions (e.g. 
the Pannonian basin) are characterized by considerable manifestations of 
volcanism that took place mainly not in the late orogenic stage, but at the 
end of the Early orogenic one — in Middle-Late Miocene (10 — 15 mln years) 
ago). Evidently, the variations of the thermal field proceed rather slowly, 
and the crust in such regions nearly did not cool down. At the same time 
the highest heat flow values show a direct correlation with zones of the re
cent extension stated by the geological data (rift zones, grabens, areas of 
dispersed rifting and fragmentation of the crust). The highest sharply 
expressed heat maxima coincide with the highest regional isostatic gravity 
maxima (Tyrrhenian, Pannonian, Aegean, Trans Caucasian) evidently, 
caused by the rise of deep basic and ultrabasis mateiral above these zones 
(Fig. ЗА, В, С).

In the western (Mediterranean proper) part of the belt the prevailing 
part of volcanic manifestations at the Late Orogenic stage, the way it was 
at the Early Orogenic one, is located at the inter-mountain areas —the 
Central Anatolian, Aegean-Rodopian, Pannonian, Tyrrhenian. However, 
powerful subareal eruptions of products of intermediate-acid composition, 
including large masses of ignimbrites, occurred (mainly early at the Late 
Orogenic stage) only in those inter-mountain areas where development of 
mantle diapirs proceeded at a slower rate and which at this stage were 
rather strongly, dissected by fractures but on the whole relatively uplifted 
median massifs (Kirshekhir and Menderes massifs in Anatolia). Ignimbrite 
eruption of acid palingenetic magma at the Anatolian massifs alternated 
(at the beginning of the stage) and then (at its end) were totally replaced 
by extrusions of basic lavas (basalts and andesite-basalts) originating 
from deeper magmatic chambers. In more “mature” inter-mountain areas, 
where development of mantle diapirs progressed further and which after 
fragmentation and extension of their surface were subjected to general 
significant subsidence at the end of the Miocene and in the Pliocene 
(Pannonian, Tyrrhenian, Central part of the Aegean) the zones of the 
highest volcanic activity were removed to their periphery and appeared to 
be located mainly in the half-open at the Late Orogenic stage longitudinal 
rear sutures separating these intermountain areas from the adjacent folded- 
nappe structures (Eastern Carpathians, Apennines and others) and partially 
even to deep diagonal and transversal faults crossing them (volcanic range 
Kaliman-Hargita, Etna and others) and even to deep fractures and linear 
grabens, spreading beyond the limits of the Mediterranean belt to its 
platform (volcanoes of the Pantellerian graben, basalts of Trans-Balkan 
transversal fault and oth.)

Volcanic activity went on somewhere in the central parts of the inter
mountain areas transformed into vast intermountain depressions (Panno
nian) and deep-sea basins (Tyrrhenian) with some inner horst-like basement 
blocks but was much less intensive on the whole here than in the peripheric

7*
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zones of inter mountain areas. Character and composition of volcanic rocks 
in “mature” inter-mountain areas at the Late Orogenic stage changes essen
tially: the part of ignimbrites sharply decreases, explosive activity on the 
whole yields to predominance of lava extrusions, outbursts of acid and 
intermediate-acid material are replaced by eruptions of andesites, andesite
basalts and basalts. In a number of regions appear subalkaline and alkaline 
products, essentially potassic volcanites in the Naples region including.

In the eastern part of the belt, after nearly total absence of volcanic 
activity in the Oligocene-Miocene, the latter flashes again at the end of the 
Miocene and in the Pliocene. Quantitatively it yields significantly to the 
western part of the belt. Its manifestations at the Late Orogenic stage are 
connected with median massifs (e.g. the Lut volcanic area on the Lut 
massif) and their parts subjected to reworking and folding at the end of the 
Mesozoic (Gazni, Kokh-i-Sultan, Taftan, Bazman, Yezd, Sahend and other 
areas on the Afghanistan and Iran massifs). On the whole all these volcanic 
areas trend to the periphery of massifs and tectonic sutures bordering and 
complicating them. Of peculiar position is a large poligenous Demavend 
volcano located at the transversal tectonic zone in the Elburz anticlinorium 
formed at the Early orogenic stage. Prevailing part of the volcanites is 
represented by andesites, the lesser one —by dacites and trachi-andesites 
(Demavend), i.e. by rocks more typical in the western part of the belt for 
the Early Orogenic stage. There are also rather many monogenous basaltic 
cones.

The strongest manifestations of the Late Orogenic volcanism are 
associated with the zone of Trans-Caucasian transversal uplift where at 
the Early Orogenic stage volcanic activity was nearly absent. Volcanic 
regions at this zone are located in the rigid “inner massifs” of the Great 
and, mainly, Minor Caucasus and Eastern Taurus, North-Caucasian “mar
ginal massif”, some parts of the Georgian and Iranian median massifs 
and also to much lesser extent —in certain longitudinal and transversal 
tectonic sutures crossing the zones of Mesozoic and Oligocene folding adja
cent to these rigid blocks. On the whole, however, all the volcanic areas of 
the Caucasus and Armenian highland trend to a wide submeridional zone, 
crossing practically the whole Mediterranean belt. Many volcanic regions 
and chains of volcanoes are located in a number of transversal faults and 
deep fractures of submeridional and north-eastern striking. During the Late 
Orogenic stage the Trans-Caucasian transversal zone was subjected to a 
gentle arch-like bulging up accompanied by weak extension in sublatitu- 
dinal (i.e. longitudinal in relation to main tectonic zones of the Caucasian 
segment of the Mediterranean belt) direction. The uplift of Transcaucasian 
zone was evidently associated with the rise of a vast deep asthenolith 
which is in essence the northern termination of the grandiose submeridional 
zone of mantle diapirism controlling the development of Afro-Arabian 
rift belt (Fig. 3C). High heat flow values, extensive positive regional isosta
tic gravity anomalies and an area of relatively lower density upper mantle 
material recently revealed under them (Vinnik, 1976) testify in favour of 
the existence of active mantle diapir under the Trans-Caucasian transver
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sal tectonovolcanic zone. It is interesting to mention that the Trans- 
Caucasian tectono-volcf nie transversal zone jointly with West-Arabian 
(Levantinian) wrench fault zone of Afro-Arabian rift belt separates the 
western part of the Mec iterranean orogenic belt with sharp prevalence of 
horizontal extension at he Late Orogenic stage from its eastren part with 
simultaneous manifestations of compression.

During the first, most powerful phase of the Late Orogenic volcanism 
(at the end of the Mioa sne-beginning of the Pliocene) explosive eruptions 
of essentially andesite г nd also more acid products (up to rhyolites) pre
vailed in the Trans-Car casian zone. During the successive phases (in the 
Late Pliocene and Anthropogen) intensity of eruptions decreases on the

•usions of basic andesite-basalt and basalt lavas whole, the part of ext
among their products ir creases. However, some local intracrustal magma
tic chambers are preserved producing volcanic material of andesite-dacite,
dacite and even rhyolite 
volcanoes).

composition (Elbrus, Aragaz and other polygenic

In the platform framing of the Mediterranean belt significant inten
sification of volcanic activity also corresponds on the whole to the Late- 
Orogenic stage of its de /elopment. It is especially sharply displayed in the 
West-Arabian basalt province, i.e. in the northern part of the Afro-Arabian 
rift belt, directly eastward of the Red Sea rift and Levantinian sinistral
wrench fault zone.

The West-Arabian □rovince with its immense Pliocene and Quaternary 
basalt extrusions almost directly joins the volcanic fields of the Trans- 
Caucasian transversal zone in the North. This testifies in favour of the direct 
connection between the r deep magmatic sources.

In the Pliocene-A ithropogen volcanism is activized in both parts 
of Rhine-Lybian rift jolt — its southern, North-African part (vast basalt 
fields of Tripolitania, cc ntrast basaltrhyolite series of the Tibesti highland)
and its northern, West European part (volcanoes of the Central French 
massif). Reorientation of the direction of main extending stresses at the 
Late Orogenic stage ir comparison with the Early Orogenic stage from 
WNW —ESE to SSW-NNE did not favour to wide manifestation of 
volcanism within the Rhine rift system.

In the Pliocene-A ithropogen basalt volcanism is activized on the 
westernmost parts of tie platform frame of the Mediterranean belt—in 
Morocco and on the Ibc rian peripheral massif.

Conclusion

The brief review o: Cenozoic volcanism in the Mediterranean belt and 
its relations with tectonic movements and structures given above show 
three main stages to be observed in the history of tectonic development 
and volcanism in this b sit in the Cenozoic. These stages are: Late-geosyncli- 
nal or Pre-Orogenic (P — P|~2, Early Orogenic (P| —Nx) and Late Oro
genic (the end of NT —Q).
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During a peculiar tectonic pause separating Late Mesozoic and Ceno
zoic epochs of the strongest compressional deformations in the Mediterrane
an belt the most immense at the whole alpine cycle eruptions of calc-alkaline 
essentially andesitic series took place in the Early-Middle Eocene. Being so, 
volcanism occurred only in the eastern half of this belt, where nearly total 
absence of compressional deformations corresponds to the Early-Middle 
Eocene.

The Early Orogenic stage-the time of the most intensive compressional 
deformations, folding and nappe formation in most of the mountain struc
tures of the Mediterranean belt and, evidently, of its general narrowing, — 
yields strongly, not less than 5 times, to the late geosynclinal stage by total 
volume of volcanic products, by the energy of volcanic processes and even 
more sharply- by volcanism intensity. It was especially low early in this stage 
(in the Late Eocene) and then in the Oligocene and the Miocene began to 
grow gradually. Volcanic areas at this stage were almost totally located on 
these median massifs under which development of mantle diapirs started 
at this epoch. Volcanic acticity was directly connected with the intensity 
of deep material rise and interiors heating within their limits. In the upper
most part of the Earth’s crust of such massifs differentiated block move
ments occurred and numerous extensional structures (horsts, deep gra
bens, faults, fractures) appeared. Thus, in spite of the regional compressio
nal conditions in the Mediterranean belt the horizontal expansion of the 
intermountain areas took place as if they were “crawling away” (Fig. 4.). 
Phases of volcanism intensification in median massifs do not generally 
coincide with phases of folding, i.e. intensification of the Mediterranean 
belt general compression but alternate with them.

During the Late Orogenic stage general compression in the western 
half of the belt sharply decreases and even ceases and processes of extension 
and graben formation are widely displayed. The latter involve even many 
alpine folded structures. Median massifs (intermountain areas) are sub
jected to deep subsidence (“collapse”). Deformations of compression go 
on only in the esatern part of the belt, mainly in its outer-most zones. Vol
canism at this stage is considerably intensified, its mean intensity increases 
5 — 6 times as compared with that of the Early Orogenic stage. Volcanic 
activity of the western part developing under conditions of certain general 
extension on the whole exceeds several times the one of the eastern part of 
the belt where compressional deformations go on. The main zones of vol
canism remain (intermountain areas i.e. median massifs) and inner basins 
formed at some of their places. Volcanic areas, however, are displaced to 
their periphery spreading to those zones of adjacent folded structures, 
where compression conditions were replaced by those of certain extension 
at the Late Orogenic stage. Essentially intracrustal anatectic foci of acid 
volcanism in the western part of the belt predominant at the Early Oro
genic stage are gradually replaced by the eruptions basic and alkaline- 
basic magmas of deeper (mantle) origin.

At the Late Orogenic stage the zone of Trans-Caucasian transversal 
uplift separating the western and eastern parts of the Mediterranean belt 
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initial stage 
of mantle diapir 
rise

(beginning of 
orogenic period) 

phase of
general compression

(early orogenic stage) 

geosynclinal through platformmedian massiv

phase of
general extension 
and subsidence

(late orogenic stage)

Fig. 4. Idealised scheme of mi ntle diapir evolution during the orogenic period of the deve
lop ment of the Mediterranean belt.
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acquires the role of the most important volcanic province of this orogenic 
belt. This zone lies on a direct continuation of the sub meridional Afro- 
Arabian rift belt, activized late in the Miocene-Pliocene and is its northern 
ending crossing the Alpine orogenic belt. Thus volcanic processes and tec
tonic deformations in the Trans-Caucasian transversal zone were evidently 
controlled by the development of a great submeridional system of mantle 
asthenoliths interacting in a complicated way with that of sublatitudinal 
deep structures of the Mediterranean belt.

As seen from all the above-said, manifestation and intensity of Ce
nozoic volcanism in the Mediterranean belt in time directly depended on 
the phenomena of extension and inversely —on those of compression. 
Volcanic zones were located in the areas of anomalously high heat flow 
subjected to horizontal extension (in a number of cases — local extension 
which took place under conditions of general compression). These empirical 
regularities concerning the conditions of orogenic volcanism manifestations 
appear to be common in principle with those of volcanism of rift zones, 
platforms and other tectonic structures. They can hardly be combined 
with the interpretation of the Cenozoic volcanism of the Mediterranean 
belt put forward by some researchers who try to explain it in the light of 
“classical” global tectonics conception —i.e. as island-arc type volcanism 
proceeding under conditions of collision and subduction of lithospheric 
plates.
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Introduction

In Hungary Late Oligocene deposits are known to occur in an area 
with a length of about 300 km and a width of 50 to 100 km, situated in the 
central-northern part of the country. This area forms part of the Para- 
tethyan Carpathian Basin. The deposits, occurring in a large variety of se
diments and containing many different types of faunas, are mostly known 
from borings, and from relatively few outcrops. The sediments and their 
faunas have been the subject of a large number of publications. The general 
geology and the mollusc faunas of the Hungarian Late Oligocene were 
investigated extensively by Báldi (1973). The stratigraphy of the Late 
Oligocene sediments in the central Paratethys has been revised substantial
ly in the first volumen of “Chronostratigraphie und Neostratotypen”, 
edited by Báldi and Senes, with the cooperation of many well-known spe
cialists (Báldi and Senes, 1975). For further details on the deposits con
cerned, the reader is referred ot these two publications.

The outcrop of Máriahalom was mentioned for the first time by Báldi 
and Cságoly (in Báldi and Senes, 1975), who designated the exposed se
diments as a facies stratotype of the Egerian stage and gave a list of the 
mollusc species found by them. Báldi (1976) also gives a list of the mollusc 
fauna.

In October 1979, accompained by Dr. T. Báldi, I had the occasion 
to visit the sand-pit near Máriahalom and to collect mollusc material for 
the collections of the Rijksmuseum van Geologie en Mineralogie at Leiden 
(RGM). This visit was realized within the framework of a field-trip to 
Poland and Hungary during which many Oligocene and Miocene localities 
in both countries were visited (Janssen, 1980).

In this paper, which is a slightly modified version of an internal re
port (RGM, dept, of European Caenozoic Mollusca, report nr. bg. 25 June 
1980) the material collected at Máriahalom is evaluated provisionally. 
I wish to express my sincere gratitude to Dr. Báldi for his guidance to this 
and several other localities in Hungary, thus enabling me to collect very 
valuable additions to our museum’s collections.

Location of the sand-pit and collecting methods
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[á ’iahalom lies about 30 km NW of Budapest. The 
o i the southern side of the road between Uny and 
in Báldi & Cságoly, 1975, p. 134, fig, 20).

The village of M 
sand-pit is exploited 
Máriahalom (see map

jutcrop at the time of the visit was approximately
1 .). Greyish, rather coarse quartz sands were ex

The height of the 
10 meters (see text-fig
posed, containing abun lant shells, sometimes in sharply deliminated pock-
ets and lenses (test-fig. 
and other sedimentary 
slightly in the various 
concretionary blocks í 
leaves and stems and

2 and 3.). The sediment shows many cross-beddings 
structures. The faunal composition seems to differ 
lenses and pockets. On the bottom of the pit large 
nd slabs are present, containing imprints of tree 
pieces of driftwood, frequently attacked by Tere

dinids. In text-fig. 1. such slabs are visible in situ. Small fragments of these 
concretions were found in the residues.

Mollusc material 
the sediment (mainly 
meshes of 0.5 and 2.5

was collected by picking isolated specimens from 
the larger species) and by sieving the sediment on 
mm. Therefore the residues can be used only for a 

qualitative investigation of the fauna.
The preservation of the molluscs is moderate. Some specimens show 

signs of transportation. The sediment is in an early stage of decalcification, 
so the shells are very Irittle and especially the larger specimens have to be

transportation. Áll shells are covered with quartz 
surface and difficult to remove, especially from the 
awards it was necessary to impregnate many shells 
solution to achieve a lasting preservation in the

packed carefully befors 
grains sticking to their 
smaller specimens. Aft e: 
with a plastic/acetom 
collection.

Altogether some 38 kg of samples were collected. In the laboratory 
these samples were dried and fractionated. Each fraction was picked out 
and many specimens were subsequently treated with the plastic solution. 
The laboratory treatment of the samples was mainly done by Mr С. P.
Barnard, whose dedication is gratefully acknowledged.

Stratigraphy

According to Báldi & Cságoly (1975, p. 134), the Late Oligocene 
MÁny Formation in t re Máriahalom area unconformably overlies Triassic 
or Eocene deposits. T le entire formation has a thickness of 300 to 500 m. 
It shows a transgressive sequence with freshwater and brackish deposits 
at its base, changing into shallow marine and medium-depth sublittoral 
deposits higher in ths section. On top of the Mány Formation Miocene 
sediments are present, separated by a sedimentary hiatus. The entire sec
tion of the Many For nation is assumed to be of Late Oligocene (Egerian) 
age (Báldi, 1976).

In the sand-pit only a small part of the Mány Formation is visible.
Comparison with son e nearby boring-sections made it clear that the sedi- 
ments in the outcrop represent a small section from the lower part of the 
formation (Báldi & Cságoly, 1975), which is in accordance with the mol
lusc-fauna composition.
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Fig. 3. Detail of a pocket-like shell concentration in the upper part of the excavation-front 
of the Máriahalom sand-pit. Many specimens of Potamides margaritaceus, P. lamarcki and 

Pirenella plicata s. lat. October 1979.

8 ANNALES — Sectio Geologica — Tomos XXIV.
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Annotated list of mollusc species
Below all mollusc species found by me are listed. In each case the num-

ated approximately. Wherever relevant the name 
a species by Báldi & Cságoly (1975) is added.

ber of specimens is indie : 
presumably assigned tc
Several species, apparently new to this fauna or otherwise of interest, are 
represented on the accompanying plates.

It is emphatically s :ated that many names have a provisional charac-
ter. It was especially di’ficult to establish sound identifications, for those 
species not treated in Baldi’s 1973 monograph as a large part of the Para
tethys mollusc literature 
be regarded merely as a
For a final elaboration

is not at my disposal. Therefore this study should 
tentative indication of which forms are present.

of this fauna extensive comparisons will be neces-
sary, with other Paratethys faunas as well as with Atlantic-Boreal ones.
1. Nucula (Nucula) aff.

Plate 1, fig, l/а —b 
Not mentioned by

nucleus (Linné, 1758)

Báldi and Cságoly (1975). Material: 3/1, 26/2
and 25/2 defective specimens. The maximal shell-length is about 6 mm. The
umbonal angle is relati 
interruption of regular 
sent. This form belongs

’ely small. The shell-surface sometimes shows an 
growth. Very fine radial sculpture is always pre- 
to a group of species that urgently needs revision.

2. Nuculana (Saccella) inticeplicata (Roth von Telegd, 1914)
Not mentioned by Báldi & Cságoly. Material: 4/2 specimens and 14 

fragments. All specimens have distinctly coarser concentric sculpture than
those figured by Báldi (1973, p. 161, pl. 2, fig. 1 — 2). Some shells show a
reduction of this sculpture to an almost completely smooth surface.
Maximal shell-length about 6 mm.
3. Glycymeris (Glycymeris) latiradiata latiradiata (Gümbel, 1861)

Glycymeris latiradiata Sandb., 1861 juv. in Báldi & Cságoly (1975).
Glycymeris obovata Lam trek, in Báldi (1976). Material: 2/1, 25/2 and 25/2 
juveline specimens. Dimensions and ratios of the present specimens cor-
respond completely wit 
tical data given by Bál

i the nominal subspecies, judging from the statis- 
Di (1973, p. 171). The largest specimen has a length 

of about 60 mm. This is the typical species of the so-called “Pectunculus 
sands”, a shallow-marine deposit of the Hungarian Egerian. Its common 
occurrence, even in double-valved specimens, in the Máriahalom fauna with 
a mainly euryhaline character is remarkable!
4. Mytilus (Mytilus) sj.

Mytilus aquilanicus May., 1858 in Báldi & Cságoly (?). Material: 
1/2 mould with remnants of the actual shell and about 35 shell-fragments. 
The ventral margin of t re shell is almost straight and not concave, as in M. 
aquitanicus. Also the Máriahalom specimen is distinctly less convex and
wider in relation to its length. In M. chatticus Gorges, 1952 the shell is 
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more slender. As only one specimen is available it is impossible to obtain 
an impression of the variability of this species, therefore it is mentioned 
here in open nomenclature.
5. Musculus (Musculus) sp.

Plate 1, fig. 3
Not mentioned by Báldi & Cságoly. Material: 2/2 juvenile speci

mens. Length approximately 1.5 mm. These specimens are too small for 
specific identification. Musculus philippi (Mayer in Wolff, 1897) mentio
ned by Báldi (1973, p. 174. pl. 4, fig. 3) from the Hungarian Oligocene 
belongs, according to R. Janssen (1979, p. 42), to the genus Modiolus.
6. Pinctada phalaenacea (Lamarck, 1819)

Not mentioned by Báldi & Cságoly (1975), but Báldi (1973) recogni
zed this species in Late-Oligocene medium-depth sublittoral facies, especial
ly in the Pitar beyrichi community. Material: 200/2 defective specimens. 
All shells are juvenile, so in fact it is impossible to distinguish between 
this species and P. Stampinensis (Deshayes). The latter species is mainly 
known, however, from Middle-Oligocene deposits.
7. Isognomon (Isognomon) heberti (Cossmann and Lamber, 1884}

Plate 1, fig. 2
Isognomon of. heberti Cossm. et Lamb., 1884 in Báldi & Cságoly 

(1975). Material: 1/2 juvenile specimen. The form of the ligamental furrows 
corresponds completely with the description in Zilch (1938. pl. 1, fig. 3).
8. Anomia (Anomia) ephippium Linné, 1758

Anomia ephippium Linné, 1758 in Báldi & Cságoly (1975). Material: 
1/1 juvenile and 21/2 adult specimens. In all specimens the adductor scars 
are very well visible. The position corresponds perfectly with equal-sized 
recent specimens of this species: one large circular scar with two smaller 
ones horizontally below it. In larger Recent specimens the two smaller 
scars are situated on an oblique Jine. In each case the scars are completely 
separated.
9. Ostrea cyathula Lamarck, 1806

Ostrea cyathula Lam., 1806 in Báldi & Cságoly (1975). Material: 
many isolated valves, some of them attached to gastropods. From 1965 
onwards this species was included in the genus Crassostrea (fide R. Jans
son, 1979 and Neuffer, 1973). I. agree with Dr. Báldi (in litt.) however 
that it should be incorporated into Ostrea: The roundish outline, the form 
and the position of the adductor scar and the presence of chomata settle 
the matter convincingly.
10. Linga (Linga) oligocaenica (Cossmann, 1921}

Linga columbella Lam., 1818 in Báldi & Cságoly (1975). Material: 
21/2 specimens and 66 fragments. This form is smaller, and much less con

8*
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vex than L. columbella (Lamarck, 1819). Furthermore the concentric 
sculpture is considerably coarser. No doubt this is the Oligocene precursor 
of L. columbella. I cannot decide whether or not it might be preferable to 
consider oligocaenica as a s ubspecies of columbella.
11. Parvilucina ( Microlor'pes) sp.

Plate 1, fig. 4
Material: 351/2 and 

Báldi & Cságoly, which
5/1 specimens. This species is not mentioned by 
is surprising because it is quite abundant. Maxi

mal shell-length to somewhat over 4 mm. The shell is slightly higher than 
long and has a very weak concentric sculpture.
12. Saxolucina (Saxolucim) heberti (Deshayes, 1857) 

Plate 1, fig. 5
Saxolucina bellardian 

terial: 4/2 specimens adn 
S. bellardiana, judging fro 
29 — 37), but the present

',i May., 1864 in Báldi & Cságoly (1975). Ma
ll fragments. This species may be identical with 

>m photographs given by Sacco (1901, pl. 17, fig. 
material is too poor for a final decision. Some

specimens have radial folcs, concentric sculpture may be present or absent. 
Directly compared spécim sns of N. heberti from the Oligocene of the Etam- 
pes Basin (France) correspond perfectly, also in their variations.
13. Divalinga (Divalinga) ornata (Agassiz, 1845)

Divalinga ornata Agassiz, 1845 in Báldi & Cságoly (1975). Material: 
4/1 and numerous loose valves.
14. Felaniella (Felaniellaj 

Plate 1, fig. 6
Diplodonta fragilis В -

aff. nysti (Bosquet, 1868)

•■aun, 1851 in Báldi & Cságoly (1975)? Mate-
rial: 41/2 more or less def active specimens. The species D. rotundata could 
not be recognized among t Lie available material. It is mentioned by Báldi &
Cságoly, so it might be present between the hinge fragments. In my
opinion the Máriahalom s lells correspond much better, although not com- 
letely, with F. nysti (compare Glibert & de Heinzelin, 1954, pl. 2, fig.
13) than with F. fragilis 
rounded outline, whereas
margin. F. nysti, however, 
height than the Máriahalo:
15. Mysella (Mysella) sp.

(Sandberger, 1863). The latter species has a 
F. nysti has a more or less straightened posterior
, seems to be somewhat longer in relation to its 
>m specimens.

Plate 1, fig. 7
Not mentioned by I áldi & Cságoly (1975). Material: 2/2 juvenile

specimens. Shell length about 1 mm. Both specimens, a left and a right 
valve, are obliquely oval, with their umbones behind the midline. The right
valve has two long lateral teeth (pl. 1, fig. 7), left valve without any teeth.
In both valves a ligament al resilium is visible in an oblique view from the
ventral margin. The mate: •ial is insufficient for specific identification.
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16. Venericardia (Venericardia) sp.
Cardita monilifera Duj., 1837 in Báldi & Cságloy (1975). Metarial: 

2/1, 21/2, 50/2 juveniles and 20 fragments. V. monilifera (compare Coss
mann & Peyrot, 1912, pl. 3, fig. 9 — 12) has an entirely different outline. 
The present material resembles much more closely V. bazini (Deshayes), 
from the Oligocene of the Etampes area in France. In this latter species, 
however, the radial ribs are narrower and more pronounced, with obvious 
spines. The shell of V. bazini is somewhat more convex, and in the left valve 
the lateral tooth is more developed. Still, in general form and further hinge 
details there are many similarities with the Máriahalom specimens. The 
specimens from Dömös, shown by Báldi (1973, pl. 12, fig. 2 — 3) seem to 
agree better with V. monilifera. The shell of fig. 1 is again very different in 
outline. V. monilifera is only known from the Miocene (Helvetian and? 
Tortonian, see Glibert and van de Poel, 1970, p. 124) sediments, which 
restrains me from considering both forms to be identical without a direct 
comparison. For the time being the best indication for the Dömös specimens 
seems to be V. (V.) aff. monilifera, which is also Dr Baldi’s view now 
(in litt.).
17. Erycinella dara (von Koenen, 1893)

Plate 1, fig. 8a —b
Not mentioned by Báldi & Cságoly (1975). Material: 7/2 specimens. 

These specimens fit very well within the description by von Koenen, as 
íveli as within that of Cossmann (1922, p. 127, pl. 7. fig. 45 — 49). All speci
mens remain below a shell length of 2 mm.
18. Goodallia (1 Goodallia) sp.

Plate 1, fig. 9a —b
Not mentioned by Báldi & Cságoly (1975). Material: 1/1 and 1/2 

specimen. This form differs from Goodallia s. str. in the presence of a well- 
developed anterior lateral tooth in both valves. The ventral margin is not 
crenulated. The outer surface is devoid of any concentric sculpture.
19. Laevicardium (? Dinocardium) kovacovense (Senes, 1958)

Not mentioned by Báldi and Cságoly. Material: 16 fragments. Un
fortunately only very defective material was collected, which however 
corresponds much better with L. kovacovense than with Cardium neglectum. 
This latter species was found at Máriahalom by Báldi & Cságoly. It is not 
impossible that the two species occur in the present material, but the state 
of preservation of many fragments is poor. The radial sculpture of C. neg
lectum is so different that it is not very probable, however, that this species 
is represented in my material.
20. Parvicardium sp.

Plate 1, fig. 10
Not mentioned by Báldi & Cságoly. Material: 1/2 very defective ju

venile specimen. The shell has about 25 radial ribs with obvious knobs.
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The outline of the shell must have been somewhat squarish, an obtuse 
carina is present near the seventeenth radial rib.
21. Spisula (Spisula) subtruncata (da Costa, 1778)

Not mentioned by Báldi & Cságoly (1975). Material: 30 fragments. 
One or two complete valves were observed during collecting, but they did 
not stand the transportation, becuase of their extreme fragility. Both 
lunula and area carry olvious fan sculpture, characteristic for S. 
truncata. For further deta Is of the occurrence of this species in Late 
gocene deposits see R. Jai issen (1979, p. 105).

sub- 
Oli-

22. Angulus (Peronaea) aicestralis Báldi, 1973.
Teliina (Serratina) strrata Renier, 1804 in Báldi & Cságoly? Ma

terial: 13 fragments. This material too is very fragmentary, so it might be
heterogeneous. A. lamellosus (Dolleus, Berkeley Cotter & Gomez), 
which could be directly ccmpared (specimens from the locus typicus Cace-
la), has a much coarser co acentric sculpture. A. serrata could be compared 
from several localities. Rostral fragments of the present species look very
much like serrata at first 
differences. Báldi (1976) 
seems to be absent in my

sight, but closer examination reveals important 
mentions also T. perrandoi Mayer; this species 
material.

23. Arcopagia (Arcopagia) cf. subelegans (cZ’Orbigny, 1852)
Not mentioned by I 

The concentric sculpture 
Báldi (1973, pl. 20, fig. 7

áldi & Cságoly (1975). Material: 1 fragment, 
is finer than in the specimens represented by

24. Macoma (Psammacoma) elliptica (Brocchi, 1814)
Not mentioned by B^ldi & Cságoly (1975). Material: 4 fragments.

25. Gari (Psammotaena) up.
Gari protracta May., 

fragments. The material is 
outline, so it is very diffi 31 
rently the present species 
illustrated by Báldi (197 J 
a direct comparison with ।

1893 in Báldi & Cságoly (1975). Material: 21 
I too fragmentary for a judgement of the general 
;ult to decide which species it belongs to. Appa- 
is very close to G. prolracta, as described and 

;, p. 221, pl. 20, figs. 1 and 4). On the other hand, 
G. angusta (Philippi, 1943) from the Late Oli- 

gocene of the Lower Rhire area (compare R. Janssen, 1979. p. 114, pl. 3, 
fig. 60) revealed only mir or differences. Therefore I consider the available
material insufficient for a sound identification. A final decision will have 
to wait until specimens with a complete outline are available.
26. Congeria basteroti ( Desha yes, 1836)

Congeria basteroti De. 
cimens and 28 fragments.

th., 1836 in Báldi & Cságoly. Material: 5/2 spe- 
The name basteroti is applied to this material on

the authority of Báldi (1973, p. 197). My material is insufficient to decide 
whether or not this form could be identical with C. nystiana fd’ORBiGNY, 
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1852) or C brardi ( Brongniart, 1823). Both of the latter two species 
are known from Oligocene deposits, whereas C. basteroti occurs in Miocene 
faunas.
27. Coralliophaga sp.

Plate 1, fig. 11
Not mentioned by Báldi & Cságoly Material: 4 fragments. 

One of the defective shells shows remnants of a fine radial sculpture. 
At least one of the other specimens seems to be devoid of this sculpture, 
but its surface is strongly affected as a result of sand grains sticking to the 
shell.
28. Dentonia geslini ^Deshayes, 1830)

Plate 1, fig. 13
Not mentioned in Báldi & Cságoly (1975). Material: 2/2 and 2/2 de

fective specimens. This species is easily distinguished from Polymesoda 
convexa brongniarti by its flatter and more roundish shell, the absence of 
the pallial sinus and differences in the hinge elements. This is the first 
record of this species from Hungary.
29. Polymesoda (Pseudocyrena) convexa brongniarti fBASTEROT, 1825)

Polymesoda convexa s. str. Brong., 1822 and Polymesoda convexa brong
niarti Bast., 1825inBáldi&Cságoly (1975). Material: 16/2 specimens and 
30 fragments. As two subspecific forms of one and the same species should 
not occur together I reckon also the smaller specimens to the subsp. 
brongniarti. The largest shell has a length of almost 70 mm and therefore the 
identification seems to be correct indeed, in spite of the fact that this subs
pecies is only known from Miocene faunas. Also other characteristics (form, 
sculpture) correspond to brongniarti.
30. Callista (Costacallista) sp.

Not mentioned by Báldi & Cságoly (1975). Material: 34/2, mainly 
juvenile specimens and 25 fragments. The sculpture of the outer surface 
varies from regular and dense concentric riblets to almost completely 
smooth. In this respect there is analogy with the sculptured C. beyrichi 
(Semper, 1861} and the almost smooth C reussi (Speyer, 1866}, both 
occurring in the North Sea Basin Late Oligocene, and very often hard to 
distinguish by means of the sculpture. Both latter forms can, however, 
always be separated by hinge characteristics (e.g. the angle between the 
cardinal teeth in both valves). But even the specimens with the strongest 
concentric sculpture from Máriahalom have the hinge features of the 
smooth C. reussi. Final identification therefore requires a more profound 
study and more material.
31. Callista (s. lat.) sp.

Plate 1, fig. 12
Callista undata Basterot, 1825 in Báldi & Cságoly? Material: 5/1 ju

venile and 120/2 adult specimens. This species may be distinguished from 
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Callista (Costacallista) s ). by its more triangular shell form, resembling 
the genus Tivelina. In this latter genus, however, the cardinal teeth diverge 
considerably more than n the Máriahalom specimens. C. undata Basterot 
has a length of about 3b mm and is only known from Miocene deposits. 
The material from Máridialom has a maximal length of approximately
9 mm. It might represent an ancestral form of undata.

32. Venus (Ventricoloide
1914)

multilamella interstriata (Roth von Telegd,

Not mentioned by Báldi & Cságoly (1975). Material: 4/2 juvenile 
specimens and 7 fragments.

33. Pelecyora (Cordiopsis) polytropa suborbicularis (Coldfuss, 1811)
Pelecyora (Cordiopsr s) polytropa And., 1858 (sic!) in Báldi & CsÁ-

GOLY. Material: 8/2, 4 fragments, 2/1 and 21/2 juvenile specimens. The 
Hungarian form corresponds with the subspecies suborbicularis, which is 
also a regular component of the Late Oligocene faunas in the North Sea 
Basin. Juvenile specimens from Máriahalom show a wide range of varia
bility, so it is not excluded that among them another species (? Dosinia sp.) 
is present.

34. Chamelea sp.
Plate 2, fig. 1—2
Not mentioned by Báldi & Cságoly. Material: 2/2 defective speci

mens. Both shells are too poorly preserved for a sound identification. The 
ngular, the outer surface bears a vague concentricshell form is rounded tria 

ribbing.
— Veneridae sp. indet.

Material: many fragments. These fragments belong to some venerid
r hinge structure, but they are too badly preserved 
Presumably most of them will belong to one of 
to Pelecyora, mentioned above.

species, judging from then 
to enable identifications, 
the two Callista species or

35. Corbula ( V aricorbula) gibba gibba (Olivi, 1792)
Not mentioned by Báldi & Cságoly (1975). Material: 1/2 specimen. 

Only one, very typical right valve was found. Its length (6.7 mm) indicates 
that it belongs to C gibba s. str.

36. Caryocorbula (Caryocorbula) basteroti (Hoernes, 1870)
Corbula basteroti Hörnes, 1870 in Báldi & Cságoly. Material: 2/2 

specimens and 16 fragments. The specimens fit perfectly within the des
criptions in the literature (e.g. Hoernes, 1870; Anderson, 1959; Báldi,
1973). Apparently this is not an extreme form of the next species, although 
juvenile specimens are very similar.
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37. Caryocorbula (Caryocorbula) revoluta hoernesi (Cossmann & Peyrot, 
1909)
Corbula carinata Duj., 1837 in Báldi & Cságoly. Material: abundant 

isolated valves and several double-valved specimens. The shells seem to be 
somewhat longer (on the average), than those illustrated by Cossman & 
Peyrot (1909, pl. 2, fig. 61—65). Báldi (1973, p. 234, sub nomen Corbula 
carinata) also agreed with the identity of this form with hoernesi. For the 
denomination of the various forms of C. revoluta the reader is referred to 
Glibert & van de Poel (1966, p. 51). In contrast to their opinion, however, 
I do not regard C. basteroti (Hoernes) as a nomen nudum!
38. Lentidium (Lentidium) modelli (Hölzl, 1958)

Lentidium modelli Hölzl, 1958 in Báldi & Cságoly (1975). Material: 
140/2, mainly defective specimens. This species belongs to a group of re
lated forms (sphenoides Sandberger, elongatum Sandberger, donaciforme 
Nyst, morleti Meunier, burdigalense Benoist, may be also subcomplanatum 
d’Orbigny and others) for which it would be convenient to establish a 
separate subgenus.
39. Lentidium (Lentidium) sp.

Plate 2, fig. 6 — 8
Lentidium tournoueri May., 1864 in Báldi & Cságoly. Material: 70/1 

and 350/2 specimens, mainly juveniles. The present material is very hete
rogeneous in its length/height-ratio and may therefore belong to more than 
one species. All specimens, however, belong in the group of species in which 
the shell is inaequivalve, with the left valve resting in the right valve and 
leaving there an obvious scar (see plate 2, fig. 6 — 7). In another group of 
species the shell is aequivalve with the ventral margins touching each 
other. To this latter group belongs e.g. L. triangula (Nyst).
40. Martesia (Martesia) sp.

Plate 2, fig. 3 — 4
Not mentioned by Báldi & Cságoly (1975). Material: 2/2 juvenile 

valves, 17 fragments, 1 defective mesoplax. The material is in general too 
much worn for a detailed description. The sculpture of the outer surface 
is usually only very locally preserved. The anterior side of the shell is be
aked, the callum reaches almost to the umbo. The posterior side is irregular
ly produced. The mesoplax has a pentagonal form, its dorsal side is gibbose, 
ventrally the septum shows concentric growth lines and a longitudinal 
seam.
41. ? Teredina sp.

Plate 2, fig. 5
Not mentioned by Báldi & Cságoly. Material: 1 fragment of cal

careous tube. The posterior end of the tube shows an opening in the form 
of an 8, with a crown of denticles on the inside (compare Moore, 1969, p. 
N726, fig, E189-6a-b).
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42. Teredinidae sp. indet. 
Teredo sp. in Báldi & Cságoly. Material: 2 shell fragments, 22 frag-

ments of calcareous tufts. Many specimens with only the calcareous tubes 
visible, are present in a < oncretion collected from the bottom of the sand
pit. The available material is insufficient even to identify the genus.
43. Dentalium (Antalis) 

Plate 2, fig. 9
seminudum Deshayes, 1861

Not found by Báld & Cságoly (1975). Material: 18 more or less de-
fective specimens, most >f them rather strogly worn. There are about 12
primary ribs and no secondary ones. The sculpture fades away in the di-
rection of the aperture, 
specimens of this species

The radial sculpture corresponds very well with 
from Ormoy (Etampes area, France), it is much

coarser and stronger than in D. (A.) pseudofissura R. Janssen, 1978, 
from Late Oligocene deposits in the North Sea Basin.
44. Cadulus (Dischides)

Plate 2, fig. 10 — 11
зр.

Not mentioned in Báldi & Cságoly. Material: 28 fragments. The
smooth surface, the rati 
narrowed again (plate 2, 
tunately the apical lobes

of curvature and the fact that the aperture is 
fig. 11) are characteristic for this group. Unfor-

least related to C. (D.)
of the shell are not preserved. This species is at 

subpolitum (Cossman & Peyrot, 1916). C. (D.)
rhenanus R. Janssen, 1978, found in Late Oligocene sediments of the 
North Sea Basin, is markedly more slender.
45. Patella (Patella) aff. neglecta Michelotti, 1847

Not mentioned by I Aldi & Cságoly. Material: 1 defective shell and 
2 fragments. The form and the sculpture of the only specimen from Mária- 
halom correspond fairly 
its size is remarkable (le:

well with the literature data of P. neglecta, but 
mgth about 45 mm!). As I have no material at

my disposal for a direct comparison I prefer to mention this species in open 
nomenclature.
46. Jujubinus (Scrobicul 

Plate 2, fig. 12
Calliostoma tournout

nus) sp.

225 specimens, among wl 
group described from 01 j

ri C. et P., 1917 in Báldi & Cságoly. Material:
hich many juveniles. The various species in this 
igocene and Miocene deposits are so variable and

resemble each other so st "ongly that I find it impossible to apply any of the 
available names to the Hungarian specimens with some degree of certainty.
47. Skenea sp.

Plate 2, fig. 18
Not mentioned by Báldi & Cságoly (1975). Material: 1 specimen.

er just over 1 mm), wider than high, with threeVery small shell (diamel
convex whorls. The nucleus of the protoconch is obliquely embedded. 
There is a wide umbilicus, very vague spiral lines are visible around it.
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48. Circulus sp.
Plate 2, fig. 13
Not found by Báldi & Cságoly (1975). Material: 4 specimens. The 

shells resemble very much the strongly sculptured form of C. dubius (Phi
lippi, 1843} (see R. Janssen, 1978, p. 159, pl. 11, fig. 35 — 36), but their 
diameter is about twice that of dubius and they are relatively somewhat 
higher. I could compare the material with specimens from the Late Oligo- 
cene of the Lower Rhine area, having the same number of whorls as the 
Máriahalom specimens, which may represent a local subspecies of dubius.

49. Clithon (Vittoclithon) aff. pictus (Férussac, 1825}
Plate 2, fig. 15—17
Theodoxus pictus Fér., 1825 in Báldi & Cságoly. Material: many 

hundreds of specimens. The larger specimens are relatively more conical 
and higher than the smaller shells (compare drawings). For this reason this 
material differs strongly from the typical Miocene form of C. pictus, which 
is globular or even carinated (compare e.g. Hoernes, 1856, p. 535, pl 47, 
fig. 14); such forms are absent in the Máriahalom fauna. The Máriahalom 
specimens correspond better with C. buekkensis (Roth von Telegd) as rep
resented in Báldi (1973, pl. 24. fig. 8 — 9), but Báldi’s description indicates 
that the shell form of this species is identical with C. pictus and that the 
main differences between these two species lie in the patterns. So I find it 
difficult to decide what name to use for this material.

50. Theodoxus (Calvertia) aff. grateloupianus (Férussac, 1821}
Plate 2, fig. 14
Theodoxus grateloupianus Fér., 1821 in Báldi & Cságoly. Material: 

1 slightly defective specimen. Differs in form and colour pattern strongly 
from the foregoing species, but the shell is not as much broadened as in
dicated by Báldi (1973, p. 245, pl. 25, fig. 1 —2). The only available speci
men is insufficient for further considerations. Apart from that T. grate- 
Imipianus is also one of the species with an exclusive Miocene distribution 
pattern.
51. Nerita (Theliostyla) plutonis Basterot, 1825

Nerita plutonis Basterot, 1925 in Báldi & Cságoly (1975). Material: 
30 specimens. Although also N. plutonis is a “Miocene species” the Mária
halom material agrees so well with the various literature data that the 
identification seems to be certain. Oligocene ancestral forms are known 
from Northern Italy (Sacco, 1896).

52. Littorina (Melaraphe) sp.
Plate 3, fig. 9
Littorina sp. in Báldi & Cságoly? Material: 3 specimens. This form 

differs from L. obtusangula Sandberger by its relatively wide body-whorl, 
which is not angular.
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53. Hydrobiidae sp.
Plate 3, fig. 5a —b 
Not mentioned by Báldi & Cságoly (1975). Material: 4 specimens.

Small, conical shell with rather convex and smooth whorls. The umbilicus 
is closed in juvenile specimens and only a narrow fissure in adult ones. The
apertural lip is slightly
54. Stenothyrella sp. (d

thickened external Iv.
: v. ?)

Plate 3, fig. 7 — 8
Not mentioned by 

The variability in size
■ Báldi & Cságoly (1975). Material: 6 specimens, 
ind convexity of the whorls and also the fact that

there are specimens wil h two small teeth in the aperture while others have 
none, leads to the assumption that the sample is heterogeneous. The num
ber of specimens is, however, too small for specific identifications, especial
ly because Stenothyrella
55. Rissoidae sp. 1

Plate 3, fig. 6

species as a rule resemble each other closely.

Not found by Bál л & Cságoly. Material: 19 specimens in rather bad
state of preservation. Height of the shell about 8 mm. The shell is thick
walled, conical, with rather flat whorls; there is only a very slight indica-
tion of radial sculpture 
internally are several s

. The apertural lip is slightly thickened externally, 
did teeth, lying on a weak ridge.

56. Rissoidae sp. 2
Plate 3, fig. 3a —b
Not mentioned by 

shell. The height of the i
Báldi & Cságoly (1975). Material: 1 defective 

shell must have been almost 3 mm. The whorls are
slightly convex, smoot i, but with spiral sculpture on the basal part of the 
body-whorl. The umbilicus is open. The apertural lip is strongly thickened 
externally. The inner lip is thickened in the right upper corner of the aper-
tu re.
57. Rissoidae sp. 3

Plate 3, fig. 4 
Not mentioned bу Báldy & Cságoly. Material: 1 defective shell.

Still smaller than the foj 
is only a narrow fissure. 
externally.

iregoing species (height about 2 mm). The umbilicus
Apertural margin slightly thickened internally and

58. Teinostoma (Teinos
Plate 3, fig. 1
Not mentioned by 

Diameter slightly morf 
first whorls have also в 
bilious is completely cc1 
(1973, p. 242, pl. 24, fig.

■Лота) sp.

Báldy & Cságoly (1975). Material: 57 specimens, 
than 3 mm. Shell surface with spiral sculpture. The 
fine radial sculpture, causing reticulation. The um- 

vered by a callosity. This is not T. egerensis Báldi 
; 5 — 6), which is a Solariorbis.
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59. Teinostoma (Megatyloma) sp.
Plate 3, fig. 2
Not found by Báldi & Cságoly. Material: 1 specimen. Its diameter is 

about 1.4 mm, the shell is higher than wide. The umbilicus is completely 
covered. Shell surface without sculpture.

60. Pseudomalaxis (Pseudomalaxis) semiclathrata (Speyer, 1869}
Not mentioned in Báldi & Cságoly. Material: 2 fragments. Although 

only two small fragments were found the resemblance with North Sea 
Basin material is striking, because of the Square section of the whorls, 
which obviously were touching each other. They carry strong, threadlike 
spirals on the upper and lower carinae.
61. Haustator (Haustator) sp. aff. venus (d’ Orbigny, 1852} sensu Hölzl, 

1962.
Turritella genitzi Speyer, 1866 in Báldi Cságoly. Material: several 

hundreds of specimens. The shells correspond very well with the photo
graphs and the description of Hölzl (1962, p. 139, pl. 8, fig. 11 — 12), but 
remain distinctly smaller. Transitions to the form confusa Hölzl, 1962 are 
also present az Máriahalom. This species is very different from H. goetten- 
trupensis (Cossmann, 1899} (= T. geinitzi Speyer, non d’ Orbigny), 
especially in size and development of the spiral sculpture. A pohtograph 
of the Máriahalom species is given by Báldi & Steininger (1975, pl. 8, fig. 
9). The very confused taxonomy of the family Turritellidae induces me to 
apply a rather careful denomination for the specimens from Máriahalom.

62. Melanopsis (Lyrcaea) impressa hantkeni Hofmann, 1870
Melanopsis impressa hantkeni Hofmann, 1870 in Báldi & Cságoly 

(1975). Material: 19 specimens. The shells correspond perfectly with those 
figured in Báldi (1973, p. 258, pl. 27, fig. 1 — 3).

63. Potamides (Potamides) lamarcki Brongniart, 1810
Potamides lamarcki margaritaceus n. subsp. in Báldi & Cságoly. 

Material: numerous specimens. The largest shells reach a height of more 
than 5 cm and a basal diameter of more than 15 mm! They reach conside
rably larger dimensions than the largest specimens from the North Sea 
Basin (viz. the Boutersem Sands in Belgium), and they are also somewhat 
more coarsely sculptured. Considering the extreme variability of this spe
cies in its many Oligocene and Miocene occurrences I am not sure whether 
these differences justify a separate subspecies for the Máriahalom form. 
The name margaritaceus was merely mentioned by Báldi & Cságoly. 
Báldi & Steininger (1975) represent this form on their plate 10, fig. 4 
with the denomination Potamides lamarcki n. ssp. On page 344, however, 
they mention P. lamarcki margaritaceus Cságoly, 1974 and refer to plate 
10, fig. 4. So, to avoid all possible misunderstandings about the authorship 
of this subspecies and considering the fact that “Cságoly, 1974” apparently
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refers to an unpublish 
as a nomen nudum. As

ed paper I think it wise to consider margaritaceus 
a formal ground for this it may be stated that now-

here has a diagnosis been published.
64. Potamides (Ptychopotamides) margaritaceus (Brocchi, 1814)

Tympanotonus mirgaritaceus Brocc., 1814 in Báldi & Cságoly
(1975) . Material: aburdant specimens. The shells from Máriahalom reach 
a height to over 6 cm. A specimen from this locality was represented by 
Báldi & Steininger (1975, pl. 10, fig. 1).
65. Pirenella plicata (I ruguiére, 1792) s. lat. 

Pirenella plicata BruguiÉre, 1792 in Báldi & Cságoly. Material:
abundant specimens. 1 uke the two foregoing species this form too has very 
large dimensions. Foim and sculpture situate the Máriahalom material
somewhere between tin 
Berger, 1859. Adui:
spiral threads on the I

ie typical form and the subspecies papillata Sand- 
specimens have relatively fine-granulated basal

cdy-whorl.
66. Pirenella plicata bavarica (Gümbel, 1861)

Not mentioned b т 
Much smaller than t к 
terized by a very wea < 
two uppermost spirals,

Báldi & Cságoly (1975). Material: 125 specimens. 
ie foregoing form (height to about 10 mm), charac- 
: radial sculpture, which may only be present on the 
but is more often completely absent. This form looks

somewhat like the si bsp. monilifera (Deshayes, 1833), which is larger, 
however, and has a n.ore developed sculpture.

The presence of :wo sharply delimitated forms of Pirenella plicata at
Máriahalom offers some problems. If one refuses to accept the occurrence 
of two subspecies of c ne and the same species together in a fauna (which I 
am inclined to do!), then there are two possible solutions: firstly there is the 
possibility of the original presence of the two subspecies in different bio-
coenoses that were lai er washed together to one thanatocoenosis. The other
solution is to regard 
forma. For the time
pretations would app у in this case.

one of the two forms as an independant species or a 
being I am not able to decide which of the two inter-

67. Pirenella laevissina (Goldfuss, 1844)
Not mentioned n Báldi & Cságoly. Material: 15 more or less de-

fective shells. P. laevissima is sometimes considered to be merely a sub
species or even a forma of P. plicata. In the Máriahalom specimens there is 
not the slightest indication of transitional forms. Also the higher number 
of spiral lines (see ah о Sandberger, 1859, p. 100, pl. 9, fig. 8b) seems to 
be an indication that laevissima is a separate species. See also Glibert
(1962, p. 165).
68. Pirenella sp. n. ?

Plate 3, fig. 17
Not found by Báj 

height of the shell m i;
ldi & Cságoly (1975). Material: 160 specimens. The 
,y reach some 12 mm. The shell is conical with rather
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convex, relatively low whorls. The sculpture is composed of four spiral 
threads, of which the third (counting abapically) is the strongest, and 15 — 
20 radial ribs are slightly arched. On the intersections lie distinct knobs. 
The basis of the body-whorl is bordered by two narrow but relatively high 
spiral lines. Sometimes varix may be developed. The variability of this spe
cies concerns mainly the apical angle and the number of radial ribs.

I did not succeed in finding this species in the literature, so it might be 
an undescribed form. It resembles more or less the typical form of P. hart- 
bergensis (Hilber, 1891), but there are significant differences on ornamen
tation and range of variability.

69. Terebralia aff. lignitarum (Eichwald, 1853}
Terebralia bidentata Fr., 1832 in Báldi & Cságoly. Material: 80 more 

or less defective specimens and 27 juvenile shells. T. bidentata (Defrance, 
1832} differs from the Máriahalom material in its more inflated base. The 
present species is more closely related to T. lignitarum and T. rahtii (Sand- 
Berger, 1859}. Unfortunately I have no material at my disposal of this 
latter species.

70. Diastoma grateloupi (d’ Orbigny, 1852}
Not mentioned in Báldi & Cságoly. Material: 20 juvenile specimens. 

The largest shell has a height of about 9 mm, so the material is insufficient 
to decide whether or not it should be attributed to the form turritoapennini- 
ca Sacco, 1895 (compare Báldi, 1973, p. 263: pl. 29, fig. 7 — 8).

71. Sandbergeria secalina (Philippi, 1843}
Not mentioned by Báldi & Cságoly. Material: 302 shells. The spe

cimens are on the average somewhat more slender than shells from the Late 
Oligocene of Glimmerode (see R. Janssen, 1978, pl. 11, fig. 38), but equ
ally slender shells are also present, so I do not think that the Hungarian 
specimens should be separated specificly.

72. Bittium (Bittium) spina (Hoernes, 1855}
Not found by Báldi & Cságoly. Material: 9 specimens. The size of the 

shells (height to about 5 mm) and the convex whorls idicate that this form 
does not belong to the subsp. agriense Báldi, 1966.

73. Cerithiopsis (s. lat.) sp.
Not mentioned by Báldi & Cságoly (1975). Material: 1 specimen. 

The height of this shell is about 2.4 mm. Two smooth (or worn ?) embryonic 
whorls are still present. The upper part of the shell is distinctly cyrtoco- 
noid, the younger part becomes more cylindrical. The teleoconch comprises 
5 1/2, moderately convex whorls. The sculpture consists of three spirals 
and axially directed radial ribs. On the intersections lie distinct knobs. The 
base of the body-whorl is damaged.
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74. Acirsa (Adrsa) sp
Plate 3, fig. 16
Not mentioned in 

specimens. The sculptw
by narrow grooves. Locii 
radial sculpture exists ol 
growth-lines. There are i. 
from the regular distant

I Báldi & Cságoly (1975). Material: 6 defective 
r 5 comprises 4 to 5 wide spiral threads, separated

lly this sculpture may be somewhat obscure. The 
prosoclyne furrows in the same direction as the 
5—18 such furrows on the body-whorl. Judging 
:es between them these furrows will not have been

caused by external influences.
75. Cirsotrema (s. lat.) sp.

Amaea cf. amoena I hill., 1843 in Báldi & Cságoly? Material: 1 frag
ment. The body-whorl his 18 strong radial ribs, of which four are developed
like varices. In between these ribs a much finer spiral sculpture is present,
five of such spirals are visible above the basal disc, which is also sculptured 
with many very fine spiral threads. The material is insufficient for a clo
ser identification.
76. Eulima (Eulima) glibra hebe (Semper, 1861)

Plate 3, fig. 12
Not found by Báldi & Cságoly (1975). Material: 1 defective specimen. 

The only available shell was compared with Late Oligocene specimens from 
the North Sea Basin, no important differences were found (compare R.
Janssen, 1978, p. 187, pl. 13, fig. 75).
77. Balcis (Balds) alba naumanni (von Koenen, 1867)

Plate 3, fig. 10-11 
Not mentioned bj 

Although only few bad I
Báldi & Cságoly. Material: 4 defective shells, 

ly preserved specimens were found I do not think
that they are different from the North Sea Basin form, occurring in Late
Oligocene deposits.
78. Calyptraea (Calyptraea) chinensis (Linné, 1758)

Not found by Báldi & Cságoly. Material: 63 more or less damaged 
shells.
79. Erato (Eratopsis) prolaevis prolaevis Sacco, 1894

Plate 3, fig. 13
Not mentioned in 

of the outer apertural
Báldi & Cságoly. Material: 1 shell. The inner side 
lip bears weak denticles in this specimen. In this

respect it differs from t le material described by Báldi (1973, p. 279, pl. 34,
fig. 5)
80. Globularia gibberosa

Not mentioned by
sanctistephani (Cossmann & Peyrot, 1919) 
Báldi & Cságoly. Material: 2 adult and 2 juvenile

shells In both of the la 'ger specimens the umbilicus is completely covered,
in one of the juveniles i is still open. The largest shell has a height of 22 mm.
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This form was described from the Hungarian Late Oligocene by Báldi 
(1973, p. 276, pl. 32, fig. 4 — 5). There are some slight differences between 
the Máriahalom material and the specimens described by Cossmann & 
Peyrot (1919, p. 449, pl. 12, fig. 30 — 33): the Hungarian shells have a more 
depressed spira, a less obvious subsutural depression and a distinctly more 
concave columella. As far as is visible form his photographs the same seems to 
be the case in the specimens represented by Báldi. So, a study of more ma
terial may prove that the Hungarian Late Oligocene shells represent a se
parate subspecies.

81. Cernina (Cernina) rothi (Cossman, 1925}
Globularia rothi Cossm., 1825 (sic !) in Báldi & Cságoly (1975). Mate

rial : 1 very fine specimen, with a height of 32 mm.

82. Neverita josephinia olla (de Serres, 1829}
Polinices jos. olla De Serres, 1829 in Báldi & Cságoly. Material: 15 

specimens.

83. Euspira helicina (Brocchi, 1814} s. lat.
Polinices catena Da Costa, 1778 s. 1. in Báldi & Cságoly, 1975. Ma

terial: 56 specimens. The umbilical callosity below the base of the body
whorl is only very slightly constricted, but in spite of this the Máriahalom 
material may be atributed to this species. Further investigation will be 
necessary for determination of the subspecies. Also the nomenclature of the 
representatives of this group in the Oligocene of Western Europe needs 
reconsideration.
84. Euspira sp.

Plate 3, fig. 15
Not found by Báldi & Cságoly. Material: 1 specimen. Its height is 

only 4 mm. The shell is strikingly high in habitus. The umbilical callus is 
constricted below the base of the body-whorl. In spite of its size this shell 
looks rather adult. Its surface is badly corroded.

85. Ampullinopsis crassatina (Lamarck, 1804}
Ampullina crassatina Lamarck, 1904 (sic!) in Báldi & Cságoly 

(1975). Material: 23 specimens and 5 juvenile shells. This form belongs to 
the smaller type, as described by Báldi (1973, p. 278).

86. Natica neglecta Mayer, 1858
Plate 3, fig. 14
Natica sp. in Báldi & Cságoly? Material: 1 shell. This specimen most 

certainly does not belong to N. tigrina Defrance, which has a much more 
shouldered appearance. N. neglecta, widely distributed in Miocene deposits 
of Western Europe, seems to be present also in Late Oligocene deposits of 
the North Sea Basin (compare R. Janssen, 1978, p. 195, pl. 14, fig. 84).

9 ANNALES - Sectio Geologica - Tomus XXIV.
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87. Ocinebrina aff. conspйсиа (Sandberger, 1861}
Plate 3, fig. 18
Ocinebrina schönni 

specimens, 9 juveniles a:
Mornes, 1856 in Báldi & Cságoly? Material: 2, 
id 1 fragment. 0. schoenni differs from the present

species by the occurrence of varices on the body-whorl, causing an obvious
triangular horizontal se 
closely related, but reac

s ition of the stell. 0. conspicna is certainly more 
! des a larger size (height 22 mm instead of 14 mm

for the Máriahalom shels). From 0. crassilabiata trivariocosa Báldi, 1964, 
mentioned from Máriahalom by Báldi & Cságoly (1975) and Báldi (1976), 
the present material difiers in the absence of varices on the body-whorl, the 
presence of a pronounced spiral thread causing subcarinated whorls, and 
in the completely different spiral sculpture.

88. Mitrella ( Macrurellc) sp-
Plate 4, fig. 4
Not mentioned in 

shell, which is insufficie:
Báldi & Cságoly. Material: 1 defective juvenile 

nt for specific identification.

89. Babylonia (Peridipsaccus) matheroni Magne, 1942 subsp. n.
Babylonia eburnoides umbilicosiformis T. Roth, 1914 in Báldi & 

Cságoly (1975). Babylonia caronis Brongniart В. eburnoides átm. in Báldi 
(1976). Material: 13 specimens. Some specimens have the pseudumbilicus
closed, while it is open i n others. The shells from Máriahalom are markedly
more slender than the specimens that I collected at Eger (Wind brickyard, 
bed K). A specimen o' this form from Máriahalom was represented by
Báldi & Steininger ( 975, p. 345, pl. 9, fig. 1-2).

It agrees with a soecimen from Sárisáp illustrated by Báldi (1973,
pl. 51, fig. 7). From B. 
1842, non Grateloup,

matheroni Magne, 1942 (^eburnoides Matheron, 
1834) and its related forms this material differs by

the more or less open ps mdumbilicus (which, by the way, places this form 
somewhere between Babylonia s. str. and Peridipsaccusl) and the different 
proportions of the spin. B. Caronis (Brongniart, 1823) approaches the 
present form in outline, but has also a closed pseudumbilicus. Most pro
bably, however, it is more closely related to B. matheroni; it should be in
troduced as a new subspecies.

90. Melongenidae sp. (c iv. ?)
Plate 4, fig. 1 — 3
Galeodes ex. gr. se nseyana Erdős, 1900, and Galeodes sp. in Báldi & 

Cságoly (1975). Material: 8 more or less defective specimens and 2 frag
ments. The shells that I collected at Máriahalom are very variable in ha
bitus. The three main 'orms are illustrated on pl. 3, fig. 1 — 3. All the spe
cimens have in common that the growth-lines are strikingly foliaceous on 
the sutures. All have an obvious thickening around the pseudumbilicus
(as far as visible). The form represented here in fig. 1 looks very much like 
Galeodes basilica (Bellardi) as described by Báldi (1973, p. 295, pl. 40, fig.
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3 — 4), whereas the shell of fig. 2 has some resemblance with G. semseyana 
Erdős (see Báldi, 1973, p. 295, pl. 40, fig. 1 — 2), although my specimen 
has a higher spira and lacks the basal row of spines, whereas the foliaceous 
growth-lines on the suture seem to be absent in Báldi’s specimen. Most 
probably Báldi (1976) meant this form with the indication Volema ex aff. 
subcarinata Lamarck. In the third form the carina is absent, as a result of 
which the shell looks like a muricid species. Judging from my very limited 
and badly preserved material this could very well be one extremely variable 
species, but just as well it might belong to three different taxa.
91. Dorsanum (Dorsanum) gradatum (Wolff, 1897}

Bullia gradata Wolff, 1897 in Báldi & Cságoly. Material: 19 speci
mens. This species belongs to the group of D. baccatum (Basterot) and D. 
subpolitum (d’ Orbigny) and should not be atributed to Bullia.
92. Dorsanum (? Dorsanum) hungaricum (Gábor, 1936}

Bullia hungarica Gábor, 1936 in Báldi & Cságoly (1975). Material: 
112 more or less defective specimens. This species differs from Dorsanum s. 
str. in its strongly developed spiral sculpture. It seems to be linked up 
with D. rudium Peyrot, 1927. It should be preferable to introduce a new 
subgenus for these two species.
93. Hinia (Tritonella) sp.

Not found by Báldi & Cságoly. Material: 51 more or less defective 
shells. This species differs from Dorsanum hungaricum in its much coarser 
spiral sculpture and the presence of distinct teeth on the inner side of the 
apertural lip. There is also one parietal tooth. The available material is 
extremely variable in general form, from slender to thick-set, and also in 
the number of radial ribs. Therefore it might be expected that it belongs 
to more than one species, which cannot however, be ascertained because 
of insufficient adult specimens.
94. Olivella (Lamprodoma) clavula vindobonensis Csepreghy — Meznerics, 

1954
Olivella clavula vindobonensis Cs. Menz., 1954 in Báldi & Cságoly, 

1975. Material: 110 specimens, more or less damaged. My material fits 
completely within the description and illustrations of Báldi (1973, p. 
301, pl. 44, fig. 7 — 8). It differs, however, from the description of Csepre
ghy—Meznerics (1954, p. 139, pl. 6, fig. 3, 9) in its higher spira. Thus this 
form seems te be intermediate between the nominal subspecies and vin
dobonensis.
95. Athleta (Athleta) rarispina (Lamarck, 1811)

Athleta rarispina Lamarck, 1811 in Báldi & Cságoly. Material: 22 
specimens. All shells have an obvious depression adapicaly of the row of 
spines on the body -whorl. In Miocene specimens this seems to be absent or 
much less important (Peyrot 1928, p. 155, pl. 11, fig. 18 — 22). Also the 

9*
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Máriahalom specimens ha^e more spines (even up to six!) and close to the 
apertural lip obvious radial folds are present. A direct comparison would 
possibly point out that be th forms are not identical. I do not have such 
material at my disposal and therefore I maintain, for the time being, the

the Hungarian material. The specimen shown in 
fig. 6 — 7) and also the one illustrated by Báldi 

name usually attributed to 
Báldi (1973, p. 306, pl. 42
& Steininger (1975, p. 316, pl. 6, fig. 3 — 4) are identical with my speci-
mens. Dr. Báldi (in litt 
described a similar form as 
is not available to me, but

.) informed me that Gaál (1937 — 1938, p. 9) 
Voluthilites telegdyi. Unfortunately Gaal’s paper 

if he really had the same form it should be na
'spina telegdyi (Gaál).med Athleta (Athleta) rari.

96. Turrinae sp.
Not mentioned by Báldi & Cságoly. Material: 1 defective shell. The 

whorls have about five sjiral lines, of which the fourth is the strongest. 
Above this spiral the whorls are slightly concave. Secondary spiral lines 
occur on the youngest whorls. Radial sculpture is absent. As the specimen 
lacks the protoconch and early whorls, and because the form of the growth
lines is difficult to observe
97. Clavinae sp. 1

Plate 4, fig. 5 
Not found by Báldi

it is impossible to give further identification.

fc Cságoly. Material: 2 specimens. The material
is insufficient for identifier ition.
98. Clavinae sp. 2

Not mentioned by B. 
apparently different from
99. Clavinae sp. 3

Not mentioned by BÁ

áldi & Cságoly. Only one defective specimen, 
he other two Clavinae.

Di & Cságoly (1975). Material: 2 juvenile shells.
None of the three Clavin ie mentioned here could be identified with the 
species described by Báldi (1973). Additional material will be necessary 
for further investigation.
100. Bela sp.

Plate 4, fig. 6
Not mentioned by BÁ1 ldi & Cságoly. Material: 14 specimens of which

several are badly damagec. The shell is spindle-shaped, slender, with rather 
strong radial ribs. Fine spiral threads are visible between the ribs.
101. Hastula (Hastula) sj.

Plate 4, fig. 7
Not mentioned in Báldi & Cságoly (1975). Material: 22 defective 

specimens. This species has no spiral groove below the suture. A vague 
axial sculpture is only visible on the oldest whorls, but most shells are 
strongly corroded.
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102. Phasianema sp.
Plate 4, fig. 13
Not mentioned by Báldi & Cságoly. Material: 1 specimen. This shell 

has approximately the form of P. costatum (Brocchi), but it has only a 
very weak spiral sculpture, very badly visible because of surface corrosion. 
The specimen has no columellar tooth.
103. Odostomia ( Megastomia) sp.

Plate 4, fig. 8
Not mentioned by Báldi & Cságoly (1975). Material: 3 specimens. 

Insufficient for a closer identification.
104. Syrnola (Syrnola) sp.

Plate 4, fig. 9
Not found by Báldi & Cságoly. Material: 18 more or less damaged 

shells. The height is up to more than 7 mm. The shell is long and slender, 
with almost completely flat whorls. In juvenile specimens the base is 
angular, in larger shells it is rounded. The columella has a strong fold. The 
material shows some resemblance to S. laterariae Báldi, 1966 (see Báldi, 
1973, p. 331, pl. 49, fig. 7), which is, however, much smaller. As there are 
several other species with which the present material should be compared 
I prefer to mention the species in open nomenclature.
105. Syrnola (Puposyrnola) sp.

Not mentioned by Báldi & Cságoly (1975). Material: 6 specimens. 
The height of the specimens is maximally 3 mm. Their surface is smooth, 
the shell-form is cyrtoconoid. The columella bears a solid spiral fold.
106. Tiber ia (Loxoptyxis) sp.

Plate 4, fig. 11
Not mentioned in Báldi & Cságoly (1975). Material: 1 specimen. Its 

height is about 3 mm. The last whorl has an angular base. The columella 
has two strong folds. The apical angle is much smaller than in Pyramidella 
(Milda) sp.
107. Pyramidella (Milda) sp.

Plate 4, fig. 10
Not mentioned in Báldi & Cságoly. Material: 2 complete and 19 

defective specimens. Height up to 10 mm. Columella with a very strong 
upper spiral fold and two much weaker ones below it. A weak ridge is pre
sent around the very small umbilicus. The shell surface is smooth. The outli
ne of the shell is clearly cyrtoconoid.
108. Ringicula (Ringiculina) sp.

Plate 4, fig. 15
Ringicula auriculata paulucciae Morlet, 1878 in Báldi & Cságoly. 

Material: 37 specimens. The shells are much smaller than R. paulucciae
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Morlet (as described in Páldi, 1973, p. 333, pl. 50, fig. 3). Ringicula spe
cies are difficult to distinguish and therefore further identification will be 
postponed until more material is available for comparison.
109. Actaeon (Actaeon) punctatosulcatus (Philippi, 1843)

Not mentioned by BA 
corresponds perfectly witl 
the Lower Rhine area.

ldi & Cságoly. Material: 1 specimen. The shell 
specimens from the Late Oligocene deposits of

110. Acteocina exerta (Desi

Plate 4, fig. 14
Not mentioned by BÁ:

HAYES, 1862)

ldi & Cságoly (1975). Material: 121 specimens.
The shells correspond very well with specimens from Ormoy (Etampes
Basin, France), except for 
111. Ellobium (Ellobium)

their slightly higher spira.
A subjudae (d’ORBiGNY, 1852)

Plate 4, fig. 16-17 
Ellobium sp. in Báli и & Cságoly (1975); Ellobium n. sp. ex aff. от-

centina Fuchs in Báldi ( 976). Material: 11 specimens. This species is one 
of the very rare represent dives in Europe of a group of terrestrial species
which has its main area of distribution in southern Asia. The shell reaches a
height of 42 mm, the shell surface is rather coarsely sculptured with granules 
arranged in radial lines. The relative height of the spira is variable (com-
pare drawings). The coin nella has two obvious spiral folds, the parietal
labrum is slightly thickened in its middle part. Alsothe higher part of the 
callus lying against the base of the body-whorl is somewhat thickened.

The material bears some resemblance with E. vicentinum (Fuchs, 1870)
from the (? Early Oligocej 
Soggio di Brin in northern
ly smaller (somewhat less 
E. subjudae (d’ORBiGNY,

me, Tongrien, see Wenz, 1923, p. 1121) locality 
Italy. This latter species, however, is considerab-

Lamarck = A. aquitania^

than 30 mm) and it has only one columellar fold. 
1852) (= Auricula Judae Grateloup, 1827, non
Sandberger, 1873) from the Rupelian of Gaas

etc. in south-wastern France, is more closely related. It has 2 — 3 folds on
the columella and reaches 
the Máriahalom material.

a height of 45 mm, which compares very well with 
The drawing in Grateloup (1840, pl. 11, fig. 1),

however, represents (if correctly drawn!) a shell with a relatively higher
spira and more convex w loris. The illustration in Sandberger (1873, pl.
19, fig. 24) is a copy of Griteloup’s drawing. On the other hand Vergneau
(1959, p. 173) described 
Spire courte ä sommet ar

this species as “...., de forme ovalo-oblongue.
•ondi.”, which matches the Hungarian form very

well. She compares the French Oligocene species with a Miocene form from
the Loire and Aquitaine Basins in France, Auricula oblonga Deshayes,
1830 (compare Tournou Jr, 1872, p. 96, pl. 4, fig. 2a —b). This species, ho-
wever, has nothing to do with the Hungarian material: it is considerably
smaller, has a smooth shell surface and an obvious subsutural depression. 
In spite of these differenc es A. oblonga was included in Ellobium s. str. by
Wenz(1923,p. 1117) and by Glibert (1952, p. 405).
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Summarizing I think that the Máriahalom material is closely related 
and perhaps even identical with E. subjudae. A direct comparison will be 
necessary for a final decision.
NON-MOLLUSCA

In the samples from Máriahalom that were investigated for their mol
lusc content also some fossils of other animal groups were found. Of these 
the bony fish otoliths were shown to Dr. P. A. M. Caemers (Leiden), who 
is a specialist in this group of fossils. Although he had only a glance at the 
material he could ascertain that the fauna contains some unexpected ele
ments.

The following non-molluscs were encountered:

Crustacea — Cirripedia
many fragments and operculae (tergum and scutum) of Balanidae sp. 

Crustacea — Decapoda
29 fragments of crab pincers

Pisces — Elasmobranchii
4 shark teeth, 1 tooth of a ray, 1 dental segment of Myliobatis sp. 

Pisces — Teleostei
46 otoliths and 82 teeth and other skeleton fragments.
Furthermore six fragments were found of concretions containing 

imprints of tree leaves and stems, and attacked by Teredinids.
From the bottom of the sand-pit a larger fragment of such concretions 

was collected. The original level of these concretions is not known, but 
presumably they occur scattered in the sediment (compare text-fig. 1).

Discussion and conclusions

Báldi & Cságoly (1975) mentioned in their list a mollusc fauna com
prising 64 species. Of these 14 species are not present in my material. These 
are:

Anadara diluvii Lam., 1805
Diplodonta rotundata Mont., 1803
Cardium neglectum Hölzl, 1962
Semicorbula cf. nadali C. et. P., 1909
Diloma amedei Brogniart, 1823
Protoma cathedralis Brongniart, 1823
Protoma diversicostata Sand в., 1861
Thais sumeghyi n. sp.
Hadriania cf. egerensis Gábor, 1936
Ocinebrina crassilabiata trivaricosa Báldi, 1964
Euthriofusus cf. burdigalensis Deer., 1820
Athleta ficulina Lamarck, 1811
Egerea cf. collectiva Gábor, 1936
Turricula cf. reguláris Köninck, 1837.
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Báldi (1976) listed 59
me (Tellina perrandoi Mayer).

species, including one further species not found by

Together with the 111 species present in my samples the total number
of species of the Mária! alom mollusc fauna is brought to 126, which is al
most twice the number of species mentioned by Báldi & Cságoly.

When taking a clos er look at those species not mentioned by Báldi &
Cságoly, it is very str king that among them there is quite a number of
species present in my material in rather high numbers and consequently 
should be considered as important elements of the fauna, especially:

Nucula aff. nucleus
Pinctada phalaenai ea
Parvilucina (Microloripes) sp.
Lentidium (Lentid um) sp.
Teinostoma (Teinostoma) sp.
Pirenella plicata be varica
Pirenella sp. ? n. 
Sandbergeria secali 
Calyptraea chinens

,na
•is

Acteocina exerta.
It is hardly a coin udence, in my opinion, that all these species have

relatively small shells (s ay less than 10 mm). The same is the case for almost 
all other species not found by Báldi & Cságoly. Therefore I presume that
only few or no sieving 
in this way many spéci

residues were inspected by them. It is obvious that 
As remain unnoticed.

At least for some о i the species newly found it must be stated, however,
that they may not hav 3 been present in the outcrop earlier. Ever since the
time of collecting by Báldi & Cságoly (±1974) the exploitation in the
sand-pit have been ma, sing some progress and it is very well possible that
sediments with a slightly different faunal composition are being excavated 
today. This is in agreen ient with my own observation that the various pock
ets and lenses in the sec imént seem to differ slightly in species composition. 
Dr. Báldi (in litt.) cor firms this. He wrote to me, that some taxa of which
I found some fragment 

Although the moll
: 5 only, were found earlier in large quantities.
Mse fauna record of this sand-pit is almost doubled

now I think it quite likely that more new species will be found rather
easily; considering the short time that I spent at the locality extensions
of the fauna may be expected.
PALAEOENVIRONM ENT

According to an analysis made by Mrs. Cságoly the mollusc fauna
found at Máriahalom is
community (as descri! 
(1975). Judging from 
agree with this statemei

attributed to the so-called Tympanotonus-Pirenella
ed by Báldi, 1973, p. 107) by Báldi & Cságoly 
the most common species at Máriahalom I can 

nt, but it is most certainly not a typical representati-
ve of this association, as there are many species present at Máriahalom that
have a more open man ne character than indicated by the Tympanotonus-
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Pirenella community. There are also typical elements of the Mytilus aqui- 
tanicus community and especially also of the Glycymeris latiradiata com
munity. Summarizing we may conclude that the Máriahalom fauna indi
cates an euryhaline environment as part of a lagoon or coastal lake, situated 
rather closely to a connection with open sea. The heterogeneous composi
tion of the fauna and the observed differences in the various pockets and 
lenses in the sediment point to a biotop with quickly changing environ
mental conditions, which is, by the way, a general characteristic of eury
haline communities.
AGE OF THE SEDIMENT

Among the mollusc taxa known from the Máriahalom fauna there are 
several that are known only from Middle Oligocene faunas, but just as 
well there are species that are not known to occur in faunas older than 
Miocene. It is obvious that the vertical distribution of many species is 
still imperfectly known, or will prove to be different in Hungary from the 
distribution in other basins. So, there are no obvious reasons to assume 
this fauna not to be of Late Oligocene (Egerian) age.

LIST OF SPECIES AND REGISTRATION NUMBERS FOR RGM COMPUTER 
REGISTRATION

RGM Name Number of specimens

223.881
223.882
223.883

223.884

223.885
223.886
223.887
223.888
223.889
223.890

223.891
223.892
223.893
223.894
223.895
223.896
223.897
223.898
223.899
223.900
223.901
223.902
223.903
223.904

223.905

Nucula (Nucula) aff. nucleus (Linné, 1758) 
ditto, represented specimen
Nuculana (Saccella) anticeplicata (Roth von Telegd, 

1914)
Glycymeris (Glycymeris) latiradia latiradiata 

(Gumbel, 1861)
ditto
Mytilus (Mytilus) sp.
ditto
Musculus (Musculus) sp.
Pinctada phalaenacea (Lamarck, 1819)
Isognomon (Isognomon) heberti (Cossmann & Lambert, 

1884) represented specimen
Anomia (Anomia) ephippium Linné, 1758
Ostrea cyathula (Lamabck, 1806) 
ditto
Linga (Linga) oligocaenica (Cossmann, 1921) 
Parvilucina (Microloripes) sp.
ditto, represented specimen
Saxolucina (Saxolucina) heberti (Deshayes, 1857) 
ditto, represented specimen
Divalinga (Divalinga) ornata (Agassiz, 1845)
Felanidla ( Felaniella) aff. nysti (Bosquet, 1868) 
ditto, represented specimen
My sella (Mysella) sp.
ditto, represented specimen
Venericardia (Venericardia) sp.

Erydnella dara (von Koenen, 1893)

3/1, 25/2 and 25/2 def. 
1/2

4/2, 14 fragm.

2/1, 25/2
25/2 juv.
1/2 mould
35 fragm.
2/2 juv.
200/2 def.

1/2 juv.
1/1 juv., 21/2
many
many, on gastropods 
21/2, 66 fragm.
many/2
1/2
3/2, 11 fragm.
1/2
4/1, many/2
40/2 (±def.)
1/2
1/2
1/2
2/1, 21/2, 50/2 juv., 

20 fragm.
6/2
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RGM Name Number of specimens

223.906 ditto, represented sj jcimen 1/2
223.907 Goodallia (? Goodall ta) sp. 1/2
223.908 ditto, represented sj jcimen 1/1
223.909 Laevicardium (? Divocardium) kovacovense

(SeneS, 1958) 16 fragm.
223.910 Parvicardium sp., represented specimen 1/2 def.
223.911 Spisula (Spisula) s Abtruncata (da Costa, 1778) 30 fragm.
223.912 Angulus (Peronaea) ancestralis Báldi, 1973 13 fragm.
223.913 Arcopagia (Areopag a) cf. subelegans (d’Orbigny,

1852) 1 fragm.
223.914 Macoma (Psammaccima) elliptica (Brocchi, 1814) 4 fragm.
223.915 Gari (Psammotaena sp. 21 fragm.
223.916 Congeria basteroti (E eshaybs, 1836) 5/2. 28 fragm.
223.917 Coralliophaga sp. 3 fragm.
223.918 ditto, represented s] ecimen 1 fragm.
223.919 Dentonia geslini (Di SHAYES, 1830) 1/2, 2/2 def.
223.920 ditto, represented s >ecimen 1/2
223.921 Polymesoda (Pseudo tyrena) convexa brongniarti

(Basterot, 1825 16/2, 30 fragm.
223.922 Callista (Costacallist г) sp. 34/2, 25 fragm.
223.923 Callista (s.lat.) sp. 5/1 juv., 119/2
223.924 ditto, represented s] >ecimen 1/2
223.925 Venus ( Ventricoloidea) multilamella inter striata

(Roth von Tele id, 1914) 4/2 juv., 7 fragm.
223.926 Pelecyora (Cordiops s) polytropa suborbicularis

(Goldeuss, 1841) 8/2, 4 fragm.
223.927 ditto 2/1 juv., 21/2 juv.
223.928 Chamelea sp., reprei sented specimen 1/2 def.
223.929 ditto, represented s pecimen 1/2 def.
223.930 Veneridae sp. indet many fragm.
223.931 Corbula (Varicorbu, a) gibbagibba (Olivi, 1792) 1/2
223.932 Caryocorbula (Cary: corbula) basteroti (Hoernes, 1870) 2/2, 16 fragm.
223.933 Caryocorbula (Cary corbula) revoluta hoernesi

(Cossmann & Pe YROT, 1909) many
223.934 Lentidium (Lentidi im) modelli (Hölzl, 1958) 140/2, mainly def.
223.935 Lentidium (Lentidi tm) sp. 70/1, 348/2
223.936 ditto, represented s pecimen 1/2
223.937 ditto, represented í pecimen 1/2
223.938 ditto, represented s pecimen 1/2
223.939 Marlesia (Martesic sp. 1/2 juv., 17 fragm.
223.940 ditto, represented i pecimen 1/2 juv.
223.941 ditto, represented i pecimen 1 mesoplax
223.942 ? Teredina sp., rep esented specimen 1 fragm. calc, tube
223.943 Teredinidae sp. 2/2 def., 22 fragm.

of calc, tubes
223.944 Dentalium (Antali ? seminudum Deshayes, 1861 17 (±def.)
223.945 ditto, represented pecimen 1
223.946 Cadulus (Dischidei sp. 26 fragm.
223.947 ditto, represented !pecimen 1 fragm.
223.948 ditto, represented specimen 1 fragm.
223.949 Patella (Patella) a : ’. neglecta Michelotti, 1847 1 def., 2 fragm.
223.950 Jujubinus (Scrobiddimes) sp. 224
223.951 ditto, represented зpecimen 1
223.952 Skenea sp., repress rited specimen 1
223.953 Circulus sp. 3
223.954 ditto, represented specimen 1
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RGM Name Number of specimens

223.955 Clühon ( V ittoclithon) aff. pictus (Perus sac, 1825)
223.956 ditto, represented specimen
223.957 ditto, represented specimen
223.958 ditto, represented specimen
223.959 Theodoxus (Calvertia) aff. grateloupianus 

(Fébussac, 1821), represented specimen
223.960 Nerita (Theliostyla) plutonis Bastebot, 1825
223.961 Littorina (Melaraphe) sp.
223.962 ditto, represented specimen
223.963 Hydrobiidae sp.
223.964 ditto, represented specimen
223.965 Stenothyrella sp.
223.966 ditto, represented specimen
223.967 ditto, represented specimen
223.968 Rissoidae sp. 1
223.969 ditto, represented specimen
223.970 Rissoidae sp. 2, represented specimen
223.971 Rissoidae sp. 3, represented specimen
223.972 Teinostoma (Teinostoma) sp.
223.973 ditto, represented specimen
223.974 Teinostoma (Megatyloma) sp., represented specimen
223.975 Pseudomalaxis (Pseudomalaxis) semiclathrata 

(Spbybb, 1869)
223.976 Haustator (Haustator) sp. off. venue (d’OBBiGNY, 

1852), sensu Hölzl, 1962
223.977 Melanopsis (Lyrcaea) impressa hantkeni Hofmann, 

1870
223.978 Potamides (Potamides) lamarcki Bbongniabt, 1810
223.979 ditto
223.980 Potamides (Ptychopotamides) margaritaceus

(Bbocch, 1814)
223.981 ditto
223.982 ditto
223.983 ditto
223.984 ditto
223.985 Pirenella plicata (BbuguiÉbe, 1792) s.lat.
223.986 ditto
223.987 Pirenella plicata bavarica (Gümbbl, 1861)
223.988 Pirenella laevissima (Goldfuss, 1844)
223.989 Pirenella sp. ? n.
223.990 ditto, represented specimen
223.991 Terebralia aff. lignitarum (Eichwald, 1853)
223.992 ditto
223.993 Diastoma grateloupi (d’ORBiGNY, 1852)
223.994 Sandbergeria secalina (Philippi, 1843)
223.995 Bittium (Bittium) spina (Hoebnes, 1855)
223.996 Cerithiopsis (s.lat.) sp.
223.997 Acirsa (Acirsa) sp.
223.998 ditto, represented specimen
223.999 Cirsotrema (s.lat.) sp.
224.000 Eulima (Eulima) glabra hebe (Sbmpbb, 1861),

represented specimen
224.001 Balds (Balds) alba naumanni (von Koenbn, 1867)
224.002 ditto, represented specimen
224.003 ditto, represented specimen
224.004 Calyptraea (Calyptraea) chinensis (Linnb, 1758)

many
1
1
1

1
30
2
1
3
1
5
1
1
18 (±def.)
1
1 def.
1 def.
56
1 
1

2 fragm.

many

19
many 
many juv.

many 
many 
many 
many 
many 
many 
many 
125
15 (±def.) 
159
1
80 (±def.)
27 juv.
20 juv.
302
9 (±def.)
1
5 def.
1 def.
1 fragm.

1 def.
2 def.
1 def.
1 def.
63 (±def.)
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RGM Name Number of specimens

224.005 Erato (Eratopsis) prolaevis prolaevis Sacco, 1894,
represented spe cimen 1

224.006 Globularia gibbero^
1919)

a sanctistephani (Cossmann & Peyrot,
2, 2 juv.

224.007 Cernina (Cernina rothi (Cossmann, 1925) 1
224.008 Neverita josephini a olla (de Serres, 1829) 15
224.009 Euspira helidna ( Brocchi, 1814) s. lat. 56
224.010 Euspira sp., reprí sented specimen 1
224.011 Ampullinopsis cn ssatina (Lamabck, 1804) 23
224.012 ditto 5 juv.
224.013 Natica neglecta M. Iyer, 1858, represented specimen 1
224.014 Odnebrina aff. co) ispicua (Sandberger, 1861) 1, 9 juv., 1 fragm.
224.015 ditto, represented specimen 1
224.016 Mitrella (Macrur lla) sp., represented specimen 1 juv. def.
224.017 Babylonia (Ferid-: 

subsp. n.
psaccus) matheroni Magne, 1942,

13
224.018 Melongenidae sp. 5 (±def.)
224.019 ditto, represented specimen 1 def.
224.020 ditto, represented specimen 1 def.
224.021 ditto, represented specimen 1 def.
224.022 Dorsanum (Dorsa num) gradatum (Wolff, 1897) 19
224.023 Dorsanum (? Dor sanum) hungaricum (Gábor, 1936) 112 (±def.)
224.024 Hinia (Tritonella sp. 51 (±def.)
224.025 Olivella (Lam-proc oma) clavula vindobonensis

Csepreghy —i EZNERICS, 1954 110 (±def.)
224.026 Athleta (Athleta) rarispina (Lamarck, 1811) 22
224.027 Turrinae sp. 1 def.
224.028 Clavinae sp. 1 1
224.029 ditto, represented specimen 1
224.030 Clavinae sp. 2 1 def.
224.031 Clavinae sp. 3 2 juv.
224.032 Bela sp. 13 (±def.)
224.033 ditto, represented specimen 1
224.034 Hastula (Hastula, sp. 21 def.
224.035 ditto, represented specimen 1 def.
224.036 Phasianema sp., r ^presented specimen 1
224.037 Odostomia (Mega. tomia) sp. 2
224.038 ditto, represented specimen 1
224.039 Syrnola (Syrnola) sp. 17 (±def.)
224.040 ditto, represented specimen 1 def.
224.041 Syrnola (Puposyr tola) sp. 6
224.042 Tiberia (Loxoptya is) sp., represented specimen 1
224.043 Pyramidella (MH la) sp. 1, 19 def.
224.044 ditto, represented specimen 1
224.045 Bingicula (Bingic dina) sp. 36
224.046 ditto, represented specimen 1
224.047 Actaeon (Actaeon 1 punctatosulcatus (Philippi, 1843) 1
224.048 Acteocina exerta ( Deshayes, 1862) 120
224.049 ditto, representer specimen 1
224.050 Ellobium (Ellobiu n) cf subjudae (d’Orbigny, 1852) 9
224.051 ditto, representer specimen 1
224.052 ditto, represented specimen 1
224.053 Crustacea, Cirripe iia, Balanidae sp. many specimens and 

fragments
224.054 Crustacea, Decap >da 29 fragm. of crab 

pincers
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RGM Name Number of specimens

— Pisces, Elasmobranchii
Pisces, Elasmobranchii

— Pisces, Elasmobranchii, Myliobatis sp.
— Pisces, Teleostei
— Pisces, Teleostei

224.055 concretions with tree leaves and stems, and attacked 
by Teredinids

224.056 ditto
— uninspected residue
— uninspected residue
— uninspected residue

4 shark teeth
1 tooth of ray
1 dental segment
46 otoliths
82 teeth and other 

skeleton fragm.

6 fragm.
1 large fragm.
about 1.5 kg
about 1.5 kg
about 1.5 kg





LATE OLIGOCENE MOLLUSCS FROM A SAND-PIT NEAR MÁRIAHALOM 143

PLATE 1

Fig. la —b Nucula (Nucula) aff. nucleus (Linné, 1758), X 8.
2 Isognomon (Isognomon) heberti (Cossmann & Lambert, 1884), X 4.
3 Musculus (Musculus) sp., X 17.
4 Parvilucina (Microioripes) sp., X 4.
5 Saxolucina (Saxolucina) heberti (Deshayes, 1857), X 4.
6 Felaniella (Felaniella) sp., X 4.
7 Mysella (Mysella) sp., X 17.
8a —b Erycinella dara (von Koenen, 1891), X 17.
9a —b Goodallia (? Goodallia) sp., X 8. Left and right valve of same indivudual.
10 Parvicardium sp., X 17.
11 Coralliophaga sp., X 8.
12 Callista (s.lat.) sp., X 4.
13 Dentonia geslini (Deshayes, 1830), slightly enlarged (H = 46 mm).

All specimens from Máriahalom, Hungary. Late Oligoeene, Egerian, lower part of 
Mány Formation.
Material kept in RGM collections (Leiden, The Netherlands).
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PLATE 2

Fig. 1—2 Chamelea sp., X 4.
3 Martesia (Martesia) sp., X 8.
4 Martesia (Martesia) sp., mesoplax, X 8.
5 Teredina sp. ?, X 4. Distal view of calcareous tube.
6 — 8 Lentidium (Lentidium) sp., X 8.
9 Dentalium (Antalis) seminudum Deshayes, 1861, X 4.
10 — 11 Cadulus (Dischides) sp., X 8.
12 Jujubinus (Scrobiculinus) sp., X 4.
13 Circulus sp., X 8.
14 Theodoxus (Calvertia) aff. grateloupianus (Férussao, 1821), X 4.
15 — 17 Clithon (Vittoclithon) aff. pictus (Férussao, 1825), X 4.
18 Skenea sp., X 34.

AH specimens from Máriahalom, Hungary. Late Oligocene, Egerian, lower part of 
Mány Formation.

Material kept in RGM collections (Leiden, The Netherlands).

10 ANNALES — Sectio Geologica — Tomiis XXIV.
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PLATE 3
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PLATE 3

Fig. 1 Teinostoma (Teinostoma) sp., X 8.
2 Teinostoma (Megatyloma) sp., X 17.
3a —b Rissoidae sp. 2, X 8.
4a —b Rissoidae sp. 3, X 17.
5a —b Hydrobiidae sp., X 17.
6 Rissoidae sp. 1, X 4.
7 — 8 Stenothyrella sp. (? div.), X 17.
9 Littorina (Melaraphe) sp., X 17.
10 — 11 Balds (Balds) alba naumanni (von Koenen, 1887), X 8.
12 Eulima (Eulima) glabra hebe Semper 1861, X 8.
13 Erato (Eratopsis) prolaevis prolaevis Sacco, 1894, X 8.
14 Natica neglecta Mayeb, 1858, X 4.
15 Euspira sp., X 8.
16 Adrsa (Adrsa) sp., X 4.
17 Pirenella sp. n. ?, X 4.
18 Odnebrina aff. conspicua (Sandberger, 1861)

All specimens from Máriahalom, Hungary. Late Oligocene, Egerian, lower part of 
Mány Formation.

Material kept in RGM collections (Leiden, The Netherlands).

10*
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PLATE 4
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PLATE 4

Fig. 1 — 3 Melongenidae sp., slightly enlarged (H = 30 mm, 45 mm, and 30 mm resp.).
4 Mitrella (Macrurella) sp., X 8.
5 Clavinae sp. 1, X 4.
6 Bela sp., X 4.
7 Hastula (Hastula) sp„ X 4.
8 Odostomia (Megastomia) sp., X 17.
9 Syrnola (Syrnola) sp., X 8.
10 Pyramidella (Milda) sp., X 4.
11 Tiberia (Loxoptyxis) sp., X 8.
12 Syrnola (Puposymola) sp., X 17.
13 Phasianema sp., X 8.
14 Acteocina exerta (Deshaybs, 1962), X 8.
15 Ringicula (Ringiculina) sp., X 8.
16 — 17 Ellobium (Ellobium) of subjudae (d’Orbigny, 1952), slightly enlarged (H = 42 

mm and 38 mm resp.).

All specimens from Máriahalom, Hungary. Late Oligocene, Egerian, lower part of 
Mány Formation.

Material kept in RGM collections (Leiden, The Netherlands).
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CONTRIBUTION TO THE LITHOLOGY OF THE REWORKED 
CLASTIC DOLOMITE COMPLEX OF THE SOUTHERN GERECSE
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by
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SUMMARY

It was during the seventies that intense exploration in the Gerecse Forelands disclosed 
the presence of a fanglomerate-like, reworked, clastic dolomite complex almost all over the 
area concerned. Genetics and the possibilities of lithological classification of the said complex 
are presented in the paper.

* * *

The reworked clastic dolomite complex of the Nagyegyháza-basin (dis
covered during the exploration of the bauxite and coal reserves of the area) 
has been recognized in the form of more or less continuous patches also in 
almost all of the small basins adjoining the Gerecse Forelands and is the, 
subject of exploration even now.

In the Nagyegyháza basin it occurs as an essentially continuous sheet, 
the thickness of which is 25 to 30 meters, while at Mány it is only about 
20 meters thick and is confined to two basin-like troughs divided by an 
unproductive “barren” zone. At Many-East — instead of being continuous 
— it occurs locally in the form of patches of various size the thickness of 
which does not exceed 10 meters.

In the Tarján — Héreg —Bajna area its occurrence is restricted to 
small sinkhole-like depressions of the bedrock.

At Nagyegyháza the reworked dolomite complex is immediately under
lain by a workable, strata-like bauxite-sheet, while at Mány only scattered 
patches of bauxite are found beneath the dolomite-scree, the latter indica
ting that it was only the depressions of the carbonate terrain which were 
filled with bauxite in that case. It will be discussed later on that the accu
mulation of bauxites has been repeatedly recurrent in this area. Based on 
its shape and extension the reworked dolomite complex can be confined to 
tectonically controlled depressions of the carbonatic basement.

As to its lithological composition, the scree consists mainly of frag
ments of Middle to Upper Triassis rocks (predominantly dolomites and 
somewhat less commonly also “dachstein” limestones). It is assumed that 
these rocks were subject to intense physical and chemical weathering as a 
result of which they disintegrated and were transported and redeposited eit
her by means of simple gravitation-controlled mass-movements (= phan- 
glomerate-like depositions) or by ephemeral water courses (see also Tóth,
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1 2 5413

Fig. 1. Areal extei ision of the reworked clastic dolomite complex
Legends: (1) “Dachstein” limestone, Norian to Raethian “Hauptdolomit” Carnian-Norian 
(3) Diplopora-Dolomites Ladini in (4) Boundaries of the reworked dolomite complex (5) Oc-

currences of the “upper” reworked dolomite complex
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Á. 1974). As to grain-size, the material is rather varied: it contains 
boulders of several tens of centimeters or even meters diameter and fine, 
silt-size dolomite-powder as well, the latter being considered as the matrix 
of the reworked clastic dolomite complex.

As to its origin, part of the silt-size dolomite-powder is of clastic nature, 
i.e. it was formed by disintegration, as a result of the intense physical and 
chemical weathering and was transported to its present position together 
with the coarse fraction of the complex. Part of it, however, in undoubtedly 
of in situ origin, having been formed by postdepositional, mainly chemi
cal processes such as diagenic dissolution and disintegration.

The amount of the powder matrix varies between 0 to 100 percent in 
most samples. Whether the percentage of the fine-grained dolomite 
powder conforms to the powder content of the original sediment can be 
established in the case of the cemented clastics only. Cementation may have 
been brought about by dissolution and reprecipitation of the carbonatic 
material either in contact with downward percolating, SO4-rich waters of 
the overlying swamp, or at the time of postdepositional inundation. When 
drilling at places of no cementation it is impossible to get any representative 
sample from the uncemented clastic complex. Fine grains are washed off 
namely by the flushing medium and consequently cores are relatively 
“enriched” in coarse ones, thus the original grain-size distribution is dis
torted.

Nevertheless, a definite upward decrease of the average grain size of 
the dolomite debris within the vertical profile seems to be a general rule 
all over the area. It can be related to the geomorphological evolution of 
both the source area and the sedimentary basin. Due to intense denudation 
the relative height of the source area must have been gradually decreased 
while the rate of sedimentation being rather high the sedimentary basin 
became gradually filled up. Thus, with the relief getting increasingly gentle, 
the grain-size of the transported material became finer and finer. Another 
consequence of the intense denudation is the fact that the deeper the erosion 
penetrated, the wider the scope of the eroded material. After stripping the 
more-or-less homogeneous uppermost Triassic strata, the erosion reached 
namely an originally deeper seated level consisting of various types of do
lomites which gave rise to the deposition of the heterogeneous “polymict” 
dolomite-breccias in the uppermost parts of the clastic dolomite complex. 
This heterogeneous breccia consists of dolomite fragments of different 
colour and texture.

Together with the dolomite scree bauxites were also transported 
onto the area of deposition. Part of the bauxite was literally mixed with 
the scree and when laid down it was washed into the open pore-spaces of 
the previously deposited loose clastics. Part of it, however, was laid down 
in the form of smaller or larger lenticular bodies of reworked bauxite in
terbedded within the dolomite-scree ( = this is the so called “interlayered” 
horizon of the Nagyegyháza bauxite deposit).

After the relief had been essentially levelled but swamps had not yet 
formed, there was another period of reworking and redeposition of bauxite
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at Nagyegyháza, which resulted in the formation of the so-called “upper 
bauxite horizon”, the final member of the reworked complex. As to litho
logy, this upper bauxite 
it is generally gray and ric

horizon exhibits rather unique characteristics: 
A in pyrite — clear signs of a most probably epi-

genic reduction which was brought about by descendant low-Ph solutions 
originating in the overlying coal-swamp. Although of limited extent, the 
same horizon occurs in the Mány-basin, too.

With the beginnings
mulation of the reworked

of the formation of the coal-measures, the accu-
dolomite scree gradually ceased. It is the car-

bonaceous clays containing yet smaller or larger amounts of dolomite 
debris and belonging essentially to the coal- measures, that can be taken for 
the transition between th« two. One of the most prominent representatives
of the transition-member 
which penetrated the pin

was found in borehole No Zs —29 (See Fig. 2.) 
ched-out end of the coal-seam consisting of 45

meters of alternating minor coal-seams, carbonaceous clays, dolomite deb-
ris argillaceous dolomite- 
into bauxite and with on

powder, angular dolomite fragments embedded

careous marls. Beneath
iy 3 meters of the otherwise rather common cal- 
his transitional series the hole penetrated 123

meters of dolomite- scree, the silt-size (=powdery) dolomite content of 
which* markedly decreased downwards. At the basis of the here extraordi-
narily thick clastic comp 
dolomite.

In the Southern part

ex there were also large blocks and boulders of

of the Mány area (See Fig. 1.) there is an additio-
nal horizon of reworked colomite, overlying the coal-measures, and belon
ging to the lowermost section of the Eocene Alveolina-Limestone series.
It consists either of well-r Dunded dolomite pebbles cemented into a conglo-
merate or it may be repr jsented merely by huge dolomite blocks of seve
ral meters diameter. Based on its geometry and the facies of the surrounding 
formations this uppermost “reworked” dolomite horizon should be taken 
for an abrasion conglome ’ate rather than the equivalent of the lower, ter- 
restric dolomite debris de oositions. As to the age of the reworked dolomite 
complex, it is the carbonaceous intercalations, the palynological study of 
which serves as a basis fo • a reliable estimation. According to the palynolo-
gieal investigations of L. 
The Foraminifera fauna

Rákosi, they can be taken for Eocene (Lutetian), 
found in the “upper” dolomite-clastite horizon

of Many definitely prove? the Middle Eocene age of the complex (Kecs-
KEMÉTI, T )

As to lithology, then 
the Nagyegyháza — Csőri b 
sibility is the creation o:

■e are basically two possible ways of classifying 
akút — Mány-type clastic complexes. One pos- 
independent taxa for every one of the charac-

Fig. 2. Stratigraphic column < f borehole Zs — 29 showing the transitional (lignitiferous) 
part of the reworked dolomite complex

Legends: (1) Coal-carbonaceov s clay (2) Dolomite-debris with dolomite-powder (3) Lime
stone, calcareous marl (4) Baurite (ö) Clay (6) Cherty dolomite. Further: combination of all 

the above symbols
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teristic specimens comprising the series. The other —and much more con
venient — one is to establish a restricted number of so-called “ideal” types,

] lieh all members of the series can be easily deduced.by the combination of w
During the early st; iges of the exploration of the Nagyegyháza — Csor-

:'irst method was used when trying to standardize 
core-samples recovered from the reworked dolo- 
rumber of the investigated core-samples increasing, 
limens into “ideal” types became facilitated. The 
ideal” types was based the investigation of 180 
ígyháza, 200 at Many and about 100 on other sec
tion.
said ideal types the following lithological charac-

dakút— Mány area the 
the description of the 
mite complex. With the 
the grouping of the spe 
establishment of the “ 
boreholes sunk at Nagy 
tions of the area in ques

When defining the
:o consideration:teristics were taken int 

— material
— shape of the clastic elements
— the nature of ths cement

(As to the fine-clastic r latrix, it could not be used for a criterion of classi
fication because it invar iably consisted of fine — less than 1 mm diameter — 
dolomite-grains, i.e. of dolomite-powder.)

Based on the above principles classification was carried out along the 
following main lines:
(1) According to the material of its clastic constituents the reworked dolo

mite complex may be
— homogenous, consisting of one particular kind of dolomite
— heterogeneous, consisting of several kinds of dolomite
— heterogeneous, consisting of fragments of dolomite and limestone 
— heterogeneous, consisting of dolomite, and/or limestone, and clay,

or grains of red- or gray bauxite
— heterogeneous, 

bonaceous clay
of dolomite, and/or limestone, and carconsisting of dolomi 

and/or coaly detritus
(2) According to the shape of the clastic constituents, they may be re

worked clastics consisting of
— angular fragments, exhibiting no rounding at all
— fragments with 

points
signs of some slight wear at the most protruding

— well rounded fragments
— angular and rounded fragments (that is, they may be heterogeneous,

i.e. conglobrecc i;
(3) As to the nature of

las)
the cement they may be

— carbonatic
— pyritic
— argillaceous (r
— carbonaceous-

• id or gray) 
argillaceous
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The minimum number of variations of the above listed types is 64. 
It is only about 15 to 20 of them which proved to be common up to now. 
The most characteristic of them are shown by Photos Nos.

This seemingly mechanical classification has its geological implica
tions, too. As to the material of the clastic constituents.it may be indicative 
of the age of the blocks which, at the time of the accumulation of the clas
tic dolomite complex had been elevated, and thus the sites of denudation. 
Although most of the clastic grains are rather undistinctive, i.e. they were 
hard to identify even in their original (Upper Triassic) position, some of 
them are characteristic even in fragments. Examples are the stromatolites 
of Norian age, the brown and purple-coloured Upper Carnian dolomites, 
then the Lower Carnian dark-gray, sometimes even black dolomites and 
— perhaps the'most distinct of all —the Lower Carnian “Hornstein”.

Since the shape of any transported clastic grain is principally deter
mined by the distance of the transportation on the one hand and by the 
transporting medium (i.e. permanent- or ephemeral watercourses, etc.) 
on the other hand; the shape, as such, may be indicative of either of the 
two. Being influenced, however, by some other factors (such as physical 
properties like brittleness, friability or pulverulency of the rock) too, the 
shape of the clastic grains alone is not to be taken for a decisive argument 
when trying to re-construct palaeogeomorphological environments.

Shape and size together, or more exactly their variations may facili
tate, however, the establishment of the direction of tansport, which in the 
case of both the Nagyegyháza and the Mány area must have been from 
South to North.

It is the nature of the cement and also the fine matrix which are most 
important from the practival point of view. They are namely responsible 
for both the permeability and the stability of of the clastic dolomite comp
lex.

The presence of any bauxitic or argillaceous bauxitic members may 
considerably decrease the permeability of the sequence and thus is of re
markable importance from point of view of protection against karstic 
water-inrushes.

The extremely fine-grained “powder” dolomite matrix also deserves 
attention when present, because either the intergranular spaces may be 
filled by it, or it may occur in the form of smaller or larger (several tens 
of centimetres or even metres/thick) “layers” interbedded in the coarse 
clastic sequence. It may be taken for a permeability-decreasing factor 
only when sufficiently cemented, and thus providing no load into the wa
ters passing through.

constituents.it
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PLATE 1.

Fig. 1. Heterogeneous, unsorted dolomite scree with angular grains embedded into a powdery 
dolomitic matrix cemented by carbonatic material. The black spots are small aggregates 
of pyrite
Fig. 2. Heterogeneous, unsorted dolomite scree with angular to subangular grains embedded 
in a loose powdery-dolomitic matrix, slightly cemented by some carbonatic material
Fig. 3. Heterogeneous, unsorted dolomite-scree, with angular to rounded grains. The matrix 
is scarce and only slightly cemented by carbonatic material
Fig. 4. Heterogeneous, medium-sorted dolomite-scree with angular to rounded grains 
embedded in a limonite-coloured matrix. Rounding is mainly due to pulverization along 
a surficial “crust” of the grains
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PLATE 2.
Fig. 5. Rounded, well-sorted, fine-grained dolomite-scree with the dolomite grains embedded 
in a powdery dolomitic matrix rich in disseminated pyrite
Fig. 6. Heterogeneous, unsorted dolomite scree, with the edges of the dolomite grains round
ed. Matrix: powderized dolomite. Cement: gray, argillaceous with large patches of pyrite 
Fig. 7. Heterogeneous, unsorted, angular to subangular dolomite scree, with the dolomite
grains embedded in a powdery dolomitic matrix with disseminated pyrite and — at places — 
also with pyritic impregnations
Fig. 8. Heterogeneous, slightly sorted but well-rounded dolomite scree embedded into a 
powdery dolomitic matrix cemented by a gray, argillaceous-pyritic material

11 ANNALES - Sectio Geologies - Tomus XXIV.
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PLATE 3.

Fig. 9. Heterogeneous, medium-sorted dolomite scree, with the angular to subangular dolo
mite grains embedded into a powdery dolomitic matrix and cemented by a carbonaceous 
argillaceous material
Fig. 10. Heterogeneous, medium-sorted dolomite scree with angular dolomite grains and 
coal-detritus embedded in subordinated amounts of powderized dolomite, cemented by 
a gray, clayey, lignitiferous material
Fig. 11. Heterogeneous, medium-sorted, loose dolomite-scree with subordinated amounts 
of dolomite-powder, immediately overlying the lignitiferous clays or the calcareous marls 
of the coal-measures
Fig. 12. Stromatolitic dolomite boulder (bottom) with heterogeneous angular dolomite 
fragments embedded into brown-coal

11*
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PLATE 4.

Fig. 13. Unsorted, subangular dolomite fragments embedded into a powderized dolomite 
matrix cemented by red limonitic clay
Fig. 14. Poorly sorted, heterogeneous dolomite scree with subordinated amounts of dolomite 
powder, cemented by large amounts of red argillaceous-bauxitic( ?) material
Fig. 15. Poorly sorted, subangular debris of “Dachstein” limestone cemented by a red 
clayey and partly also carbonatic material
Fig. 16. Unsorted, homogeneous dolomite scree, with the edge of the dolomite grains pul
verized. The matrix consists of dolomite powder and is coloured by rhytmical precipitations 
of iron-oxide
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РЕЗЮМЕ

Новые раскопки в средне-юрских слоях местности Кохтал (Сенвэлдь), находя
щейся около деревни Офалу в восточной части гор Мечек и известной как класси
ческое палеонтологическое месторождение, дали новую очень богатую аммонитовую 
фауну. На основании собранных послойно аммонитов появилась возможность для 
ревизии прежней литосмратиграфической классификации. В красной желваковый 
известняково-мергелевой формации были обнаружены нижнебатский Zigzag, сред
небатский Progracilis и Subcontractus, а также верхнебатские зоны Ходсона. Средне- 
батскую зону Морриса, по-видимому, нельзя было выявить только из-за отсутствия 
ее форм-указателей.

Из-за преобладания видов Phylloceras и Lytoceras аммонитовая фауна указывает 
на средиземноморские черты, однако найдено и большое количество таксонов северо- 
западной Европы. Примечательно относительно большое число микроконховых ам
монитов. Самые важные с биостратиграфической точки зрения виды аммонитов 
были обсуждены и представлены подробнее. Данная работа представляет собой пер
вый шаг в переоценке батских аммонитов гор Мечек.

Introduction

In 1880 — 81 J. Воски published the stratigraphical and paleontolo
gical results of his studies on the Middle Jurassic of the Mecsek Mountains. 
The paleontological work, abreast of the time, is the first Hungarian Ju
rassic ammonite monograph. Regrettably the work was published only in 
Hungarian, thus it remained neglected in the international literature.

In 1981 geology students taking summer field exercises, revisited the 
Kohltal at Ófalu, one of the classical Middle Jurassic localities of the Me
csek Mountains, which was also studied by Воски. They carried out petro
graphical, sedimentological investigations and collected a rich ammonite 
fauna, which was handed over to the present author for determination. 
The material, which was collected layer-by-layer, made possible to give 
an accurate stratigraphic arrangement of the red, nodular calcareous 
marl. The here exposed formation is of a wide-spread occurrence in the 
Mecsek Mountains, and is regarded as an important marker horizon.

The Kohltal of Ófalu is an important locality, because this is the type 
area (Eszterpuszta in earlier times) from where Воски described Bullati- 
morphites eszterense, an ammonite indexing his stratigraphical unit the 
“Eszterense beds”.
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The Middle Jurassi
during the last 120 years.

з rocks of Ófalu have been repeatedly studied
The good outcrops with rich fauna were the ba-

ses for significant stratigraphical conclusions. The present work reviews
critically the results of these previous studies, and presents a detailed
stratigraphic arrangement and the stratigraphically most important am
monite finds.

History of previous studies and former stratigraphic arrangements

The Ófalu sequence is the easternmost surface outcrop of Jurassic
rocks in the Mecsek Mountains Its most interesting feature is its 
relatively small thickness, which can be due mainly to the reduced Lower 
Jurassic series (Hetenäi et al. 1976). The reduced thickness of the se
quence was explained by 
paleogeographic causes c
p. 380).

The Middle Jurassi

tectonic causes (Vadász 1935, p. 97), but primary, 
an also be taken into consideration (Wein 1967,

e beds of Ófalu were first mentioned by Peters
(1862, p. 39), but he disregarded the detailed study, because his work was
focused on the Lower
Hauer 1876, pp. 22, 25)
nite fauna of the Middle 
others. Later Böckh in 
the sequence and the fau 

Böckh (1880 — 81,

Jurassic formations. Hofmann and Böckh (in 
were the first to call attention to the rich ammo- 
Jurassic in the Mecsek Mountains, at ófalu among 
his 1880 — 81 work gave a detailed description of

. la of these localities.
I. 36) described the Middle Jurassic of Ófalu under

the locality name “Eszter” in the Stratigraphical part of his monograph. 
He studied two outcrops of the red, nodular, ammonitic sequence. The
lower part of the seque l 
Kohllal. He gave the fol <

nee was exposed in the road-cutting along the 
owing list of ammonites from this outcrop:

Lytoceras tripartitur i Rasp. sp.
L. cfr. Adelaides Kim. sp.
Phylloceras euphylh; 
Ph. disputabile Ziti .

m Neum.

Ph. mediterraneum Neum.
Ph. Zignoanum D’o RB. Sp.
Oppelia (Oekotraustzs) sp. indet.
Stephanoceras ling и 
S. n. sp. indet. (cfr. 
S'. Eszterense n. sp. 
S. n. sp. indet. (cfr.

ferum D’orb. sp. 
rectelobatum Hauer sp.)

Eszterense  )
S. sp. indet. (cf. Yiiir Oppel sp.)
S. cfr. bombur Opp. sp.
Perisphinctes curvicosta Opp. sp.
P. funatus Opp. sp.
P. cfr. wagneri Opp. sp.

He named the succession yielding this fauna as “Stephanoceras Eszterense
beds”, and placed it int j the Upper Bathonian. However, he regarded the
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fauna as a mixed assemblage, with forms (Lytoceras tripartitum, Stepha
noceras linguiferum) indicating the Lower Bathonian and with elements 
(Perisphinctes curvicosts, P. funatus) suggesting the Lower Callovian. He 
pointed out that the Eszterense beds are not contemporaneous with other 
Mecsek Mts. occurrences of the red, nodular ammonitic beds, because these 
represent in other outcrops the Lower Bathonian (= “Stephanoceras rec- 
telobatum beds” of Böckh), or belong to the Lower Callovian.

Böckh gave an other Middle Jurassic faunal list from Ófalu, of which 
elements were collected from the yellowish-reddish limestone overlying the 
Eszterense beds that had been exposed in a small quarry near the entrance 
of the Kohltal.
These ammonites are as follows:

Phylloceras euphyllum Ne им.
Ph. disputabile Zitt ;
Ph. mediterraneum Neum.
Haploceras vallis-calcis n. sp.
Stephonoceras bullatum D’orb. sp.
Perisphinctes Recuperoi Gemm.
P. patina Nehm.
P. cfr. leptus Gemm.

He regarded this fauna as of Lower Callovian, and ranged it into the 
“Stephanoceras macrocephalum horizon”.

Lóczy (1915, pp. 213 — 214), working on the Callovian ammonites of 
Villány, revised the faunal lists of Böckh (e.g. he determined S. linguiferum 
of Böckh as S. extinctus Quenst.), but regarded the original stratigraphic 
arrangement as correct, interpreting the Eszterense beds as uppermost 
Bradfordian, i.e. Upper Bathonian.

Vadász (1935, pp. 57 — 60), in his monograph of the Mecsek Mount
ains gave a summarised description on the several outcrops of the red nodular 
beds in the mountains. He added new elements to the faunal lists of Böckh, 
and he subdivisioned the succession into three units: Parkinsonia ferrugi- 
nea, Oppelia aspidoides and Macrocephalites macrocephalus horizons. 
It is not clear which elements of his synthetic faunal lists came from Ófalu, 
but he mentioned that he found all the three horizons in the Kohltal. He 
ranged the Eszterense beds into the Oppelia aspidoides horizon of the Brad
fordian (= Upper Bathonian sensu Vadász).

Kovács (1953) made new collections at the previously described lo
calities of the red, ammonitic Middle Jurassic beds. He mentioned the fol
lowing, preliminary determined ammonites from the Kohltal of Ófalu:

Calliphylloceras sp. ex aff. frechi Prinz
Lytoceras tripartitum D’orb. (sic!)
Perisphinctes banaticus Zitt.
P. orion Opp.
P. sp. ex aff. moorei Opp.
P. lytoceratoides Lóczy
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Stephanoceras linguiferum D’orb.
Macrocephalites macrocephahim (Schloth.) 
Cosmoceras sp. ex. af’. globosum (Till)

On the basis of these foi 
Callovian.

ms, he ranged the whole fauna into the Lower

Hetényi et al. (1970, pp. 25 — 27) gave a detailed description of the 
of Ófalu.Middle Jurassic sequence 

The extended faunal list 1 
wing ammonites:

írom the red, greyish-red marl contains the follo-

Zetoceras cf. plicatun. (Neum.)
Phylloceras cf. lender. latschi Hauer
Ph. euphyllum Neus:. 
Ph. cf. euphyllum Nia UM.
Ph. hatzegi Lóczy ju n.
Ph. cf. hatzegi Lócz1 
Phylloceras sp. 
Calliphylloceras dem. 
C. cf. demidoffi (Ro

jun.

doffi (Rouss.)

C. disputabile (Zittd 
C. aff. frechi (Prinz )

iss.) 
:l)

Ptychophylloceras euphylloides (Till) 
Pt. cf. euphylloides (Till) 
Holcophylloceras mediterraneum Neum. 
Sowerbyceras cf. tietzei (Till) 
Lytoceras adeloides Kud.
Nannolytoceras tripertitum (Rasp.) 
Oxycerites tilli Lóczy
Oxy cerites sp. 
Hecticoceras sp. 
Cadomites rectelobat'
C. cf. rectelobatum

im (Hau.)

Polyplectites linguif 
P. cf. linguiferum 
Bullatimorphites bu 
B. aff. bullatum (D

(Hau.)
rum (D’orb.) 
D’orb.)
latum (D’orb.) 
orb.)

В. eszterense Воски
В. sp.
Macrocephalites macrocephalus (Schloth.)
M. sp.
Parkinsonia cf. parkinsoni (Sow.)
P. sp.
Leptosphinctes cf. I’.ptus (Gem.)
Wagnericeras cf. wagneri (Opp.)
Choffatia remperoi 
Siemiradzkia aurig

(Gem.) (sic!) 
чга (Opp.)

Indosphinctes path a (Neum.)



AMMONITES AND STRATIGRAPHY OF THE BATHONIAN AT ÖFALU 171

This is a composite list, uniting all the previous determinations of Böckh, 
Vadász and Kovács. The work does not mention the possibility of further 
subdivisioning, and ranges the succession into the Bathonian and Callovian.

Hetényi (in Fülöp, 1978, pp. 199 — 200), describing the Eszterense 
beds with type locality in Ófalu, mentions the following characteristic 
ammonites:

Oxycerites aspidoides (Opp.)
Prohecticoceras haugi Pop. et Hatz. (sic!)
Polyplecites linguiferum (D’orb.)
Bullatimorphites eszterense (Böckh)
В. ymir (Opp.)
W agnericeras wagneri (Opp.)

On the basis of these forms, he dated the Eszterense beds as of Bathonian.
This literature review shows clearly the necessity of stratigraphical 

revision of the Middle Jurassic red, nodular, calcareous marl of the Mecsek 
Mountains. Despite the fact that even Böckh pointed out the heterochro
nism of these beds, later authors regarded the sequence as general marker 
beds of the Bathonian, Callovian, or the Bathonian-Callovian age.

On the basis of the literature, the age of the Ófalu occurrence cannot 
be ascertained. The present work is not aimed at revising the ammonites 
collected previously from this locality. However, even a check of the for
merly published faunal lists reveals that inferences to wide stratigraphic 
intervals were probably based on the rather arbitrary interpretation of 
certain ammonite species. For example StephanocerasIPolyplectites lin
guiferum could be any of the Bathonian Polyplectites species, especially 
when the macroconch pair (Cadomites) is also recorded. “Stephanoceras cfr. 
Bombur Opp.” (Böckh 1881, p. 52) is probably a microconch pair of the 
here abundant Bullatimorphites (see below). The two perisphinctids which 
were mentioned first by Böckh (“Perisphinctes” funatus and “P. ” cur- 
vicosta) are species interpreted 100 years ago so widely that their diagnos
tic value in inherited faunal lists is rather little.

The usefulness of the faunal lists of Kovács (1953, p. 92) is greatly 
reduced by the fact that he did not give the horizons of his specimens, thus 
it is problematic whether his Lower Callovian ammonites (e.g. Macroce- 
phalites macrocephalus) belong to the Callovian beds of Böckh, to the Esz
terense beds, or to both.

The faunal list presented by Hetényi et al. (1976, pp. 26 — 27) gives 
neither the revision of the previous determinations, nor the exact horizons 
of the specimens from the new collections. This faunal list contains (pro
bably after Vadász, 1935) even Bajocian forms (e.g. Parkinsonia cf. parlcin- 
soni), and some newer Callovian elements which can be interpreted widely 
(Pkecticoceras, Indosphinctes patina). It is very likely that all these forms 
are in fact Bathonian ammonites.

The recent faunal list of Hetényi (1978, p. 200) makes a more precise 
arrangement possible, suggesting only the Middle and the lower part of the 
Upper Bathonian.
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in be stated that Böckh gave a rather narrow in- 
Ófalu red marly beds, but later the workers widened

Summing up, it ca 
terval for the age of the
this stratigraphic internal, first because they took all occurrences of these 
beds into consideration The new collections, which were made recently in 
the Kohltal of Ófalu, rray serve as a proper starting point for a revision of 
the Middle Jurassic ammonites and stratigraphy of the Mecsek Mountains.

The Middle Jurassic succession of the Kohltal at Ófalu
The Jurassic sequ 

detailed petrologic-sedi 
treated also the Middle

:mce of the Kohltal was recently discussed by a 
nentologic study (Pataky et al. 1982). This work 
Jurassic beds cropping out in the lower part of the 

valley. They divided tie series into three units. The uppermost unit, 
which is the closing member of the Jurassic sequence in the Kohltal, is a 
greyish-brown, massive, siliceous limestone (unit G) overlying the red 
marls. During recent studies this limestone has not yielded any diagnostic 
fossils, but previous records mentioned the occurrence of Lower Callovian 
ammonites (Hetényi et al. 1976, p. 28). Its microfacies is dominated by 
recrystallized radiolarians, a feature very similar to that of the Callovian- 
Oxfordian limestone described from other parts of the Mecsek Mountains 
(Nagy 1967, pl. I, fig. 1 ).

The underlying unit F is a succession of yellowish, greyish, then red
dish marls and nodula:' limestone. Its total thickness is about 18 metres.
The contact of units F ind G could not be studied, thus the origin of Lower 
Callovian ammonites iecorded previously from the red marls, remained 
uncertain. The Bathoni m sequence of unit F, with the collected ammonites,

es with asterisk are discussed and figured below;is as follows [ammoniii
zonal scheme after Tobrens (in Cope et al. 1980)].

thickness
a) Yellowish clayoy marl with limestone layers
b) Greyish-yellow, pink, hard limestone with clayey

patches
c) Red, thinly-bei Ided clayey nodular limestone. Abun

dance of nodul ss increases downward

0.8 m

1.0 m

*Choffatia (Subgrossouvria) sp. aff. acuticosta (Roem.) 
Choffatia (Subgrossouvria) sp.
Choffatia sp. 0.3 m

UPPER BATHONIAN; HODSONI ZONE 2.1 m

Same lithology
Phylloceras sp.
Holcophyllocercs zignodianum (D’orb.) 
Phychophylloce 'as flabellatum (Neum. ) 
Ptychophyllocews sp. 0.9 m

d) Nodular limes :one and marl, with flattened, mainly ca. 1 cm 
nodules. Nodu es are pale, matrix is red marl. In the lower part
the lower 0.3 m thick interval is repeated by a small local fault
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Phylloceras sp.
Phylloceras sp. indet.
Calliphylloceras disputabile (Zitt. )
Calliphylloceras sp.
Holcophylloceras zignodianum (D’orb.)
Holcophylloceras sp. indet.
Ptychophylloceras flabellatum (Neum. )
Ptychophylloceras euphyllum (Neum.)
Ptychophylloceras sp. indet.
Lytoceras adeloides (Kud.)

*Strigoceras dorsocavatrim (Quenst.)
Lissoceras sp.

*Paralcidia subdiscus (D’orb.)
*Bullatimorphites (B.) eszterense (Böckh)
Bullatimorphites (B.) sp.
Tulites (Rugiferistes  ) sp.

*Wagnericeras cf. fortecostatum (De Gross.) 0.7 m
SUBCONTRACTUS ZONE 1.6 m

Same lithology
Phylloceras sp.
Phylloceras sp. indet.
Calliphylloceras disputabile (Zitt.)
Calliphylloceras sp.
Holcophylloceras zignodianum (D’orb.)
Holcophylloceras sp. indet.
Ptychophylloceras flabellatum (Neum.)
Ptychophylloceras euphyllum (Neum.)
Ptychophylloceras sp.
Ptychophylloceras sp. indet.
Prohecticoceras sp. indet.
Cadomites sp.
Bullatimorphites (B.) cf. ymir (Oppel)
Bullatimorphites (B.) sp.

MIDDLE BATHONIAN; PROGRACILIS ZONE 0.Ö m

e) Red, thinly-bedded claymarl, with red limestone nodules. Abun
dance of nodules incereases downward, with a change of colour 
into yellowish
Phylloceras sp. indet.
Calliphylloceras disputabile (Zitt.)
Holcophylloceras sp.
Holcophylloceras sp. indet.
Ptychophylloceras flabellatum (NE им.)

*Siemiradzkia sp. 2.2 m
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f) Greyish, light-brown limestone weathering nodularly 
Phylloceras sp.
Adabofoloceras sp. 0.7 m

g) Red, thinly-bedded claymarl, with few calcareous 
nodules 0.4 m

h) Red, thinly-bedded claymarl, with flattened, light
grey and pink calcareous nodules

*Lissoceras psiloaiscus (Schloenb. ) 0.3 m

i) Red, thinly-bedded claymarl, with small (0.5— 1 cm) 
nodules in the flower part 0.2 m

j) Light-green, clayey nodular limestone 0.5 m

к) Red marl with yellowish bands 0.7 m

I) Red clay, claymarl with light-grey or red nodules 0.2 m

m) Red clay 0.15 m

n) Red, thinly-bedded calcareous clay alternating with yellowish
nodular limestone layers
Phylloceras spl indet.
Calliphylloceras sp. indet.
Lytoceras sp.
Nannolytoceras tripartitum (Rasp.)
Nannolytoceras cf. polyhelictum (Воски)
Nannolytoceras sp. indet.
Lissoceras psilodiscus (Schloenb.)

ICadomites sp.
IPolysphinctites sp. 1.0 m

LOWER BATHONIAN; ZIGZAG ZONE 6.96 m

Unit F, below its Bathonian part, continues downward, with a ca. 
10 m thick, predominantly reddish marl series, with interbedded yellowish, 
grey and green marls and limestones. The new collections did not yield 
any fossils, but this is probably the source of the previously recorded Upper 
Bajocian fossils.
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The lowermost Middle Jurassic beds exposed in the Kohltal are the 
yellowish-grey marls and alternating siliceous limestone and clay beds 
of unit E. Fossils are rare. This is the succession which yielded the ammoni
tes Stephanoceras humphriesianum (Sow.), Teloceras blagdeni (Sow.) and 
Strenoceras subfurcatum (Ziet.) of previous authors (Böckh 1881, p. 40; 
Vadász 1935, pp. 53 — 57; Hetényi et al. 1976, pp. 24 — 25). These forms 
indicate the Humphriesianum and Subfurcatum Zones.

The most important new data concerning the stratigraphic arran
gement of unit F are as follows:

— The red colour of the rocks is dominant down to about 13 m from 
the top, and the first ammonites indicating the Lower Bathonian 
came from about 11m. Thus the preliminarily drawn Bajocian/ 
Bathonian boundary is near to, but does not coincide with the 
local lithostratigraphic boundary;

— The succession belonging to the Lower Bathonian is relatively 
thick (i.e. 6.95 m), but yielded few fossils, without the forms need
ed for subzonal identification;

— At 4.2 m from the top the first Middle Bathonian ammonites appe
ar, indicating the Progracilis Zone, thus the Lower/Middle Bat
honian boundary can be drawn as between the e and d beds;

— At 3.7 m from the top, ammonites suggesting the Subcontractus 
Zone of the Middle Bathonian occur. Thus the thickness of the 
Progracilis Zone is 0.5 m altogether, and its upper boundary does 
not coincide with lithological change: it should be drawn within 
the d beds. Subcontractus Zone yielded the richest ammonite 
fauna. Böckh (1881, p. 54), from an other Mecsek Mountains lo
cality of these beds, recorded Morrisiceras morrisi, indexing the 
highest Middle Bathonian zone. However, the Ófalu sequence did 
not yield any ammonites indicating this zone so far, but traces of 
lack of this zone are also missing.

— The fauna diminishes toward the top of the sequence, and at 2.1 m 
form the top occur some forms suggesting the basal Upper Batho
nian Hodsoni Zone (— Retrocostatum Zone auctt.). The Middle/ 
Upper Bathonian boundary does not coincide again with litholo
gical change; it can be drawn within the c beds.

— The ammonites of highest position within the now exposed red 
sequence came from 1.6 m from the top. New collections from the 
highest one and a half metre thick interval in this, or nearby lo
calities may clear the exact chronostratigraphic position of the 
boundary as between the red marl (unit F) and the overlying 
limestone (unit G). It seems possible that the highest part of the 
red marls belong into the higher Upper Bathonian, however the 
Lower Callovian arrangement is rather unlikely.
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General comments on the fauna and the most important ammonite finds
The Bathonian beds of Ófalu yielded a rather rich ammonite fauna. 

Even the recent, small-scale collection totalled about 200 specimens, ma
inly phylloceratids. It is remarkable that the ammonite fauna is dimor
phic : associated macrocor ch and microconch oppeliids, perisphinctids and 
stephanoceratids occur together. This is unusual in an otherwise Mediter
ranean fauna.

Other invertebrate f 
is well-known — this was

)ssils are also abundant. The rich sponge-fauna 
one of the localities of Роста (1886). Several

bivalves (epi- and inben' honic), some brachiopods and nautiloids and a
number of belemnites alsd occurred.

The sequence consiszs of red, nodular, ammonite-rich rocks, but its 
varied lithology and maii ily its varied fauna with rich benthonic elements 
differs substantially fron that of the Jurassic ammonitico rosso known
from the Transdanubian Jentral Mountains of Hungary. Future studies on
the faunas may reveal interesting data on the relation of these two petro- 
graphically similar, but sedimentologically and faunistically different for-
mations.

The following discusI don gives some comments on the stratigraphically 
most important, recently collected ammonites.

Strigoceras dorsocavatum (Quenstedt, 1857); Pl. II, figs, la —b.
It is worth to ment on this imperfectly-preserved ammonite, because

the representatives of th< > genus Strigoceras are rather rare in the Bathonian.
The stratigraphical posi zion of the majority of the S. dorsocavatum speci
mens mentioned in the iterature are somewhat uncertain. In North Ger
many it comes from ths Lower Bathonian (Westermann 1958, p. 54), 
in western France it is characteristic for the “Orbignyi subzone” ( = basal 
Subcontractus Zone) (G^billy in Mangold et al. 1971, p. 107). The Ófalu

Subcontractus Zone.specimen came from the

Lissoceras (Lissoceras) psilodiscus (Schloenbach, 1846); Pl. II, fig. 2.
One of the several Lissoceras species common in Ófalu. The figured

orved example, but partially crushed by sedimentspecimen is a well-pres
compaction. A whole phragmocone, with a short body-chamber portion.
This species is genera ly characteristic for the Lower Bathonian (see 
Galácz 1980, p. 59). Ti e Ófalu profile yielded several specimens; the figu
red one came from the middle part of the Lower Bathonian.

Paralcidia subdiscus ( D orbigny, 1846); Pl. I, la —b.
A complete specimen of the type species of this rarely recorded genus. 

The well-preserved ammonite shows the characteristic features clearly;
the excentric coiling ol the body-chamber, the rounded umbilical margin, 
and the flattened ven :er, especially near the end of the body-chamber.
Waagen (1869, pp. 212 — 214) gave a new description of this species, and 
he mentioned its occurrence, among others, from Crussol, south-eastern
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France. Subsequently the species was described and figured from this lo
cality (Riche and Roman 1921, p. 155, pl. VIII, fig. 3). Elmi (1967, pp. 
262 — 263, fig. 85) dated the species as of the Subcontractus Zone. The Ófalu 
specimen came also from this middle part of the Middle Bathonian.

It is possible that on the basis of their first-glance similarity and their 
large size, the specimens of this form had previously been misidentified 
as Oxycerites tilli (see Vadász 1935, p. 59; Hetényi et al. 1976, p. 27).
Bullatimorphites (Bullatimorphites) eszterense (Böckh, 1881); Pl. II, fig. 3.

The figured specimen is one of the several collected topotypes. This 
collection work resulted in only poorly-preserved specimens, and this is 
the most entire specimen. While fragmentary and subsoluted, this internal 
cast shows the same dimensions and ribbing as the holotype. The specimens 
came from the beds corresponding to the Subcontractus Zone. Other occur
rence of this form in Hungary shows that this species characterizes the 
upper part of the Subcontractus Zone (Galácz 1980, p. 81).
Bullatimorphites (Sphaeroptychius) marginatus (Arkell, 1951); Pl. II, 

fig- 4.
A somewhat fragmentary, but well-preserved, nearly complete spe

cimen. The broad inner whorls, the dense ribbing, the lateral lappets and 
the ventral flare, all characteristic to this species, are well visible. Both 
Arkell (1951, p. 14) and Enay (1959, p. 257) placed this species into the 
Subcontractus Zone, while the Ófalu specimen, together with macroconch 
Bullatimorphites, came from the Progracilis Zone.

It is possible that similar Sphaeroptychius specimens were the bases 
of the previously recorded “Sphaeroceras cf. Bombur Opp. sp.” (see Böckh 
1881, p. 52; Vadász 1935, p. 59).
Procerites (Gracilisphinctes) progracilis Cox et Arkell, 1950; Pl. Ill, fig. 1.

This wholly-chambered internal cast, with its evolute inner whorls 
bearing constrictions and with its whorl-section, agrees well with P. (G.) 
progracilis figured in the literature. The agreement is especially good with 
the “finely ribbed specimen” of Arkell (1951—58, p. 198, pl. XXVIII, 
fig. 1). The figured Ófalu specimen came from a loose block, however an 
other poorly-preserved specimen was found in situ in the lower part of d 
beds. Being a zonal index in the basal Middle Bathonian, this is a stratig- 
raphically important find.
Procerites (Procerites) imitator (Buckman, 1922); Pl. Ill, fig. 2.

A phragmocone of a large-sized Procerites. Its dimensions, the rare 
strong ribs of the middle whorls match well with the features of the speci
mens figured by Arkell (1951 — 58, pl. XXVI, figs. 2 — 4). This species 
seems to be a very abundant form in the Progracilis Zone where the holo
type came from, but Torrens (in Cope et al. 1980, p. 38) mentions some 
occurrences from higher horizons (see e.g. Gabilly 1964, p. 69). The figu
red form came from the Progracilis Zone.

1 2 ANNALES - Sectio Geologica - Tomus XXIV.
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PLATE I.

Fig. la — Ъ ParalMia subdiscus (d’Orb.), d beds, upper part; Middle Bathonian, Tulites 
subcontractus Zone.
la: lateral view; lb: apertural view.
Natural size

12*
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PLATE II.

Fig. la — b Strigoceras dorsocavatum (Quenst.), d beds, upper part; Middle Bathonian, Tulites 
subcontractus Zone.
la: ventral view; lb: lateral view

Fig. 2. Lissoceras (L.) psilodiscus (Schloenb.), h beds; Lower Bathonian, Zigzagiceras 
zigzag Zone

Fig. 3. Bullatimorphites (B.) eszterense (Воски), topotype, d beds, upper part; Middle 
Bathonian, Tulites subcontractus Zone

Fig. 4. Bullatimorphites (Sphaeroptychius) marginatus (Arkell), d beds, lower part; 
Middle Bathonian, Procerites (G.) progracilis Zone 
All natural size
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PLATE III.

Fig. 1. Procerites (Gracilisphinctes) progracilis Cox et Авкеьь, from a loose block
Fig. 2. Procerites (P.) imitator (Виски.), d beds, lower part; Middle Bathonian, Procerites

(G.) progracilis Zone
Both natural size



184 GALÄCZ, A.



AMMONITES AND STRATIGRAPHY OF THE BATHONIAN AT ÓFALU 185

PLATE IV.

Fig. 1. Wagnericeras (W.) sp. aff. fortecostatum (de Gross.), d beds, upper part; Middle 
Bathonian, Tulites subcontractus Zone

Fig. 2. Siemiradzkia sp., e beds; Lower Bathonian, Zigzagiceras zigzag Zone
Fig. 3. Choffatia (Subgrossouvria) sp. aff. acuticosta (Roem.), c beds, upper part; Upper 

Bathonian, Procerites hodsoni Zone
All natural size
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Siemiradzkia sp.; Pl. IV, fig. 2.
A small-sized body-c lamber fragment. A parabolic node and the base

of the lateral lappet are visible. These features and the style of ribbing
makes the generic arrange ment certain, but the state of preservation enables
no specific determinatior.. The first Bathonian flourishing of the genus 

middle and upper Zigzag Zone. The Ófalu spéci-Siemiradzkia dates in the
men came from the uppei most assemblage of the Lower Bathonian.
Choffatia (Subgrossouvria) sp. aff. acuticosta (Boemer, 1911); Pl. IV, fig. 3.

A well-preserved phrigmocone with a fragment of the body-chamber.
It differs from the holotyp i 
ce to the specimens figure < 
fig. 6). On the basis of the 
Bathonian (see e.g. Hahn

e in its denser secondary ribs, showing resemblan- 
d by Hahn (1968, pp. 72 — 74, pl. 7, fig. 3; pl. 8, 
literature, the age of C. acuticosta is basal Upper 
loc. cit.; Mangold 1970, pp. 63 — 64). The figu-

red specimen was the amr ionite found in the highest stratigraphic position
during the new collection, and suggests the Hodsoni Zone.

Perhaps similar Subarossouvria specimens served as bases for citing
P. moorei, P. recuperoi ar
W agnericeras (W.) sp. af 

fig. 1.

d other perisphinctids in the earlier faunal lists. 
'. fortecostatum (De Grosso vvre, 1930), Pl. IV.

A comparatively large, fragmentary phragmocone. The generic arrange-
ment is suggested by the type of ribbing and the relatively simple suture
line, but the specific arrangement is uncertain. As compared to the type of 
W. fortecostatum, the primary ribs are stronger and more distant. Typical 
И'. fortecostatum is characteristic in England in the Progracilis Zone 
(Torrens in Cope et al. 1980, p. 31) and this closely-allied form came from 
the Subcontractus Zone o ' Ófalu.
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РЕЗЮМЕ

С вилланьской горы Темплом и с находящейся вблизи нее горы Сомшич было 
собрано 180 видов аммонитов, относящихся к 17 семействам. На основании фауны 
было с несомненностью доказано наличие ярусов нижнеплинсбахского (самого верх- 
несинемюрского?) и верхнебатского, а также почти полного келловейского яруса. 
Исключительное богатство форм фауны можно объяснить тремя факторами. Прежде 
всего несмотря на малую толщину слоя фауны, она охватывает большой интервал 
времени. С другой стороны, фауна перемешана и переработана, то есть наслоение и 
перемыв привели к последующей ее концентрации. И наконец, но не в последнюю 
очередь, этот район, по-видимому, находился на стыке двух фауна-провинций, где 
одинаково встречались группы, характерные как для островных морей стабильной 
Европы, так и для открытого моря Тетис.

Introduction

The Templom-hill of Villány is one of the world’s richest Jurassic am
monite localities. The classic monographs of Till (1910) and Lóczy (1915) 
gave 131 species descriptions, and this number exceeds by 27 the other 
world-famous fauna of Chanaz (Savoie).

In 1915 Lóczy stated that the ammonite-rich bank of the Templom- 
hill had been completely outmined. Rakusz and Strausz (1953) also re
garded the bank as extracted. As a matter of fact, only the quarrying was 
stopped probably a century ago. After World War II., G. Kopek collected 
a valuable fauna from the ammonite-rich bank. This was completed with a 
small collection by P. Szabó in 1959, then G. Vigh carried out a systematic, 
layer-by-layer collection, on the initiative and under the guidance of J. 
Fülöp in 1962. A. Vörös called attention to another outcrop of the bank 
at the Somsich-hill nearby. From 1967, with the help of A. Vörös and 
A. Galácz, repeated collections were made at both the Temlom-hill and 
the Somsich-hill localities. This work has been supported by R. Hetényi 
from the Geological Institute of Hungary. Before the Mediterranean 
Jurassic Colloquium (1969) the author was comissioned by J. Fülöp to 
work out a revision of the ammonite fauna of Villány. At the same time, all 
the collections and the original — but unfortunately incomplete — mate
rial of Lóczy, kept in the Geological Institute of Hungary, were made avai
lable. This honourable confidence of J. Fülöp is greatly appreciated. A part
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of the ammonites des^ 
Senckenberg Museum, ' 
on loan. The material '

sc'ibed by Till (Deverman-collection, now in the 
Frankfurt an Main) was available for determination 
vas completed by further collections of A. Kaszap 

and A. Vörös. The specimen-number of the new collections surpasses the 
amount of Till’s and L jczy’s material.

The most importár 
is that the “Cornbrash-I
bachian, instead of the 
been made by British 
novan), during the ex

t stratigraphical recognition of the recent decades 
Iradfordian” beds of Lóczy belong into the Pliens-
original Bathonian assignment. This correction has 
researchers (D. Ager, J Callomon and D. Do- 

cursion of the Mediterranean Jurassic Colloquium 
in 1969. Thus Villány is a good example of international co-operation in 
the earth-sciences. The first one to discover the Templom-hill locality 
was 0. Lenz from Pragie (1872), Till prepared his monograph in Vienna, 
and Lóczy in Zurich, under the guidance of Rollier. The stromatolitic 
fabric of the ammonite- -ich bank was first recognized by Polish researchers 
(Radwanski and Szu,czewski, 1965) and the first publication of the 
Pliensbachian brachiop ids and ammonites was given by Ager and Cal
lomon (1971). Detailec description of the sequence is due to A. Vörös 
(1972).

Lower Jurassic

On the Templom-hill and Somsich-hill the Lower Jurassic beds overly 
conformably the Upper Triassic variegated marls. On the basis of the thrus- 
ted structure of the Villány Mountains, it is possible that the contact is 
tectonic. The Lower Jui assic calcareous series contains terrigenous material 
in large quantity and s licified woods as well. The total thickness is about 
12 metres.

Callomon (in Ager and Callomon, 1971) reported the following 
ammonite species. Apoderoceras cf. lobulatum Buckman, 1921, A. cf.
aculeatum (Simpson, ISIS'), A. cf. ferox Buckamn, 1925-, ^.Epideroceras sp.
juv.; E. rollieri (Lóczy, 1915)’, Villania densilobata Till, 1909. The infil
ling material of Lipatoceras cf. chdtiense (Murchison) {—“Cosmoceras 
globosum” Till) differs from that of the other specimens from Villány so 
much that its Villány oi igin should be questioned.

The recent revision of the whole fauna extended the faunal list of
Callomon and resultec in the following:
Phylloceratidae Zittel, 1884

Phylloceras cf. hebtrtinum (ReynSs, 1868)
Partschiceras cf. stAatocostatum (Meneghini, 1853)

Juraphyllitidae Arkell, 1950
Tragophylloceras numismale (Quenstedt, 1846)

Lytoceratidae Neuamyr, 1875
Lytoceras cf. fimbr'.atum (Sowerby, 1817)
Lytoceras sp.
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Oxynoticeratidae Hyatt, 1875
Radstockiceras of. evolutum (Fucini, 1901}
Radstockiceras of. buvignieri (d’Orbigny, 1844}
Radstockiceras of. involutum (Pompeckj, 1907}

Eoderoceratidae Spath, 1929
Apoderoceras? antiquum (Lóczy, 1915}
Apoderoceras cf. sociale (Simpson, 1855}
Epideroceras cf. exhaeredatum Buckman, 1923
Epideroceras cf. grande Donovan, 1958
Epideroceras n. sp.
Epideroceras? sp.
Villania densilobata Till, 1909
Villania cf. densilobata Till, 1909
Villania n. sp.
Villania rollieri (Lóczy, 1915}
Villania sp. aff. rollieri (Lóczy, 1915}
Tetraspidoceras quadrarmatum (Dumortier, 1869} n. subsp.
Coeloderoceras? vermiforme (Till, 1911}

Polymorphitidae Haug, 1887
Uptonia cf. jamesoni (Sowerby, 1827
Tropidoceras sp. aff. frischmanni (Oppel, 1862}

This Lower Jurassic fauna of Villány is characterized by poor preser
vation, scattered occurrence, large size of the forms, relative abundance 
of NW European forms and subordinate appearance of Mediterranean 
elements, as well as the abundance of endemic species. The collection 
of Till, Lóczy and Fülöp resulted in 4312 ammonites from Villány, 
and this total comprised 8 Lower Jurassic specimens altogether. This low 
value can be probably due to the fact that the underlying beds of the am
monite-rich bank were recorded previously as faunal-free, and the lower, 
sandy, pebbly beds were worthless for quarrying. When the collection work 
at the Somsich-hill was focused on the Lower Jurassic beds, relatively 
numerous (i.e. 25) specimens were yielded. Probably the bad preservation 
caused the determination of these Lower Jurassic ammonites as of Ba- 
thonian ones. It is also probable that the fauna, beside subsequent solution 
and wearing and deformation by tectonic movements, has been sorted out, 
and this resulted in the disappearance or redeposition of the majority of the 
smaller forms. The greater part of the specimens are of large-sized, the dia
meter of one wholly-septate Radstockiceras exceeds 370 mm and Apoderoce
ras, Epideroceras and Villania specimens with diameter over 200 mm are 
also common.

Remarkable is the small proportion (5%) of Phylloceratidae in the 
fauna; that of the Lytoceratidae is 10%, but the common Lytoceras fim- 
briatum occurs both in the Mediterranean and NW European areas. The 
paleobiogeographic interpretation of the Eoderoceratidae is difficult, be- 
caues the revision of this group is still lacking. Beside the forms known in
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England, southern Franco, southern Germany and Switzerland, there are 
probably some definitely Tethyan forms (e.g. Villania), too.

Reineckeia vermiform! s Till is probably a form from the Coeloderoceras-
group. The type seems tc 
obtained during the new c

have been lost, and no similar specimens were 
Elections, thus this problem cannot be solved.

The Lower Jurassic f inna of Villány is dated by the occurrence of the 
Lower Pliensbachian zonal index Uptonia jamesoni. The genus Uptonia is
restricted to the Jamesoni Zone. On the basis of the occurrence of numerous
Epideroceras species, the possibility arises that the uppermost Sinemurian
Raricostatum Zone is also represented in Villány. On the other hand, Echio-
ceras, characteristic for th s latter zone, has not come from the fauna so far.
It is possible that in the Villány fauna the last, large-sized Epideroceras
species coexisted with the Radstockiceras and Apoderoceras, characteristic 
for the Jamesoni Zone.

Middle Jurassic

Vörös (1972) distinguished, on lithological grounds, the Bathonian 
sandy limestone from the Lower Callovian limestone with iron-oxide, and 
from the Callovian ammonite-rich bank. The Bathonian beds vary 0 to
8 cm in thickness, filling 
rocks. The lower part of 
profiles. Its thickness vai

isually the surface depressions of the underlying 
1 he Lower Callovian is represented also in certain 
lies between 0 and 10 centimetres. The horizontal

occurrence of the Callovir n bank of 15 to 40 cm thickness is far greater.
The Bathonian-Callovian beds yielded the following ammonite fauna:

Phyllo ceratidae Zittel, 1884
Phylloceras kunderne tschi (Hauer, 1854)
Phylloceras plicatum 
Phylloceras sp.

Neumayr, 1871

Adabofoloceras villanyense (Trauth, 1923)
Calliphylloceras demidoffi (Rousseau, 1842)
Galliphylloceras sp.
Holcophylloceras mee iterraneum (Neumayr, 1871)
Elolcophylloceras sp.
Ptychophylloceras ей ъthyllum (Neumayr, 1870)
Ptychophylloceras euphylloides (Till, 1910)
Ptychophylloceras fla
Ptychophylloceras sp

bellatum (Neumayr, 1871)

Sowerbyceras tietzei |Till, 1910)
Sowerbyceras transie i.
Sowerbyceras sp.

Lytoceratidae Neumayl,

is (Pomeckj, 1898)

1875
Lytoceras adeloides ( К и dernatsch, 1852)
Lytoceras depressum 
Lytoceras n. sp.

(Till, 1910)
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Haploceratidae Zittel, 1884
Lissoceras voultense (Oppel, 1865}
Lissoceras jullieni Douvillé, 1914

Oppeliidae Bonarelli, 1894
Oxycerites tilli Lóczy, 1915
Oxy cerites sp.
Paralcidia virgata (Lóczy, 1915}
Paralcidia? cf. mariorae (Popovici-Hatzeg, 1905}
Paralcidia sp.
Thraxites thrax Stephanov, 1966
Oecotraustes? sp.
Prohecticoceras angulicostatum (Lóczy, 1915}
Prohecticoceras subpunctatum (Schlippe, 1888}
Prohecticoceras haugi (Popovici-Hatzeg, 1905}
Chanasia turgida (Lóczy, 1915}
Chanasia sp.
Hecticoceras sp.
Lunuloceras pseudopunctatum (Lahusen, 1883)
Lunuloceras paulowi (Tsytovitch, 1911}
Lunuloceras taeniolatum (Bonarelli, 1894)
Lunuloceras lahuseni (Tsytovitch, 1911)
Lunuloceras sp.
Sublunuloceras? sp.
Putealiceras paucifalcatum (Till, 1910)
Putealiceras punctatum arcuatum Zeiss, 1956
Putealiceras lugeoni (Tsytovich, 1911)
Putealiceras sp.
Rossiensiceras reguläre (Till, 1910)
Rossiensiceras rossiense (Teisseybe, 1883)
Rossiensiceras uhligi (Till, 1910)
Rossiensiceras laubei (Neumayr, 1871}
Rossiensiceras bukowskii (Bonarelli, 1894}
Rossiensiceras sp.
Jeanneticeras? sp.
Kheraites sp.
Horioceras semseyi (Lóczy, 1915)
Horioceras sp.
Petitclercia hungafica Lóczy, 1915
Ijorioloceras kormosi (Lóczy, 1915)
Lorioloceras? n. sp.
Phlycticeras cf. schaumburgi (Waagen, 1875)
Phlycticeras cf. waageni Buckman, 1914
Phlycticeras n. sp. aff. polygonium (Zieten, 1831)

Tulitidae Buckman, 1921
Bullatimorphites cf. hannoveranus (Roemer, 1911)
Bullatimorphites cf. davaiacensis (Lissajous, 1923)

13 ANNALES - Sectio Geologica - Tomus XXIV.
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Bullatimorphites? sp
Bullatimorphites? n. sp.
Bomburites cf. bombw (Oppel, 1862)
Bomburites globuliforne (Gemmellaro, 1872)
Bomburites cf. devauxi (Grossouvre, 1891)
Bomburites sp.
Treptoceras microstoma (D’orbigny, 1846)

Macrocephalitidae Виски an, 1922 
Macrocephalites s.l. sp.

Oecoptychiidae Abkell, .957
Oecoptychius refractus (Zieten, 1818)

Pachyceratidae Buckmaj , 1918
Erymnoceras coronatum (Bbuguiébe in d’Oebigny, 1845)
Erymnoceras triplicat im (Till, 1911)

Kosmoceratidae Haug, 1 587
Kosmoceras ( Zugocosmoceras ) zugium Buckman, 1923
Kosmoceras (Kosmoceras) cf. castorianum Tintant, 1963
Epicosmoceras cf. fuc t, 
Epicosmoceras? sp.

Reineckeiidae Hyatt, 19 )i

tsi (Neumaye, 1871)

Ю
Rehmannia revili (P^rona et Bonarelli, 1897)
Rehmannia hungaricc. (Till, 1911)
Loczyceras robusutm i Till, 1911)
Loczyceras vesuntiani.,m Bouequin, 1968
Loczyceras inacuticosiatum (Lóczy, 1915)
Lioczyceras crassicostatum (Lóczy, 1915)
Loczyceras reissi (Steinmann, 1881)
Loczyceras balusseaui
Loczyceras densicosta

Cariou, 1980 
um (Till, 1911)

Loczyceras segestanun (Gemmellaro, 1871)
Loczyceras loczyi Bourquin, 1968
Loczyceras euumbiliait'
Tyrannites savarensis 
Tyrannites eusculptu ; 
Reineckeia lata Lócz i 
Reineckeia fehlmanm

’um (Lóczy, 1915) 
(Bourquin, 1968) 
(Till, 1911)

r, 1915 
Jeannet, 1951?

Reineckeia douvillei Steinmann, 1881
Reineckeia anceps (Beinecke, 1818)
Reineckeia kiliani Babona et Bonaeelli, 1897
Reineckeia stuebeli (Steinmann, 1881)
Reineckeia nodonsa Till, 1911
Reineckeia tilli Fish eb, 1915
Collotia falcat a (Tili , 1911)
Collotia thiebauti (Geeabd et Contaut, 1936)
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Collotia multicostata (Petitlerc, 1915)
Collotia par onai (Petitclerc, 1915)
Collotia oxypticha (Neumayr, 1870)
Collotia heretica (Mayer, 1865)
Collotia sp.
Collotia? sp. aff. decora (Waagen, 1875)?

Perisphinctidae Steinmann, 1890
Procerites? proceroides (Till, 1911)
Wagnericeras? banaticum (Zittel, 1868)
Siemiradzkia cf. demariae (Parona et Bonarelli, 1897)
Siemiradzkia cf. procera (Seebach, 1864)
Siemiradzkia sp.
Homoeoplanulites fur cuius (Neumayr, 1871)
Homoeoplanulites lenzi (Till. 1911)
Homoeoplanulites leptus (Gemmellaro, 1872)
Homoeoplanulites sp.
Homoeoplanulites? plicatissimus (Lóczy, 1915)
Choffatia waageni (Teisseyre, 1889)
Choffatia subbalinense (Siemiradzki, 1894)
Choffatia villanoides (Till, 1911)
Choffatia pannonica (Lóczy, 1915)
Choffatia tilli Mangold, 1970?
Choffatia prorsocostata (Siemiradzki, 1894)
Choffatia dumortieri Mangold et Elmi, 1966
Choffatia hofmanni (Till, 1911)
Choffatia sp. aff. caucasica (Neumayr et Uhlig, 1892)
Choffatia sp.
Subgrossouvria eurypticha (Neumayr, 1871)
Subgrossouvria coronaeformis (Lóczy, 1915)
Subgrossouvria lytoceratoides (Lóczy, 1915)
Subgrossouvria sp. aff. aberrans (Waagen, 1875) 
Subgrossouvria sp.
Grossouvria kontkievitzi (Siemiradzki, 1894)
Grossouvria evoluta Mangold, 1970
Grossouvria variabilifera (Lóczy, 1915)
Grossouvria sp.
Indosphinctes drevermanni (Till, 1911)
Indosphinctes patina (Neumayr, 1871)
Indosphinctes pseudopatina (Parona et Bonarelli, 1897)
Indosphinctes errans Spath, 1931?
Indosphinctes n. sp.
Indosphinctes sp.
Elatmites leptoides (Till, 1911)
Elatmites graciosus (Siemiradzki, 1894)
Flabellisphinctes villanyensis (Till, 1911)
Flabellisphinctes pseudolothari (Lóczy, 1915)

13*
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Flabellisphinctes baranyaensis (Lóczy, 7915) 
Flabellisphinctes sp.
Okaites calloviensis (Lóczy, 1915)
Okaites mosquensis (Fischer in Siemiradzki, 1894)
Okaites sp.
Poculisphinctes fasciscdptus (Lóczy, 1915)

Aspidoceratidae Zittel, 1895
Metapeltoceras? sp.
Bullatimorphites cf. hannoveranus and B. cf. davaiacensis characteri-

ze the Upper Bathonian, ind Prohecticocer as angulicostatum is the index
of the Augulicostatum Horizon within the Retrocostatum Zone. However, 
this latter specimen greatly differs, with its matrix, from the fossils of the
ammonite-rich bank. The 
ceroides, Wagnericeras? ba: 
extraordinarily rich fauna

Bathonian is suggested also by Procerites? pro- 
naticum and the Siemiradzkia specimens. The 
contains relatively few Bathonian forms.

The Callovian elements are by far the most frequent. The original 
horizon of the characteristic fossils cannot be reconstructed, however,
these suggest distinct part: of the Callovian. In the evaluation of the Callo-
vian fauna, the synthesis nade by Cariou (1980) was especially valuable,
because this work emphas 
dae, instead of the Kosim «
subzones and 20 horizons w

zes the chronostratigraphic value of Reineckei- 
ceratidae. Cariou distinguished 6 zones, 12

most 3 horizons are represented.
ithin the Callovian. In Villány, all but the upper

Callovian

Lower Callovian
izon of the Macrocephalus Zone is suggested by 
The upper part of this zone and the lower part 

The Prahequense Horii 
Choffatia hofmanni (Till). '
of the Gracilis Zone (Rebrianni Horizon —Pictava Horizon) is suggested

ineckeia espinuzitensis in Lóczy, pl. VII, fig. 10; 
y, pl. VIII, fig. 6, partim). Bomburites globuli- 
ugieri Horizon. Indosphinctes pseudopatina and

by Rehmannia revili (=Rei 
R. eusculpta Till in LÓC2 
forme characterizes the La
Collotia oxypticha ( =Reineckeia cf. greppini in Till, pl. II, fig. 7), as well as 
Collotia paronai (= Reineckeia cf .greppini in Till, pl. II, figs. 4 — 6) cha
racterize the Proximum Horizon.

Middle Callovian
The Bannense Horizon of the Jason Zone is indicated by Chanasia 

turgida (Lóczy, 1915) anl Loczyceras densicostatum {= Reineckeia densi- 
costata Till, pl. I, fig. 5). The Bannense and Medea Horizons are suggested 
by Loczyceras segestana {--Reineckeia bukowskii Till, pl .1, figs. 7 — 8; R.
prorsocostata in Till, pl. I, fig. 6), and Reineckeia stuebeli (= Reineckeia 
waageni Till, pl. II, fig. 1). Loczyceras reissi {—R. transiens Till, pl. II, 
fig. 8) is characteristic to the Medea Horizon, and Loczyceras balusseai 
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( —R. anceps in Till, pl. IV, fig. 3) to the Medea and Jason Horizons. The 
Jason Subzone is suggested by the presence of Rehmannia hungarica Till, 
pl. I, fig. 1 and Collotia multicostata (— Reineckeia palfyi Till, pl. II, figs. 
9— 10). The Jason Zone is suggested also by Oecoptychius refractus.

The following Reineckeiids occur both in the Jason and Coronatum 
Zones: R. anceps (Bannense to Villanyensis Horizons), R. fehlmanni ( =R. 
anceps in Lóczy, pl. VIII, fig. 1) (Jason Subzone to Waageni Horizon).

The base of the Coronatum Zone is definitely indicated by Flabellis- 
phinctes villanyensis (Villanyensis Horizon). Loczyceras vesuntianum ( —Rei
neckeia cf. hungarica Till, pl. I, fig. 4) and Loczyceras crassicostatum 
(Lóczy, pl. VII, figs. 3 — 4) are characteristic to the Baylei Horizon. Rossi- 
ensiceras reguläre indicates the Leuthardti Subzone. Choffatia waageni, the 
index form of the Waageni Horizon, appears also in Villány. Okaites 
calloviensis ranges also into this horizon. Erymnoceras coronatum is an 
unequivocal proof for the Coronatum Zone. Reineckeia lata suggests the 
uppermost Coronatum Zone.

Loczyceras inacuticostatum (Lóczy, pl. VIII, fig. 3), Collotia falcata 
(Till, pl. I, fig. 12) and Reineckeia nodosa Till, pl. IV, figs. 4 —ß range 
from the Coronatum Zone to the basal Athleta Zone (Rota to Trezeense 
Horizons).

Upper Callovian

The presence of the Athleta Zone is indicated by Collotia nivernensis 
(=Reineckeia cf. fraasi in Lóczy, pl. VIII, fig. 7), which is characteristic 
for the Trezeense Horizon, and Collotia thibauti (= Reineckeia hungarica 
Lóczy in Lóczy, pl. IX, fig. 1), which ranges in the Trezeense and Piveteaui 
Horizons. Collotia sp. aff. decora ( —Par kins onia calloviensis Lóczy, pl. IV. 
fig. 11; pl. VI, fig. 11) ranges from the Trezeense to the Collotiformis Ho
rizon.

Conclusions

In spite of the reduced thickness, the fauna of the Villány ammonite
rich bank ranges over a wide temporal interval. Ager and Callomon 
(1971) rightly regarded the Callovian bank as a good example of heteroge
neous condensation, where the faunal enrichment was the combined result of 
subsequent disappearance of the original matrix, reworking, and faunal 
mixing. On the other hand, Villány was originally situated near the bounda
ry of two different faunal provinces. The fauna contains North-West 
European forms (Kosmoceratidae) indicating the archipelago of stable 
Europe, together with the abundant elements (firstly the Phylloceratidae 
and Lytoceratidae) of the Tethyan ocean surrounding in south the stable 
Europe. Lóczy (1915)— somewhat inappropriately — regarded the am
monite-rich bank as a shore.deposit, having been formed on the “beach of 
an open sea”. Villány was more probably a fragment of the southern mar
gin of stable Europe, which subsequently was broken off and came to the 
present site through lateral movements (Géczy 1972).
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THE PROBLEM OF EXTINCTION
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РЕЗЮМЕ

1. Вымирание является естественной составляющей процесса развития живого 
мира, оно неотделимо от этого процесса и происходило в течение всей истории Земли.

2. Вымирание нельзя отделить от генетических особенностей и их изменения.
3. Изменения условий среды, особенно неожиданные, играют существенную 

роль при вымирании.
4. Существенную роль в вымирании играют также размеры популяции, степень 

их изоляции и изменения этих факторов. Эта связь в зависимости от конкретных 
условий может быть многосторонней.

5. В связи с этими последними имеют большое значение возникающие под 
влиянием тектонических и других причин изменения уровня моря и перемещения 
континентов.

6. Важную роль мог играть также климат, установление условий питания, 
появление конкурентов и врагов и много остальных факторов живого и неживого 
мира, в особенности их радикальные изменения.

7. Вымирание на более высоком таксономическом уровне обычно является за
ключительным аккордом процесса, который измеряется геологической шкалой вре
мени и которому предшествуют ареальные и таксономические сужения (уменьшение 
численности форм и района их распространения).

8. Причины вымирания должны исследоваться в каждой группе и на каждом 
таксономическом уровне. Искать общие причины не имеет смысла (это, конечно, не 
исключает частичного или полного совпадения причин вымирания у некоторых 
таксонов).

9. Вымирание является таким же сложным, материально детерминированным 
и проявляющимся диалектически процессом, как любой из процессов развития орга
нической жизни.

1. Evolution and extinction

The evolution of the organic world shows that certain groups, within a 
more or less limited time interval, disappear from the Earth without leaving 
any representatives in rocks formed afterwards. The extinction of certain 
animal groups is not unusual, because the organic world, just as the whole 
material world, exists and evolves through the dynamics and dialectics of 
origin and death. Extinction is restricted here to the meaning of the pheno
menon when a certain organic group disappears without descendants, 
phyletic extinction, i.e. the transition into new forms is disregarded.

The so-called ‘"mass extinctions” are discussed widely in the literature. 
In some relatively short interval of geological time the number of taxa 
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becoming extinct is relatively high, i.e. the organic world shows abrupt 
changes.

The phenomenon of extinction has been known from the beginning 
of paleontological investigations. The fixist (creationist) views hardly in
tegrated this fact, and th s resulted in the nearly ridiculous recreationist 
theories which take repeated creations into consideration. On the other 
hand, some followers of th? evolutionary theories, who believed in the gra
dual development of the organic world, denied the fact of extinction, ar
guing that these are apparent phenomena arising from our incomplete 
knowledge (in fact, there are some —rather exceptional — animal groups 
which had been regarded as extinct, and were discovered later).

Nowadays it is hardly doubted that extinction is an important and 
inseparable part of the eve lution of the organic world.

2. Theories explaining extinction
2.1. Theories favouring internal factors

A part of the theories of extinction can be characterized by a measure
of mysticism. These theoi ies regard the living world as an object which fol
lows only its internal principles, developing independently of external 
circumstances. These theories interpret the organic world as a superor
ganism. Formerly they used to blame the running out of some mysterious 
“vital force” to account fo: • the extinction. The hypothesis of Vernadsky on
the mass of biosphere as ionstant during Earth’s history led some resear
chers to the supposition t iát from the origin of new species one may infer 
the extinction of former ones. The cause of extinction is an “internal com
mand” manifested in the fötal living world. Thus the extinction takes place 
for the goal of evolution.
2.2. Theories favouring exi

A rather great part oi 
ses independent of the 01

vernal factors
t the theories explains extinctions by external cau-
>'ganic world. These are materialistic views, but 

comprise true, as well as false explanations.
2.2.1. Theories based on cosmic factors

The authors of these 
extinctions, separating it

theories study the problem of the so-called mass 
from the temporally random extinctions which

appear permanently throi gh Earth’s history. The catastrophic nature of the 
events is strongly emphasized.

There are many exti aterrestrial causes which have been called to ac
count for the mass extinctions. Impact of cosmic bodies, extreme changes 
in tidal movements and changes in light can be mentioned, as well as the 
recently arisen theories which are based on abnormal increase of external
radiation destructive for iving forms.

Geological and geop lysical studies have made it clear that the magne
inged rapidly during Earth’s history, and these 
olarity reversals, causing temporal ceasing of the 

tic field of the Earth ch 
were accompanied with j
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magnetic field. This might have resulted in the loss of the Van Allen belt, 
and the concomitant high ultraviolet and cosmic radiation on Earth’s 
surface. However, accurate calculations revealed (Waddington, 1967) 
that the excess radiation originating in this way is insignificant as compared 
to the value of the existing radiation. The polarity reversals and the faunal 
changes are not coincidental, furthermore the terrestrial and marine ex
tinctions show temporal differences, too (Simpson, 1968; Mayr, 1970; 
Raup and Stanley, 1971). The followers of this theory suggested recently 
the direct physiological effects of the magnetic field (Foster, 1976).

Another theory regards the excess radiation of supernova eruptions as 
the cause of the extinctions. Calculations of probabilities show that the 
temporal distances between mass extinctions correspond to the probabilities 
of cosmis catastrophes in sufficent vicinity. Beside radiation, equilibrium 
disturbance of the atmosphere also might cause climatic catastrophe 
(Terry, 1968; Russel and Tucker, 1971). They interpreted the temporal 
differences of the floral and faunal mass extinctions, as well as the selective 
extinctions of the faunas as a result of different resistances. On the other 
hand, they have no explanations to the problem that how’ these very short 
supernova effects could cause long, geologically measured extinction pro
cesses. The interpretations disregard also the fact that extinctions appear 
continuously in the whole of Earth’s history, without the need of any, so 
drastic external factors (Simpson, 1968). Recent studies have suggested 
that the degree of decrease in the atmospheric protection can be questioned 
also, on the basis of hitherto disregarded physical and chemical processes 
(Reid, 1976). Especially the Late Cretaceous (65 m.y.B.P.) mass extinction 
was connected to a supernova eruption, however, no remains of a contem
porary eruption have been discovered so far (Tucker and Feldman, 
1976).

Hsü (1980) inferred the Late Cretaceous extinction from an impact of a 
cosmic body (asteroid). He argued that the cyanide compounds carried by 
this cosmic body caused the mass devastation of the marine plankton, the 
warming up related to the impact resulted in the terrestrial extinctions, 
while the originated dust caused the significant climatic cooling later. 
However, the problem why these drastic changes did not have any effects 
on the numerous organisms living together with the extinct ones in the sa
me habitats remained unsolved.

To sum up, it can be stated that there is no sufficent basis to assign 
main role to the various cosmic effects in the mass extinctions. On the 
other hand, it cannot be declared that cosmic effects have had no influence 
on the course of evolution, including extinctions.
2.2.2. Theories based, on terrestrial causes

Extremely high is the number of theories explaining mass extinctions 
by terrestrial causes. These include large-size crustal movements, sea level 
changes, climatic changes, changes in the salinity of oceans or in the gaseous 
composition of the atmosphere, or changes in the quantity of the terrestrial 
radioactive or ther elements.
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Some examples
Fröhlich (1977) argued that the terrestrial radioactive element release 

during geologically active periods may cause subsequent extinctions.
Fischer (1964) explained the Late Permian extinction by the eva

poration of epicontinental seas, which caused the hypersalinity of the oce
anic deep waters and slight dilution of the waters above, and this might 
have led to the extinction of many stenohaline forms. He based his theory 
on the presence of extensive salt-deposits.

McAlester (1970) recognized correlation between the oxygen con
sumption and the rate of extinction of some animal groups. He concluded 
that the changes in atmospheric oxygen content had a decisive (and selec
tive) role, and this is why the extinctions of terrestrial and marine animals 
appear coincidentally in many cases.

Davitashvili (1969) based his hypothesis on the theory of Darwinian 
struggle for life, claiming that the main cause of extinction is the “biological 
stress” i.e. the perfection of concurrents and enemies.

All these theories, alike the cosmic hypotheses, are characteristically 
one-factor models. The authors usually search for a single cause for the ex
tinction. However, the mass extinctions affected several animal groups, 
and this cannot be put under the cover of single environmental factors. 
There is no question of the abandonment of the effect of these factors, but 
it is probably insufficient to argue for one-factor theories for the complica
ted phenomena of mass extinctions.
2.3. Theories supposing interaction of several factors

The development in the knowledge of theoretical paleontology and 
evolutionary biology made it clear that the phenomenon of extinction, as a 
part of evolution, cannot be studied as taken from its context of the deve
lopment of the organic world.

There are several known mass-extinction periods within Earth’s his
tory. Those in the Late Ordovician and Late Devonian are relatively 
less-known. According to some authors (Johnson, 1974; Boucot, 1975), 
these periods were characterized by maximal marine expansions with sudden 
and short-durational lowering of the sea level, during which the break in 
the sedimentation left no, or hardly discernible traces. This was completed 
by the effect of glaciation in the Late Ordovicjan. The radical sea level chan
ge resulted in circumstances which made impossible the gradual adaptation 
and the migration of the previously adapted associations, decreased the 
sizes of the populations and increased the concurrence between the groups.

Similar was the case of the Late Permian, greater, so better-known 
extinction. In this extinction great importance is attached to the coinciden
tal total disappearance of the reef environment (Boucot, 1975). The areal 
decrease accompanying the lowering of the sea level is a cause of the extinc
tion at the Permian/Triassic boundary by the equilibrium theory too, be
cause there is close correlation between the size of the area and the number 
of the inhabitating taxa (Simberloff, 1974). The maximal extinction of 
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the terrestrial vertebrate fauna is not coincidental with the Permian/Trias- 
sic boundary, but precedes and is substantially slighter than that of the 
marine invertebrates. The extinction of the marine vertebrates can be corre
lated with that of the marine invertebrates (Pitrat, 1973).

According to these theories, part of the mass extinctions were caused 
by sudden short environmental destruction during stable domination of 
circumstances favourable for special adaptations. Thus the mass extinction 
can be explained as a function of complex biological-anorganic natural re
lationships.

The best-known extinction took place in the Late Cretaceous. This 
affected many animal groups, including terrestrial and marine vertebrates, 
as well as marine invertebrates. The effect was substantial on the shallow
water benthos and on the pelagic plankton of the marine invertebrates. It 
was a rather selective extinction, because certain forms or groups became 
extinct, while others showed continuous development within the same 
environment.

Some authors regard here the sea level changes and the climatic 
decline as of especially importance (Worsley, 1971; Bovcot, 1975; Coo
per, 1977).

During the Late Cretaceous tectonic respite the terrestrial material 
supply of the seas diminished substantially, and this might have caused the 
nutrient-insufficiency of the oceanic plankton. The sudden decrease of 
the plankton had been completed by the undifferentiated oceanic distri
bution and the lack of oceanic circulation, thus the nutrient-loss of the 
higher water-levels could not be replaced from the depth (Bramlette, 
1965a, b; Newell, 1965). The loss of the planktonic flora caused food-web 
disruption, and contributed to the extinction of a number of consumers 
(planktonic foraminifers, ammonites, belemnites).

The Late Cretaceous regression was similar in extreme speed and signi
ficance to those mentioned above; some calculations have indicated that 
its speed might have been ten-times higher than the average. All the effects 
mentioned above at the Paleozoic extinctions might have also contributed 
in this case (Cooper, 1977).

The cooling and becoming continental of the terrestrial climate might 
be related to the decrease of the phytoplankton, thus influencing the at
mospheric composition. The terrestrial ecological niches became narrower 
and the competition between certain forms became increased. The floral 
turnover changed the food resources. Regression ceased many terrestrial 
isolations and resulted in new competitions (Cooper, 1977).

Sloan (1976), on the basis of studies in North America, disputed the 
catastrophic extinction of dinosaurs in the Late Cretaceous. He argued that 
the extinction took place here in humid subtropical — warm temperate 
forests dominated by angiosperms which were gradually replaced by colder 
temperate forests rich in pinaceans, while the Triceratops-fauna was rep
laced with gradual dominance changes by Protungulatum-Stygimis 
(mammal) fauna.
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These above examp es are some of the theories which try to show the
phenomenon in its interielations. Some authors have pointed out that the
mass extinctions are not the consequences of special causes, but the results
of those same internal a ad external factors which cause the continuously 
appearing ordinary extinctions. The differences lie in the extreme measure,
coincidence and rapidness of these factors (Cooper, 1977).

3. Problems

The above-mentioned complex theories, good approximations as they 
may seem, usually arise several unanswered questions in the case of studies 
on actual living groups.

One of the problems is that the judgement of the extent of extinction 
depends on the studied taxonomic level. Different pictures can be drawn of 
the extinction periods if one regards them from phyla to genera. According 
to Valentine (1974), tie species-level studies could be most important, 
because species are the primary elements of evolution.

Another important 
ganisms regulate the ex, 
ment results in loss of 
and instability of the en

: question is how the genetic characteristics of or- 
1 inctions. Some authors argue that stable environ- 

genetic variability for adaptation, The stability 
i dronment may be in different correlation with the

genetic variability of the population. В rets к y and Lorenz (1970) show 
theoretically that the j robability of extinction is maximal when stable 
environmental circumst mces change into instable ones, especially in the 
case of rapid phenomena. Schopf and Gooch (1972), on the basis of studies
on some forms living in LOGO to 2000 m water depth, denied the role of loss
of genetic variability. I however, to decide this important question, single 
studies seem to be insuf'icient because knowledge about the development
of deep-sea faunas is li 
stable environment was
question were really livi 

Mayr (1970), Rai

nited, and we do not know whether the studied 
really stable for extended times, and the forms in
ng there, or not.
p and Stanley (1971), Jablokov and Jusueov

(1976), Ivanovski (1976) accept that extinction is realized through gene-
tic factors. Referring tc 
not ecological groups, R

the fact that extinctions affect taxonomical and 
a up and Stanley attach less importance to ecolo-

gieal adaptations. Gab jnia (1969; 1971), on the other hand, assings the 
extinction of certain forms to inadaptive evolution (rapid, but imperfect 
adaptation), which rest Its subsequently from the forms being unable to
concur with the forms 
mental adaptation.

which have undergone slow, but perfect environ-

A third and import mt question is the influence of sea level changes on 
the faunas. It is well-documented that the Mediterranean Sea in Late Mio
cene times — because of probable world-wide eustatic lowering of the 
sea level —became disconnected from the Atlantic Ocean, and was separa-
ted into brackish-water < 
evaporite masses. Sea le

or evaporating lagunes, with the formation of vast 
svel changes appeared rapidly and repeatedly with

temporary re-established connections, and these resulted in the inflow of
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water and salts. Recent studies suggest that almost the whole Mediterra
nean fauna was obliterated, and the area was repopulated only in the Plio
cene, after the final establishment of a connection to the Atlantic. These 
truly great changes did not cause any apparent extinctions in the fauna 
(the migrating Pliocene forms reappeared as elements identical with those 
of the Miocene fauna). This is why this important event was recognized so 
late (Benson, 1976; Cita, 1976; Adams, 1976). These facts call attention 
to the fact that even the sudden sea level changes and regressions may not 
cause mass extinctions in themselves.

On the basis of studies on the extinction of an animal group, the dino
saurs, Voss —Foucart (1971) concluded that all the previously suggested 
external environmental or internal evolutionary factors could have influ
enced only a respective part of the so differentiated fauna. Thus, he sug
gested that the extinction of this group was a complicated process, the re
sult of interactions of several factors.

According to Raup (1978), the extinction of families and orders is the 
inevitable and natural result of evolution. The basic phenomenon is the 
species extinction, which is usually related to certain common organiza
tional features, but there are extinctions arising from specific features, 
producing cummulation of unrelated species extinctions. Extreme is the 
sustained life-span, not the extinction!

4. Conclusions

a) Extinction is a natural and inseparable phenomenon of the deve
lopment of the organic world, appearing throughout geological history;

Ъ) Extinction cannot be rendered independent of the genetic features 
and their changes,

c) In extinction considerable is the role of the shaping of environmen
tal conditions, especially the sudden changes;

d) Considerable is the role of population size, and the extent and chan
ges of isolation. The relationship may be manifold, depending on the cir
cumstances (Boucot, 1975);

e) Concerning these previous facts, the sea level changes and conti
nent movements caused by tectonic and other effects are of great impor
tance ;

f) Important factors might have been the climate, the development 
of food-supply, the appearance of concurrents and enemies, as well as 
many other elements of the organic and inorganic environment, and espe
cially their radical changes;

g) Extinction on higher taxonomic level is generally the final event of 
a geo-historically measurable process, which is anticipated by areal and 
taxonomic restriction (i.e. decrease in areal distribution and in the number 
of forms);

h) Mass extinctions are not different basically, being caused by special
ly coincident effects, which are especially unfavourable for organic life;



206 MONOSTORI, M.

i) The causes of extinctions should be studied separately for all groups 
and in every taxonomic level; search for general causes seems meaning
less (this is not a necessary exclusion of total or partial coincidence of 
causes for certain taxa);

j) Extinction is a complex, materially determined and dialectically 
manifested phenomenon, just like the other phenomena of the develop
ment of organic life.
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РЕЗЮМЕ

На основании проведенного численными методами сравнения 19 синемюрских, 
30 плинсбахских, 14 ааленских, 18 верхне-байосских и 17 келловейских составляющих 
видов фауны брахиоподов на территории западного Тетиса юрского периода можно 
с уверенностью выявить одну «европейскую», одну «средиземноморскую» и одну 
«эфиопскую» провинцию брахиоподов, последняя из которых в течение доггера ста
новится все более ярко очерченной. Максимальная разница между европейской и 
средиземноморской провинциями достигается в течение аалена-байоса. Средиземно
морская и эфиопская провинции не показывают связи друг с другом. На основании 
анализа палеогеографических условий и факторов, определяющих разделение на 
провинции, можно придти к выводу, что европейская и эфиопская провинции рас
пространялись на евразийский и гондванский шельфы, а также и на эпиконтинен
тальные морские участки Тетиса, в то время как средиземноморские брахиоподы 
жили на подводных хребтах Тетиса, расположенных далеко от больших континентов. 
Континентальные фрагменты, содержащие средиземноморских брахиоподов, после 
закрытия Тетиса были разбросаны по участку альпийского орогенного пояса от 
Марокко до Кавказа, причем большая их часть группируется в периадриатическом 
регионе.

Introduction

In the past two decades there has been an increase in the number 
of works published on the geographical distribution of former marine fau
nas. Palaeobiogeography became a fashionable topic, giving useful data 
for related fields in the earth sciences. The geographical distribution of the 
Jurassic Tethyan brachiopods served as basis for several treatments (e.g. 
Delance, 1972; Rousselle, 1975), outstandingly the one by Ager (1967; 
1971; 1973), who distinguished, among others, the NW European, the Medi
terranean and the Abessinian, i.e. Etiópián provinces, on the basis of the 
occurrences of certain characteristic genera and morphological groups.

The definition of faunal province may be interpreted in a rather wide 
sense, and a strict interpretation is generally impossible. According to 
Campbell and Valentine (1977, p. 55.), faunal provinces are “regions 
within which fossil communities maintain a characteristic species compo
sition and between which they tend to differ significantly”. Specialists 
working on a special fossil group of a special age in detail may feel, or even 
understand these identities and differences. On the other hand, the unbi
ased expression and representation of these conditions need the application
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of numerical methods. T re present paper gives a comparison of the West
Tethyan Sinemurian, Pli msbachian, Aalenian, Upper Bajocian and Callo
vian brachiopod faunas by numerical methods, but does not discuss the 
faunas of the Toarcian and Bathonian stages which are very poorly rep
resented in the Mediterra nean brachiopod faunas in Hungary.

Methods
For pairwise comparison of faunal lists there are several similarity 

coefficients available (ses Cheetham and Hazel, 1969), from which the
present work used those 
the Simpson-coefficients 

Nj is the taxon number 
the number of the comm

wo suggested by Géczy (1974): the Jaccard- and 
C C(equations: J.C. - --------------- ; S.C. =---- ,where

N^^-C Ni
of the smaller, N2 is of that of larger, and C is 
on taxa in the two faunas). The separation of fau

nal provinces was done by the method elaborated previously (Vörös, 
1977). Within the studied Jurassic stages there were designated faunistic
units represented by dat 
me nearby localities. V 
most localities, in other 
figures were taken into 
faunas” were selected w

a of individual sites or by summarized data of so- 
ell-documented monographs are available about 
cases only species descriptions accompanied with 
consideration. As a next step, respective “type 

ithin the previously quantitatively outlined faunal 
provinces, which type faunas characteristically represent each province in 
species number and con position alike. Then the faunas of all other locali
ties were compared to the type faunas. (N.B. This comparison would be real 
only if the same specialist was to revise all the faunas by studies on the ori
ginal material. However, this claim meets objective difficulties, which 
have been partially ove rcome now: I could study only some of the here 
compared faunas in museum collections. Thus my judgement is based on 
more or less reliable knowledge through direct studies on Lower Jurassic 
brachiopod faunas of the NW Carpathians, the Northern Calcareous Alps,
the Southern Alps and :he Central Apennines.) The results of the pairwise 
comparisons (i.e. the Si npson- and Jaccard-coefficient values) are figured
in systems of co-ordim 
type fauna (see e.g. Fig 
sitions of which within

,tes plotted against the character related to the 
. 1.). The faunas are represented by points the po- 
the system show the measure of similarity to the 

type faunas. The quarter-field of the system of co-ordinates can be divided 
into six equal parts wilh lines starting from the origin where the two ou
termost parts comprise the faunas most similar to the type fauna, while the 
intermediate segments ■ iontain those of transitional character. In the maps 
these features are repres ented by sector tradings (see e.g. Fig 2.).

Brachiopod provinces separated by numerical methods
Sinemurian

The comparison is nade for 19 faunas, totalling in 243 species, of which 
majority is Upper Sinemurian (Lotharingian) in age.
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1. South Germany + Alsace-Lorrain (Quenstedt, 1858, 
1868 — 71; Oppel, 1861; Haas and Petri, 1882)

2. England (Davidson, 1878; Ager, 1956 — 67)
3. Rhone basin (Dumortier, 1867)
4. Portugal (Choffat, 1947)
5. Hauts Plateux (Morocco and Algeria) (Flamand, 1911; 

Dareste de la Chavanne, 1930; Gourion, 1960)
6. Taormina (Sicily) (Di Stefano, 1887)
7. Calabria (Fucini, 1892; Greco, 1894)
8. Alpes Vaudoises (Préalpes Médianes) (Haas, 1885; 

Peterhans, 1926)
9. Mecsek Mts. (South Hungary) (Vadász, 1935)

10. Southern Carpathians (Jekelius, 1915; Raileanu and 
Iordan, 1964)

11. The Rif (Dubar, 1938)
12. Saharan Atlas (Dubar, 1942; Gourion, 1960)
13. Western Sicily (Gemmellaro, 1878)
14. Central Appennines (Canavari, 1879,1882; De Stefani, 

1887; Fucini, 1893, 1895; Ruggiero, 1964)
15. Southern Alps (Parona, 1884; Del Campana, 1907; 

DalPiaz, 1909; Conti, 1954; Pozzi, 1960; Sacchi 
Vialli, 1964)

16. Northern Calcareous Alps (Oppel, 1861; Frauscher, 
1883; Geyer, 1889)

17. Gerecse Mts. (NW Hungary) (Vigh, 1943)
18. Bakony Mts. (Hungary) (Böckh, 1874; Ormós, 1937; 

Vörös, unpubl.)
19. External Dinarides (Risan) (Eichenbaum, 1883; Bitt

ner, 1895; MihajloviŰ, 1955)

25 species
15 species
13 species
8 species

8 species
34 species
29 species

16 species
17 species

15 species
8 species

12 species
15 species

60 species

24 species

56 species
30 species

38 species

10 species

The type fauna of the European province comprises the summarized data 
of South Germany and Alsace-Lorrain, while the type fauna of the Medi
terranean is that of the Northern Calcareous Alps. The faunal characters 
of the localities are plotted in a system of co-ordinates in Fig. 1. Rather 
numerous are the faunas within the transitional fields; especially interesting 
are No. 6 (Taormina) and No.7 (Calabria) with significant Mediterranean, 
and No.12 (Saharan Atlas) and No.15 (Southern Alps) with strong Europe
an affinity. On the basis of distributional abundance, some characteristic 
European and Mediterranean species can be designated. The character
istic European species are those appearing in at least four of the definitely 
European faunas (Nos: 1 to 5, 8 to 10) and not found in the definitely 
Mediterranean faunas (Nos. 11, 13, 14, 16 to 19), namely: Zeilleria numis- 
malis, Z. perforata, Spiriferina walcotti. Characteristic Mediterranean 
species are those represented in at least four distinctly Mediterranean fau
nas, and lacking in the distinctly European faunas: Linguithyris aspasia, 
Zeilleria? venusta, Spiriferina angulata, S. obtusa. These species can be 
used in maps to express the faunistic features of the localities which can-

14 ANNALES — Sectio Geologica — Tomus XXIV.
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Fig. 1. Jaccard-coefficient values of Sinemurian faunas compared with the South German 
(horizontal axis) anl the North Alpine (vertical axis) faunas, respectively

not be evaluated quan
For example (see Fig.

idtatively because of the low (<5) species number.
J), in Sweden (Troedsson, 1951) all the characteris-

tic European species occur, while in Provence (Lanquine, 1929), Zeilleria 
perforata and Spiriferi. iá walcotti are known. The Mediterranean character 
of the NW Carpathians (Stratenska Hornatina; Mahel, 1958) is indicated 
by the occurrence of Spiriferina obtusa. The geographical distribution of the 
qualitatively compared faunas (Fig. 2.) shows a contradictional pattern
for Hungary, Southern Italy and in the Atlas Range, calling attention to
paleogoographic and large-scale tectonic problems.
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Fig. 2. Geographical distribution of Sinemurian faunas. Open circles: faunas of European 
character; full circles: faunas of Mediterranean character (the division of other circles into 
sectors is proportional to their faunal character); o: characteristic European species; o: cha

racteristic Mediterranean species; broken lines: major Alpine tectonic lines

Pliensbachian

The present comparison is an extended version of a previously publish
ed paper (Vörös, 1977) on the Pliensbachian (Carixian and Domerian) 
brachiopod distribution, being based upon more data, totalling in 30 fau
nas with 306 species altogether.

1. Southern Alps (Uhlig, 1880; Parona, 1880; Böse and
Schlosser, 1900; Haas, 1912; Renz, 1932) 73 species

2. Central Apennines (Canavari, 1880, 1881, 1883; Zittel, 
1869; Ramaccioni, 1936) 56 species

3. Western Sicily (Gemmellaro, 1874; Di Steeano, 1892) 45 species
4. External Hellenides (Renz, 1932) 28 species
5. External Dinarides (ÓiriÓ, 1949) 9 species
6. Bakony Mts. (Vörös, 1970) 40 species
7. Great Fatras (Belanska Dolina) (Siblík, 1964) 8 species

14*
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8. Northern Calcareous A ps (Böse, 1898)
9. Betic Cordilleras (Murcia) (Cisneros, 1923)

10. South Germany (Quenstedt 1858, 1868 — 71; Rau,
1905)

11. Alsace-Lorraine (Haas
12. Pirenees (Debar, 1925)

and Petri, 1882)

13. Catalonia (Lérida) (Dei ance, 1969)
14. Morocco (Oudjda) (Dai este de la Chavanne, 1930)
15. Anatolia (Yakacik) (Agsr, 1959)
16.
17.

18.

19.
20.

21.

22.
23.
24.
25.
26.

Crimea (Moiseiev, 1934)
Yugoslavian Southern 
1888; Sució — ProtiŰ, 
Rumanian Southern Ca 
and Iordan, 1964)

Carpathians (Radovanoviö, 
969, 1971)
rpathians (Svini^a) (Raileanu

Padurea Craiului (Prei a, 1967)
Mecsek and Villány Mts. (South Hungary) (Vadász, 
1935; Ager and Callomon, 1971)
Little Carpathians (Pristodolok) Pevny, 1964; Siblik,
1967)

Kostelec (W. Slovakia)
Gresten (Trauth, 1909 
Great Britain (Ager, 1

(SiBLÍK, 1965, 1966, 1967, 1968)

956)
Rhone basin (Dumorti sr, 1869)
Iberian Cordilleras (Hu kelbein, 1969; Hevia and 
Del Pozo, 1972; Comas Rengifo and Goy, 1975)

27. Portugal (Choffat, 194 7)
28. Oranian High Plateau Saida) (Flamand, 1911; Gou

rion, 1960)
29. Eastern Atlas (Guelma) (Dareste de la Chavanne,

30.
1920)

Western Balkan Mts. (Teteven) (Cohen, 1931; Tzankov
and Boncev, 1932)

42 species 
14 species

67 species 
21 species

8 species 
15 species 
10 species 
10 species 
24 species

50 species

21 species 
24 species

15 species

7 species 
16 species 
19 species 
32 species 
11 species

15 species 
10 species

21 species

22 species

17 species

As type faunas, the European and Mediterranean provinces are represented 
by the faunas of South Germany and the Southern Alps, respectively.
The features of the Pliensbachian faunal localities are plotted in the system 
of co-ordinates in Fig. 3. Ti e majority of the faunas show South German 
affinities, making a distinc;ion of a European province clear, however,
striking is the fact that the faunas of localities No.5 (External Dinarides)
and No. 16 (Crimea) appear is transitional, with European characters.

Characteristic European species, with occurrence in at least five dis
s. 10 to 12, 14, 17 to 20, 22, 24 to 28) and lacktinctly European faunas (Nt i

in distinctly Mediterranean faunas (Nos. 1, 2, 6, 8, 9) are: Gibbirhynchia 
curviceps, Tetrarhynchia tetodhedra, Prionorhynchia quinqueplicata, Lobo- 
thyris edwardsi, L. punctata, L. subpunctata, Zeilleria subnumismalis, Z.
mariae, Z. indentata, Z. quadrifida, Aulacothyris resupinata. Characteristic 
Mediterranean species with occurrences in at least three distinctly Medi-
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Fig. 3. Simpson-coefficient values of Pliensbachian faunas compared with the South German 
(horizontal axis) and the South Alpine (vertical axis) faunas, respectively

terranean faunas and lack in all the distinctly European faunas are: Pisi- 
rhynchia retroplicata, P. inversa, Prionorhynchia ? flabellum, P. I scherina, 
Apringia piccininii, A. mariottii, A A. stoppanii, Gibbirhynchial sordellii, 
Linguithyris aspasia, Phymatbthyris rheumatica, Viallithyris gozzanensis, V. ? 
delorenzoi, Securithyris adnethensis, Aulacothyrisl fur la na, A A apenninica, 
A. ? pedemontana. Fig. 4 shows the occurrences of some characteristic species. 
Lobothyris punctata is known from the Bukovina nappe of the Eastern Carpa
thians (Turculet, 1971), while Tetrarhynchiatetrahedra and Zeilleria quad- 
rifida occurs also near Brasov (in the Keresztélyfalva Lias ranged into the 
Geta nappe) (Jekelius, 1915). Interesting is the appearance of Linguithyris 
aspasia, a characteristic Mediterranean species in the Saharan Atlas 
(Flamand, 1911) and in the western part of the Betic Cordilleras (Kilian, 
1889), here associated with Securithyris adnethensis. The geographical dis
tribution of the quantitatively compared faunas shows contradictory pat
tern in many places. The transitional (mixed?) character of the Anatolian
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Fig. 4. Geographical distribr tion of Pliensbachian faunas. Legend: same as in Fig. 2

(No. 15) and Crimean (No. 
of faunas Nos. 5, 21 and 
inferred. The position of h;
ical importance of the Ct;

>. 16) faunas is hardly interpretable. In the case 
22 the possibility of misidentifications can be 

unas Nos.6 and 20 emphasizes the paleogeograph-

tern of the European and 
Sinemurian) in Iberia and 
tonic explanation, too.

ntral Hungarian lineament. The particular pat-
Mediterranean faunas (similar to that in the 
in the Atlas calls probably for large-scale tec-

Aalenian

1.

2.
3.
4.
5.
6.
7.
8.
9.

The comparison is based on 14 faunas of a total of 141 species. 
South Germany and Alsace-Lorrain (Quenstedt, 1868 —
71; Haas and Petri, 1881; Branco, 1879; Drot, 1952) 12 species
England (Davidson, 1878) 28 species
NW France (Sarthe) Freneix et al., 1956) 6 species
Rhone basin (Roche 1939) 16 species
Morocco (Moyen At as) (Rousselle, 1965) 4 species
Sardinia (Taddei Ri FGGIERO, 1966) 7 species
Mecsek Mts. (Vadász ,1935) 5 species
Western Sicily (Di Si EFANO, 1884) 10 species
Calabria (Greco, 189 9) 13 species
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10. Southern Apennines, (Lagonegro) (Greco, 1900)
11. Southern Alps (Parona and Canavari, 1880; Vacek, 

1886; Finkelstein, 1889; Böse and Finkelstein, 1892; 
Ferrari and Manara, 1972)

12. Northern Calcareous Alps (Rothpletz, 1886; Finkel
stein, 1889)

13. Externa] Dinarides (Crna Gora) (Martelli, 1906)
14. NW Caucasus (Kamyshan and Babanova, 1973)

6 species

40 species

48 species
16 species
25 species

The faunal characters of the Aalenian localities are shown in the system 
of co-ordinates in Fig. 5. The separation seems to be significantly sharp, 
the majority of the points representing the faunas are assembled along the 
axes, the faunas of transitional character are those of No. 6 (Sardinia) and 
No. 12 (Northern Calcareous Alps) only. Characteristic European species 
occurring in at least three distinctly European faunas (Nos. 1 to 5) and la-

Fig. 5. Jaccard-coefficient values of Aalenian faunas compared with the British (horizontal 
axis) and the South Alpine (vertical axis) faunas, respectively
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Fig. 6. Geographical distribution of Aalenian faunas. Legend: same as in Fig. 2

eking in the distinctly Mediterranean faunas (Nos. 8 to 11, 13, 14) are 
Pseudoglo88othyris curv frons and Epithyris submcmllata. Characteristic
Mediterranean species appearance in at least three distinctly Mediterra
nean faunas and lack in the distinctly European ones): Pseudogibbirhyn-
chia vigilii, P. erycina, 
ippolitae. The geograpl

Parvirhynchia ximenesi, P. waehneri, and Zeilleria 
ical distribution of the Aalenian faunas are shown

in Fig. 6. Despite the r elatively few data, the Mediterranean province can 
be outlined distinctly, only the interpretation of the Caucasian occurrence 
meets some difficulties

The comparison be 
riesianum to Parkinso

Bajocian
: low refers.to the upper part of the Bajocian (Humph- 
ini Zones), with 18 faunas of 241 species altogether.

1.
2.

3.
4.

5.

NW Caucasus (Kahyshan and Babanova, 1973) 
South Germany (Quenstedt, 1858, 1868 — 71; Kuhn, 
1938; Seifert, 19 53)
Alsace-Lorrain (H 
Jura Mts. (Haas, 
Rollet, 1970)

A as and Petri, 1882) 
1889; Greppin, 1900; Contini and

Rhone-area (Arcelin and Roche, 1936; Marzloff et
al., 1936; Roche, 1939)

6. England (Davidson, 1878)
7. Portugal (ChoffA”, 1947)

17 species

41 species
16 species

20 species

63 species
63 species
15 species
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8. Morocco (Moyen Atlas) (Rousselle, 1965)
9. Váh-valley (Pevny, 1969)

10. Eastern Carpathians (Jekelius, 1916; Turculet, 1971; 
Preda, 1976)

11. Southern Carpathians (Iordan, 1966)
12. Balkan Mts. (Tchoumatchenko, 1978)
13. Somalia (Jubaland) (Weir, 1929)
14. Western Sicily (Gemmellaro, 1877)
15. Southern Alps (Oppel, 1863; Parona, 1880, 1896; Böse 

and Finkelstein, 1892; Pointingher, 1959; Ferrari 
and Manara, 1972)

16. Northern Calcareous Alps (Oppel, 1863; Rothpletz, 
1886)

17. NW Carpathians (Pevny, 1964; Siblík, 1966)
18. Bakony Mts. (Vörös, unpubl.)

19 species
9 species

11 species
18 species

8 species
11 species

5 species

23 species

17 species
11 species
15 species

Representative type faunas for the European and Mediterranean provinces 
are those of South Germany and the Southern Alps, respectively. The 
characteristics of the Bajocian faunas are plotted in the system of co-or
dinates in Fig. 7. The separation is extremely significant: all the points

Bajocian

, ,16

5 9 ® 12 4 11---- 1*     I • — -—• 9 —T
20 40s.c.SG-- -

10

Fig. 7. Simpson-coefficient values of Bajocian faunas compared with the South German
(horizontal axis) and the South Alpine (vertical axis) faunas, respectively 
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representing the faunas except No. 7 (Portugal), are assembled along the 
axes. It is remarkable that the Somalian fauna (No. 13) has no Mediter
ranean features, but shows European affinities. Characteristic European 
species, -with occurrences in at least five distinctly European faunas, are as 
follows: Cymatorhynchia quadriplicata, Awnihothyris spinosa, Lobothyris 
perovalis, Tubithyris globata, Epithyris maxillata, Monsardithyris ventricosa 
and Aulacothyris carinata. Characteristic Mediterranean species, which 
occur in at least three Mediterranean faunas: Apringiat atla, Striirhyn- 
cMa? subechinata, “Bhynchcnella” berchta, “Terebr atu la” fylgia and Pla- 
cothyris gerda. The geographical distribution of the Bajocian faunas is 
shown in Fig. 8. Noteworthy are the occurrence of some characteristic 
European species at the Jordan River (Muir —Wood, 1925) and in Erit
rea (Diaz —Romero, 1931), associated with some species, which appear

Fig. 8. Geographical distribution of Bajocian faunas. Legend: same as in Fig. 2. and: cross- 
hatched circles: faunas of Ethiopian character; x: characteristic Ethiopian species
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also in Somalia. Taking these facts into consideration, an Ethiopian pro
vince of strong European influence can be outlined. The Mediterranean 
province is markedly delimited from the European one the only disturbing 
element is the Váh-valley occurrence (No. 9).

Callovian

This comparison is based on 17 faunas with 222 species, mainly Lower 
Callovian in age.

1. Turkmenia (Moiseiev, 1944; Prozorovskaya, 1968) 24 species
2. Northern Caucasus (Neumayr and Uhlig, 1892; Moi

seiev, 1934) 23 species
3. Crimea (Moiseiev, 1934; Babanova, 1964; Kamyshan

and Babanova, 1973)
4. Russian platform (Lahusen, 1883; Makridin, 1964)
5. Silesia (Balin) (Szajnocha, 1879)
6. South Germany and Alsace-Lorrain (Quenstedt, 1858, 

1868 — 71; Haas and Petri, 1882; Corroy, 1932)
7. NW France (Deslongchamps, 1859a; 1860; Grossouv- 

re, 1891; Bizet, 1894; Coufeon, 1919)
8. England (Davidson, 1978)
9. Portugal (Choffat, 1947)

10. Southern France (Deslongchamps, 1859b; Parona and 
Bonarelli, 1897)

11. Mecsek and Villány Mts. (Vadász, 1935; Vörös, un- 
publ.)

12. Tunesia and Lybia (Desio et al., 1960; Dubar, 1967)
13. Ethiopia and Somalia (Douvillé, 1886; Diaz - Romero, 

1931; Muir —Wood, 1935)
14. Northern India (Noetling, 1985; Muir-Wood, 1937)
15. Northern Calcareous Alps (Oppel, 1861; Rothpletz, 

1886; Kunz, 1967)
16. NW Carpathians (Uhlig, 1881; Ksiazkiewicz, 1956)
17. Southern Carpathians (Rucar) (Simionescu, 1899)

38 species 
20 species 
24 species

55 species

48 species
19 species
10 species

8 species

13 species
16 species

25 species
5 species

12 species
9 species
7 species

The type fauna of the European province is the combined data of South 
Germany and Alsace-Lorrain, while the type fauna of the Mediterranean 
province is that of the Northern Calcareous Alps. As a type fauna of the 
Ethiopian province, individualized for this age, the combined Ethiopian 
and Somalian fauna appeared sufficient. The features of the Callovian fau
nas are shown in Fig. 9. The European and Mediterranean provinces show 
an almost continuous transition. It is striking that significant Mediterra
nean affinities are shown by the faunas of No. 10 (Southern France) and 
No. 11 (Mecsek and Villány Mts.), which can be related to the European 
shelf by other paleogeographic criteria. It is interesting that the three 
faunas representing the Ethiopian province do not show Mediterranean 
influence, but two of them (i.e. Nos. 12 and 14) have some European
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Fig. 9. Simpson-coefficient v dues of Callovian faunas compared with the South German 
(horizontal axis) an 1 the North Alpine (vertical axis) faunas, respectively

character. Characteristic European species, which occur in at least five 
distinctly European fat nas (Nos. 1, 2, 4 to 8) and lack in the Mediterranean 
(Nos. 15 to 17) or the Ethiopian (Nos. 12 to 14) faunas, are: Ivanoviella ale-

iella variáns, Goniothyrisl eggensis, Ptyctothyris manica, Rhynchonelloi
dorsoplicata, P. subcanaliculata, Aulacothyris pala and Ornithella lagenalis. 
Characteristic Ethiopian species, occurring in at least two Ethiopian faunas 
and lacking in the other two provinces: Burmirhynchia parva, В. weiri,
DagJianirhynchia subvi и 
subsella. Characteristic ’ 
two Mediterranean fan 
virhynchia contraversa, ,

’.rsabilis, Pseudoglossothyris sulcata, “Terebratula” 
Mediterranean species (with occurrences in at least 
nas and lacking in the two other provinces): Cal- 
Septocrurellal defluxoides. The geographical distri

bution of the Callovian faunas is shown in Fig. 10. Not surprising are the 
occurrences of the char acteristic Rhynchonelloidella varians and Ptyctothyris 
dorsoplimta in the Baltic area (Kuenkel, 1915; Stoll, 1934), and Dagha- 
nirlvynchia daghaniens\s in the Sinai (Douvillé, 1916). In some faunas of
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Fig. 10. Geographical distribution of Callovian faunas. Legend: same as in Figs 2. and 8

the European province (Nos. 3, 9, 10, 11) strong Mediterranean influence 
appears. Extremely peculiar is the occurrence of a clearly Mediterranean 
fauna in the Southern Carpathians (No. 17), a range all tectonic units of’ 
which showed European characters during the previous Jurassic intervals.

Temporal changes in provinciality

The European, Mediterranean and (in the Callovian) the Ethiopian ba- 
chiopod provinces distinguished above by numerical methods as invidual 
faunistic units, can be compared to each other, too. The quantitative 
data of the provinces are tabulated in Table I.
In the Sinemurian and the Pliensbachian species number increases in 
both the European and the Mediterranean provinces. Following the Aaleni- 
an minimum, species number in the European province regains high values, 
while in the Mediterranean areas the drastic decrease in species number 
continues through the Bajocian and Callovian. Undoubtedly, the actual 
turnover took place in the Toarcian, when the whole western Tethys un
derwent significant paleogeographic changes. These were probably con
nected to the start of the opening of the Atlantic ocean. It is striking, on
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Table I.
Species numbers of the European, Mediterranean and Ethiopian brachiopod provinces and 

 

numbers of common speciejs in different stages from the Sinemurian to the Callovian

й

Я
c

3

8
s

C3 я
й й3
S’ в

Total number of counted spe|cies . . . 
Occurring in the European ovince 
Occurring in the Mediterran$an province 

 

Species common to the European and Mediterranean 
provinces....................................................................

Occurring in the Ethiopian rovince ........................
Species common to the Ethiopian and Mediterranean 

provinces
Species common to the Ethiopian and European 

provinces

243
114
156

27

306
167
184

45

171
66

113

8

241
191
59

6

222
170
24

8
39

2

the other hand, that wljile this “crisis” was gotten over by the faunas of the 

 

European province by| Bajocian times, the fall of the Mediterranean bra
chiopod fauna went оф.

Fig. 11 shows the (Simpson- and Jaccard-coefficient values calculated 

 

from the data in Table| I. Continuous lines figure the temporal changes in 

 

the similarities betweeji the European and Mediterranean provinces, based

on the values of the t о coefficients. It is clear that the similarity is closest
in the Pliensbachian and Callovian, while the minimum (i.e. the maximum
of the provinciality) is 
that provinciality was

shown in the Aalenian and Bajocian. Remarkable is 
higher in the Sinemurian than in the Pliensbachian.

If the difference between the European and Mediterranean provinces had
been formed only at 
have shown still high

the beginning of the Jurassic, the Sinemurian would 
similarity values. However, as the differences appear

great even in this time, one has to suppose the timing of the individualizati
on of the Mediterranean province as considerably earlier (probably the 
Middle Triassic, Vörös, 1977). The similarity between the European and 
the Ethiopian provinces (in the Callovian) is low, considerably lower than 
that between the European and the Mediterranean one. The high degree
of endemism and the 
zed by the fact that 
terranean province.

strong isolation of the Ethiopian province is emphasi- 
t shows no connections and similarities to the Medi-

F actors resulting in provinciality

As a starting point to this discussion, one can take the paleogeographic 
pattern which shows the Jurassic Tethys as a large “V”-shaped ocean open 
to the East and closed in the West. This ocean was bordered on both the 
Eurasian and the African (Gondwanian) continental sides by extended
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Fig. 11. Changes in similarity between the European and the Mediterranean brachiopod 
provinces from the Sinemurian to the Callovian. Triangles: Simpson-coefficient values; 
Circles: Jaccard-coefficient values; Eu-Et: coefficient values of similarity between the Euro

pean and Ethiopian provinces

shelves. The sediments of the continent-ward sides of these shelves can be 
found now in stable European (or African) areas, with characteristic Euro
pean (or Ethiopian) brachiopods. Controversial is the former geographical 
position of the Mediterranean province.

Ager (1967) regarded the Mediterranean province as a “bathyal” pro
vince, which means a habitat of the Mediterranean brachiopods on the 
outer, or deeply-sunken part of the European shelf. On the other hand, 
this view should be revised, because the bottom of the Mediterranean 
Jurassic sea was rather disintegrated, thus cannot be regarded as generally 
bathyal (Galácz and Vörös, 1972; Bernoulli and Jenkyns, 1974). The 
crinoidal and “Hierlatz” limestones, which yield the most abundant Me
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diterranean brachiopod faunas, were derived just from the current-swept 
shallow-water ridges rising above the deeper-water basins (Vörös, 1975). 

Ager, in his later werk (1971) pointed out that in the views of rese-
archers about the factors 
chiopods, three “schools” 
riers, 2. depth-control, 3. 
attached to the believers

controlling the geographical distribution of bra- 
can be distinguished; those are based on 1. bar- 

. bottom types, Ager emphasized that he was 
of the bottom-types, and that the distribution 

of brachiopods is environmentally controlled. According to my views, one 
cannot originate the Mediterranean provinciality from the differences of 
the sea bottom types. E early the same Mediterranean brachiopods do 
occur in relatively deep-water carbonate mud, in shallower-water cla- 
careous sands and in extremely shallow, Bahama-type carbonates, i.e. in

:ary rocks. Within the parautochthonous sedimen- 
V Carpathian core mountains and in the Krizna

all Mediterranean sedimen 
tary cover-series of the N’
nappe, there are Pliensbachian successions with dark to black limestones 
and rich in terrigeneous cl istics, which are lithologically very similar to the
contemporaneous series o: 
terranean brachiopods.

Hallam (1971, 1972) 

the European shelf, and these also yield Medi-

, on the basis of studies on bethonic groups be-
side brachiopods, concluded that faunal provinces may originate on conti
nuous shelves without bai riers too, as a result of certain factors (e.g. tern-

ginally continuous shelf

, environmental stability). This model can be 
the interpretation of the differences between the 
provinces, because these were found on an ori-

perature, nutrient-supply, 
applied reasonably well to 
Ethiopian and European

several thousand kilometres long, and with es
tablished migrational faunal connections (Ager and Walley, 1977). On the 
other hand, this cannot bo applied in the case of the European — Mediter
ranen provinciality, because here neither the continuous shelf-area, nor 
the direct faunal connects >n can be evidenced.

Géczy (1972) was the first to formulate a theory explaining the diffe-
rentiation of the Jurassic 
regions. This “barrierist”

ammonite provinces by intervening wide oceanic 
view was followed in a hypothesis (Vörös, 1977), 

in which the habitat of tie Mediterranean-type Jurassic brachiopods was
ridge (microcontinent) of continental basement 

’sthys, far off the European and African shelves.
outlined as a submarine 
somewhere in the open T
This isolated microcontinent might have produced favourable conditions 
for the origin of a brachiopod province, even in the sense of Ager (1971). 
The brachiopods of this initially especially shallow-water ridge were unable 
to invade the surrounding ocean floor several thousand metres in depth
and in this sense, their dis ribution and differentiation was environmentally 
controlled. Being sessile organisms, they had no faunal connections with 
the European shelf, because their larvae could not reach there. According
to Rudwick (1970), the planktonic period of the lavae of articulate bra- 
chiopods is very short, on у some hours, or occasionally some days. Within

for a 100 to 200 km travel one should suppose 
> which are impossible to assume for the Tethys, a 

this short interval, even 
such rapid ocean currents
westerly closed ocean in t he Jurassic of temperate climate. What remained 
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were the driftwood and floating algae, which might have contributed to 
the dispersal of adult forms, but these made possible only actual, sporadic 
connections. The reduced nutrient-supply suggested by Hallam (1971) 
as characteristic in the Mediterranean, is consistent with this explanation 
(i.e. with the removal from the continental nutrient sources). The Mediter
ranean brachiopods show many phylogenetically archaic features, e.g. 
the predominance of the superfamily Dimerellacea (Ager et ab, 1972), 
brachidium support (Vörös, 1978). These features can be explained by 
supposing that in the oceanic microcontinent (submarine ridges) the en
vironment was more stable than that on the European and African shelves, 
favouring the endurance or re-appearance of archaic characters.

Conclusively: the European-Ethiopian provinciality is a result of spa
tially continuous variation in the environmental conditions along a shelf 
area of several thousand kilometres, while the European — Mediterranean 
provinciality was caused by deep-sea and oceanic barriers.

Paleogeographic position of the Jurassic brachiopod provinces of the western 
Tethys

The maps in Eigs. 12, 13 and 14 show a possible paleogeographical 
pattern — as a very rough sketch. The maps are based on data from the 
work of Dewey et al. (1973) for the position and Jurassic movement of the 
continents, and from the book of Hallam (1975) for the shore-lines (islands 
disregarded). The shape and position of the microcontinent within the Tet
hys is drawn arbitrarily, thus may arise further discussions and considera
tions, while its extent is so large to embrace at least its present-known 
fragments, i.e. the Periadriatic region, the Austroalpine units, the nor
thern part of the intra-Carpathian region, the Rif-Betic mass and some other 
fragments lying along the Pontian-Crimean-Caucasian range. This recon
struction leaves the Anatolian and Iranian microcontinent out of consi
derations; these were probably out of the maps’ area in the Jurassic. The 
symbols marking the composition of the brachiopod faunas are — except 
some cases — placed into their plate-tectonically re-arranged sites. Because 
of difficulties in the faunisitical and tectonical interpretation, these pale
ogeographic maps do not show some faunas in the Saharan Atlas, Anatolia 
and the Carpathians and the Caucasus (7 data).

Combined Sinemurian and Pliensbachian data are shown in Fig. 12. 
The European faunas are arranged within the European epicontinental 
sea; those which were near to the outer shelf margin show some Mediter
ranean influence. Marked Mediterranean influence is shown by the Calab
rian and West-Sicilian Sinemurian faunas on the northern end of the Medi
terranean microcontinent. There are no evaluable data on the Gondwanian 
shelf.

Distributional pattern of the early Middle Jurassic (Aalenian and Bajo- 
cian) is illustrated in Fig. 13. The Atlantic lies partially open, and this oce
anic belt probably connected the western end of the Atlantic to the 
proto-Pacific, making deep-circulations possible. The opening Atlantic

15 ANNALES — Sectio Geologica — Tomus XXIV.
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Sinemurian + Pliensbachian

Fig. 12. Palaeogeographical dist 'ibution of Sinemurian and Pliensbachian brachiopod
faunas. Legend: 1. Land; 2 — 4. sb elf and epicontinental seas (2. European province, 3. Medi
terranean province, 4. Ethiopian province); 5. oceanic Tethys; 6. shore-line and shelf-edge.
For legend to the faunistical sym ools, see Figs 2. and 8. Position of continents after Dewey 

et al. (19' 3), shore lines after Hallam (1976)

disconnected the European and African shelves, leaving the Moroccan and 
Oranian mesetas of the Cer tral Atlas at the European side (the present in
terpretation expects so, be jause the brachiopod faunas give such eviden
ces). The connections between the European and Mediterranean provinces
fell to minimal. In the Gondwanian epicontinental sea, many endemic, 

■, associated with European species.“Ethiopian” elements occur. 
During Callovian timeis (Fig. 14.) the Atlantic got wider, and the Eura- 

:ontinental seas overflowed vast areas. The lifesian and Gondwanian epia
conditions of the Mediterranean brachiopods seemed to become un
favourable; relatively rich faunas are known only from the Northern
Alps and the Carpathians. C reater part of the European province is rather
uniform, but some faunas near the shelf margin (e.g. Crimea, Villány,
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Aalenian + Bajocian

Fig. 13. Palaeogeographical distribution of Aalenian and Bajocian brachiopod faunas.
Legend: same as in Fig. 12

Provence) show marked Mediterranean influence. It was probably caused 
by the reinforced circulation which promoted the dispersal, and also by 
the fact that in the Callovian, with the continent-ward moving of the 
shore-lines, the environmental circumstances became more pelagic on the

15*
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Calio vian

Fig. 14. Palaeogeographical dist ■ibution of Callovian brachiopod faunas. Legend: same as 
in Fig. 12

European shelf margins (appearance of Paleotrix-bearing and radiolarian 
rock facies). The Gondwana shelves are characterized by the Ethiopian
province from Tunesia to India, with still remaining migrational connec
tions with the European province. Connection between the Mediterranean

cannot be proved.and Ethiopian provinces
* * *
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In the Jurassic three brachiopod provinces were formed within the 
western Tethys. Their differentation and individualization became possible 
partly by the adaptational possibilities in growing epicontinental sea areas, 
and partly by the isolation connected to widening oceanic barriers. At the 
same time, this was the last flourishing of the Brachiopoda phylum, which 
was ended by the closure of the Tethyan ocean in the Late Cretaceous.
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ЗЕМНОЙ КОРЫ В ОБЛАСТЯХ С ВЫСОКИМ ТЕПЛОВЫ ПОТОКОМ 

В ПРИМЕНЕНИИ К ПАННОНСКОМУ БАССЕЙНУ

by
* L. BODRI

Department of Geophysics, Eötvös University, Budapest 
(Received: 15th March, 1982)

ABSTRACT

The results of this study can be considered as a quantitative evidence in favour of the 
hypothesis according to which the small thickness of the crust observed in areas of high 
positive heat flow anomalies, and also the strong correlation between crustal thickness and 
surface heat flow, is the consequence of a past transition of material of the lower crust into 
garnet granulite. The thinning of the crust (known also as suberustal erosion) should have 
proceeded by formation of blocks of the heavy garnet granulite material and subsequent 
sinking of these blocks into the upper mantle. The p — T conditions necessary for suberustal 
erosion have been calculated and certain phenomena accompanying the process of crustal 
thinning have also been investigated.

Введение

Ряд исследований корреляции между тепловым потоком и толщиной 

коры указывает на существование определенной отрицательной корреля

ции, когда более высокие тепловые потоки соответствуют более тонкой 

коре, а низкие потоки наблюдаются в районах с толстой или очень тол

стой корой (Cermák, 1979). В общем, корреляционная связь между 

этими двумя величинами не очень тесна и однозначна. Это вызвано по 
всей вероятности тем, что граница Мохо, скорее всего, по природе пре

имущественно химическая, и термические факторы в нормальных усло
виях не играли существенной роли в ее образовании.

Тем не менее существует ряд районов, где наблюдается почти функ

циональная зависимость между величиной теплового потока и мощностью 

коры. Эти районы все без исключения области молодой тектонической 

активности и осадконакопления с поверхностным тепловым потоком по 
крайней мере вдвое выше среднемирового и значительно утоньшенной 

корой. В Европе примером таких структур могут служить, например, 
Рейнский грабен и Паннонский бассейн, или область Тирренского моря. 

Так, в Карпатском регионе мощность коры постепенно возрастает от 

Паннонского бассейна (25 — 27 км) к Внешним Карпатам и Предкарпат- 

скому прогибу, где достигает максимального значения (55 — 56 км). Теп
ловой поток в этом направлении уменьшается от 80 — 110 до 35 —45 мвт/м2. 

Корреляционный коэффициент между тепловым потоком и мощностью 

коры для Паннонского бассейна по расчетам Bodri (1976,1981 а) составля-
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ет 72%, и поверхностный тепловой поток Q может быть получен из тол

щины коры /1 по следующей формуле:

Q = 85.0 + 9.5(26.0-/1). (1)

В формуле (1) толщина коры h берется в км, тепловой поток Q — в мвт/м2. 
Как видим из формулы (1), средняя толщина коры Паннонского бассейна

составляет 26 км, то ес’ 

с нормальной, а средн 

континентального.

гъ она примерно на 10 км утоньшена по сравнению 

ш тепловой поток на 40 — 45 мвт/м2 выше средне-

Аналогичную картину показывает зона Рейнского грабена с толщи

ной коры 24 км и средним тепловым потоком 100 мвт/м2 (Giese et al.,
1973; Cermák, 1979). 
характерной чертой,

L то касается строения коры в этих районах, то его 

особенно ярко проявляющейся в Паннонском бас-

сейне, является то, что понижение ее толщины целиком обусловлено 

утоньшением слоя нижней коры. Так, в Паннонском бассейне, где глу-
бина залегания поверхности Мохо составляет 24—29 км, нижняя кора

на 5—10 км тоньше,

слоя верхней коры об >г 

и др., 1978).

чем в нормальных областях. При этом толщина

[чная или даже несколько увеличена (СОЛЛОУБ

В данной работе 

причиной утоньшения

приводится ряд доказательств в пользу того, что 
коры (подкоровая эрозия) и сильной корреляции

этого утоньшения с температурой в областях молодой тектонической 

активности мог являться фазовый переход габбро — гранатовый гра

нулит — эклогит и со гутствующие этому переходу процессы. В качестве
иллюстрации действия 

Паннонский бассейн.
предполагаемого механизма автор использовал

Фазовый переход п.ббро-эклогит в районах с повышенным потоком

Как уже упоминалось выше, тепловой поток Паннонского бассейна 

стабилен и имеет значения 80—110 мвт/м2, что более чем вдвое превы-

шает 45 мвт/м2 — срещнее значение для докембрийских платформ. Столь

же высоки и глубинные температуры, полученные 

полиции вниз теплового потока с использованием 
коры бассейна и эк шериментальных данных по

проводности и радис активной генерации тепла в

Согласно расчетам автора, на подошве гранитного

автором при экстра

сведений о строении 

определению тепло

различных породах, 

слоя аномалия тем-

пературы составляет 300—350К, а на границе Мохо температура на 500К

выше тех 300—400 °C, до которых она нагрета в областях с нормальным 

потоком. Температура в нижней коре Паннонского бассейна изменяется 

от 600 до 750 °C при давлении 40—60 МПа. Зависимость давления от

глубины здесь и в дг. 

Dziewonski, 1975).

Как показали эш 

при указанных р—Т 
разрушения. Трещи! i 

дислокаций. Закрыт: г

льнейшем бралась для модели 1066A (Gilbert and

юперименты Brace (1972), Tullis and Yund (1977) 

условиях в коре осуществляется пластический тип 
ы в породе не возникают, деформации идут за счет 

ie трещин в нижней коре делает этот слой «сухим».
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Как видно из рис. 1, составленного на основании фазовых диаграмм 

Ringwood and Green (1969) и ИТО и КЕННЕДИ (1972), «сухие» фазовые 

переходы осуществимы только при температурах, соответствующих по
верхностным тепловым потокам не ниже 60 мвт/м2 и только в фазах 

гранатового гранулита — базальта. Сухая нижняя кора Паннонского 

бассейна при имеющихся температурах будет находиться в поле ста

бильности базальта или в зоне переходной к гранатовому гранулиту. 

Не исключено, впрочем, что часть материала в менее прогретых областях 

находится в фазе низкоплотностного гранатового гранулита. Этот вывод 

частично подтверждается сейсмическими измерениями, которые дают 

для нижней коры некоторых районов Венгрии скорости продольных 

волн vp = 7,1 —7,3 км/сек, характерные скорее не для базальта, а для 
гранатового гранулита с небольшим содержанием граната и плотностью 

Q = 3100 — 3200 кг/м3 (Пошгай, 1977). Иногда в нижних частях коры
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Рис. 1. Поля стабильности эклогита, гранатового гранулита и габбро и геотермические 
градиенты при различных значениях поверхностного теплового потока. Заштрихо
ванный район - область стабильности гранатового гранулита, точечная линия - 

граница зоны пластического типа разрушения пород (плавное течение) 
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наблюдаются еще более высокие скорости vp = 7,5 — 7,6 км/сек, что может 

соответствовать гранатовому гранулиту с плотностью q = 3300 кг/м3.
Каковы были условия для фазового перехода в прошлом? Это зави

сит от того, как развивалась Паннонская тепловая аномалия. Возникно

вение бассейна связано с активными тектоническими процессами, про

исходившими в этом районе в третичном периоде. Предполагается, что

образование бассейна твилось результатом одного или нескольких про
цессов субдукции, имевших место в Паннонском регионе одновременно 

или с некоторым временным сдвигом по отношению друг к другу. 
Погружение в мантию одной или нескольких литосферных плит инду

цировало вторичную конвекцию со всеми явлениями, обычно сопровож-

:: возникновение тепловой аномалии, вулканизм, 

[ и т.п. Ряд геолого-геофизических данных позволя- 

■ивный период развития, связанный с усиленным 
[тии, закончился для бассейна не позже начала 

дающими этот процес: 
утоньшение литосферы 

ет заключить, что ак'т 

массопереносом в ман
плиоцена. То есть настоящее состояние аномалии является результатом 

кондуктивного охлаждения из некоторого состояния максимальной про

гретости, в котором каходился бассейн в момент прекращения конвек

тивных движений. Эта фаза развития аномалии, в основном, ясна. Рас

четы остывания разл4чных аномалий применительно к условиям Пан- 

нонского бассейна, представленные в работе Bodri (1981ь), показали, 
что остывание идет довольно медленно, требуется несколько десятков 

млн. лет, чтобы снизг ть поверхностный тепловой поток хотя бы на одну 

треть первоначального значения. Таким образом, современное термаль

ное состояние молодых структур, подобных Паннонскому бассесйну,

можно считать практически идентичным тому, которое они имели в мо
мент прекращения вынужденной конвекции в мантии.

Менее ясен процесс образования тепловой аномалии. Предположим, 

что к моменту начала вынужденной конвекции кора и литосфера под 

Паннонским бассейн тм имели нормальную толщину. В процессе конвек
ции к подошве лито:феры поступают в результате крупномасштабного

образуются прямо у подошвы литосферы из-за 

вязкого трения большие массы легкого нагретого 

будет прогревать материал литосферы. Процесс 

может происходить чисто кондуктивным путем

массопереноса и/или 

действия механизма 

материала, который 

прогрева литосферы
из-за ее большой вязкости, которая препятствует образованию в ней 

конвективных течений. Либо как указано в работе Bodri and Bodri 
(1978), некоторая часть литосферы может вовлекаться в конвективные 

движения, поскольку ее вязкость может существенно снизить совмест
ное влияние температуры и высоких напряжений. В этом случае про

цесс прогрева будет ( 

затрагивает, конечьо

более быстрым и интенсивным. Прогрев литосферы 

), и нижние части коры, нагревание которых пре
исходит, по всей вероятности, кондуктивно. Учет влияния на вязкость

й реологии довольно труден, поэтому в данной работе 

расчетом чисто кондуктивного разогревания лито- 
гда ее подошва разогрета до 1400 °C (пиролитовый

эффектов нелинейно! 

автор ограничился 
сферы в случае, ко

ликвидус). Толщина литосферы принималась равной 80 км. Значения 
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теплофизических параметров брались такие же, как в работе Bodri 
(1981а).

Как видим из рис. 2, представляющего результаты этих расчетов, 

даже при медленном кондуктивном разогреве через 10—15 млн. лет 

после начала разогрева материал нижней коры (глубина 30 — 40 км, 

давление 70— 100 МПа) становится сухим и оказывается в поле стабиль
ности гранатового гранулита. Процесс разогрева будет более быстрым, 

а достигнутые температуры более высокими, в случае наличия конвек

тивных течений не только в астеносфере, но и в нижних слоях литосферы.

Наряду с простой возможностью осуществления фазового перехода, 

важнейщим моментом этого процесса является время, которое он зани-

TE
M
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RE

TIME М.У.
Рис. 2. Изменение температуры 80-км-вой литосферы со временем, когда ее подошва 

нагрета до 1400 °C
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мает. Обобщая ряд предг сложений и скудные данные, имеющиеся по 

этому вопросу, Артюшков (1979) полагает, что переход чрезвычайно

медлен при температурах 
условиях > 1 млрд. лет. С 

увеличивается, примерно

300—500 °C. Его характерное время в таких 

ростом температуры скорость перехода резко 
на порядок величины на каждые 100К. При

температуре ~ 800 °C характерное время перехода снижается до 1 МЛН.
лет. Сравнивая эти данные с рис. 1 находим, что температуры 700—800 °C,

необходимые для того, что 5ы фазовый переход произошел в геологически 

приемлемое время, достиг потея при давлении не ниже 60—70 МПа, что 

соответствует глубине 25- 30 км. Таким образом уровень ~25 км следует

считать верхней границей слоя, способного к переходу в гранатовый 

гранулит за сравнительно короткое время. Обобщая вышесказанное,

можно считать установлеь ным, что при температурах, соответствующим
интервалу поверхностного теплового потока 65 — 85 мвт/м2, начиная с глу

бины 25 км, возможно утяжеление нижнего слоя коры, то есть материал

нижней коры может находиться в фазе гранатового гранулита с плот-
ностью ~ 3280—3360 кг/м3. При потоках больших 85 мвт/м2 стабильным

оказывается базальт с плотностью ~ 3000—3100 кг/м3, а при потоках 

меньших 65 мвт/м2 нижняя кора перестает быть сухой, и стабильной

формой, видимо, СТЭНОВ!
(Вотт, 1971).

тся такой же низкоплотностый амфиболит

Условия отрыва и пог ружения гранатового гранулита в мантию

Таким образом, в интервале температур 700—1000 °C в нижнем 

слое коры может развиваться быстрый с геологической точки зрения

переход его материала в г
плотности нижней коры Г]

'ранатовый гранулит. Рассматривая изменение

1969; Ито и Кеннеди, 19 

Q по формуле

ри фазовом переходе (Ringwood and Green,
72) и расчитывая плотность верхней мантии

(2)е = еоО + аЛ,
где а = 3-10-5 град-1 коэффициент теплового расширения,

Т — температура,

q0 = 3350 кг/м3 плотность при нормальных условиях, легко оценить, 

что вновь образующийся гранатовый гранулит во всем указанном интер

вале температур будет плотнее, чем подстилающая его верхняя мантия,

трыва от коры блоков гранатового гранулита 

ю. Типичное значение разности плотностей в 
что создает условия для О' 

и погружения их в манта i
интервале температур 700 -1000 °C составляет dg = 100 — 200 кг/м3. Рас

читывая вязкость г) нагретого вещества по формуле

т) = ЮхТехр [(50350+ 1.13р)/Т], (3)

где р — давление в МПа 

Т — температура в гр:адусах Кельвина, легко получить, что в интер

вале температур 800—1200 °C вязкость вещества изменяется от 1023 до 
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1019 Пас. Как было отмечено в работах Bodri and Bodri (1978, 1979), 

в процессах с характеристическими временами ~104—106 лет материал 

такой вязкости будет вести себя подобно ньютоновской жидкости. Мате

риал с большей вязкостью — как аморфное твердое тело. То есть с точки 

зрения механики сплошной среды процесс утоньшения нижнего слоя 

коры происходит как движение друг относительно друга двух несмеши- 
вающихся вязких жидкостей: слоя гранатового гранулита и подстила

ющей его мантии. Этот процесс может быть описан уравнениями Навье- 

Стокса с использованием предположения о несжимаемости вещества. 

Область вычислений изображена на рис. 3.

Предположим, что имеются малые возмущения границы Мохо (г=0), 

расположенные в начальный момент хаотически. Хаотически располо

женные начальные возмущения могут быть разложены в гармонический 

ряд, и поскольку уравнения движения линейны, то они могут быть ре
шены для каждой гармоники отдельно. При постоянных по каждому 

слою плотности и вязкости решение уравнений движения может быть 
найдено в аналитической форме для начального этапа развития гармони

ческого возмущения, когда его амплитуда В данной работе автор

16 ANNALES — Sectio Geologica — Tomus XXIV. 
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воспользовался общим решением Aktyushkov (1971), упростив его для 

случая, когда уровень z=l\ представляет собой твердую стенку и h2»hlt
Функция тока для одной из гармоник возмущения при этих пред

положениях представлена на рис. 4. Возмущение границы имеет вид

a cos кх, где к — волновое число. Изменение амплитуды этого возмущения 
со временем будет происхсдить по следующему закону:

а = а0 ехр (у f)
_ sinh a cosh а — а 

у = Е--------------------  
а (cosh2 а + а2)

Е = (gl-gä^lg

2 r/i

(4)

где t — время,

й0 — начальная амплггуда возмущения,

д — ускорение силы тяжести,

a.=khv к = 2л/1, I — длина волны возмущения.

Для нашего случая, когда q2, коэффициент у всегда положителен,
’ цения всех длин волн будут увеличиваться, 

эолее тяжелой по сравнению с подстилающей 

[м образом, разрыв плотности вида, изображен- 

I неустойчив даже по отношению к бесконечно 

должно привести к распаду указанного раз-

то есть даже малые возму 

когда они развиваются в 
ее вязкой жидкости. Таки 

ного на рис. 3, абсолютно 

малым возмущениям, что

рыва. Как будет протекать этот процесс? Функция у имеет максимум, 

равный 3,2 Е, при а = 2,1 (1 = 3,Qh^, быстро убывает и в сторону длинно
волновых, и в сторону коротковолновых возмущений. Это приводит к 

тому, что первоначально > аотически возмущенная граница скачка плот
ностей уже на начальной стадии своего распада трансформируется в 

правильное гармоническо: возмущение, включающее лишь длины волн 

близкие к 3hv Заметим, что величина атах и следовательно длина волны 

результирующего возмущения границы Мохо мало чувствительна к от- 
ношению Так, замещ 

на 0,2 в сторону длинны:

условия на?72=771передви гает атах лишь 
ix волн и делает максимум несколько более

пологим. Время существенного изменения амплитуды возмущения имеет 

порядок l/у. При Лр= 100 кг/м3, g=10 м/сек2, а=2,1, h±= 10 км, щ= 
= 1018 — 1020 Пас, это время имеет порядок 0,01—0,1 млн. лет, то есть с 

геологической точки зренля процесс трансформации произвольной гра

ницы в гармоническую должен быть довольно быстрым.

щесс дальнейшей эволюции разрыва. Множи- 

быстро растет со временем, допуская неограни

Труднее описать про 

тель ехр (уГ) в формуле (4)
ченный рост амплитуды в )змущения. Однако выражение (4) для ампли

туды пригодно лишь в течение промежутков времени ~1/у, когда сама 

амплитуда достаточно ма; а. Это же время следует считать характерным 

временем существования замкнутой картины течений, изображенной на 

рис. 4. Дальнейший колш ественный анализ картины движений не пред-
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Рис. 4. Функция тока в единицах м2/сек в начальной стадии развития возмущения 
на границе Мохо (а = 5, Л1= 10 км, ??,= 1019 Пас) 

о
ставляется возможным, поскольку в системе действуют одновременно 
два диссипативных механизма: теплопроводность и диффузия. Последний 

довольно неопределен для настоящей задачи. Картина же движений за

висит от взаимного влияния этих процессов друг на друга и к тому же 

сильно осложняется перекрестными кинетическими процессами. Можно 

лишь предполагать, что дальнейшее опускание тяжелого вещества может 

осуществляться либо как непрерывное стекание его по каналам, образо

вавшихся в местах максимальных возмущений границы, либо как отрыв 

и погружение тяжелых вязких капель гранатового гранулита в более 

легкую и менее вязкую жидкость. Ряд соображений качественного харак
тера заставляет посчитать более вероятным второе предположение. 

Основными параметрами подобия в данной задаче являются температур

ное и диффузионное числа Рэлея, знак которых определяется соответ

ственно характерной для задачи разностью температур и концентрации 

тяжелой компоненты на границах изучаемого слоя. В нашем случае пер

вое из этих чисел положительно, а второе отрицательно. В работе Мясни

кова и Фадеева (1980) на основании анализа данных по лабо

раторному моделированию конвекции в бинарных смесях была составлена 

качественная диаграмма реализации различных типов конвекции в за
висимости от значений чисел Рэлея. Указанные авторы делают вывод, 

что режим течения, связанный с образованием удлиненных структур

16*
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типа струй или «пальцев», является устойчивым лишь в случае отрица

тельности обоих чисел Рэлея. Он соответствует состоянию, когда внизу 
расположено более холодное и легкое вещество. В данном же случае, 

видимо, более устойчивым Судет режим разделения, связанный с погру-

жением в мантию отдельные 

Легко оценить допусти 
с большой вязкостью скоро

х капель тяжелого гранатового гранулита.

(мый интервал размеров капель. В системах 

:ть опускания уже оторвавшейся капли при

допущении в первое приближении равна

V
^2

(5)

где R — радиус капли. Нг рис. 5 изображено изменение скорости v в

зависимости от температуря и радиуса опускающихся капель, когда

вязкость расчитывается по формуле (3). Если считать приемлемыми

скорости опускания не ниж: е 0,1 см/год, то легко видеть, что погружение

нижней части коры в мантию может осуществляться при температуре 

не менее 900 °C. Поскольку само образование гранатового гранулита 

возможно в интервале температур 700—1100 °C, то вообще процесс 

утоньшения нижней коры (подкоровая эрозия) может идти в интервале 

температур 900— 1100 °C, при этом радиус гранат-гранулитовых капель,

опускающихся в мантию, должен быть не менее 2 — 3 км, то есть по

порядку сравнимым с толщиной слоя, испытавшего фазовый переход. 

Следует отметить, что макс шальное напряжение сдвига при 1=3^ для 
картины течений, изображе шой на рис. 4, достигается на глубине около 

4 км. На той же глубине пр нисходит смена скорости движения тяжелого

• материала с преимуществен: 

зонтальные.

но вертикальных на преимущественно гори-

После прекращения конвекции в мантии, когда перестает действо

вать и механизм дополнительного к радиоактивному разогрева ее ве

щества, условия для процесса подкоровой эрозии быстро исчезают. Как

показали расчеты Bodri (1981b), снижение температуры с 1100° до 
900 °C на глубинах до 35 км происходит за время от 1 до 5 млн. лет. 

Поскольку современная температура границы Мохо даже в наиболее 
прогретых областях Паннонского бассейна не превышает 900 °C, то сле-

дует признать, что в насте: 
под бассейном не происходи'

ящее время дальнейшего утоньшения коры 

т.
И наконец несколько слов об энергии, которая выделяется при погру

жении тяжелых включение в мантию. Она имеет порядок (щ— Qí'jgV^, 
где V — объем погрузившегося материала, что составляет 1011 дж/м2 

на единицу площади Паннонского бассейна. Это значение на три порядка 

ниже, чем энергия, выделенная дополнительным источником нагрева,

связанным с конвективным иассопереносом в активный период развития

Паннонской тепловой аномалии. Даже если вся выделившаяся при

опускании включений энерг: 

мантии, то дополнительное 
более ЮК.

ия расходовалась на нагревание материала 
повышение температуры составило бы не
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Рис. 5. Изменение скорости погружения в мантию 1, 5, 10 и 20 км-вых гранат-грану- 

литовых включений

Образование депрессии при фазовом переходе в нижней коре

Утяжеление слоя нижней коры в результате превращения части его 

в гранатовый гранулит приводит к нарушению изостатического равно

весия района. При восстановлении изостазии происходит погружение 

территории, под которой произошел фазовый переход. Подробное рас

смотрение процесса этого погружения далеко выходит за рамки насто

ящей работы (см. например, O’Connell and Wasserburg, 1972). Оценим 
лишь максимальную глубину депрессии, которая может образоваться,
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когда территория, в коре которой произошел фазовый переход, вновь

достигнет изостатического равновесия.

Опускание района будущего бассейна обусловлено двумя одновре

менно идущими процессами. Увеличение плотности приводит к сжатию 

коры и образованию депрессии такой же глубины на поверхности. За

полнение этой депрессии осадками увеличивает нагрузку на литосферу 

сопровождается ее изостатическим погружением. Рис. 3 представляет 

собой схему строения коры а верхней мантии после образования бассейна. 

Пусть И = h2+h5 общая толщина литосферы до уровня изостатической 

ом осадконакопления, очевидно, Н = h% + h%, 
Ю» относятся к начальному моменту. Равно-

компенсации. Перед начат» 

где величины с индексом »

весие устанавливается, когда нагрузка, создаваемая совокупностью 
слоев на глубине компенсации, в конечный момент равна начальной 

нагрузке на этой глубине. То есть для определения максимальной глу-
бины депрессии имеется два уравнения:

Н = (hs — h^ + (hi — h3) + (h3 — h1) + h1 + h2 = ^ + /1?
(6)

Qs (^5 — М + Qi (^4 -MT Оз (^з — ^i) + + Сг ‘ ^2 — 5з ’ + 5г ’ ^2 •
Учитывая при этом, что при простом сжатии вещества в слое его на

грузка на нижележащие слои не меняется, в результате решения уравне

ний (б) получаем

Л4-Лз = -^—(/!°з-М 
5г — Qi

№-Ь3 = ——— hy.
5з

(7)

В формулах (7) первое выражение представляет собой максимальную

толщину осадочного слоя образовавшегося бассейна, а второе — сокра-

щение мощности коры в результате ее сжатия. Таким образом, глубина 

получающегося осадочного бассейна оказывается в q2I(q2— щ) раз больше 
уменьшения толщины коры. Для случая р2=3350 кг/м3, щ = 2550 кг/м3, 

е3=3000 кг/м3, ^ = 3200- 3300 пг/м3, когда в гранатовый гранулит пере- 

шел слой толщиной 10- 15 км, толщина осадочного слоя оказывается 

равной 3 — 6 км. Эти цифры хорошо совпадают с толщиной осадочного 

слоя Паннонского бассейна, которая в среднем составляет 3-3,5 км, 

местами доходя до 5 км.

Каково время восстановления изостазии? Зависимость характерной 

скорости восстановления изостазии от характерного горизонтального 
пенсированной нагрузки изучалась Артюшко- 

пришел к выводу, что в тектонически активных 

утоньшена, а вязкость астеносферы ниже, чем 

при характерном горизонтальном размере на

размера области неском 

вым (1979), который 

областях, где литосфера 

в спокойных областях,

грузки ~50 км, равновесие восстанавливается очень быстро, за время 
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порядка десятков или сотен лет. Для Паннонского бассейна, поперечник 

которого составляет около 400 км, это время заведомо меньше времени, 

характеризующего процесс подкоровой эрозии (~ 105—106 лет) или ха

рактерного времени развития тектонических процессов (~107 лет).

Заключение

Таким образом, в сильно прогретых областях тектонической актив

ности, где существуют другие источники разогрева материала верхних 
слоев Земли, помимо радиоактивного нагрева, при поверхностных тепло

вых потоках 80—100 мвт/м2 на глубинах не меньших 20—25 км может 

осуществляться относительно быстрый переход вещества нижней коры 

в гранатовый гранулит. Выше 20—25 км переход невозможен, поскольку 
температуры на этих глубинах слишком низки для того, чтобы этот 

переход совершился достаточно быстро. Поскольку гранатовый гранулит 

на всем р—Т интервале своего существования тяжелее подстилающей 

его мантии, то создаются условия для утоньшения коры посредством 
механизма, называемого подкоровой эрозией. Процесс подкоровой эрозии 

состоит в отрыве от нижнего слоя коры сравнительно крупных (не менее 
2—3 км в поперечнике) блоков или вязких капель гранатового гранулита 

и погружении их в мантию со скоростью ~ 1 см/год. Энергия, выделя

ющаяся при таком погружении, незначительна. Подкоровая эрозия про

исходит в интервале температур 900- 1100 °C, полностью зависит от тем

пературы и регулируется двумя факторами. С одной стороны при отно
сительно низких температурах вязкость подстилающей кору мантии 

может быть слишком высока для того, чтобы даже будучи плотнее ее, 

гранатовый гранулит мог оторваться от коры и утонуть в мантии. В слу
чае сильно нагретого материала фазовый переход может не дать сущест

венного увеличения плотности.
Утяжеление нижнего слоя коры приводит к опусканию территории, 

под которой произошел фазовый переход, в результате изостатического 

выравнивания. То есть области утоньшенной коры должны ассоцииро

ваться с депрессиями на поверхности, глубина которых составляет около 

половины толщины слоя, испытавшего фазовый переход.
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ABSTRACT

An algorhitm designed for calculating different components of the tidal gravity field 
on the Moon with an accuracy of 0.05%, is presented. The results of some numerical examples 
obtained by this algorhitm are discussed. It is shown that the difference between the cor
responding values calculated by present algorhitm and by that of Harrison (1963) reaches 
about 5% in the tidal potential and some 20 — 30% in the derivatives of this potential by 
the angle-coordinates. The necessity of calculating lunar tieds with a very high accuracy 
is motivated partly by peculiar features of its internal structure and partly by recent achieve
ments of lunar gravimetry.

Введение

Явление приливов легко описать в нескольких словах. Вследствие 

воздействия движущихся относительно некоторой планеты небесных тел, 
на ней возникают периодические изменения гравитационного поля. Зная 

положение приливообразующих светил относительно этой планеты, пред

полагаемой абсолютно твердой, можно аналитически описать их при

ливный гравитационный потенциал, как в точках самой планеты, так и 

в окружающем ее пространстве. Это так называемое основное приливное 
поле. Кроме того, под действием приливных сил планета деформируется, 

из-за чего в небольших пределах изменяются как координаты ее точек 

относительно своего первоначального положения, так и распределение 

плотности вещества в ее недрах. Оба эффекта приводят к тому, что к ос
новному приливному полю, соответствующему абсолютно твердой пла
нете, добавляется малое приливное гравитационное поле, обусловленное 

ее деформацией. Величина приливных деформаций зависит от упругих 

свойств планеты и от распределения плотности в ее недрах. Эффектом 

следующего порядка малости является влияние на гравитационное поле 
планеты ее неупругости. Из-за неупругости вещества недр планеты 

должно существовать так называемое запаздывание в ней приливов, то 

есть несовпадение фаз максимума или минимума прилива, наблюдаемого 

на реальной планете и расчитанного для абсолютно упругой. Таким об

разом, наблюдение амплитуды реальных приливов на какой-нибудь 

планете и сравнение их с расчитанными для абсолютно твердой планеты 

дало бы информацию о ее плотности и упругих свойствах, а по запазды-
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е, можно было бы судить о неупругих свой-ванию приливов, в принцип 

ствах.
В случае Земли на приливы было впервые обращено внимание имен

но как на новый метод исследования ее физических свойств. Первые

ерение приливных деформаций Земли для 

информации о ее внутреннем строении имеют 

сть. В последней четверти 19 века появились

попытки использовать изу 
получения дополнительной i 

уже почти столетнюю давне ।
классические работы по теэрии приливов Кельвина и Дарвина, а уже 

в 1890 году Ребер-Пашвиц в Потсдаме установил первый прибор, и до 

настоящего времени остающийся одним из основных приборов для изуче

ния земных приливов, — гс ризонтальный маятник. Уже к концу 19 века

четыре станции: Потсдам, Страсбург, Тенериф и Николаев, оснащенные 

приборами Ребер-Пашвица 

ливных уклонений отвеса.
доказали существование периодических при- 

Несколько позже, в 1913 году, Швейдаром 
был установлен бифилярный гравиметр, позволявший наблюдать лунно

солнечные эффекты в изменении силы тяжести. В продолжение более

наблюдений подтвердили взгляды Кельвина 

вов и вместе с данными сейсмологии и движе- 

ожным более детальное исследование внутрен-

полувека различные виды 

и других теоретиков прилш 

ниями полюса сделали возу , 
него строения Земли.

Наряду с этим все возрастающая точность измерений в эксперимен-

тальных науках привела к обнаружению эффекта земных приливов во 

многих явлениях, к которым они на первый взгляд кажутся совершенно 

непричастными. В действительности каждый прибор, установленный на 

земной коре, испытывает воздействие деформаций Земли, и при достаточ

ной чувствительности его показания являются систематически возмущен

ными и должны быть соответственно исправлены, прежде чем они станут 

пригодными для интерпретации. Базой для вычисления необходимых 

поправок за влияние земных приливов также является основное прилив

ное поле.
Последние десять лет, подобно началу нашего века для науки о

земных приливах, являют!« 

Луны. Безусловно, общие

ся революционным временем для гравиметрии 

принципы, характеризующие приливы, оста-

ются для Луны такими же, как для Земли, однако имеются и существен
ные специфические разлития. В главной задаче: исследовании внутрен

него строения Луны с помощью приливов, — этим различием является 

тот факт, что влияние упругости Луны на приливы примерно на порядок

меньше, чем для Земли, что требует соответствующего повышения как

экспериментальной точности, так и точности вычисления компонент 

основного прилива, соотв гтствующего абсолютно твердой Луне, посколь
ку, как уже было замечено, именно основное приливное поле служит

при выделении упругих эффектов. Повышениеэталоном для сравнения ьг.. ——...............г....... ----------- ------------------------
точности вычисления основного приливного поля потребовалось также 

и в связи с тем, что гравитационное поле используется для расчета 

полета ракет и искусственных спутников и в инерциальной навигации.

И наконец, фундаментал шым фактом, открытым в семидесятых годах в 
процессе проведения лунного сейсмического эксперимента, было обна
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ружение приливной периодичности в активности лунотрясений. К на

стоящему времени уже установлено, что приливы играют основную 
роль в генерации лунотрясений. Хотя характер конкретного механизма 

этого влияния до сих пор не ясен, важность изучения приливов на Луне 

не подлежит сомнению.

Настоящая статья посвящена одному из основных вопросов теории 

приливов — аналитическому описанию приливного гравитационного 

потенциала для абсолютно твердой Луны. Первая попытка такого рода 

была сделана в работе Нaktuson (1963), однако в связи с успехами более 

чем десятилетнего активного гравиметрического изучения Луны к точ

ности расчета основного приливного потенциала стали предъявляться 
гораздо более высокие требования, чем те, которым удовлетворяет работа 

Харрисона. В данной работе выводятся более точные выражения для 

основного приливного поля.

Приливообразующий потенциал на Луне

Известно, что приливный потенциал в некоторой точке Р Луны 
(см. рис. 1) возникает как разность гравитационных воздействий при- 

ливообразующего светила на эту точку и на центр масс Луны. Пусть 
М — масса приливообразующего тела, находящегося в точке Е, R' — рас

стояние рассматриваемой точки до приливообразующего тела, R — рас

стояние от этого тела до центра масс Луны О, а — расстояние от центра 

масс Луны до рассматриваемой точки Р, z — зенитное расстояние при
ливообразующего тела в этой точке. Приливный потенциал в этих вели

чинах выражается с помощью известного разложения в ряд по зональным 

сферическим гармоникам (см., например, Bartels, 1957):

GM ( а\п
Ы(Р) = 2 Pn(C0SZ), (1)

где п — порядок сферической гармоники, 

G — гравитационная постоянная.

Отношение (a/R)n быстро убывает с ростом степени п. Так для Земли 

a(/R& ~ 5х 10~3, а для Солнца ^/Rq Ю-5, то есть каждый последу

ющий член разложения (1) меньше предыдущего для Земли более чем 

на два порядка, а для Солнца почти на пять порядков. Поэтому обычно 
при расчете потенциала от Земли, если требуется точность около 1%, то 

третьей гармоникой можно пренебречь. Для солнечного потенциала не

обходимо учитывать лишь вторую гармонику. Легко также показать, 

что отношение главного члена приливного потенциала от Солнца (1Т®)2 

к такому же земному члену (ИД )2 составляет

öv
\

——— %6х10-3, 

м \ «о /© \ ® /
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Рис. 7. Геометрические сос тношения при определении приливного потенциала 
в точке Р.

то есть максимальный сэлнечный прилив более чем в сто раз меньше 

земного. Поэтому часто в расчетах пренебрегают и приливным гравита
ционным потенциалом С( лнца.

Для наблюдателя, находящегося на поверхности Луны, зенитное 

расстояние z возмущающего тела удобнее выразить через селенографи- 

: наблюдения (ср, Я) и селеноцентрические эква- 

(Ь, /) приливообразующего небесного тела. Из 

ольника Е' Р N на рис. 1, где N — северный 
формул сферической тригонометрии легко по-

ческие координаты точки 

ториальные координаты 

параллактического треу' 

полюс Луны, с помощьк 
лучить:

cos z = í in ср sin b + cos ср cos b cos (/ — А). (2)

Подставив (2) и (1) и исп )льзуя теорему сложения сферических функций, 

главный член выражение (1) можно привести к следующему виду:

GMa2
-[12P20(sin<?)P20(sinö) +

IP
(3)

+ Р22 (sin ср) Р22 (sin b\ cos 2 (/ — А) + 4Р21 (sin ср) P21 (sin b) cos (/ - А)], 

то есть представить глазную гармонику приливного потенциала в виде

суммы трех слагаемых, соответствующих трем типам сферических функ
ций второго порядка: гональной, секториальной и тессеральной. Раз

деление земного прилива соответственно трем типам сферических функ
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ций и их геометрическая интерпретация впервые было проведено Лап

ласом.

На Луне главная зональная волна с периодом 27,555 суток (средний 

аномалистический месяц) вызвана эксцентриситетом лунной орбиты. 
Она зависит только от широты места наблюдения, симметрична относи

тельно лунного экватора и обращается в ноль на параллелях ср= ± 35°,26. 

Кроме того, поскольку наблюдаются заметные вариации лунного эксцент
риситета (0,0432 — 0,0666), возникающие из-за солнечных возмущений 

лунной орбиты, то на основную волну накладываются модуляции с пе
риодом около 206 дней, вызванные периодическими значительными из

менениями расстояния от Земли до Луны.
Главную секториальную волну вызывает оптическая либрация 

Луны по долготе, происходящая также с периодом 27,555 суток. Эта 
либрация возникает в результате того, что Луна, двигаясь по эллипти

ческой орбите с переменной угловой скоростью, вращается равномерно 

вокруг своей оси. Разница в скоростях вращения и обращения приводит 

к колебаниям лунного лимба вдоль экватора с максимальной амплитудой 

± 8°. Нулевыми линиями для этого типа приливов являются меридианы, 

расположенные на расстоянии ± 45° от меридиана возмущающего тела. 

Эти меридианы делят сферу на четыре сектора, в которых прилив по

очередно принимает положительные и отрицательные значения. При

ливная картина симметрична относительно меридиана приливообразу

ющего тела. Максимальный прилив возникает на экваторе при нулевой 

широте возмущающего тела.
Главную тессеральную волну с периодом 27,212 дней (дракониче- 

ский месяц) вызывает оптическая либрация Луны по широте. Либрация 

по широте связана с тем фактом, что ось вращения Луны не перпенди
кулярна к плоскости ее орбиты и наклон оси остается постоянным. 

Таким образом, в течение месяца Луна часть времени наклонена к 

Земле своим северным полюсом, а часть — южным, в результате чего 

смещения объектов лунного лимба по широте в селенографических коор
динатах могут достигать ±6°,68. Тессеральная волна обращается в ноль 

на экваторе и на меридиане, отстоящем на 90° от меридиана возмущающе

го светила, относительно которого она симметрична. Знак прилива в 

областях, на которые нулевые линии делят сферу, меняется в соответствии 

с изменением знака широты приливообразующего тела Ь. Амплитуда 
прилива максимальна на широтах ±45° при максимальной широте воз

мущающего тела.
Как видим, картина приливного потенциала на Луне существенно 

отличается от земной. Периоды изменения основных лунных приливных 
волн равны или очень близки, все зональные, тессеральные и секториаль- 

ные члены относятся к идентичным долгопериодическим волнам, которые 
производят приливы примерно одинаковой амплитуды, хотя конкрет

ный вклад каждой из волн в общий прилив существенно зависит от места 

наблюдения на поверхности Луны. Общее распределение приливного 

потенциала поэтому очень сложно, а отдельные члены не могут быть 
выделены с помощью гармонического анализа наблюдений, в отличие 
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от случая значительно отличающихся по частоте земных приливных 

волн. Поэтому для лунных приливов выгоднее для каждой точки поль
зоваться прямым вычислением по формулам (1), (2), в которых пере

менными являются лишь три величины: R, b и I. Эти величины вычисля

ются с помощью тригонометрических рядов пяти аргументов:

s = 270.43659° + 481267.89057° Т + 0.00198° Т2 + 0.000002° Т3,
р = 334.32956°+ 4069.03403° Т-0.01032° Т2-0.00001 ° Т3, 
h = 279.69668» + ЗС 000.76892° Т + 0.00030° Т2, (4)

N = 259.18328»- ] 934.14201» Т + 0.00208« Т2 + 0.000002» Т3,
ps = 281.22083» + 1.71902» Т + 0.00045» Т2 + 0.000003» Т3 .

В формулах (4) Т — время в юлианских столетиях, s — средняя долгота 

Луны, измеряемая от даты среднего равноденствия, р — средняя долгота

лунного перигея, N — :редняя долгота восходящего узла лунной ор

биты, ft — средняя долгота Солнца, ps — средняя долгота солнечного 

перигея. Все величины, "ак же, как s, измеряются от даты среднего рав 

ноденствия.

Брауном в начале нашего века (Brown, 1919) были составлены таблицы 

по которым до настоящего времени вычисляются эфемериды Луны. Во 
второй половине нашей века эти таблицы были лишь несколько усо

вершенствованы с помощью быстродействующих электронно-вычисли

тельных машин. При этом были устранены некоторые несовершенства

таблиц Брауна, что позы 

ния лунных эфемерид.

олило значительно повысить точность определе- 

Формулы для вычисления координат Луны,
представленные ниже, пэиведены в обзоре Моутсуласа (1971).

Так, величина R-1 в единицах среднего расстояния между центрами 

Земли и Луны Ro может быть представлена в форме:

RJR = 1 +10-° [54 501 cos (s — р) + 8249 cos 2 (s - Л) + 2970 cos 2 (s — p) +
2h) + 902 cos (3s -2h-p) +1025 cos (s + p-

560 cos (2s - 3ft + ps) + 422 cos (s - 3ft + p + ps) +
337 cos (s — p — ft
208 cos (s + p) +

+ ps) - 286 cos (s - ft) - 277 cos (s + ft - p - ps) - 
82cos3(s-p) + 176 cos (3s-4/1 +p)- (5)

117 cos (ft — ps) 4 109 cos 2 (s + p — 2ft) — 89 cos 2 (ft - p) —
88 cos (2s -ps- i) + 83 cos (4s - 2p - 2ft) + 76 cos 4 (s - ft) +

p + ps)-66cos(s + p-h — ps) + . . .].67 cos(3s —3ft-

B разложении (5) автор ограничился только основными членами, от

брасывая гармоники, амплитуды которых не превышают 5хЮ~5. На 

основании формулы (f) легко могут быть получены разложения для 

(Ro/R)3 и (R^R)*, входящие в гармоники второго и третьего порядка.
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Эти формулы из-за их громоздкости в данной работе не приводятся. 

Заметим лишь, что первую из этих величин нужно знать с той же точ

ностью, что и RJR, во второй же достаточно оставить лишь члены, пре
вышающие 1 х 10~3.

Аналогично выглядят формулы для селеноцентрической широты и 

долготы Луны, в которых были удержаны лишь члены с амплитудой 
не менее 1 х Ю-4 радиана:

— b — 10-4 [895 sin (s — TV) + 49 sin (2s — p — N) — 48 sin (p-И) —

— 30sin(s-2/i + N) + 10 sin (2s-2h + p-N) +
+ 8 sin (- 2s + 3p - 2ps + N) + 6 sin (3s — 2h - N) +
+ 3 sin (3s — 2p — N) + 2 sin (2s - p — 2h + N) — (6)

- 2 sin (- s + 2p - N) + sin (s — 3/1 + ps + N) +
+ sin (— s + 2p — 2h + N) + sin (4$ - p - 2h — N) —
— sin(s-h-Ps + N)],

/ = 10-4 [1098 sin (s-p) + 222 sin (s — 2h + p)+ 115 sin 2 (s-/i) +

+ 37 sin 2 (s - p) + 32 sin (- /1 + ps) — 20 sin 2 (s - N) +
+ 10 sin 2 (-/i + p) + 10 sin (s + p -3h + ps) + 9 sin (3s - p-2h) +
+ 8 sin (2$ - 3h + Ps) + 7 sin (s - h - p + ps) - 6 sin (s - /i) + (7)

+ 5 sin (-s + p-h + ps) + 2 sin 3 (s-p) + 3 sin 2 (N — ti) —
- 2 sin (3$ - p — 2N) + 2 sin (3s + p - 4Л) - 2 sin (s + p - 2N) +
+ sin (2s + 2p - 4/1) - sin (s - /1 + p - ps) - sin (2s + h - 3ps) -

- sin (- h + p) + sin (s - ps) + sin (3s - p - 3/i + ps) +

+ sin (4s — 2p - 2/1) + sin 4 (s — /1) + sin (— s - 2/1 + 3p)].

И наконец, поскольку зенитное расстояние Земли в каждой точке Луны 
изменяется всего в пределах нескольких градусов относительно некото

рого нулевого направления, соответствующего среднему зенитному рас

стоянию Земли z в данной точке поверхности Луны

cos z — cos ср cos Л,

и углы b и I малы, то целесообразно представить приливообразующий 
потенциал в виде некоторой постоянной части, зависящей только от по

ложения точки наблюдения на поверхности Луны, и переменной, вы

раженной в виде ряда по степеням b и I:

(
3 1(3 )
— sin 2<р cos Я + / — cos2 <р sin 2Я +
2 ) (2 J

3&2 З/2 ЗИ
+ -у- (1 - cos2 z — cos2 <p) —— cos2 V cos 2Я + sin 2<p sin Я — (8)

3^2 [ ^bl2
- b3 sin 2cp cos Я - l3 cos2 cp sin 2Я--------— cos2 cp sin 2Я------- — sin 2<p cos Я .
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Заметим, что тот факт, что в приливном потенциале на Луне присутствует 

значительная постоянная часть, также существенно отличает его от по
тенциала на Земле. Выражение (8) представляет собой ряд функции 

P2(cos z), в котором были удержаны только третьи степени аргументов. 

Аналогично находится разложение для члена (5/2 cos2 z—3/2 cos z) — 

третьей гармоники приливного потенциала. В этом разложении, которое 

не приводится здесь с целью экономии места, достаточно удержать лишь 

вторые степени величин b и I.
Таким образом, потенциал от Земли полностью определен. В при

ливном потенциале от Солнца, как уже упоминалось выше, достаточно

учесть лишь вторую гармонику. Вид формул для вычисления расстоя

ния Солнце —Луна и селеноцентрических широты и долготы Солнца,

много проще формул (5) — 7) . Они также не приводятся в данной работе,

поскольку с достаточной точностью даны в статье Harrison (1963).

Исследование точности вычисления основного приливного поля

колеблется около постоя 

мерно 3 м2/сек2, то есть

ливный потенциал на поверхности Луны, вы- 
вышеописанного алгоритма, представлен на

2, приливный потенциал в центре диска Луны

Земно-солнечный при. 

численный на основании 

рис. 2. Как видно из рис.

иного значения 21 м2/сек2 с амплитудой при- 

максимальное изменение потенциала в центре

диска Луны составляет 6—7 м2/сек2. Однако для сравнения с лунно- 
солнечным приливом на Земле лучше брать обычно измеряемые в при

ливной практике величины изменения ускорения силы тяжести 

4g =-
dw 
да

и уклонение отвеса

—
1 dW 

ag cos(p ЭЛ

(9)

где g — ускорение силы тяжести. Пользуясь формулами (9) и алгорит

мом вычисления приливного потенциала, легко расчитать, что для твер

дой Луны максимальная постоянная часть приливного ускорения силы 
тяжести составляет 2,5 мГал и изменяется с амплитудой около 1 мГал. 

Уклонение же отвеса пр каждой из компонент изменяется более чем на

О",5 около постоянного значения 2",3. Для сравнения отметим, что на

Земле переменная частэ ускорения силы тяжести составляет примерно 

0,24 мГал , а уклонений отвеса 0",05. Поскольку точность лучших со
временных гравиметров равна примерно 0,015 мГал, а горизонтальных 

маятников 0,010 мсек (Melchior, 1978), легко видеть, что амплитуда 

изменения даже наименее точно измеряемого клинометрического при

лива для Луны на четыре-пять порядков превышает точность приборов.
Из-за большей тошости в вычислении земных членов приливный

потенциал, приведенный на рис. 2, отличается от расчитанного по алго

ритму Харрисона в среднем на 5%. Абсолютная точность вычисления
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Рис. 2. Приливный потенциал на поверхности Луны в 1983 г.
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ускорения силы тяжести i о этому алгоритму не превышает ±0,01 мГал, 
что уже сравнимо с точностью измерений, то есть при интерпретации 

измерений с использованьем основного поля в качестве эталона может 

существенно снизить точн есть интерпретации. Алгоритм, предложенный 
в настоящей работе, позголяет вычислять приливные изменения силы

тяжести с точностью не нмже +0,0005 мГал. Поскольку влияние упру

гости Луны составляет л дшь 1 — 3% от основного поля, то задавшись 
целью регистрировать этот эффект с относительной точностью хотя бы 

10%, необходимо силу тяжести измерять с точностью 1 —ЗмкГал, аукло- 

нение отвеса с точностью щ тысячных долей угловой секунды. По край
ней мере такая же точность необходима и в вычислении основного поля.

Для сравнения напомнил1 

ствами Земли, в изменены

, что эффект, обусловленный упругими свой- 

ях силы тяжести составляет 20%, а в измене

ниях уклонений отвеса 30%.

Еще более существенны различия между алгоритмом Харрисона 

и предложенным в настоя цей работе в производных потенциала по угло
вым координатам. Эти отклонения достигают в среднем 20—30%, что в 
свою очередь вносит такую же ошибку в вычисление приливных напря-

жений и смещений в Луне, Поскольку приливные напряжения являются
либо непосредственной причиной лунотрясений, либо их спусковым 
механизмом, то не вызывает сомнений необходимость высокой точности 

их вычисления.

Заключение

иного поля Луны началось с запусков искус-Изучение гравитацис

ственных спутников Луны. Обращает на себя внимание различие истори

ческой последовательности применения различных методов определения 

гравитационного поля Луны и Земли. Для Земли спутниковые методы 
начали использоваться уже тогда, когда ее гравитационное поле в общем 

было изучено с помощью гравиметров и маятниковых приборов. Каждый 

из методов, спутниковый 
и недостатки. Первый из 

моники низких порядког

и гравиметрический, имеет свои преимущества 

них позволяет более надежно определять гар- 

в гравитационном поле, а второй — высоких 

порядков. Определения (илы тяжести непосредственно на поверхности 

Луны только начинаются. В настоящее время известно только четыре 
измерения силы тяжести с помощью гравиметров, установленный на 

Аполлоне—И, —12, — .4 и —17, совершивших мягкую посадку на 

Луну. Измерения силы тяжести вдоль профиля на лунной поверхности 
были произведены специг льным гравиметром, установленным на лунохо

де, доставленным на Луну кораблем Аполлон—17. Делом ближайшего 
будущего является установка на Луне гравиметров непрерывной ре

гистрации и градиентометров, установленных на ИСЛ и позволяющих 

изучать высокочастотную часть гравитационного поля. Теоретическое 

изучение гравитационною поля Луны, одному из аспектов которого
бота, будет необходимо как при планированиипосвящена настоящая рз<

будущих экспериментов, так и при интерпретации их результатов.
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РЕЗЮМЕ

В работе дается отчет о проблеме регулирования уровня воды в озере Веленце. 
Прогнозируются величины, необходимые для решения уравнения водного баланса 
zW —Р+1 - Е. Установление необходимых для прогнозирования функций плотности 
производится на основании информации о месячных суммах исследуемых элементов.

Introduction

Lake Velence is situated not far from the capital of Hungary. The to
tal area of its water-surface is 24.9 sq.km, of which 10.3 sq.km is free, 
the remaining 14.6 sq • km being covered by reed. The volume of its water 
is 36.1 X106 c ■ m with an average depth of 1.45 m at a 140 cm water-level 
at Agárd. The optimal values for the above data are: 25.28 sq-km, 10.30 
sq.km, 14.98 sq-km, 41.16 ХЮ® com and 1.62 m, respectively, with 160 
cm water-level at Agárd.

To obtain the optimal water-surface, two reservoirs have been built 
for regulating the water-level of the lake, because the great importance of 
the small lake as a resort area is further emphasized by its vicinty to the 
capital.

1. The method of regulation

For the regulation of the water-level of the lake, a stochastic model has 
been developed on the basis of Bayes’ theorem. According to the simple 
water-household equation

JW = P + I- E (1.1)
where JW is the natural change of water resources; P is the monthly amo
unt of precipitation and E represent the value of monthly evaporation and 
I is the monthly inflow. The solution of this equation requires the know
ledge of some climatological parameters. dW and P have a stochastic cha
racter, nevertheless, they can be measured or sometimes estimated from 
the reports of the observation network. I and E are of a stochastic charac
ter too, but their values cannot be measured. They must be estimated
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m the climatological network. P is measuredfrom the data obtained frc 
directly.

:ie water-level there is a system of sluices, and 
them for the otpimilization of the water-level.

, ale method, we had to take into consideration

For the regulation of t 
the question is how to use 
In order to develop a suita
both the hydrological and the climatological factors.

Using to Bayes’ method, a loss-function was introduced and this func-
tion was minimalized. For this purpose we estimated the f(zlW) density
function and the other density functions — f(P), f(I) and f(E), too.
Bayes’ theorem requires the forecast of density functions, for which a met
hod is proposed in this paper. The theoretical basis for the forecasting is 
the information theory intioduced by Shannon (1948).

2. The estimation of potential evaporation

For the estimation of potential evaporation a modifed form of the 
aerodynamical method was used. This method requires the knowledge of 
the air temperatures and the temperatures of the water-surface as well as 
the values of wind-speed anl of moisture.

The brief description oi the method is the following:
Let us design specific t umidity by q. In this case, for the evaporation

E we can write:

E = — g K^L. 
dz

(2.1)

According to the theory of 1 urbulent diffusion
К = ku* z (2-2)

and so we obtain

E = — p к и* z^L . 
dz

(2.3)

We can write eq. (2.3) in th< form

I ’— oku dq (2-4)
*0(lnz)’

too. Then introducing the c uantities

I 1 dq (2-5)
gj-q d(lnz)

and
ku (2-6)

In (z/z0)
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as well as
I.

=---------- (2.7)
In(z/z0)

we obrain from (2.4)
E — qkk^T{qf—q}. (2.8)

From the definition of specific humidity it can be written

q = 0.623 — . (2.9)
E

By using constants q = 1.29 (kg m-3), к = 0.4 (Kármán’s constant), 
kx = 0,059 and/1 = 0,148 (MoNTGOMERY-coefficient), we obtain a working
formula for the estimation of the potential evaporation of water-surface:

E = 9.8 X Ю-4 (ey—e) w [cm h“1], (2.10)
where e is the vapour pressure in mbar and и denotes the wind-speed (in m 
s-1).

We used the above formula for the estimation of the monthly amount 
of potential evaporation by using the monthly average of climatological 
data. For the estimation, the period from 1900 to 1970 was used. The mont
hly amounts of potential evaporation were calculed for every month and, 
after it, the empirical density functions of potential evaporation were de
termined. The data on the yearly variation of potential evaporations are 
listed in TABLE I.

TABLE j.

J F M A M J

Yearly variation of potential evaporation of Lake Velence 
(in mm)

Average.................... ........... 9.3 13.9 34.2 66.1 105.8 133.1
Maximum ................ ........... 16.5 34.2 62.9 116.2 162.3 203.0
Minimum.................. ........... 3.3 2.1 8.5 28.6 45.7 60.9

J A S О N D

Average................................. 179.4 128.8 74.3 34.8 14.9 9.5
Maximum ............................. 288.9 268.7 143.4 72.3 34.6 32.6
Minimum.................. ........... 58.3 38.5 31.0 18.9 5.9 2.9

According to the data on TABLE I, the amount of the potential eva
poration has a maximum value in July and a minimum one is January. The 
difference between the maximum and minimum values within each month 
is considerable, thus the stochastic character of evaporation is very strong. 
This fact in confirmed by the values of standard deviations, too.
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3. The monthly amount of precipitation in the area of Lake Velence

In this paper the precipitation field of the area of Lake Velence is cha
racterised by the territorial average of the monthly amounts of precipi
tation. For this purpose we used the time series of precipitation stations. 
The yearly variation of pre< ipitation is presented in TABLE II.

TABLE II.

(in mm)
Yearly variati >n of monthly amounts of precipitation

J F M A M J

36.3 37.5 41.3 48.2 65.0 50.0

J A S О N D

59.9 47.4 51.6 53.0 62.0 50.0

The monthly amounts of precipitation have two maxima, one in May 
and another one in Noweml er. This type of yearly variation of precipitation 
is characteristic for this pai t of Hungary.

The normal deviations of values are considerably characterised by the 
quotient cr/m, where о denotes the standard deviation and m represents the 
mean values. The values of tr/m are listed in TABLE III.

TABLE III.

Yearly variation of 
a/m

J F M A M J

0.494 0.694 0.647 0.525 0.479 0.840

J A S О N D

0.689 0.732 0.629 0.767 0.670 0.462

On the basis of the dara in TABLE III. the cr/m quotient has a maxi
mum in June and a minimum in December. The character of the yearly

mplicated than in the case of monthly amount 
that the nature of precipitation cannot be

variation of cr/m is more cci 
of precipitation. It means
characterised by the monthly amount of precipitation alone, therefore the 
density functions of precipitation must also be taken into consideration for 
our purposes. These functions have also been calculated and a logarithmi-
cal type of the distributions has been found for the precipitation.
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4. The information-quantity

To carry out our programme, namely, to regulate the water-level of 
Lake Velence, it is necessary to forecast the quantities in (1.1). By the 
expression “forecast” in this paper we mean a statistical prediction.

The theoretical basis for forecasts is information theory. This theory 
has been used in some cases for solving meteorological problems by Rá
kóczi (1972).

According to this theory, the degree of relationship between two events 
can be measured by the information-quantity.

Let us denote one of the events by X and the other one by Y. In this 
case the statistical entropy of event X is defined by

n
H(X) = -^p^ogpt (4-l)

1=1

and the statistical entropy of even Y is expressed by
m

H(Y) = - 2 l°g wj (4.2)
l=i

where pt denotes the probability of event Xt, and w, is the same for the 
event Yj.

(4.1) and (4.2) measure the uncertainty of the events. If the probabili
ties for the event Xv X2. . Xn and Yv Y2.......Ym are the same, H (X) 
and H (У) respectively have maximum values. In other words, H (X) 
has a maximum, if for every primary event pt = l/и in the event field 
of X. If p (X^ = 1 and p (Xj) = 0 when i j, then H (X) = 0, because the 
uncertainty of the event in this case is zero. The same is valid for H (У), 
too.

We can use the concept of conditional entropy Hx (Y), too. This quan
tity gives information about Y if we know the realization of event X. 
Events X and Y are independent if Hx (Y) = H (Y), i.e. in the case of the 
knowledge of event X gives no information for the event Y. If Hx (У) = 0, 
it implies that knowing X we know everything about event Y too. There
fore, it is possible to measure our knowledge quantitatively by the diffe
rence between H (У) and Hx (У):

I(X,Y) = H(Y)—HX(Y). (4.3)
In information theory the quantity I (X, Y) is called quantity of informati
on. This quantity is a measure of the degree of relationship between events 
X and Y, quantitatively. This particularity of the quantity of information 
was used in this work for searching for the predictors.

To find the predictors, we determined the internal relationship bet
ween the monthly amounts of precipitation on the basis of the information 
theory. The whole sample of precipitation was divided into three parts 
with equal probabilites. The contingency levels are given in TABLE IV 
for the precipitations and in TABLE V for the potential evaporations.

18 ANNALES - Sectio Geologica - Tomiis XXIV.
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TABLE IV.

Conti igency values of precipitation

J A2 ^3

J 2Í .58 28.58-44.02 44.02
F 2( .31 26.31-48.69 48.69
M 2£ .80 29.80-52.80 52.80
A 3’ .31 37.31-59.09 59.09
M 61 .61 51.61-78.39 78.39
J 31 .93 31.93-68.07 68.07
J 4C .04 40.04-73.76 73.76
A 35 .47 32.47-62.33 62.33
S 3' .63 37.63-65.57 65.57
О 3Í .50 35.50-70.50 70.50
N 4' .12 44.12-79.88 79.88
D 4( .04 40.04-59.96 59.96

TABLE V.

Contingen зу values of potential evaporation

h B2 Вз

J Í .01 8.01 - 10.59 10.59
F 1] .10 11.10- 16.70 16.70
M 21 .32 28.32 — 40.08 40.08
A 5: .86 57.86 — 74.34 74.34
M 9< .78 94.78 - 116.98 116.98
J IE .09 117.09 — 149.11 149.11
J 151 .39 156.39 — 202.41 202.41
A 10' .75 107.75 — 149.85 149.85
S 65 .98 62.98 — 85.62 85.62
О 2Í .52 29.52 — 40.08 40.08
N 11 .58 11.58 — 18.22 18.22
D .05 7.05- 11.95 11.95

After having calculated the contingency levels, one can determine the
precipitation as well as for the potential eva- 
such tables H (X) and H (У) can be calculated

contingency tables for the 
poration. With the help of
from month to month from the marginal distributions. In the same way, 
from the two dimensional 
determined for

distribution the value of H (X, Y) can also be

H(X, Y) — H(X) + Hx(Y) (4-4)

and I (X, У) is defined by (4.3). By substituting (4.3) into (4.4) we obtain
ЦХ, Y) = H(X)+H(Y)-H(X, Y). (4-5)

Therefore, on the basis of the contingency tables the values of I (X, Y) 
can be calculated. The resi Its of our calculations are listed in TABLE VI.
for precipitation and in TABLE VII. for potential evaporation.
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TABLE VI.

I. II. III. IV. V. VI. VII. VIII. IX. X. XI. XII.

I. — 0.0849 .0169 .1149 .0889 .0504 .0305 .0300 .0287 .0344 .0332 .1351
II. .0396 .0623 .0080 .0643 0.811 .0210 .0803 .0492 .0436 .0112

III. 0.453 .0253 .0023 .0601. 0818 .0402 .1521 .0500 .0310
IV. .0359 .0261 .0509 .0510 .1666 0.407 .0198 .0248
VI. .0710 .0172 .0483 .0151 .0372 .0343 .0985

VIL 0.351 .0191 .0552 .0209 .0559 .0095
VIII. .0304 .1108 .0515 .0751 .0679

IX. .0501 .0421 .0627 .0148
X. .1540 .0273 .0431

XI. .0094 .0322
.0319

The data in TABLE VI. represent the measure of the degree of rela
tionship between the months. E.g. the value 0.0504 in the first line of 
column 6 indicated that there is a moderate relationship between the amo 
unt of precipitation in January and June.

TABLE VII.

I. II. III. IV. V.

XII. .0408 .0493 .0226 .0703 .0404
XI. .0521 .0929 .0448 .0221 .0222
X. .0278 .0185 .0429 .0867 .0805

IX. .0019 .0146 .0255 .0754 .0157
V III. .0727 .0675 .0545 0.366 .1074
V II. .0289 .0263 .0473 .0826 .0857
V I. .0097 .0210 .0483 .0292 .0611
V. .0035 .0699 .0318 .0072

IV. .0324 .0273 .0193
III. .0216 .0336
II. .0116

VI. VII. VIII. IX. X. XI. XII.

.0780 .1048 .0551 .0131 .0096 .0539

.0418 .0186 .0029 .0345 .0388

.0303 .0155 .0427 .0434

.0328 .0493 .0848

.0237 .0201

.0476

TABLE VII. has a similar construction. The monthly amounts of 
precipitation and the monthly amounts of evaporation providing the 
greatest informations will be the predictors for precipitation and evapo
ration, respectively, for the reference months. Eor the predictor and pre- 
dictant physical values are the same, because we use the internal rela
tionship between them.

5. The forecast ing procedure

In TABLES V and V the values of Ak and B2 (1 12), the quan
tities giving the limit of tercilies of the amount of precipitation and of 
potential evaporation are listed. It is known that the intervals x<Ak, 
Ak^x^Bk and x>Bkwe have the same number of sample elements.

18*
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Tn the process of estimation we do not make any effort to give the va
lues of the elements of sam >le, but we give the probability of the events 
x^Ak, Ak<x<Bk, x>Bk.

The essence of this procedure is the following.
1. We denote by iv i2, .., ir the subscripts of the month of the pre

dictor and by к the subscript of the month of the predictant.
2. We determine in wh ch interval of (— А/), (Лр В J, (B^, the

actual data of the i-ths month will occur.
3. After this we select the data from a time series in which the values 

of iv i2, .. , ir will occur one after the other in the same interval.
4. On the basis of the data for the given years we calculate the condi

tional probabilities of the event approaching them in their relative fre
quencies.

This procedure gives a distribution function of the precipitation and 
of potential evaporation and these functions have been incorporated into 
the present regulation programme of the sluices of Lake Velence.
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UNTERSUCHUNG DER WIRBELGLEICHUNGEN 
BEI BODENREIBUNG

von
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(Eingegangen am 15. 3. 1982)

SUMMARY

The investigations of this paper are based on the equation of atmospherical motion 
with respect of friction. After the decompose of the pressure force into two parts there is 
deduced the vorticity equation with respect of friction and baroclinity. The discussion of 
this equation presents the result that the potential vorticity law can not be valid in currents 
with friction.

* * *
Die Wirkung der Bodenreibung auf die atmosphärischen Bewegungen 

untersuchten schon Guldberg und Mohn (1876). Durch das von ihnen 
ausgestellte einfache Modell kann man sehr anschaulich die Tatsache 
erklären, dass in Falle einer Ströung mit Reibung der Windvektor und die 
Isobaren einen Winkel einschliessen und somit besitzt die Strömung eine 
auf die Isobare senkrechte Komponente. Das führt in Falle von anizobaren 
Massenströmung und damit bei Zyklonen zur Auffüllung, und im Falle von 
Antizyklonen zum Abbau.

Die einfache Konzeption von Guldberg uns Mohn, insbesondere die 
Vorstellung, dass die Reibung engegengesetzte Richtung mit dem Windvek
tor und mit diesem direkt proportional ist, wurde vonden Messungen nicht 
bestätigt. Sandström (1910, 1911) zeigte, dass der Windvektor und die 
Reibungskraft den auf der 1. Abbildung zu erkennenden Winkel schliessen.

Sandström fand auf statistischem Wege, dass der Durchschnittswert
des Winkels über dem Lande 38° beträgt. Die durch — к V zu beschreibende 
Reibungskraft ist in diesem Fall auf spaltbar auf eine Komponente, die 
senkrecht auf die Windrichtung ist, und eine die paralell zu ihr ist. Na
türlich führen die Luftquanten auf Wirkung der Reibungskraft, der 
Druckgradientkraft und der Ablenkungskraft der Erdrotation eine be
schleunigende Bewegung aus, und so ist die Bewegungsgleichung im recht
winkligen geradelinigen Koordinaten-System die folgende Art aufzuschrei
ben

du 1 d P--- — mv+nu = ■—--- (1)dt Q dx ’
dv 1 dP--- - + mu + nv — —--- (2)dt Q дУ ’
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Abb. 1. Kräfteverteilung beim geradlinigen Wind mit Reibung

wobei x, у sind die Koordinaten, и und v sind die Windkomponenten, m
und n sind Koeffizienten, q 
Zeit.

ist die Dichte, p ist der Luftdruck und t ist die

Entsprechend der Abbildung 1. ist
m = f+ksin у, 
n = к cos у,

(3)
(4)

also nu drückt die Komponente der Reibungskraft aus, welche der Win
drichtung engegendsetzt ist, und к sin у hingegen diejenige, welche senk
recht auf die Windrichtur g ist.

Auf der Grundlage von Messungen ist über den Meeren к = 2X10~5 
s-1 und über die Lande ist к = 12X10'5«*1, Anderkó (1902) hat auf der 
Grundlage statistischer Untersuchungen, die aus der Analyse synoptischer
Karte stammen, für die M

Suttcliffe (1936) fand 
und Montgomery (1935)

зеге den к — 1,8 10~s s-1 Wert gefunden.
für das Land den к = 6 xl0~4s-1 Wert. Rossby 
zeigen den Wert к — 3X10-4 s-1 auf.

In diesem Zusammenhang weisen wir darauf hin, dass die Abweichun
gen der к Werten daraus f tammen, dass bei den aus den synoptischen Kar-
ten stammenden Werten 
tors ausgegangen wurde, 
rechneten. Die Werte in di

von Winkel (a) der Isodaren und des Windvek- 
und die Forscher mit der Formel к = f tg x 

erl0“4s-1 Grössenordnung hingegen wurden aus
den bodennahen Windprc fiién und in Bezug auf verschiedenen Rauhigkeits
parameter abgeleitet.

Das bedeutet, dass wir im Falle von Bewegungssystemen mit synop
tischen Skalen die durch Anderkó errechteten Werte benutzen können, 
weil diese (l)und (2) in Betracht ziehen, also auf der 1. Abbildung zu sehen
den Kräfteverhältnissen entsprechen.

Die Werte von Tai 
atmosphärichhen Räume

lor, Rossby und Montgomery sind für solche 
: erdnahe Grenzschichten gültig, wo die (1/q)
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(дт/дг) Schubspannungskraft die vorherrschende Kraft ist, und wodurch 
ein mit der Höhe abnehmendes aber richtunghaltendes Strömungssystem 
hervorgerufen ist.

Wir sehen also, dass wir bei Kenntnis der numerischen Werte von к 
ohne weiteres m und n bestimmen können.

Mit dem Ziel, die gestellte Aufgabe zu lösen, betrachten wir die Gas
gleichungen

p = qRT, (5)
wobei die üblichen Bezeichungen benutzt werden. Wenn wir (5) differen
zieren nach x und y, erhalten wir

= rt^ + Rq^- (6)
dx fix dx 

und
= rt ^-+Rq^-. (7)

d У d У d У

Setzen wir jetzt (6) in (1) ein und (7) in (2). So erhalten wir die folgen
den Gleichungen.

du n dQ 1 dT—---- mv }-nu = —RT J
dt dx T dx
dv f 1 dQ 1 dT•----- bmu + nv — — — + —
dt [ 9 dy T dy.

(8)

(9)

Jetzt differenzieren wir (8) nach у und (9) nach x und wir erhalten

d (du] dv dm du dT ( 1 dQ ,1 dT}
dy У dt ) d У d У dy dy \q dx T dx)

_RT{±_ dg a2e__ L dT , 1 a2y 1
( P2 dx dy Q d^dy T* dx dy T dxdy)

(10)

dx ( dt ) dx dx dx 1.Q dy T dy

-RT I —— -^- 
l e2 dy dx Q

d2Q 1 dT dT [ 1 
dx T

d2T
dydx T2 dy dydx

(ii)

Danach führen wir die sich anbietenden Zusammenfassungen in (10) 
und (11) durch, und subtrahieren (10) von (11); erhalten wir als Ergebnis
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(17)

den Ausdruck
d (Qv du} (du

1 III
dt [dx dy ) [dx

dv}(dv du\ dw dv dw du
dy J U x dy J dx dz dy dz

(du dv} ( dv du} R ( do dT do dT}+ m------ 1------+ ß v 4
[dx dyJ

Wir definieren

und

und betrachten die (3) und

П 1------------ 1 = — 1-------------------------- .
(dy) g [dx dy dy dx )

(12)

= c (is)
dx dy

du dv - ....—+—(14) 
dx dy

(4) Gleichung. Dann erhalten wir

■i(C+/) + & t cos у + (£ 
(LI

wobei

J

die Jakobi Determinate de

+/)

Q

(e. T) =

Dichte u

+ k- Vhw >

J(e, T)

d g d g 
dx dy 
dT dT 
dx dy

nd der Term

dvh
( dz iksmy v*"” =

(15)

(16)

eratur ist.
Unter Berücksichtigu

■^(C+/) + (C -i-,

ig der (16) und (12) können wir schreiben, dass

» -» d vf)\7h-v + k-\7wx ---- 1- к £ cos у —dv
. R

sinyVft-^d---- hQX \7 hT .
e

linken Seite die Summe der zeitlichen Verände- 
äty und des Produktes der relativen Vorticity 
Hier finden wir auch den Vertikalschwenkungs

In (17) steht auf der 
rung der absoluten Vorti 
und des Reibungfaktors, 
term.

Auf der rechten Seite finden wir zwei Terme: der eine Term drückt die
Divergenz aus, der andere gibt die Effekte der Baroklinität, also er ent
hält den solenoidalen Effe <t. (17) ist eine solche Form der Wirbelgleichung, 
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welche die Reibungswirkung enthält, und ausserdem enthält sie auch den 
Effekt der Baroklinität, der die thermische Kraft ausdrückt. Die Rei
bung hat auf zwei Glieder von (17) einen Einfluss. Einmal auf der linken 
Seite als Faktor von auf der anderen Seite hingegen als Faktor von 
V h ■ V • Wir können sehen, das die Reibung keinen Einfluss auf die Ba
roklinität ausübt, das ist aber auch natürlich, da dieser Faktor eine Folge 
von thermischen Effekte ist, die sich dirch Ein- und Ausströmung von 
Wärme bilden.

Der (1/p) (gX Vh T) Term unterscheidet sich dann vonNull, wenn 
das untersuchte Bewegungssystem eine thermale Assymmetrie ausweist. 
Im Falle, dass hT — 0 und vft Q = 0 ist, ist auch der zweite Summand 
von (17) gleich Null. Das bedeutet-: bei der Inkompressibilität der Flüssig
keit, oder bei barotropen Atmosphäre brauchen wir mit den zweiten Sum
manden der rechten Seite nicht zu rechnen. In baroklinen Atmosphäre 
aber bedeutet dieser Term einen positiven Beitrag, wenn {^7QX h T) 
ein positives Vorzeichen besitzt, und negativen Beitrag in umgekehrten 
Falle.

Als Vektroprodukt ist

I V*!? X V„T| = | Vftg| | sine (18)

das Vorzeichen des Produktes wird also vom Winkel e der beiden Vektoren 
bestimmt.

Wenn e zwischen 0 und я fällt, dann ist das Vorzeichen von (^7 hQX 
V hT) positiv, und negativ im Interwall von л bis 2л. Die räumliche Anord
nung der Gradienten der Dichte und der Temperatur zeigen wir in der 
2. Abbildung.

Abb. 2. Der Winkel £ zwischen v und v ^T.
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Beweisen wir noch, etess die Zahl der Solenoide die im (o, T) Dia
gramm auftauchen übereinstimmt mit dem Flächenintegral des oben de
finierten Solenoiden Vektor. Es is nämlich

ф q dT = ф э V h Tdr = У (VhPX VhT)dA
A

(19)

rwobei wir die Stoke-Regel aenutzen. In (19) bedeutet den Ortsvektor
und A eine Fläche.

Hieraus folgt
QdT = f (VhQXVhT)dA . (20)

(20) zwigt, dass die zeitliche Veränderung der Vorticity durch die Barok- 
linität zur Geltung kommt. Diese Wirkung kann man mit der Dichte der
Solenoiden messen, die durch die im (с, T) System auftretenden Isothermen 
und isopiknischen Linien gebildet werden. Bei durchschmittlichen Ver
hältnissen ist die Grösseno-dnung der überprüften Faktor 3,5 10-10 s~2.
Demgegenüber ist die Gros senordnung des Termes, welcher die Divergenz 
enthält, über Meeren 1,06 10~9 s-2 und über dem Land 1,8 10-9 s~2.
Wir sehen also, dass der s olenoide Term, die Wirkung der Baroklinität 
nicht vernachlässigt werden kann, da ja der Divergenzterm bloss das 
fünffache des baroklinisches Termes über Land, und bloss das dreifache 
dieses Termes über Meer ist. Wenn wir noch überdenken, dass wir gerade
durch die Baroklinität die diabatische Einflüsse berücksichtigen können,
kommen wir zu dem Schluss, dass wir diesen Term nicht vernachlässigen 
dürfen beim Studium der Entwicklung des Bewegungssystems mit synop
tischer Skala.

Der Divergenzterm berücksichtigt die Massen Verteilung und die
Wirkung der Reibung. Mil Rücksicht darauf, dass der Windvektor eine 
auf die Isobaren senkrechte Komponente besitzt, tritt ein

M = J" J* J" QVndx dz dt. (21)

Massenstrom auf, wobei in die auf die Isobaren senkrechte Geschwin- 
digkeitskomponente bedeutet.

Entsprechend der Kontinuitätsgleichung

können wir

schreiben. Daher ist

о

du dv dw ______ 1_______ I______ — 0 (22)'n 'n — °()x dy öz

- d w
Vh-v = — dz

(23)

z

w = — у Vh-vdz . (24)
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Der Divergenzterm ist also proporzional zur Vertikalgeschwindigkeit. 
Benutzen wir (24) definieren eine

m = f f f wQ^xdrdt (25)

Grösse. Diese Grösse gibt den Massentransport an, die aus der geordneten 
Vertikalbewegung stammt. Nach der Gleichung (21) and (25) man kann 
das Verhältnis

MF —----=1 (26)
m

als Kriterium für Auffüllen oder das Entleeren benützen. Wenn F 1 ist — 
im zyklonalen Falle tritt ein Auffüllen auf, beim antizyklonalen Fall ein 
Entleeren. F > 1 ist also ein Kriterium des Abbaus und F < 1 das Kriterium 
des Entstehens; F = 1 bedeutet stationere Verhältnisse.

Über (17) können wir abschliessend sagen, dass diese Gleichung be
schreibt die zeitliche Veränderung der Vorticity unter Berücksichtigung 
der Reibung, der Divergenz und die Wirkung der Baroklinität.

Aus Rotorbildung der Bewegungsgleichung folgt

~ + táxV 
dtV я = V X -X— + V X ([ V z £] x i) г V X (2fl x v) dt (27)

und daher

d а

können wir schreiben, dass

а

VhT)da (28)

wobei I/ = £ +f.
In barokliner Atmosphäre mit Reibung hängt also die zeitliche Ver

änderung der absoluten Vorticity von Produkt des Reibungfaktors mit dem 
Divergenz und der Summe des Richtungseffektes und von barokliniti- 
schen Faktor ab.

Der stationäre Fall kann so auftreten, wenn die rechte Seite von (28) 
verschwindet; das heisst die Summe der untersuchten Wirkung ist gleich 
Null. Das müssen wir auf jeden Fall als Spezialkraft betrachten, da die 
komplizierten orografischen Verhältnisse, die Wärmehaushaltunterschiede,
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die inhomogene Bewölkun r, die Veränderlichkeit von stark stochastischen 
Charakter bekommt. Das bedeutet dass es in der Atmosphäre kaum zu

= Konstant 
8 z

(29)

kommen kann, was der Satz der Erhaltung der potenziellen Vorticity ist 
und in der Praxis — in der Modellen der numerischen Wettervorhersagen —
oft benutzt wird, es ist 1 ingegen viel wahrscheinlicher, dass der in (28) 
beschreibene Vorgang näb >r zur Wirklichkeit steht. An Hand der Gleichung 
(28) kann man auch erklären dass über Lande Druck-Systeme eher dis- 
sipatieren als über den Meeren. Das wird durch zwei Gründe auch erklärt. 
Zum einen ist der к Pakte r in (28) auf der rechten Seite steht für Landge
biete um eine Grössenord rung görsser, als für Meere, zum anderen treten 
im Term der Baroklinität wegen der komplizierenden optischthermodina- 
mischen Wirkungen komj lizierende Wärmequellen und Wärmesenken auf.
In Wirklichkeit lösen sich rach den synoptischen Erfahrungen die sich vom
Platz bewegenden bariscf 
men.

e Systemen auf, sobald sie über das Land kom-
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